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death. The immediate consequence of the extended life expectancy is represented by the in‐
creasing number of older people in developed countries. Between 2015 and 2050, worldwide
population is expected to increase from 900 million to 2 billion people over the age of 60 years.

Older adults may experience reduced mobility, chronic pain, frailty, dementia, or other
health problems or experience events such as bereavement or a drop in socioeconomic sta‐
tus with retirement. All of these factors can result in isolation, loneliness, or psychological
distress for which they may require long-term care increasing the social costs.

Several steps forward on the understanding of the aging process have been done, but fur‐
ther studies are still needed. In particular, it is important to clarify at what extent and at
what price the aging process can be limited or reversed. The biogerontologists have empha‐
sized that the goal of research on aging is not to increase human longevity regardless of the
consequences but to increase active longevity free from disability and functional depend‐
ence. Then, aging well and actively is the real objective of human being.
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Provisional chapter

Ageing Process and Physiological Changes

Shilpa Amarya, Kalyani Singh and
Manisha Sabharwal

Additional information is available at the end of the chapter

Abstract

Ageing is a natural process. Everyone must undergo this phase of life at his or her own
time and pace. In the broader sense, ageing reflects all the changes taking place over the
course of life. These changes start from birth—one grows, develops and attains maturity.
To the young, ageing is exciting. Middle age is the time when people notice the age-related
changes like greying of hair, wrinkled skin and a fair amount of physical decline. Even the
healthiest, aesthetically fit cannot escape these changes. Slow and steady physical impair-
ment and functional disability are noticed resulting in increased dependency in the period
of old age. According to World Health Organization, ageing is a course of biological
reality which starts at conception and ends with death. It has its own dynamics, much
beyond human control. However, this process of ageing is also subject to the constructions
by which each society makes sense of old age. In most of the developed countries, the age
of 60 is considered equivalent to retirement age and it is said to be the beginning of old
age. In this chapter, you understand the details of ageing processes and associated phys-
iological changes.

Keywords: ageing, physiological changes, elderly health, sensory changes, geriatrics

1. Introduction

The term ‘Elderly’ is applied to those individuals belonging to age 60 years and above, who
represent the fastest growing segment of populations throughout the world. The percentage of
elderly in developing countries tends to be small, although numbers are often large. In the year
1990, there were more than 280 million people belonging to the age 60 years or over in
developing regions of the world, and 58% of the world’s elderly were living in less-developed
regions [1].

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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According to World Population Prospects (1950–2050), the proportion of elderly in developing
countries is rising more rapidly, in comparison with developed ones [2]. The report published
by the US Department of Health and Human Services shows that more developed nations
have had decades to adjust to this change in age structure (Figures 1 and 2). As we see in
Figure 1, it has taken more than a century for France’s population aged 65 or older to rise from
7 to 14%, whereas many developing countries are growing rapidly in number and percentage
of older individuals [2].

Figure 1. Speed of population ageing in developed countries. Source: U.S. Census Bureau [3]; Kinsella & Gist [4].

Figure 2. Speed of population ageing in developing countries. Source: U.S. Census Bureau [3]; Kinsella & Gist [4].

Gerontology4

It is expected that by the year 2020, 70% of the world’s elderly population will be in developing
countries, with the absolute number exceeding 470 million which is double the number of the
developed world [5]. The main factor responsible for this changing pattern of population
ageing includes a rapid decline in both fertility and premature mortality [6]. Decline in fertility
is particularly apparent in some developing countries like China, Cuba and Uruguay, although
the fertility level in other developing countries such as Kenya, Zaire and Bangladesh remains
high [7].

2. Ageing process and physiological changes

2.1. Changes in nervous system

Ageing is associated with many neurological disorders, as the capacity of the brain to transmit
signals and communicate reduces. Loss of brain function is the biggest fear among elderly
which includes loss of the very persona from dementia (usually Alzheimer’s disease). Multiple
other neurodegenerative conditions like Parkinson’s disease or the sudden devastation of a
stroke are also increasingly common with age [8].

Alzheimer’s and Parkinson’s diseases are the progressive neurodegenerative diseases associ-
ated with ageing [9]. Alzheimer’s is characterised by progressive cognitive deterioration along
with a change in behaviour and a decline in activities of daily living. Alzheimer’s is the most
common type of pre-senile and senile dementia. This disease causes nerve cell death and tissue
loss throughout the brain, affecting nearly all its functions. The cortex in the brain shrivels up
and this damages the areas involved in thinking, planning and remembering. The shrinkage in
a nerve cell is especially severe in the hippocampus (an area of the cortex that plays a key role
in the formation of new memories) as well as the ventricles (fluid-filled spaces within the
brain) also grow larger. Alzheimer’s disease causes an overall misbalance among the elderly
by causing memory loss, changes in personality and behaviour-like depression, apathy, social
withdrawal, mood swings, distrust in others, irritability and aggressiveness [10, 11].

Nearly, 33 million Indians have neurological disorders, and these occur twice as often in rural
areas [12]. According to the World Health Organisation (WHO) [13], nearly 5% of men and 6%
of women aged 60 years or above are affected with Alzheimer’s-type dementia worldwide. In
India, the total prevalence of dementia per 1000 elderly is 33.6%, of which vascular dementia
constitutes approximately 39% and Alzheimer’s disease constitutes approximately 54% [14].

Stroke is another common cause of mortality worldwide [13]. However, in India, the preva-
lence rate of stroke among elderly is reported to be very low compared to Western countries
[15–17].

2.2. Cognition

Amild decline in the overall accuracy is observed with the beginning of the 60s that progresses
slowly, but sustained attention is good in healthy older adults. Cognitive function declines and

Ageing Process and Physiological Changes
http://dx.doi.org/10.5772/intechopen.76249

5



According to World Population Prospects (1950–2050), the proportion of elderly in developing
countries is rising more rapidly, in comparison with developed ones [2]. The report published
by the US Department of Health and Human Services shows that more developed nations
have had decades to adjust to this change in age structure (Figures 1 and 2). As we see in
Figure 1, it has taken more than a century for France’s population aged 65 or older to rise from
7 to 14%, whereas many developing countries are growing rapidly in number and percentage
of older individuals [2].

Figure 1. Speed of population ageing in developed countries. Source: U.S. Census Bureau [3]; Kinsella & Gist [4].

Figure 2. Speed of population ageing in developing countries. Source: U.S. Census Bureau [3]; Kinsella & Gist [4].

Gerontology4

It is expected that by the year 2020, 70% of the world’s elderly population will be in developing
countries, with the absolute number exceeding 470 million which is double the number of the
developed world [5]. The main factor responsible for this changing pattern of population
ageing includes a rapid decline in both fertility and premature mortality [6]. Decline in fertility
is particularly apparent in some developing countries like China, Cuba and Uruguay, although
the fertility level in other developing countries such as Kenya, Zaire and Bangladesh remains
high [7].

2. Ageing process and physiological changes

2.1. Changes in nervous system

Ageing is associated with many neurological disorders, as the capacity of the brain to transmit
signals and communicate reduces. Loss of brain function is the biggest fear among elderly
which includes loss of the very persona from dementia (usually Alzheimer’s disease). Multiple
other neurodegenerative conditions like Parkinson’s disease or the sudden devastation of a
stroke are also increasingly common with age [8].

Alzheimer’s and Parkinson’s diseases are the progressive neurodegenerative diseases associ-
ated with ageing [9]. Alzheimer’s is characterised by progressive cognitive deterioration along
with a change in behaviour and a decline in activities of daily living. Alzheimer’s is the most
common type of pre-senile and senile dementia. This disease causes nerve cell death and tissue
loss throughout the brain, affecting nearly all its functions. The cortex in the brain shrivels up
and this damages the areas involved in thinking, planning and remembering. The shrinkage in
a nerve cell is especially severe in the hippocampus (an area of the cortex that plays a key role
in the formation of new memories) as well as the ventricles (fluid-filled spaces within the
brain) also grow larger. Alzheimer’s disease causes an overall misbalance among the elderly
by causing memory loss, changes in personality and behaviour-like depression, apathy, social
withdrawal, mood swings, distrust in others, irritability and aggressiveness [10, 11].

Nearly, 33 million Indians have neurological disorders, and these occur twice as often in rural
areas [12]. According to the World Health Organisation (WHO) [13], nearly 5% of men and 6%
of women aged 60 years or above are affected with Alzheimer’s-type dementia worldwide. In
India, the total prevalence of dementia per 1000 elderly is 33.6%, of which vascular dementia
constitutes approximately 39% and Alzheimer’s disease constitutes approximately 54% [14].

Stroke is another common cause of mortality worldwide [13]. However, in India, the preva-
lence rate of stroke among elderly is reported to be very low compared to Western countries
[15–17].

2.2. Cognition

Amild decline in the overall accuracy is observed with the beginning of the 60s that progresses
slowly, but sustained attention is good in healthy older adults. Cognitive function declines and

Ageing Process and Physiological Changes
http://dx.doi.org/10.5772/intechopen.76249

5



impairments are frequently observed among the elderly. Normally, these changes occur as
outcomes of distal or proximal life events, where distal events are early life experiences such
as cultural, physical and social conditions that influence functioning and cognitive develop-
ment [17].

Cognition decline results from proximal factors (multiple serial cognitive processes) including
processing speed, size of working memory, inhibition of extraneous environmental stimuli and
sensory losses. This is a threat to the quality of life of those affected individuals and their
caregivers [18].

Impaired cognition among elderly is associated with an increased risk of injuries to self or others,
the decline in functional activities of daily living and an increased risk of mortality [19–21]. Mild
cognitive impairment is increasingly being recognised as a transitional state between normal
ageing and dementia [22, 23].

2.3. Memory, learning and intelligence

According to various studies [24–26], the effect of normal ageing onmemorymay result from the
subtly changing environment within the brain. The brain’s volume peaks at the early 20s and it
declines gradually for rest of the life. In the 40s, the cortex starts to shrink and people start noticing
the subtle changes in their ability to remember or to do more than one task at a time. Other key
areas like neurons shrink or undergo atrophy and a large reduction in the extensiveness of
connections among neurons (dendritic loss) is also noticed. During normal ageing, blood flow in
the brain decreases and gets less efficient at recruiting different areas into operations. The whole
group of changes taking place in the brain with ageing decreases the efficiency of cell-to-cell
communication, which declines the ability to retrieve and learn [27]. It also affects the intelligence,
especially fluid intelligence (problem-solving with a novel material requiring complex relations)
declines rapidly after adolescence. Perceptual motor skills (timed tasks) decline with age [28].

2.4. Special senses

2.4.1. Vision

Ageing includes a decline in accommodation (presbyopia), glare tolerance, adaptation, low-
contrast activity, attentional visual fields and colour discrimination. Changes occur in central
processing and in the components of the eye. These numerous changes affect reading,
balancing and driving [29].

2.4.2. Hearing

Ageing causes conductive and sensory hearing losses (presbycusis); the loss is primarily high
tones, making consonants in speech difficult to discriminate [30].

2.4.3. Taste acuity

Losing sense of taste is a common problem among adults [31]. Taste acuity does not diminish
but salt detection declines. Perception of sweet is unchanged and bitter is exaggerated. The

Gerontology6

salivary glands get affected, and the volume and quality of saliva diminish. All changes
combine to make eating less interesting [32]. Studies show that the physiological decline in
the density of the taste acuity and papillae results in a decline of gustatory function [33]. In
fact, studies done on taste dysfunction show that ageing-associated changes in the density of
taste acuity may affect taste function differently in different regions of the tongue [34]. Taste
perception declines during the normal ageing process. A study done on the healthy elderly
shows that after about 70 years of age, taste threshold begins to increase resulting in dysgeusia
[34]. Chewing problems associated with loss of teeth and use of dentures also interfere with
taste sensation and cause reduction in saliva production [32].

2.4.4. Smell

As we get older, our olfactory function declines [35]. Hyposmia (reduced ability to smell and to
detect odours) is also observed with normal ageing [36]. The sense of smell reduces with an
increase in age, and this affects the ability to discriminate between smells. A decreased sense of
smell can lead to significant impairment of the quality of life, including taste disturbance and
loss of pleasure from eating with resulting changes in weight and digestion [36].

It has been reported that more than 75% of people over the age of 80 years have evidence of
major olfactory impairment. Many long-term studies show the evidence of a decline in olfac-
tion considerably after the seventh decade [37]. Another study found that 62.5% of 80–97-year-
olds had olfactory impairments [38]. However, it is widely accepted that taste disorders are far
less prevalent than olfactory losses with age [38]. Ageing also causes atrophy of olfactory bulb
neurons. Central processing is altered, resulting in a decreased perception and less interest in
food [39].

2.4.5. Touch

As we age, our sense of touch often declines due to skin changes and reduced blood circulation
to touch receptors or to the brain and spinal cord. Minor dietary deficiencies such as the
deficiency of thiamine may also be a cause of changes [40]. The sense of touch also includes
awareness of vibrations and pain. The skin, muscles, tendons, joints and internal organs have
receptors that detect touch, temperature or pain [41].

A decline in the sense of touch affects simple motor skills, hand grip strength and balance.
Studies have shown that muscle spindle (sensory receptors within the muscle that primarily
detects changes in the length of this muscle) and mechanoreceptor (a sense organ or a cell that
responds to mechanical stimuli such as touch or sound) functions decline with ageing, further
interfering with balance [42].

3. Changes in musculoskeletal system

Normal ageing is characterised by a decrease in bone and muscle mass and an increase in
adiposity [43, 44]. A decline in muscle mass and a reduction in muscle strength lead to risk of
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fractures, frailty, reduction in the quality of life and loss of independence [45]. These changes in
musculoskeletal system reflect the ageing process as well as consequences of a reduced physical
activity. The muscle wasting in frail older persons is termed ‘sarcopaenia’. This disorder leads to
a higher incidence of falls and fractures and a functional decline. Functional sarcopaenia or age-
related musculoskeletal changes affect 7% of elderly above the age of 70 years, and the rate of
deterioration increases with time, affecting over 20% of the elderly by the age of 80 [46]. Strength
declines at 1.5% per year, and this accelerates to as much as 3% per year after 60 years of age [47].
These rates were considered high in sedentary individuals and twice as high inmen as compared
with those in women [48]. However, studies show that on an average, men have larger amounts
of muscle mass and a shorter survival than women. This makes sarcopaenia potentially a greater
public health concern among women than among men [48].

Skeletal muscle strength (force-generating capacity) also gets reduced with ageing [45, 46]
depending upon genetic, dietary and, environmental factors as well as lifestyle choices. This
reduction in muscle strength causes problems in physical mobility and activity of daily living.
The total amount of muscle fibres is decreased due to a depressed productive capacity of cells
to produce protein. There is a decrease in the size of muscle cells, fibres and tissues along with
the total loss of muscle power, muscle bulk and muscle strength of all major muscle groups like
deltoids, biceps, triceps, hamstrings, gastrocnemius (calf muscle), and so on. Wear and tear or
wasting of the protective cartilage of joints occurs. The cartilage normally acts as a shock
absorber and a gliding agent that prevents the friction injuries of the bone. There are stiffening
and fibrosis of connective tissue elements that reduce the range of motion and affect the
movements by making them less efficient. As part of the normal cell division process, telomere
shortening occurs. DNA is more exposed to chemicals, toxins and waste products produced in
the body. This whole process increases the vulnerability of cells.

With ageing, toxins and chemicals build up within the body and tissues. As a whole, this
damages the integrity of muscle cells. Physical activity also decreases with age, due to a change
in lifestyle. Somehow, the physiological changes of the muscles are aggravated by age-related
neurological changes [49]. Most of the muscular activities become less efficient and less
responsive with ageing as a result of a decrease in the nervous activity and nerve conduction.

A study was done by Williams et al. [50], who evaluated the muscle samples from both elderly
and young adults and suggested that limb muscles are 25–35% shorter and less responsive in
elderly healthy individuals when compared to young adults. In addition, the overall fat
content of muscles was also higher in elderly population, suggesting transformation in the
normal remodelling with age. Age-related musculoskeletal changes are much more prominent
in fast-twitch muscle fibres as compared to slow-twitch muscle fibres. With ageing, the total
water content of the tissue decreases and loss of hydration also adds to the inelasticity and
stiffness. Alterations in the basal metabolic rate and slowing metabolism (as part of the
physiological ageing process) result in muscle changes. This leads to the replacement of pro-
teins with fatty tissue (that makes muscle less efficient).

Hormonal disorders can affect the metabolism of bones as well as muscles. Research suggests
that menopause in women marks the aggravation in the deterioration of musculoskeletal
changes due to lack of oestrogen that is required for the remodelling of bones and soft tissues.
Certain systemic conditions like vascular disorders or metabolic disorders, in the case of
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diabetes, affect the remodelling of tissues as the rate or volume of nutritional delivery for the
regeneration of cells is compromised. It is very important to control the pathological processes to
optimise healing and repairing the potential of the musculoskeletal system. Essential vitamins
like vitamin D and vitamin C play major roles in the functional growth of muscles and bones.
Lack of certain minerals like calcium, phosphorus and chromium can be the result of age-related
digestive issues. As such, it results in imbalance in the production of certain hormones like
calcitonin and parathyroid that regulate the serum concentration of vitamins and minerals (due
to tumours that are highly prevalent in elderly) or it causes a decreased absorption from the gut.

Age-related deterioration of muscular strength and balance control mechanisms has been
associated with a reduced performance on functional tasks [51–53]. Comparing the isometric
strength levels of the same muscle group, the loss of strength begins sooner among women
than among men. It is reported that women are weaker than men in the absolute strength of
various muscle groups in all stages of life. Various studies state that women have a longer life
span, so the prevalence of disability among women is also more compared with men and it is
marked with advancing age [54–56].

4. Body composition changes in old age

The human body is made up of fat, lean tissue (muscles and organs), bones and water. After
the age of 40, people start losing their lean tissue. Body organs like liver, kidneys and other
organs start losing some of their cells. This decline in muscle mass is associated with weakness,
disability and morbidity [57, 58].

The tendency to become shorter occurs among the different gender groups and in all races.
Height loss is associated with ageing changes in the bones, muscles and joints. Studies show
that people typically lose almost one-half inch (about 1 cm) every 10 years after age 40 [59].
Height loss is even more rapid after age 70. These changes can be prevented by following a
healthy diet, staying physically active and preventing and treating bone loss [60, 61].

Changes in the total body weight vary for men and woman, as men often gain weight until
about age 55 and then begin to lose weight later in life. This may be related to a drop in the
male sex hormone testosterone. Women usually gain weight until age 67–69 and then begin to
lose weight. Weight loss later in life occurs partly because fat replaces lean muscle tissue and
fat weighs less than muscle [60]. Studies have also shown that older people may have almost
one-third more fat compared to when they were younger. Fat tissue builds up towards the
centre of the body, including around the internal organs [60, 62, 63].

5. Obesity in elderly: prevalence

Today, as standards of living continue to rise,weight gain is posing a growing threat to the health of
inhabitants from countries all over the world. Obesity is a chronic disease, prevalent in both
developed anddeveloping countries, and it is affecting all age groups. Indeed, it is now so common
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teins with fatty tissue (that makes muscle less efficient).

Hormonal disorders can affect the metabolism of bones as well as muscles. Research suggests
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diabetes, affect the remodelling of tissues as the rate or volume of nutritional delivery for the
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Lack of certain minerals like calcium, phosphorus and chromium can be the result of age-related
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calcitonin and parathyroid that regulate the serum concentration of vitamins and minerals (due
to tumours that are highly prevalent in elderly) or it causes a decreased absorption from the gut.
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strength levels of the same muscle group, the loss of strength begins sooner among women
than among men. It is reported that women are weaker than men in the absolute strength of
various muscle groups in all stages of life. Various studies state that women have a longer life
span, so the prevalence of disability among women is also more compared with men and it is
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The human body is made up of fat, lean tissue (muscles and organs), bones and water. After
the age of 40, people start losing their lean tissue. Body organs like liver, kidneys and other
organs start losing some of their cells. This decline in muscle mass is associated with weakness,
disability and morbidity [57, 58].

The tendency to become shorter occurs among the different gender groups and in all races.
Height loss is associated with ageing changes in the bones, muscles and joints. Studies show
that people typically lose almost one-half inch (about 1 cm) every 10 years after age 40 [59].
Height loss is even more rapid after age 70. These changes can be prevented by following a
healthy diet, staying physically active and preventing and treating bone loss [60, 61].

Changes in the total body weight vary for men and woman, as men often gain weight until
about age 55 and then begin to lose weight later in life. This may be related to a drop in the
male sex hormone testosterone. Women usually gain weight until age 67–69 and then begin to
lose weight. Weight loss later in life occurs partly because fat replaces lean muscle tissue and
fat weighs less than muscle [60]. Studies have also shown that older people may have almost
one-third more fat compared to when they were younger. Fat tissue builds up towards the
centre of the body, including around the internal organs [60, 62, 63].

5. Obesity in elderly: prevalence

Today, as standards of living continue to rise,weight gain is posing a growing threat to the health of
inhabitants from countries all over the world. Obesity is a chronic disease, prevalent in both
developed anddeveloping countries, and it is affecting all age groups. Indeed, it is now so common
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that it is replacing the more traditional public health concerns, such as infectious diseases and
undernutrition, as themost common and significant contributors of ill health [64–67] (Figure 3).

As per World Health Organisation (WHO), globally, approximately 2.3 billion elderly people
are overweight and more than 700 million elderly people are obese [68]. Most elderly belong-
ing to the middle and high socio-economic groups are prone to obesity and complications
related to obesity, due to sedentary lifestyles and a reduced physical mobility [69]. Obesity is
considered as one of the major risk factors which causes the onset and increases the severity of
non-communicable diseases (NCDs). It is a worldwide health problem, affecting elderly from
both developed and developing countries. In elderly, obesity contributes to the early onset of
chronic morbidities and functional impairments which lead to premature mortality [70].

5.1. Obesity among elderly: developed countries

Thepopulation indeveloped countries haveproportionallya greater number of older adults living
to older ages, and the prevalence of obesity is rising progressively, even among this age group [71].

The prevalence of obesity among elderly belonging to United States ranges from 42.5% in
women to 38.1% in men, belonging to the age group 60–79 years. The prevalence differs for
the elderly belonging to the age group 80 years and above, that is, 19.5% for females and 9.6%
for males [72–74].

Comparatively, the prevalence of obesity in Europe is slightly lower but it is still a significant
health issue. The prevalence of obesity among elderly in the United Kingdom is 22% among
women and 12% among men aged 75 years or older [70, 75–77]. These statistics bode ill as the
proportion of world’s elderly population is growing rapidly (Figure 4).

In Australia, the percentage of weight gain has been so high that instead of losing weight with
an increase in life, men and women aged 60–70 weigh more on average than they did when
they were 20 years younger (Figure 5). Australian studies show that the prevalence of obesity

Figure 3. Prevalence of obesity among elderly aged 60 years and above, by sex: The United States, 2013. Source: [68].
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Figure 4. Trends in weight by age cohort, 1980–2000 (Australia). Source: Bennett et al. [81].

Figure 5. Worldwide prevalence of obesity among elderly women and men with BMI of ≥30 kg/m2. Source: OECD [79].
Analysis of health survey data.
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among elderly has increased in the age group of 60–69 years at about 24% for males and 30%
for females, whereas it is less common among the elderly belonging to age group 80 years and
above [78, 80]. Studies show that the percentage of Australian elderly reporting increased
abdominal fat is markedly increasing over the years. Based on waist circumference, more than
30% of elderly males and 44% of elderly females in Australia are currently at a substantially
increased risk of NCDs [78, 80, 81].

Studies from the Netherlands show that obesity was present in 18% of men and 20% of women
belonging to the age group of 60 years and above [82]. Also, the increase in waist circumfer-
ence ranged from 40% among males to 56% among females [82, 83].

In France, studies show that the prevalence of obesity among elderly was relatively stable
during early years (1980–1991), 6.4–6.5% in males and 6.3–7.0% among females [83], but
studies from recent years [84, 85] have highlighted a sharp increase in obese elderly,
19.5% for both males and females; this prevalence rate decreased gradually after 70 years
of age, that is, from 19.5 to 13.2% [86]. The Scottish Health Survey shows that in 10 years
(2003–2013), the prevalence of obesity has increased as the body mass index (BMI) con-
tinues to rise in people 60–70 years of age, especially among females [87]. In this same
period, there was an increased curve shown for the waist circumference (5–10 cm) in both
the sexes between 50 and 70 years of age. This inappropriate increase in waist circumfer-
ence and a slight increase in BMI in the Scottish Health Survey may indicate a substantial
gain in visceral fat mass and loss of lean tissue that predisposes to ill health in the obese
elderly [88, 89].

In Spain, 35% of subjects aged 65 years or older suffered from obesity (30.6% of males and
38.3% of females) and 61.6% had an increased waist circumference (50.9% of males and 69.7%
of females) [88].

5.2. Prevalence of obesity: developing countries

Over the past years, obesity among elderly was considered as a problem only in high-income
countries, but the trend is changing now; excess weight, as well as obesity, is dramatically
increasing in low-income and middle-income countries as well, particularly in urban settings
[90]. Various studies show a significant change in the mean body weight, physical activity and
diet along with progressive economic development in developing countries. Possibilities are
high that obesity and its co-morbidities will continue to affect an increasing number of
populations in these regions. Lifestyle and environmental factors are acting in a synergistic
manner to fuel the obesity epidemic. As per WHO estimates, there is a decline in undernour-
ished population across the world, whereas the overnourished population has increased to 1.2
billion [90]. A WHO report shows that more than 1 billion elderly are overweight and 300
million are obese. The problem of obesity is increasing in the developing world with more than
115 million people suffering from obesity-related problems [90]. The obesity rate has increased
threefold or more since 1980 in the Middle East, the Pacific Islands and India [91, 92]. However,
the prevalence of obesity is not as high in all developing countries, like China and some
African nations [93].
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As per the WHO report, the prevalence of overweight and obese elderly in China was 19.0 and
2.9%, respectively. However, the prevalence has increased over the past years; in the latest
study, the prevalence of overweight and obesity among elderly was 21.0 and 7.4% [94, 95].
There was a slight increase in the prevalence of overweight and obesity among women than
among men in China.

According to WHO estimates, among all Gulf regions, Kuwait ranked number one with the
highest prevalence of overweight and obesity (78.8%) among elderly (60 years and above) [92].
Worldwide, Kuwait is ranked 11th, that is, the highest in obesity among the Arab countries
and the Middle East [93, 96]. Studies from Sri Lanka show a prevalence rate of 25.2% for
overweight and 9.2% for obesity. The prevalence of central obesity among elderly was highest
at 26.2% [97, 98]. The prevalence of overweight and obesity in Brazil was 41.8% for females and
23.4% for males. According to the prevalence studies of obesity among elderly in Nigeria [99],
overweight among elderly ranged from 20.3 to 35.1% and obesity ranged from 8.1 to 22.2%.
WHO reported that the prevalence of obesity in Sub-Saharan African countries ranged
between 3.3 and 18.0% and that obesity has become a leading risk factor for diabetes mellitus
and cardiovascular diseases in the urban areas of Africa [93, 99]. The situation can get worse
within a decade if the present trend continues and overweight could emerge as the single most
important public health problem in adults. Overweight or obesity may not be a specific disease
but it is certainly considered as a major contributory factor leading to various degenerative
diseases in adult life. Prevention and control of this problem must, therefore, claim priority
attention [100].

As per a study done in Delhi on urban elderly, nearly 14% of men and more than 50% of
women belonging to what may be a higher-income group (HIG) were overweight (BMI >25)
and obese (BMI >30) [101]. The prevalence of abdominal obesity among the elderly group was
also reported as high. Assuming that the HIG in India number is around 100 million (half the
number of the middle class), it may be computed that there are roughly 40–50 million over-
weight subjects belonging to the HIG in the country today. Visweswara et al. [102] studied
females of Hyderabad (60 years and above) belonging to the high socio-economic status and
reported the prevalence rate of obesity as 36.3%. Gopinath et al. [103] studied urban elderly in
Delhi and reported the rate of prevalence of obesity as 33.4%. A study done in the Union
Territory of Chandigarh showed an increase in BMI (>25) resulting in the high prevalence rate
of overweight (33.14%) and obesity (7.54%) among elderly [104, 105].

6. Causes of obesity among elderly

The relationship between energy intake and energy expenditure is an important determinant
of body fat mass. Obesity occurs when the consumption of calories is more than the calorie
expenditure. The possible causes of obesity are depicted in Figure 6. Various studies indicate
that how much we eat does not decline with advancing age; therefore, it is likely that a
decrease in energy expenditure particularly in the beginning of old age (50–65 years) contrib-
utes to the increase in body fat as we age [62, 106]. At the age of 65 years and above, hormonal
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populations in these regions. Lifestyle and environmental factors are acting in a synergistic
manner to fuel the obesity epidemic. As per WHO estimates, there is a decline in undernour-
ished population across the world, whereas the overnourished population has increased to 1.2
billion [90]. A WHO report shows that more than 1 billion elderly are overweight and 300
million are obese. The problem of obesity is increasing in the developing world with more than
115 million people suffering from obesity-related problems [90]. The obesity rate has increased
threefold or more since 1980 in the Middle East, the Pacific Islands and India [91, 92]. However,
the prevalence of obesity is not as high in all developing countries, like China and some
African nations [93].
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As per the WHO report, the prevalence of overweight and obese elderly in China was 19.0 and
2.9%, respectively. However, the prevalence has increased over the past years; in the latest
study, the prevalence of overweight and obesity among elderly was 21.0 and 7.4% [94, 95].
There was a slight increase in the prevalence of overweight and obesity among women than
among men in China.

According to WHO estimates, among all Gulf regions, Kuwait ranked number one with the
highest prevalence of overweight and obesity (78.8%) among elderly (60 years and above) [92].
Worldwide, Kuwait is ranked 11th, that is, the highest in obesity among the Arab countries
and the Middle East [93, 96]. Studies from Sri Lanka show a prevalence rate of 25.2% for
overweight and 9.2% for obesity. The prevalence of central obesity among elderly was highest
at 26.2% [97, 98]. The prevalence of overweight and obesity in Brazil was 41.8% for females and
23.4% for males. According to the prevalence studies of obesity among elderly in Nigeria [99],
overweight among elderly ranged from 20.3 to 35.1% and obesity ranged from 8.1 to 22.2%.
WHO reported that the prevalence of obesity in Sub-Saharan African countries ranged
between 3.3 and 18.0% and that obesity has become a leading risk factor for diabetes mellitus
and cardiovascular diseases in the urban areas of Africa [93, 99]. The situation can get worse
within a decade if the present trend continues and overweight could emerge as the single most
important public health problem in adults. Overweight or obesity may not be a specific disease
but it is certainly considered as a major contributory factor leading to various degenerative
diseases in adult life. Prevention and control of this problem must, therefore, claim priority
attention [100].

As per a study done in Delhi on urban elderly, nearly 14% of men and more than 50% of
women belonging to what may be a higher-income group (HIG) were overweight (BMI >25)
and obese (BMI >30) [101]. The prevalence of abdominal obesity among the elderly group was
also reported as high. Assuming that the HIG in India number is around 100 million (half the
number of the middle class), it may be computed that there are roughly 40–50 million over-
weight subjects belonging to the HIG in the country today. Visweswara et al. [102] studied
females of Hyderabad (60 years and above) belonging to the high socio-economic status and
reported the prevalence rate of obesity as 36.3%. Gopinath et al. [103] studied urban elderly in
Delhi and reported the rate of prevalence of obesity as 33.4%. A study done in the Union
Territory of Chandigarh showed an increase in BMI (>25) resulting in the high prevalence rate
of overweight (33.14%) and obesity (7.54%) among elderly [104, 105].

6. Causes of obesity among elderly

The relationship between energy intake and energy expenditure is an important determinant
of body fat mass. Obesity occurs when the consumption of calories is more than the calorie
expenditure. The possible causes of obesity are depicted in Figure 6. Various studies indicate
that how much we eat does not decline with advancing age; therefore, it is likely that a
decrease in energy expenditure particularly in the beginning of old age (50–65 years) contrib-
utes to the increase in body fat as we age [62, 106]. At the age of 65 years and above, hormonal
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changes cause an accumulation of fat. Ageing is associated with a decline in the secretion of
growth hormone, serum testosterone, resistance to leptin and a reduced responsiveness to
thyroid hormone [107]. Studies show that resistance to leptin could cause a decrease in the
ability to regulate appetite downward [74]. Several other genetic, environmental and social
factors contribute to obesity among elderly.

6.1. Genetic factors

Science does show a link between obesity and heredity [109]. Various studies indicate that obesity
is related to the inherited genes and there is a link between obesity and heredity [110–113].
According to a study, visceral fat is more influenced by the genotype than subcutaneous fat [114].

6.2. Environmental and sociological factors

Like genetics, environment also has a major role to play in obesity. The food we consume,
physical activity and lifestyle behaviour are all influenced by the environment. For example,
the adoption of modern diet over traditional diet, the trend towards ‘eating out’ rather than

Figure 6. Possible causes of obesity. Source: La Berge [108].
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preparing food in the home, the development of high-rise buildings that often lack sidewalks
and a deficit of readily accessible recreation areas are some of the common environmental
factors associated with obesity.

Poverty and low education level also appeared as a reason for obesity among elderly. Studies
state that the lack of nutritional knowledge, purchase of low-cost fat and organ meat are also
associated with overweight and obesity. Poor hygienic conditions also appeared as a major
reason [114].

6.3. Other causes of obesity

Other health issues and illnesses that are associated with obesity and weight gain are
hyperthyroidism, polycystic ovary syndrome, Cushing’s syndrome and depression [2].
Obese elderly are more likely to report symptoms of depression, such as hopelessness,
sadness or worthlessness [115]. Sleep plays a major role. Lack of sleep contributes to obesity
[106]. Certain drugs, such as antidepressants and steroids, may stimulate appetite or cause
water retention or reduce the metabolic rate [82], causing an increase in weight. Health
issues like arthritis and joint pain decrease mobility and activity intolerance, contributing to
obesity [116]. Joint pain decreases mobility, and activity intolerance may lead to weight gain
because of a decreased activity. Older adults are more likely than younger adults to experi-
ence functional limitations associated with chronic illnesses that may begin a stress-pain-
depression cycle that can result in lifestyle patterns leading to obesity [117]. Finally, the
complex relationship between lifestyle pattern and functional ability merits attention as a
contributor to obesity [93].

7. Conclusion

In developing countries, as compared to developed countries, gerontology has drawn compar-
atively lesser attention. This is because the increased life expectancy of elderly resulting in a
demographic transition which developing countries are witnessing today has already been
faced by developed countries, several decades back. However, in recent years with a rising
percentage of elderly population, epidemiologists, researchers, demographers and clinicians
have focussed their attention towards elderly care health issues and various problems associ-
ated with ageing and numerous implications of this demographic transition.

Elderly face various problems and require a multi-sectoral approach involving inputs from
various disciplines of health, psychology, nutrition, sociology and social sciences.
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the twentieth century was the century of population growth, the twenty-first century will be 
known as the century of aging [1, 2].

Every second, two people celebrate their 60th anniversary [3]. Globally, in 2015, there were 
901 million people who were 60 or older, most of whom are the elderly people living in devel-
oping countries. This number is expected to be more than double by 2050, reaching 2.1 billion 
(20% of total population). Interestingly, the number of people aged 80 or older is growing 
even faster than the elderly in general. By 2015, about 14% of the elderly population (125 
million) were 80 or older, and that number is expected to triple by 2050, reaching 434 million 
(approximately 20% of the senior population) [4].

The speed at which the population is aging is dramatically increasing. For example, France 
needed 150 years to adapt from a change from 10 to 20% of the population over 60 years. 
However, developing countries such as India and Brazil have little more than 20 years to adapt 
to this reality [5]. In these countries, in 2010–2015, the average life expectancy was 68 years, but 
78 years in the developed countries [3].

The increase in average life expectancy turns out to be an opportunity for older people and their 
families. With these extra years, the elderly can devote themselves to school again, can pursue 
a new career or can chase a lost passion [6]. But all of this depends on one key factor: health. 
WHO defined health as “a state of complete physical, mental and social well-being and not 
merely the absence of disease or infirmity” [7].

From the biological point of view, aging occurs due to accumulation of damages, at both 
cellular and molecular levels. Telomeres are shortened as we age. Aging is characterized by 
changes in physical appearance such as gradual reduction in height and weight, due to loss 
of muscle and bone mass, higher reaction times, decline in memory, decreased sexual activ-
ity, reduced metabolic rate and a decline in auditory, olfactory and vision functions, as well 
as diminished lung, immune and renal functions. The speed at which aging occurs is deter-
mined by genetic and environmental factors [8]. Physical and social environments, as well as 
personal characteristics such as gender, ethnicity and socioeconomic status, are factors that 
affect the aging process from an early age. The environment has a huge influence on both the 
development and the maintenance of healthy habits. Lifelong healthy behaviors, in terms of 
diet, exercise and habits, contribute to the prevention of certain diseases [9].

Although this increase in average life expectancy is worthy of celebration, it must be borne 
in mind that increasing longevity has long-term consequences not only for health but for the 
health system and for economy too. There are health conditions that are associated with the 
increase in the elderly population. Cardiovascular diseases, cancer, chronic respiratory dis-
eases and diabetes, the so-called non-communicable diseases are responsible for nearly 60% 
of the deaths, and they all share an unmodifiable risk factor such as age [10].

The major cause of death among the elderly in developed countries is cardiovascular diseases, 
accounting for 35% of all deaths [11]. Along with these diseases, cancer is the other major 
cause of mortality, being responsible for 22% of deaths [12].
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The development of these chronic diseases occurs in several ways. There are malignancies such 
as lung or prostate cancer that are more common in the elderly population. An example of this 
condition is arthritis that may be present early but only with age it worsens and it manifests due 
to the senescence of the body in general. There are diseases that turn out to be a combination of 
the two factors, as with chronic respiratory disease, doubling its prevalence for each decade of 
life after the 40 years [2].

Usually, older adults have multiple medical problems. Almost 50% of the elderly popula-
tion has at least three chronic diseases, and of this, approximately 10% has five or more. 
These diseases can coexist for several reasons such as by random chance, because they are 
part of the same continuum, because they have risk factors in common or because one trig-
gered the other [2]. Aging and comorbidities together increase the risk of hospitalization and 
mortality.

This “demographic time bomb” has direct consequences for the economy. With the 
increase of lifetime expectancy, more people are claiming for pensions, and less number 
of people are working and paying taxes, which will have an impact on national budgets. 
The economic growth will also be affected since higher savings for pensions may lead to 
the reducing of capital investments. At the same time, age-related diseases, comorbidities 
and geriatric syndromes are gaining attention in society, increasing the demand for health 
services. The elderly people require more health services, suffer more hospitalizations 
and occupy the bed longer than any other age group, thus increasing the money spent on 
healthcare [13].

The main way to treat chronic illnesses is by using medicines. Although they are a powerful 
tool, its potential is not fully used, since half of the patients do not take them as prescribed, 
meaning they either do not take them or they do, but in the wrong dosage or in the wrong 
timing, failing to realize full benefits of treatments [14, 15]. Non-adherence is a huge problem 
that is directly linked with an increase in morbidity and mortality, costing between $100 and 
300 billion per year, in the United States (Figure 1) [16].

Figure 1. Non-adherence consequences.
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2. Medical adherence taxonomy

“Drugs don’t work in patients who don’t take them” is the often-cited statement of Surgeon 
General of the United States C. Everett Koop (1985). Non-adherence is the major problem for 
pharmacotherapy in ambulatory patients. It is more prevalent than would be expected. It is 
highly associated with increased morbidity and mortality, and is an aspect that until recently 
was neglected. Despite its importance and all the efforts that have been made to understand 
it, non-adherence is still misunderstood. This behavior, in addition to the direct effects on the 
patient, since it compromises the preservation and the quality of her/his life, also has eco-
nomic consequences. Therefore, in recent years, therapeutic adherence has been extensively 
studied from pharmacological, behavioral, economical perspectives [17]. Despite all the stud-
ies, the lack of uniformity in the methods of analysis and the absence of a universal taxonomy/
terminology are a major obstacle when making/analyzing systematic reviews, as it makes it 
difficult to draw conclusions.

Compliance, adherence, concordance and persistence are the four widely used terms that have 
been used interchangeably. Adherence and compliance, the mostly used terms have different 
connotations in the patient’s attitude regarding medication. Compliance comes from the Latin 
word complire, meaning to fulfil a promise/to complete an action, implying that the patient has 
a passive role on the process. Adherence derives from the Latin word adhaerere, which means 
remain constant, keep close, having the patient agreed with the prescription [15, 18, 19]. Of 
the other two terms, Concordance implies that the patient and the professional healthcare came 
to an agreement about the treatment that the patient should follow, acknowledging that they 
may have different points of view, while persistence relates to the time interval between the 
first and the last dose of medicine [19–21].

Given this heterogeneity, it was necessary to obtain a consensus on the terminology and tax-
onomy in the field of non-adherence. The ABC project (Ascertaining Barriers to Compliance) 
was created under the seventh Framework Program, and the main objective was to provide 
consensus taxonomy and terminology in non-adherence medication and to provide concise 
and adequate definitions that could serve the needs of both clinical research and medical 
practice [22].

Medication adherence is defined as an active, cooperative and voluntary participation of the 
patient in following recommendations from a healthcare provider. This is a multifactorial 
behavior that involves three critical steps (Figure 2).

Management of adherence has a main purpose to increase the benefit to the patient, and mini-
mize the risk of harm, caused by the medication. It encompasses healthcare systems, provid-
ers, patients and their family/friend’s networks, and serves to monitor and support patient’s 
adherence to medication [22].

Adherence-related sciences include all the disciplines that study the causes and consequences of 
non-adherence, including medicine, nursing, sociology, biostatistics, pharmacy, behavioral 
science, pharmacometrics and health economics [19].
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The ABC taxonomy relies on these three elements, making a clear distinction between proce-
dures that describe actions through routines that have been established (medication adherence 
and management of adherence) and the sciences that study those procedures (adherence-related 
sciences) [22].

Of note, currently, the use of compliance has diminished, as this very term, for historical rea-
sons, mostly, was perceived as the one that implies paternalistic relation between the doctor 
and patients. Therefore, this term is not advised by the ABC taxonomy.

3. Determinants of non-adherence

Non-adherence to therapy is a public health problem in general, with a special focus on the 
elderly population. Non-adherence causes the patient outcome to be compromised, resulting 
in decreased effective disease control, increased risk of hospitalization and increased morbidity 
and mortality [23].

Figure 2. The ABC taxonomy of medication adherence describing its three key elements and demonstrating how patients 
can deviate.
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To improve the adherence, we must first understand the causes, predictors and determinants 
responsible for non-adherence. Many of them have been described so far [24]. According to 
WHO, there are five large sets of factors by which people are non-adherent (Figure 3) [25]:

• socioeconomic factors;

• health system related;

• therapy related;

• patient related; and

• condition related.

The socioeconomic status is correlated with adherence to therapy. Of these factors, the pro-
fessional situation, social support, housing conditions, distance to treatment, transportation 
and medication prices as well as social inequalities are the utmost importance. The existence 
of support provided either by the family or by friends has a very positive influence on adher-
ence. The lack of involvement of family and friends leads to a state of social isolation, which 
is one of the determinants of non-adherence [26]. The professional situation is also important, 
since people with economic difficulties must set priorities in budget management, with food 
and housing being the first, often leaving the medication to second option [22].

The relationship between health professionals and patients is extremely important in adher-
ence, since they play a critical role of technical and psychosocial support, giving the indi-
vidual the basic skills to adhere to medication, developing beliefs about his/her ability to 
deliver on medications and on the benefits of therapy. However, the lack of knowledge and 
availability of health professionals, the overloading of health services, which translates into 
difficulties in access to consultations and the short duration of these, the lack of capacity of 
the system to promote psychoeducational programs, and the inexistence of follow-up mecha-
nisms are some of the causes responsible for non-adherence [23]. Perhaps, there is a need to 
adapt the arrangements of the healthcare services to the needs of the growing number of old 
and very old persons.

The duration of, and the complexity of drug regimens may have consequences for adher-
ence to therapy, since the longer and more difficult the treatment is, the greater the likeli-
hood of discontinuation. Thus, it is necessary to develop simpler schemes, which require small 
changes in living habits, facilitating adherence. However, these are not the only characteristics 
on medication that lead to non-adherence. Side effects of some medications, including nausea, 
vomiting, fatigue and other metabolic changes as well as drug-drug interactions or adverse 
reactions to medications may also lead to treatment withdrawal [15, 23].

The cognitive and intellectual characteristics of the patients, as well as their personality and 
behaviour, and their knowledge of the disease and treatment and their motivation are the 
determinants related to the patient, which lead to non-adherence. To adhere, the patient must 
understand what is transmitted to him/her and understand the reason for the prescription.

Thus, it is important to focus on health literacy, understood as the ability of individuals to make 
healthy decisions based on the information provided. Since, adherence is a decision made by 
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the individual based on their beliefs about the consequences of adherence to therapy, when the 
patients recognize that they have a responsibility to their health and that their behaviour may 
bring benefits, which improves adherence [15].

Figure 3. Predictors of non-adherence to medication, modified from WHO [25].
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The characteristics of the disease such as severity and the symptomatic/asymptomatic nature 
are factors related to the condition that affects adherence. It is considered that the severity of 
the disease and the disability that symptoms cause at physical, psychological and social levels 
are most frequently associated with non-adherence. Individuals with chronic asymptomatic 
diseases do not adhere to treatment frequently, since the absence of symptoms lower their 
motivation to take their drugs continuously. In addition, the existence of other concomitant 
diseases that are treated with various medications (i.e., polypharmacy) is also one of the major 
factors that contribute to non-adherence [17, 25, 27].

4. Costs associated with non-adherence

With the increase of life expectancy, the greater the spending on health. Accord-ing to an 
OECD study, people over 65 accounts for 40–50% of health spending in Europe and their 
per capita costs are 3–5 times higher than those under 65. And, this tends to increase over 
time [28].

There are not many researches that investigate the impact of non-adherence on the economy, 
since it is difficult to assess. In addition to the direct impact on both patient health and non-
adherence healthcare costs such as avoidable hospitalizations, emergencies, drugs, and so on, 
non-adherence leads to an indirect impact on the economy. In fact, per year, non-adherence 
leads to an average of 2.62 days that the employee missed work, leading to a decrease in 
the productivity [29]. Moreover, few articles focus on the costs of non-adherence among the 
elderly. The following paragraphs review the costs of non-adherence in several diseases that 
often affect the elderly such as chronic cardiovascular diseases, chronic obstructive pulmonary 
disease, diabetes, arthritis, and osteoporosis.

Will et al., in 2016, found that hospitalizations were eight times more frequent in non-adherent 
hypertension patients. Expenditures with these patients were four times higher compared to 
adherent patients. According to the author’s estimates, in the United States of America, the 
outcome of non-adherence was $ 41 million, over 3 million for non-adherent hypertensive 
patients, over a period of 8 years. These costs were related to the cost of outpatient medication 
and preventable hospitalizations [30].

Bansilal et al., in 2016, studied the association between the levels of adherence and long-
term major adverse cardiovascular events and resource utilization in coronary artery disease 
patients. The authors found that non-adherent patients have higher associated medical costs, 
with $ 719 associated with hospitalizations per patient and $ 821 associated with revascular-
ization surgeries, being these patients also related to higher emergency visits. Thus, it is pos-
sible to deduce that non-adherence to treatments, in addition to the risk to the patient, leads 
to increases in expenses associated with secondary cardiac events [31].

In congestive heart failure, Esposito et al., in 2009, assessed the impact that adherence to therapy 
would have on the related costs in patients with congestive heart failure. Non-adherent patients 
(17,496 compared to 19,122 adherent patients) had higher costs for the health system (US$ 25,312 
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compared to US$ 19,402 for adherent patients), mainly explained by the increase in hospital 
admissions (42% of the total value), in terms of higher frequency/duration compared to adherent 
patients [32].

Simoni-Watilla et al., in 2012, demonstrated that adherent patients with chronic obstructive 
pulmonary disease had higher costs related to prescription medications than non-adherent 
patients. However, these were cost-effective since the adherent patients have much lower 
costs than the non-adherent patients, in terms of hospitalizations and outpatient [33]. Halpern 
et al., in 2011, drew the same conclusions. Although pharmacy costs were higher in adherent 
patients, non-adherent patients incurred higher total expenditures [34].

Ho et al., in 2006, evaluated the impact of non-adherence in Type 2 Diabetes. Higher HbA1c, 
blood pressure and LDL cholesterol levels were recorded in non-adherent patients, leading to 
the increased risk of mortality and morbidity. The economic impact of non-adherence is continu-
ally increasing, resulting in long-term complications [35]. Dall et al., in 2010, estimated that $ 218 
billion per year (indirect costs spent for treating diabetes) spent in the USA. Although the cost of 
treating diabetes is high, representing approximately 7% of health spending, the return on this 
investment is enormous. Per year, non-insulin and non-antihyperglycemic drugs, insulin and 
oral hyperglycemic agents cost $ 776, while avoidable hospitalizations cost $ 886 per patient [36].

Tang et al., in 2008, found that arthritis adherent patients have higher costs in the pharmacy 
than non-adherent patients. However, costs related to outpatient, inpatient and laboratory ser-
vices, related to non-adherence, exceed the amount spent in the pharmacy [37]. Pasma et al., in 
2017, demonstrated that decreased adherence leads to an increase in healthcare costs (in anti-
TNF therapies, synthetic DMARDs and rheumatology outpatients) [38].

In osteoporosis, poor adherence reduces the potential effectiveness of the drug, resulting in 
decreased health outcomes and incurring heavy costs. Hiligsmann et al., in 2009 evaluated the 
economic outcome of non-adherence in osteoporosis patients. Non-adherent patients suffer 
from more fractures than adherent patients, leading to higher healthcare spending, in com-
parison to the costs associated with medication adherence [39].

In general, all adherent patients have higher drug costs for obvious reasons. However, in the 
long run, they incur lower expenses than the non-adherent patients, since visits to the emer-
gency rooms, inpatient and outpatient are decreased [40]. One of the reasons that lead the 
elderly to non-adherence is the high price of medicines. For pensioners with poor retirement, 
they must manage the budget to pay for basic needs, being in the medicines no longer a priority 
[41]. One of the ways to overcome this problem is to increase support for the elderly in the pur-
chase of medicines or to reduce their taxes. Although this will mean higher expenses initially, 
it will pay off in the long-term [42].

5. Interventions to promote adherence

To improve adherence to therapy in the elderly, there are many questions that need to be 
addressed and deserve all the attention, once they are the basis for deciding what course to 
take (Figure 4) [43].
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are most frequently associated with non-adherence. Individuals with chronic asymptomatic 
diseases do not adhere to treatment frequently, since the absence of symptoms lower their 
motivation to take their drugs continuously. In addition, the existence of other concomitant 
diseases that are treated with various medications (i.e., polypharmacy) is also one of the major 
factors that contribute to non-adherence [17, 25, 27].

4. Costs associated with non-adherence

With the increase of life expectancy, the greater the spending on health. Accord-ing to an 
OECD study, people over 65 accounts for 40–50% of health spending in Europe and their 
per capita costs are 3–5 times higher than those under 65. And, this tends to increase over 
time [28].

There are not many researches that investigate the impact of non-adherence on the economy, 
since it is difficult to assess. In addition to the direct impact on both patient health and non-
adherence healthcare costs such as avoidable hospitalizations, emergencies, drugs, and so on, 
non-adherence leads to an indirect impact on the economy. In fact, per year, non-adherence 
leads to an average of 2.62 days that the employee missed work, leading to a decrease in 
the productivity [29]. Moreover, few articles focus on the costs of non-adherence among the 
elderly. The following paragraphs review the costs of non-adherence in several diseases that 
often affect the elderly such as chronic cardiovascular diseases, chronic obstructive pulmonary 
disease, diabetes, arthritis, and osteoporosis.

Will et al., in 2016, found that hospitalizations were eight times more frequent in non-adherent 
hypertension patients. Expenditures with these patients were four times higher compared to 
adherent patients. According to the author’s estimates, in the United States of America, the 
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patients. The authors found that non-adherent patients have higher associated medical costs, 
with $ 719 associated with hospitalizations per patient and $ 821 associated with revascular-
ization surgeries, being these patients also related to higher emergency visits. Thus, it is pos-
sible to deduce that non-adherence to treatments, in addition to the risk to the patient, leads 
to increases in expenses associated with secondary cardiac events [31].
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would have on the related costs in patients with congestive heart failure. Non-adherent patients 
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patients. However, these were cost-effective since the adherent patients have much lower 
costs than the non-adherent patients, in terms of hospitalizations and outpatient [33]. Halpern 
et al., in 2011, drew the same conclusions. Although pharmacy costs were higher in adherent 
patients, non-adherent patients incurred higher total expenditures [34].

Ho et al., in 2006, evaluated the impact of non-adherence in Type 2 Diabetes. Higher HbA1c, 
blood pressure and LDL cholesterol levels were recorded in non-adherent patients, leading to 
the increased risk of mortality and morbidity. The economic impact of non-adherence is continu-
ally increasing, resulting in long-term complications [35]. Dall et al., in 2010, estimated that $ 218 
billion per year (indirect costs spent for treating diabetes) spent in the USA. Although the cost of 
treating diabetes is high, representing approximately 7% of health spending, the return on this 
investment is enormous. Per year, non-insulin and non-antihyperglycemic drugs, insulin and 
oral hyperglycemic agents cost $ 776, while avoidable hospitalizations cost $ 886 per patient [36].

Tang et al., in 2008, found that arthritis adherent patients have higher costs in the pharmacy 
than non-adherent patients. However, costs related to outpatient, inpatient and laboratory ser-
vices, related to non-adherence, exceed the amount spent in the pharmacy [37]. Pasma et al., in 
2017, demonstrated that decreased adherence leads to an increase in healthcare costs (in anti-
TNF therapies, synthetic DMARDs and rheumatology outpatients) [38].

In osteoporosis, poor adherence reduces the potential effectiveness of the drug, resulting in 
decreased health outcomes and incurring heavy costs. Hiligsmann et al., in 2009 evaluated the 
economic outcome of non-adherence in osteoporosis patients. Non-adherent patients suffer 
from more fractures than adherent patients, leading to higher healthcare spending, in com-
parison to the costs associated with medication adherence [39].

In general, all adherent patients have higher drug costs for obvious reasons. However, in the 
long run, they incur lower expenses than the non-adherent patients, since visits to the emer-
gency rooms, inpatient and outpatient are decreased [40]. One of the reasons that lead the 
elderly to non-adherence is the high price of medicines. For pensioners with poor retirement, 
they must manage the budget to pay for basic needs, being in the medicines no longer a priority 
[41]. One of the ways to overcome this problem is to increase support for the elderly in the pur-
chase of medicines or to reduce their taxes. Although this will mean higher expenses initially, 
it will pay off in the long-term [42].

5. Interventions to promote adherence

To improve adherence to therapy in the elderly, there are many questions that need to be 
addressed and deserve all the attention, once they are the basis for deciding what course to 
take (Figure 4) [43].
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Just as there are many reasons for a patient to not adhere to the therapy, there is no single 
solution to this problem. Interventions should be planned and appropriate to each patient, 
since each patient is unique, with her/his particularities and specificities. Therefore, health 
professionals should develop strategies that focus not only on the problem of adherence to 
therapy but also on all aspects that have directly or indirectly influenced it. The intervention 
of health professionals, to promote behavioural changes, should be based on the creation 
of a link with the patient and the informal care provider, through the establishment of an 
empathic relationship, always considering the sociocultural characteristics and the need for 
social support [12, 14].

To improve adherence, educational and behavioural interventions are needed. Educational 
interventions are simple measures that promote knowledge regarding both illness and medi-
cation and allow the provision of individual and/or group information, whether through 
oral, written, audiovisual and/or computerized transmission. To avoid barriers between the 
health professional and the patient, the language should be clear and objective, in line with 
the patient’s level of knowledge and easy to memorize. Educational interventions that involve 
the patient, relatives or caregivers, are promoters of changes in adherence to the therapeutic 

Figure 4. Questions to be addressed to the patient to choose how adherence can be improved.
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regimen. Moreover, communication between health professionals and patients is an extremely 
important step toward promoting adherence to treatment. The preparation of the patient for 
adherence must include health literacy, once patients with basic or below basic health literacy 
may be unable to understand what information the box and the medicine data sheet has. Also, 
the patient should be provided with all specific information about the treatment such as the 
objectives of the therapy, the risks and benefits and expected results as well as the conse-
quences of adherence or non-adherence. Behavioural interventions aim to:

• Involve patients in treatment;

• Simplify therapeutic regimens;

• Facilitate compliance with proposed treatments;

• Incorporate adaptation mechanisms into daily practice; and

• Provide supporting documentation and reward for improved adherence [14].

Patients should be actively involved in their treatment using strategies to prevent non-adherence. 
For that, the medicinal regimen should be changed as little as possible, since it interferes with the 
memorization, leading to forgetfulness and, consequently, non-adherence. Medical or nursing 
appointments are used to communicate or advise the patient and his/her family, keeping them 
informed of progress and results [15].

Counselling includes information about the drugs, their indications, side effects and how to 
overcome them. To encourage adherence to therapy, health professionals can use the following 
strategies [25]:

• listen to the patient;

• ask the patient to repeat the actions he/she should take;

• provide clear instructions as to drug taking, preferably in writing;

• propose a simpler therapeutic regimen that considers patient routines;

• use methods of counting medicines taken;

• contact the patient if he or she misses an appointment;

• adapt the frequency of consultations according to the needs of the patients, always refer-
ring to the importance of adherence to the therapeutic regimen; and

• reinforce positive behaviours and involve the family in the process of adherence.

According to Osterberg and Blaschke [17], the methods to increase adherence to the therapeu-
tic regimen can be grouped into four categories:

1. patient education;

2. communication between health professionals and the patient;
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• contact the patient if he or she misses an appointment;

• adapt the frequency of consultations according to the needs of the patients, always refer-
ring to the importance of adherence to the therapeutic regimen; and

• reinforce positive behaviours and involve the family in the process of adherence.

According to Osterberg and Blaschke [17], the methods to increase adherence to the therapeu-
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1. patient education;
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3. the posology and type of medicine; and

4. the availability of health services.

According to the WHO proposal, increased adherence is based on three measures:

1. adequate and continuous information;

2. training of health teams in motivational strategies; and

3. adoption and continued application of these strategies [25].

Regardless of the classification used, the improvement in therapeutic adherence passes 
through the link between information and motivation. Knowing the concepts about diseases 
and treatments may result in the adoption of long-lasting behaviours and attitudes that favour 
adherence to treatment by patients.

6. Concluding remarks

As the population is aging, people are more prone to chronic diseases. Pharmacotherapy is 
the best treatment to follow. Approximately, half of the elderly have at least three chronic dis-
eases, which result in polypharmacy. Complicated drug delivery regimens cause the elderly to 
eventually give up treatment. Another reason for treatment discontinuation is the high prices 
of medicines. Failure to adhere to treatment has a negative impact not only on the patient’s 
health, increasing the risk of morbidity and mortality, yet also on the sustainability of entire 
healthcare care systems, due to higher number of avoidable hospitalizations and emergency 
visits, and finally, on the economy.

Thus, it becomes mandatory to find a way to overcome this problem, and it is necessary 
to implement techniques that increase adherence. These changes start with patient educa-
tion. Providing the patients with all the necessary information about their illness, treatment, 
prognosis, and the consequences of non-adherence is the prerequisite of the right decisions. 
However, this should be followed with the use of other adherence-targeting interventions, 
tailored to the individual needs.

Finally, more studies are needed in this area, as the impact of non-adherence to therapeutics 
by the elderly on the economy has not yet been fully unveiled.
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Abstract

Vaccination is an appealing form of immunotherapy for frail senior patients. However,
several studies have shown that in contrast to younger adults, older patients do not
effectively respond to vaccines. This phenomenon is greatly attributed to immunose-
nescence, a hallmark of aging defined by a general decline in immunity caused by thymic
involution. Historically, the study of thymic involution brought to attention several factors
and components involved in thymopoiesis, as contributors to the phenomena. Depicting
the underlying cause(s) of the dramatic changes in the production and properties of the
naïve T-cell pool in the event of acute thymic injury or due to inovulation can therefore,
help focus the efforts on the best strategy to reverse or overcome these hurdles. Here, we
discuss some of the well-studied approaches for rejuvenating the thymus, and introduce
interleukin-(IL) 21 as the most recent thymo-stimulatory agent in the field.

Keywords: thymus, thymocytes, thymic epithelial cells, thymic involution, interleukin-21

1. Introduction

With the advances in health sciences and services, the life expectancy of the general population
is increasing. The U.S. Census Bureau estimates that by 2050, one quarter of the U.S. popula-
tion will be over 60 years old [1]. A similar demographic trend is predicted for both developed
and developing countries according to the world health organization [2]. A longer life expec-
tancy is accompanied with the increase in chronic diseases [3], susceptibility to infections [4],
prevalence of cancer [5], and certain forms of degenerative diseases [6]. All these challenges
put a great burden not only on individuals, but on the whole population and health system [7].
Therefore, it is crucial to adopt new strategies aimed at keeping the aging population healthy.
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Several of the prominent challenges facing the efforts to achieve healthy aging are being linked
to changes in the immune system [6, 8, 9]. More specifically, the natural process of aging is
concomitant with immunosenescence; a degeneration of the immune system caused by thymic
atrophy or involution [10]. As a result, the production of T-cells through thymopoiesis is
compromised, and the output of newly developed naïve T-cells endowed with the capacity of
effectively responding to new antigenic challenges decreases dramatically [11]. For example,
accumulated extrinsic and intrinsic T-cell receptor (TCR) signaling defects in aging naïve T-
cells are found to impede their response to new antigenic challenges [12]. The elucidation of
such changes and defects related to thymic aging can therefore help conclude that the elderly’s
optimal responses to vaccines that may strongly rely on the development of strategies aimed at
rejuvenating their weakened thinned-out T-cell repertoire. In addition, immunosenescence
compromises the patients’ immunocompetency and makes the body more prone to the devel-
opment of different pathological conditions such as cancer [13]. Although most cancer types
can be removed by surgery followed by radiation and/or chemotherapy, these multimodality
therapies are primarily effective against localized tumors as opposed to spread metastases [14].
Cancer vaccination represents therefore, an appealing alternative due to its limited toxicity
compared to chemo- or radiotherapies and the ability to stimulate the host’s own immune
system to seek and destroy metastatic cancer cells [15]. Unfortunately, however, vaccines are
less effective at older age due to immunosenescence [16]. Thus, there is an urgent need for the
development or improvement of immunotherapies to stimulate and rejuvenate the immune
response in the elderly population.

The knowledge of the elements involved in the deterioration of thymic function can help
identify potential approaches for protecting or rejuvenating the thymus. We will be summa-
rizing in this chapter most of the concepts related to thymus aging and discuss the most
promising developments aimed at stimulating thymic function as a mean to rejuvenate elders’
immunity. In addition, we will highlight the experimental models along with the outcomes of
our work on IL-21 as a thymo-stimulatory agent [17–19]. Optimizing and adopting such
concept will strengthen multi-disciplinary collaborations and lead to innovative IL-21-based
strategies directed against two key elderly-related health problems: (i) providing superior
responsiveness to protective and therapeutic vaccines, and (ii) reducing the incidence and/or
relapse of cancer or severe infections in this vulnerable population.

2. Background

2.1. The thymus

Functional immunity relies on the balance between innate immunity as a first responder in the
presence of an external insult and the development of a rather specific adaptive immune
response [20]. Primary lymphoid organs such as the bone marrow (BM), the fetal liver, and
the thymus are the major sites for lymphopoiesis, whereby the common lymphoid progenitors
(CLP) proliferate and complete their differentiation into mature effector B and T lymphocytes.
The uniqueness of the thymus stems from it being the sole specialized organ where the
microenvironment and the cellular content are perfectly orchestrated to support the maturation
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and development of T-cells [20]. This bilobed organ is located in the thoracic cavity between the
heart and the sternum. Histologically, the thymus was believed to be mainly composed of a
perivascular space (PVS) and a thymic epithelial space (TES) [21]. The latter is the main site for
thymopoiesis and is subdivided into two anatomically and functionally distinct compartments:
the cortex and the medulla [22]. These two compartments are connected by a cortico-medullary
junction (CMJ), where the entry of lymphoid progenitors and the exit of mature thymocytes
take place [23]. Furthermore, each of these two compartments is characterized by the presence
of specific thymic epithelial cells (TECs), which guide and support thymocytes at their different
differentiation and maturation stages [24]. Interestingly, the cortical (c-) and medullary (m)
TECs have distinct expression profile for chemokines and cytokines, transcription factors and
costimulatory molecules [25, 26]. As a result, cTECs and mTECs create a unique profile and
microenvironment within the cortex and the medulla, respectively, which in turn affect the
development and selection of thymocytes [25, 26]. Specifically, within the same compartment,
cTECs and mTECs show heterogeneity in their markers and secretary profiles creating distinct
microenvironments suitable for specific stages of thymopoiesis [26–28]. For example, cTECs
express the thymoproteasome component β5t [29], Cathepsin L [30], in addition to thymus-
specific serine protease, which facilitate the generation of major histocompatibility complex
(MHC)-associated self-peptides required for positive selection [30, 31]. Moreover, it is being
proposed that the crosstalk between thymocytes and different TECs is fundamental not only
for supporting thymopoiesis but for maintaining the thymus homeostasis as well [24–26, 32].
Particularly, the interaction of developing thymocytes with certain TEC subsets sustains the
regeneration of cTECs and mTECs [32–34].

Thymopoiesis or T-cell development starts with the settling of BM-derived early lymphocyte
progenitors (ELP) in the thymus where they proliferate to give rise to early thymic progenitors
(ETP) [35, 36]. Upon their interaction with cTECs, rapidly dividing ETPs undergo differentia-
tion to the double-negative (DN) stage while initiating complex gene rearrangements to express
a candidate TCR. At that stage, both CD4 and CD8 co-receptors are expressed and the resulting
double-positive (DP) thymocyte undergoes positive selection; a process aimed at testing the
rearrangement of a functional TCR. If successful, DP thymocytes receive a survival signal and
continue their migration to the medulla [37]. Interaction of DP thymocytes with dendritic cells
or mTECs is essential to sustain central tolerance as it deletes autoreactive clones leading finally
to self-tolerant single-positive (SP) CD4 or CD8 naïve T-cells, which are determined by their
restriction to MHCII or MHCI, respectively [38]. Newly developed recent thymic emigrants
(RTEs—e.g., naïve CD4 or CD8 T cells) egress to the periphery where they complete their
maturation and contribute to establishing a competent peripheral T-cell pool [39–41].

Despite its undisputed role in the development of T-cells, the thymus is commonly portrayed as
a temporary organ due to its gradual decrease in size (progressive and irreversible loss of TES).
This natural thymic atrophy/involution consequently results in gradual thymopoiesis decay.

2.2. Acute thymic atrophy

Through history, the thymus has been considered as a mysterious organ with no obvious
function or purpose until 1961 [42, 43]. In the late 1800 and early 1900, scientists searching for
the cause of unexplained sudden death of healthy babies and children labeled the thymus as
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microenvironment and the cellular content are perfectly orchestrated to support the maturation
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and development of T-cells [20]. This bilobed organ is located in the thoracic cavity between the
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double-positive (DP) thymocyte undergoes positive selection; a process aimed at testing the
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the cause of unexplained sudden death of healthy babies and children labeled the thymus as
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the villain [44]. The origin of the confusion started as an attempt to understand and find a cure
for what is known today as sudden infant death syndrome (SIDS). For instance, several
scientists observed that suddenly dying babies had a much larger thymus in comparison to
normal subjects. These observations led to the establishment of a medical condition known as
status thymicolymphaticus [45–47]. As a result, thousands of infants received prophylactic
irradiation to reduce the size of their thymus [45–47]. Interestingly, studies conducted in the
mid-1930s on cadavers from ill or malnourished patients revealed that the thymus of these
subjects was indeed smaller than those of healthy individuals of the same age [47–49]. These
new findings not only acquitted the thymus from any role in SIDS, but also opened the door to
better understand the physiology and role of the thymus [50]. Furthermore, subjects that have
undergone ‘precautious’ irradiation in their younger age were later shown to exhibit higher
thyroid malignancy and breast cancer risk [51, 52].

Nonchronic thymic atrophy is the first indication for the presence of a given insult(s). There are
commonmorphological characteristics of acute thymic atrophy such as loss of cortical thickness
due to sharp decline in cortical thymocytes. Longer exposure to insults leads to thinner, irregu-
lar, and lower cortical to medulla ratio, while the CMJ becomes less apparent. Conversely, insult
(s) removal is usually sufficient to reverse thymic atrophy and allow the rebound of the cortex
and its contents [53–55]. Such insults include a variety of physiological factors such as preg-
nancy, malnutrition/starvation, stress as well as pathological factors such as infections, cortico-
steroids, or immunosuppressive therapy [49, 55–58]. The exact mechanism(s) and pathways
involved in acute thymic atrophy upon exposure to one or more of these conditions is poorly
understood and may vary [55]. For instance, the pathophysiological stress from infections
upregulates serum glucocorticoids (GC) secretion by the hypothalamus-pituitary adrenal axis
and pro-inflammatory cytokines levels [59, 60]. Thymocytes are highly affected by changes in
GC levels, which can promote DP thymocytes apoptosis through caspase 8 and caspase 9
activation resulting consequently in lower naïve T-cell output [61, 62]. On the other hand,
medical interventions such as irradiation regimens coupled with chemotherapy induce death
of thymocytes, DCs and TECs [63, 64]. These interventions also affect the stromal compartment
leading to slower TEC renewal [65]. This explains the delay in immune reconstitution following
preparative regimen for BM transplantation (BMT), which leaves the patient immunocompro-
mised [66]. It is therefore essential to elucidate and understand the patho-physiological factors
triggering thymic atrophy in order to design strategies aimed at reversing their effect.

2.3. Chronic thymic involution

The progressive age-dependant atrophy of the thymus starts at birth and reaches its peak
during puberty before continuing at a stable rate throughout life [53, 67]. The two main factors
forming the basis of thymic involution are: (i) defects in the pre-thymic hematopoietic progen-
itor pool or their migration to the thymus, and (ii) the loss of the stromal compartment [68].
The latter factor is particularly problematic as it implies reduction of cTECs [67], loss of tissue
structure, and changes in the microenvironmental niche [69]. Consequently, the body’s homeo-
static compensatory system helps maintain the existing T-cell pool in the periphery through
the expansion of mature T-cells [70, 71], which restricts the ability of aged subjects to benefit
from new vaccines [71, 72]. Moreover, aged naïve T-cells are smaller and show defects in
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antigen recognition, antigen-induced activation and in their ability to proliferate [69, 73, 74].
Such changes in the properties of naïve T-cells and the microenvironment of the thymus can
also affect the negative selection process, which in turn, potentiates the emergence of
autoreactive or defective T-cells [75]. Besides, the increased longevity of naïve T-cells and the
accompanying accumulation of reactive oxygen species lead to reduced TCR diversity and
impair the function of effector and memory T cells in the periphery [76–78] translating into
weakened immune responses to infections and immunotherapies such as vaccines [79].

Several factors have been proposed to explain and understand the circumstances taking part in
the involution of the thymus. One of the earliest factors to be investigated was the change in
the level of sex hormones, which peaks during puberty. GCs are believed to negatively affect
both TECs and thymocytes mostly by inducing their apoptosis [80–82]. In fact, surgical or
chemical castration of male mice was sufficient to restore atrophied thymi back to their normal
size and function [83]. However, the decline in androgen levels with age is not accompanied
with a concomitant reversal of thymic involution [21], suggesting that additional players are
involved in chronic thymic atrophy. Some of these factors include: (i) changes in BM-derived T
cell progenitors [84], (ii) alterations in the profile of circulating cytokines and factors such as
the leukemia inhibitory factor, interleukin (IL)-6, Oncostatin M, and stem cell factor [73], (iii) a
blockade in TCR rearrangement, decreased proliferation and increased apoptosis of ETPs [85,
86], and (iv) a shift towards the myeloid lineage in the elderly [87].

Altogether, the aging of the immune system is an ongoing complex process and is related to
numerous clinical challenges. To properly tackle these challenges, it is imperative to ade-
quately understand and elucidate the defects in the aging immune system response. Ulti-
mately, acquired knowledge will guide the efforts for designing counteracting therapies to
rejuvenate the immune system.

3. Strategies to stimulate intrathymic T-cell development

T-lymphopoiesis remains functional at older age albeit to a limited extent [88]. Thus, enhanc-
ing thymic function in aged hosts remains a promising therapeutic goal. The thymus lacks self-
renewing progenitors and relies heavily on sustained seeding with BM-derived ETPs [35].
Unfortunately, ETP numbers decline markedly with age due to increased apoptosis rates as
well as reduced proliferative capacities [84, 88]. This in turn negatively impacts the delicate
thymic stromal compartment, which depends heavily on cross talk interactions with thymic
progenitors for its sustained survival [89–91]. As the magnitude of thymic output correlates
closely with the overall number of DN and DP thymocytes [92], pre-conditioning of aged
subjects to enhance the development/recovery of these thymic subsets is critical to actively
stimulate de novo intrathymic naïve T-cell development.

In an attempt to reverse/block this vicious thymic involution cycle, a variety of strategies
including cytokines, growth factors, hormonal therapies, in addition to adoptive transfer of
precursor T cells or castration have been tested and reviewed in the literature [93–96]. However,
few of these interventions stoodout as the most propitious including: (i) sex-steroid ablation
(SSA), (ii) keratinocyte growth factor (KGF), (iii) ghrelin (GRL), (iv) IL-7 as well as, and (v) IL-21.
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3.1. SSA: to reverse aging-induced changes in the thymus

Steroid hormones elicit their effect in the body by interacting with their specific receptors,
where they translocate to the nucleus and directly affect gene transcription [97, 98]. In the
thymus, both thymocytes and TECs express receptors for steroid hormones and are affected by
changes in their levels [99–101]. For example, testosterone induces DP thymocyte apoptosis
through tumor necrosis factor-α upregulation, whereas estrogen binding to receptors
expressed by DN thymocytes inhibits their proliferation [100, 102]. Due to the concurrent
decline in the size of thymus around puberty, sex steroids are being widely studied as a main
factor in thymus involution. For instance, studies designed to evaluate the effect of androgens
on T-cell output showed that androgens do indeed have a strong effect on the output of T-cells
[94, 101]. Specifically, the reported decline in thymic output is mediated mainly by the sensi-
tivity of TECs to androgens [101–103]. Therefore, adopting a plan to promote thymic activity
by antagonizing or preventing the effect of sex hormones on the thymus is perceived as both
rational and reasonable [96]. SSA can indeed be achieved either surgically or chemically. Both
approaches show positive impact on thymic function, cellularity, as well as architecture, and
can significantly enhance thymopoiesis [96, 104]. For instance, castration conducted in differ-
ent animal models resulted in an increase in thymic output, T-cell responses and helped
sustain the size and function of the thymus [105–108]. More specifically, surgical castration in
old mice led to rapid reversal of thymic atrophy and restoration of SP and DP thymocyte to
comparable levels in young mice [107]. In addition, this approach increased T-cell responsive-
ness and facilitated the immune recovery of aged mice after chemotherapy and/or BMT [96,
109]. On the other hand, chemical SSA offers a transient and reversible effect by either
targeting the upstream signaling events or by directly blocking steroid receptors [96, 110].
Therapeutic agents initially developed for prostate and uterine cancer such as the luteinizing
hormone releasing hormone agonist or androgen receptor blocker increased both lymphoid
and myeloid progenitors and accelerated thymic recovery after allogeneic BMT [102, 104].
Clinical studies on SSA have further shown increased repertoire diversity in the CD4 and
CD8 T-cell populations [111]. Collectively, these preclinical data validated the idea that using
SSA to enhance thymic function could lead to beneficial outcomes in both aged and immuno-
compromised patients [112].

Overall, SSA has a profound positive effect on the thymus. However, the long-term systemic
effects of both surgical and chemical SSA are neither yet clear nor are the potential side effects.
Therefore, more in depth investigations are required to assess the safety of SSA-based therapy.
Moreover, the failure to restore thymic function by the natural decline in sex hormones levels
in senile patients provides an evident that thymic involution is a complex process [21, 113].
Therefore, a more comprehensive approach involving different factors and mechanisms should
be further investigated.

3.2. KGF: to guard the thymic epithelium

Also known as fibroblast growth factor 7, KGF is a member of the fibroblast growth factor
family. It is mainly produced by mesenchymal cells [114, 115] and elects its activity through
binding to its receptor fibroblast growth factor R2-IIIb (FgfR2-IIIb or KGFR) [116]. KGF has a
notable effect on triggering the proliferation of epithelial cells [116]. Therefore, Palifermin®, a
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truncated form of KGF is clinically prescribed for patients undergoing stem cell replacement
after high-dose chemotherapy and radiation [117]. Specially, Palifermin® is administered to
reduce the incidence and duration of mucositis; an inflammation and ulceration of the mucous
membranes lining the digestive tract [117].

In the thymus, both TECs and thymocytes produce KGF. However, only TECs express the
KGFR, which explains the protective effect of KGF on thymic epithelium [116, 118]. Further-
more, studies conducted on KGFR-deficient mice support a major role for KGF in the thymus.
Particularly, these deficient mice, which die at birth due to the absence of functional lungs,
present with severely hypoplastic thymus [119]. In the same context, KGFR deficiency is found
to be associated with significant defects in thymopoiesis accompanied by a decrease in thymic
cellularity, in addition to signs of TEC proliferation blockade [119, 120]. Interestingly, the
protective effect of KGF was evaluated in mouse models for allogeneic BMT where KGF pre-
treatment was found to enhance the immune development post-BMT by improving the func-
tion of thymic microenvironment [118]. In the same study, Min et al. reported that KGF pre-
treatment did improve thymopoiesis and positively affect the functional T-cells pool in the
periphery [118].

As KGFR is expressed by several organs targeted by alloreactive T-cells, it was compelling to
evaluate the effect of KGF in the setting of acute graft-versus-host disease (GVHD). In fact,
current data have shown that KGF administration post-allogeneic BMT can: (i) facilitate
alloengraftment [121], (ii) alleviate GVHD [122–124], (iii) protect epithelial cell in the gut
mucosa while enhancing its repair [125], (iv) reduce the release of inflammatory cytokine
[126], and (v) diminish allogeneic T-cell responses [121, 127]. A subsequent study by Berent-
Maoz et al. further demonstrated that KGF not only protects TECs, but could also stimulate
thymopoiesis indirectly by triggering them to secrete soluble factors [128]. Conversely, data
from two separate phase I/II clinical trials conducted on patients undergoing allogeneic BMT
revealed ameliorated mucositis with no significant improvements on the incidence and sever-
ity of acute GVHD, T-lymphopoiesis, infections, overall survival, or cancer relapse rates [129,
130]. As such, KGF can improve mucotoxicity following allogeneic BMT without exhibiting
beneficial outcome on immune recovery in BMT patients.

3.3. GRL: increasing thymopoiesis appetite

The polypeptide hormone GRL, also named the hunger hormone, is normally released by
specialized cells within the stomach into the circulation where it induces hunger and the
release of growth hormone by stimulating the hypothalamus and the pituitary gland, respec-
tively [131]. Moreover, GRL is known to play an important role in maintaining energy homeo-
stasis [132, 133]. Interestingly, the GRL receptor (GRLR) is expressed by the pituitary gland, the
central nervous system as well as on various immune cells including resting and activated
T-cells [134]. Moreover, GRL deficiency in mice is associated with reduced thymopoiesis and
increased thymic adiposity [135, 136]. Therefore, a potential role for GRL has been proposed in
reversing age-related thymic involution [95]. In fact, scientists believe that GRL represents the
next generation of hormonal-based rejuvenation therapy due to its astonishing effect on the
aging thymus. Specifically, GRL administration to aged mice (14–22 months) resulted in
improved TCR diversity, increased thymic cellularity (including cTECs, mTECs, and ETPs)
and RTE output [134, 137]. In addition, Dixit et al. demonstrated that GRL administration
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inhibits adipogenesis and production of pro-inflammatory cytokines in the thymus; two
important characteristics of thymic involution [134, 135, 138]. Despite these promising pleio-
tropic thymopoietic-stimulating effects, the progressive loss of GRLR expression with aging
overshadows the potential use of GRL as a thymo-stimulatory therapy [134].

3.4. IL-7: a toolkit for thymus rejuvenation

Discovered in 1988 as a stimulator for murine B-cell progenitors, IL-7 is a member of the type-
I-cytokine-family and signals through its heterodimer IL-7 receptor (IL-7R) [139]. Unlike other
cytokines, IL-7 is mainly produced by nonhematopoietic cells [140]. Soon after its discovery,
the profound and nonredundant effect of IL-7 on T-lymphopoiesis was underlined as it could:
(i) enhance the expansion of naïve peripheral CD4 and CD8 SP T-cells [141], (ii) ameliorate the
antiviral/antitumor activity of cytotoxic T-cells [142, 143], and (iii) support the survival/prolif-
eration of CD8 memory T-cells [143–145]. These unique properties made IL-7 a central research
topic in the context of viral infections, cancer therapies, and in T-cell reconstitution following
BMT [140, 145]. However, the outstanding role of IL-7 as the cornerstone of T-lymphopoiesis in
preclinical studies was challenged by contradicting observations made in higher species. For
example, data from an autologous hematopoietic stem cell transplantation study in nonhuman
primates [146] and from two IL-7 phase I clinical trials conducted on cancer patients failed to
provide evidence for significant de novo thymopoiesis [147, 148]. This discrepancy with the
results obtained from rodent models indicates the need to further elucidate the role of IL-7 in
higher species. Nonetheless, IL-7 may still be clinically relevant as a potent adjuvant to stimu-
late T-cell effector functions in various illnesses.

3.5. IL21: a new thymostimulatory agent

IL-21 is the most recently identified member of the type-I-cytokine-family [149]. Produced
mainly by activated CD4 T-cells [150], IL-21 was found to: (i) promote CD4 T-cell differentiation
down the Th17 pathway [151], (ii) co-stimulate activated NK and CD8 lymphocytes [152], (iii)
desensitize responding cells to the inhibitory effects of regulatory T-cells [150], and (iv) act as a
switch for IgG production in B-cells [153]. In addition, similar to other type-I-cytokine-family
members, IL-21 signals through its heterodimer IL-21 receptor (IL21-R), which is expressed by
different hematopoietic cells such as, natural killers, B and T lymphocytes [154]. Moreover, we
have recently showed that in vitro peptide-mediated TCR-engagement triggers potent cell
surface expression of the IL-21R on DP thymocytes [18]. Although not required for hematopoi-
esis, BM progenitors expanded in response to IL-21 overexpression in vivo [155]. Likewise, IL-
21 did not seem to be essential for thymopoiesis due to normal T-cell development in IL-21R�/�

mice [149]. Moreover, IL-21 supplementation to positively selected DP thymocytes did not
trigger their differentiation to CD8 SP T-cells as did IL-7 [156]. Instead, it led to DP thymocyte
expansion and a 3–4-fold increase in the absolute number of in vitro differentiated CD8 T-cells
when combined with other differentiation-inducing cytokines such as IL-4, IL-7, or IL-13 [157,
158]. These findings prompt further investigations using three pre-clinical settings with
impaired thymopoiesis: (i) ensuing pharmacologically-induced thymic atrophy, (ii) in age-
related thymic involution, and (iii) for T-cell reconstitution following allogeneic BMT.
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So far, no treatments are available to protect against acute thymic atrophy or to accelerate
thymic recovery under such circumstances, thereby leaving the immune system compromised.
Of note, sepsis caused by bacterial infections can trigger GCs (corticosterone in rodents and
cortisol in humans) secretion by the hypothalamus-pituitary adrenal axis. As a result, DP
thymocytes undergo apoptosis due to their inability to express the anti-apoptotic molecule
Bcl-2 [82]. Such acute thymosuppressive state can be easily replicated in mice via injection of
the synthetic corticosteroid dexamethasone (DEX) [159]; hence, the utility of this model in
evaluating the capacity of IL-21 in accelerating thymic recovery. One day following intraperi-
toneal (IP) injection of wild-type C57Bl/6 mice (4–6 months old) with PBS or DEX, IL-21R was
found to be expressed on total or fractionated DN as well as CD4/CD8 SP thymocytes in both
animal groups [18]. In contrast, DP thymocytes expressed the IL-21R exclusively following
DEX injection [18]. To further ascertain these observations, a functional in vitro proliferation
assay was conducted using sorted DN and DP subsets. Cell counts revealed that DN thymo-
cytes derived from PBS or DEX-treated mice proliferated similarly in a dose-dependent man-
ner in response to IL-21 [18]. In contrast, only positively selected (CD69+) or DEX-derived DP
thymocytes expanded in response to IL-21 [18]. To directly assess its effect on thymopoiesis
in vivo, DEX-treated mice were IP-injected with IL-21 versus equivalent volume of PBS. Thymi
derived from the IL-21 group displayed accelerated size and cellularity recovery compared to
control DEX/PBS-injected animals. Analysis of the percentages obtained by flow-cytometry
revealed that IL-21 treatments enhance the recovery of DP thymocytes. The response to IL-21
administration also culminated in a noticeable remodeling of the thymic architecture [18].
Furthermore, extrapolation of absolute numbers using flow-cytometry percentages revealed a
significant increase in the DN and DP populations within the IL-21 group with no observed
effects on the TEC compartment. This is not surprising as TECs do not express the IL-21R. To
confirm that IL-21-mediated effects are due to proliferation as opposed to survival of thymic
progenitors, DN and DP thymocytes were analyzed for their expression of the anti-apoptotic
molecules Bcl-2 (expressed only in DN thymocytes) and Bcl-XL (expressed normally in both
DN and DP thymocytes) [18]. Interestingly, none of these anti-apoptotic proteins were up-
regulated in both populations supporting the notion that IL-21 administration leads to thymo-
cyte expansion as opposed to their enhanced survival. Pertinent to this project, IL-21 adminis-
tration did not skew the TCR repertoire diversity as T-cells derived from PBS, DEX/PBS-, or
DEX/IL-21-treated mice displayed comparable TCRVβ distribution within intrathymic and
peripheral CD4/CD8 SP T-cell populations. This point is particularly important as it clearly
demonstrates that IL-21 administration under acute thymic atrophy does not lead to non-
specific mono- or oligoclonal T-cell proliferation. Finally, IL-21 signaling is characterized by
the preferential activation of the JAK-STAT pathways [160]. Biochemical responsiveness of
sorted thymic subsets in response to IL-21 stimulation in vitro clearly demonstrated phosphor-
ylation of STAT1, STAT3, and STAT5 in all thymic subsets except for DP thymocytes; unless
they were derived from DEX-treated mice. This was expected as nonpositively selected
(CD69�) or nonDEX-treated DP thymocytes do not express the IL-21R [18].

In contrast to acute thymic atrophy, chronic age-related involution is characterized by a grad-
ual expansion of the PVS and reduction of the stromal compartment capable of supporting
thymopoiesis [74]. To further explore the thymopoietic potential of IL-21 in such model,
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assessment of IL-21R expression with aging was conducted to discard the possibility that IL-
21R expression declines progressively akin to the GRLR situation [134]. Analysis performed on
total and fractionated thymocytes (DN, DP, and SPs) revealed that IL-21R expression profiles
are comparable between young and aged mice (unpublished data). Next, wild type-aged
C57Bl/6 mice (14–18 months old) received three IP injections of IL-21 prior to their analysis on
the following day. This treatment led to increased thymic size, weight, and cellularity. Analysis
of thymic subsets showed a drastic increase in the proportion of DN thymocytes as it reached
15% in contrast to 3% in PBS control mice. Likewise, a notable increase in the frequency of CD4
and CD8 SP T cells was also observed in the IL-21 group. This outcome was further reflected in
the overall absolute number of DN, DP, and SP thymocytes. As one of the predominant
deficiencies occurring with chronic thymic atrophy is decreased migration, proliferation, and
survival of ETPs, we assessed the effect of IL-21 administration on the scarcity of this central
progenitor population in the thymus. Flow-cytometry analysis of ETPs showed a significant
increase in their frequencies within the IL-21 group suggesting preferential expansion of ETPs
in response to IL-21 administration. As the aim of using IL-21 focuses on rejuvenating T-cell
immunity of aged mice, T-cell output was analyzed weekly in PBS- vs. IL-21-treated aged mice
over a total period of 3 weeks. Interestingly, aged mice undergoing IL-21 treatment showed
distinctively improved T-cell responses [18]. In addition, while IL-21 administration had no
impact on the absolute number of all peripheral lymphocytes, the frequency of peripheral GFP+

T-cells increased substantially in comparison with control mice [18]. This can also explain the
improved anti-tumoral response observed in IL-21-pre-conditionned aged mice prior to cancer
vaccination [18]. The sum of these results serves as the basis to investigate the use of IL-21 as an
elderly pre-conditioning therapy to rejuvenate immunity, and thus, improve T-cell responsive-
ness to vaccination.

The above findings provided the impetus to investigate the use of IL-21 in T-cell reconstitution
post-BMT. Although this medical procedure is adopted as a life-saving procedure for specific
malignant and non-malignant conditions [161], it remains unfortunately associated with dan-
gerous life-threatening complications. The high morbidity and mortality associated with BMT
persist as a major clinical problem associated with increased risks of: (i) relapse or develop-
ment of secondary malignancies [162, 163], (ii) infection [162, 164, 165], and (iii) reduced
responsiveness to vaccination [166]. The primary factors associated with these complications
are the significant delay and improper reconstitution of T-cells post-BMT [165, 167] mostly due
to the significant damage inflicted to TECs [168–171]. Therefore, the ability of IL-21 to improve
de novo T-cell reconstitution post-BMT was investigated. For this purpose, T-cell-depleted
RAG2p-GFP-derived BM cells (H2-Kb) were transplanted into irradiated LP/J (H2-Kb/c) recipi-
ent animals followed by IL-21 administration. In this experiment, GFP expression driven by
the Rag2 promoter allows direct assessment of de novo peripheral T-cell reconstitution [172].
Analysis of transplanted mice revealed that IL-21: (i) accelerates lymphocyte reconstitution
including T-cells (also observed in NOD scid gamma (NSG) mice receiving human IL-21
following cord-blood transplantation), (ii) slightly improved TECs recovery, (iii) regenerates a
naïve peripheral T-cell pool with a diverse TCR repertoire, (iv) enhances regulatory B-cell
development, and (v) protects from GHVD while retaining the graft-versus-tumor effect. Of
note, IL-21 was originally believed to specifically affect the thymus [154]. In line with a
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previous study, however, BM analyses conducted on transplanted mice revealed increased
counts of Lin�Sca1+cKit+ (LSK) cells in IL-21-treated mice [17, 155]. This observation is partic-
ularly interesting as HSC/HSC progenitors capable of generating lineages of the hematopoietic
system are enriched within the LSKs population [173].

4. Conclusion

So far, the use of IL-21 in the clinic remains limited to cancer immunotherapy (IL-21-based
stimulation) or in the setting of autoimmune diseases (IL-21 inhibition). The latter clinical
objective is particularly important as it raises major concerns related to the use of IL-21 in
patients prone to develop autoimmune ailments. Therefore, additional studies are warranted
to specifically address the clinical use of IL-21 in indications such as immunotherapies. Alter-
natively, all pre-clinical observations related to IL-21 strongly suggest that this cytokine could
be exploited either as a monotherapy or in combination with other standards of care. This
would ensure, at least in the context of thymopoiesis, improved de novo T-cell development in
aged subjects as a mean to reverse thymic involution or post-BMT to accelerate the regenera-
tion of naive T cells.
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Abstract

The authors define the term presbycusis and discuss the prevalence of hearing loss in 
elderly people, its etiology, and methods of diagnostics (anamnesis, evaluation of the 
peripheral and central parts of the hearing system). The authors emphasize that central 
auditory processing disorder (CAPD) significantly impairs speech perception in elderly 
people and makes difficult the rehabilitation of patients with presbycusis. The possibility 
of improving speech intelligibility by using auditory training is considered. Improved 
functioning of the central auditory pathways in hearing aid (HA) users with moderate to 
moderately severe chronic sensorineural hearing loss (SNHL) and symptoms of CAPD 
was shown after the auditory training with the use of two approaches (“bottom-up” and 
“top-down”). The algorithm of the auditory training was designed based on distinction 
between nonverbal and verbal stimuli of varying complexity, as well as tasks to improve 
memory (e.g., memorizing poetry). The benefits of the auditory training in the rehabili-
tation of HA users with low speech intelligibility were demonstrated. Improvement of 
speech intelligibility in elderly patients with SNHL proves that plasticity of the auditory 
regions of the brain remains possible throughout the life. Options of the presbycusis pro-
phylaxis are summarized.

Keywords: presbycusis, central auditory processing disorder (CAPD), diagnosis, 
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Different authors sometimes interpret this term differently. Some researchers meant (imply 
under this term) age-related hearing disorders caused by involutional changes only in 
the cochlea, and others meant that changes involve all parts of the auditory system [1, 2]. 
Presbycusis is considered to be one of the forms of progressive SNHL, which is associated 
with age-related involutional changes of different parts of the hearing system and is pre-
sented by symmetric pure tone audiogram with flat loss toward high-frequency range (less 
steep than 20 dB/oct) [3]. Numerous studies are dedicated to anatomical and functional risk 
factors of the presbycusis [4–9]. The significance of the presbycusis problem is determined 
by its social importance, lack of data about its etiology, and need for clinical practice to accu-
rately determine an impaired area of auditory system and to identify the presbycusis genesis.

2. Prevalence

Presbycusis is a rather common disorder. According to the World Health Organization 
(WHO), more than 5% of global population (about 328 millions of adults) suffers from any 
degree of hearing loss, while among people older than 65 years of age, the prevalence of hear-
ing loss exceeds 30% [10].

Its prevalence increases every year that may be due to the general trend of increased life 
duration—much more adults reach aged (from 60 to 74 years old according to the WHO clas-
sification) and senile (75 years old and more) periods. The world population is rapidly aging. 
At the period between 2000 and 2050, the proportion of the world's population over 60 years 
will double from about 11 to 22%. The absolute number of people aged 60 years and over is 
expected to increase from 605 million to 2 billion over the same period. The number of people 
aged 80 years or older will have almost quadrupled between 2000 and 2050 to 395 million 
[11]. Approximately one in three people in the United States between the age of 65 and 74 has 
hearing loss, and nearly half of those older than 75 have difficulties in hearing. Having trouble 
hearing can make it hard to understand and follow a doctor's advice, respond to warnings, 
and hear phones, doorbells, and smoke alarms. Hearing loss can also make it hard to enjoy 
talking with family and friends, leading to feelings of isolation.

3. Etiology

There are many causes of age-related hearing loss. Most commonly, it not only arises from 
changes in the inner ear as we age but can also result from changes in the middle ear, or from 
multiple changes that occur along the nerve pathways directed toward the brain from the 
inner ear. Associated medical conditions and some medications may also exert an influence. 
Many factors can contribute to hearing loss as you get older. It can be difficult to distinguish 
age-related hearing loss and hearing impairment caused by other reasons, for example, noise-
induced hearing loss. Noise-induced hearing loss is caused by long-term exposure to sounds 
that are either too loud or last too long. This kind of noise exposure can damage the sensory 
hair cells of the inner ear and is responsible for hearing loss. Once these hair cells are dam-
aged, they do not grow back, and the ability to hear is diminished.
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Conditions that are more common in older people, such as high blood pressure or diabetes, 
can contribute to hearing loss. Medications that are toxic to the sensory cells in our ears (e.g., 
some chemotherapy drugs) can also cause hearing loss. Aged and senile persons have a lot of 
biological and social risk factors of hearing disorder development. According to some authors 
[3], age-related hearing loss results from biological aging process of tissue elements in the 
auditory system and prolonged noise exposure. SNHL is considered to be a polyetiological 
process with partly unidentified factors of pathogenesis. There are more than 100 causes of 
SNHL: infections, intoxications, acoustic trauma, genetic factors, unfounded use of amino-
glycoside antibiotics, irrational treatment of acute and chronic middle ear disorders, autoim-
mune diseases, and so on.

Genetic determinacy of the presbycusis cannot be excluded, and diseases acquired throughout 
the lifetime, hemorheological changes, and other factors can trigger or exacerbate age-related 
hearing loss. It is difficult to define that whether or not presbycusis depends on genetic fac-
tors because other factors potentially contributing to a hearing loss development are closely 
associated with an aging process. Nevertheless, some epidemiological studies argue in favor 
of genetic influence on age-related hearing loss development, especially in the case of meta-
bolic type of the presbycusis, according to Schuknecht [12], which is caused by the atrophy of 
the stria vascularis [13, 5]. Genetic factor in the presbycusis origin is acknowledged by many 
authors [3, 14, 15]. This fact is confirmed in our study as well. Hearing heredity is revealed to 
be presented more often in patients with presbycusis. Identification of genes, underlying this 
pathology, could be extremely helpful for many people in our aging society.

Numerous genes are responsible for functioning of the auditory system, and some of them 
can contribute to the presbycusis development and determine a degree and time of onset of 
age-related hearing loss. However, neither of them is known to be the gene responsible for 
the presbycusis [4, 5]. The gene of age-related hearing loss was identified in mice. This gene 
encodes cadherin 23 (Cdh23) and is supposed to predispose an early onset of age-related 
hearing loss in mice [16]. A mutation of a similar gene in human Cdh23 can incline a suscep-
tibility to the presbycusis [17]. However, genes of monogenic deafness detected in mice are 
doubtfully to be the same in human.

The last gene that was considered to be a cause of the presbycusis development in human was 
revealed in wide genome study of age-related hearing loss, which was conducted in the House 
Ear Institute, Gonda Research Center for Cell and Molecular Biology, USA. Specialists from 
Los Angeles collaborated with Translational Genomics Research Institute and University of 
Antwerp (Belgium). Friedman et al. [18] studied 3434 twins aged between 53 and 67 years 
old—patients of eight medical centers from six European countries. After hearing assessment 
using routine methods, 846 pairs with one normal hearing and one hearing impaired brother 
or sister have been selected. Family genomes were marked by numerous genetic markers, and 
the comparative analysis was performed. Scientists looked for spots with different nucleo-
tides in the same genes. And a number of such genes were revealed. After applying an exclud-
ing method, only one potential gene was left in result. It was the gene GRM7 (metabotropic 
glutamate receptor type 7), which takes a part in a glutamate metabolism—it encodes one of 
the receptors of this amino acid. Glutamate (or glutamic acid) is one of the most important 
excitatory neurotransmitters of the mammal’s neural system. It is involved in the functioning  
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of different brain areas and provides neurotransmission. Studies performed on mice and 
humans showed that gene GRM7 is highly active in the hair cells and the spiral ganglion cells 
of the inner ear. The glutamate is very toxic in high concentration. Its overexciting results in 
neuron disruption. The excess amount of the glutamate is suspected to cause a hearing loss 
in twins as the study authors considered. Genetic analysis showed that after getting “protein 
casts” with certain variations in a gene GRM7 improperly operating glutamate receptor was 
obtained. It can result in the amino acid storage in the synaptic fissure and damage of the 
outer and the inner hair cells in the cochlea [18].

Of the genetic point of view, presbycusis is the complex pathology. In the case of monogenic 
disease, a simple mutation is enough to cause a clinical onset/presentation. This type of dis-
ease is easy to determine. Meanwhile, in the case of complex genetic disorder, the interaction 
between genetic and environmental factors is obligatory, and the only factor is not enough 
for disease manifestation. In the case of genetic predisposition, a degree of hearing loss and a 
duration of hearing impairment depend on the summary of ototoxic factors, environmental 
noise during lifetime, as well as acquired diseases, changes of the blood quilts, and other 
factors contributing to hearing loss progression [19]. These studies are considered to define 
various factors that influence on the presbycusis development and to determine a degree of 
hearing disorder in aged and senile periods. They are still significant and must result in devel-
oping standards for prognosticating and preventing this pathology.

Thus, all abovementioned endo- and exogenous factors that are presented throughout the life-
time are considered to contribute to hearing disorder development in aged and senile periods. 
Nevertheless, hearing impairment does not occur in everyone and is affected by harmful factors.

The role of the atherosclerosis in the age-related hearing loss development has been studied 
since the middle of the last century. Does the severity of the atherosclerosis and the cochlear 
dysfunction correlate? Some authors confirm the presence of this correlation between these 
pathologies [20, 21]. A close interrelation between hearing loss and high serum cholesterol 
levels is shown in several studies, and the dependence of hearing function on some other 
atherogenic lipid levels in the blood is found. Inverse correlation of high significance between 
high-density lipoproteins (HDL) level of the peripheral blood and hearing acuity at the fre-
quency of 4 kHz was revealed [22]. Morphological and functional damages of the cochlea and 
their correlations with hyperlipidemia, atherosclerosis, and endothelial dysfunction in mice 
are described in studies of Guo et al. [23].

Increased blood viscosity is known to influence a SNHL development. Hildesheimer et al. 
examined a group of 33 patients with SNHL with unknown cause; a high-blood viscosity 
was revealed in many of them, which was interpreted by the authors as a possible etiologic 
factor of SNHL [24]. Other authors also suggest that rheological properties of the blood and 
characteristics of the red blood cells can be considered to be a SNHL development risk factor 
in all patients [25].

In the majority of countries, women are registered to have longer lifespan than men that is 
explained by the biological distinguishing features of the female organism and differences of 
the atherosclerosis development process in people of different sex [26]. This mismatch has 
to be taken into account in the study of presbycusis problem. Efimova performed a complex 
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clinical and audiological examination of women of different ages: 28 elderly women with 
presbycusis (the main group) and 28 elderly women with normal hearing (the control group). 
The mean age of menopause onset was less in patients of the main group than in the control 
one by 3.2 ± 1.0 years, which argues in favor of the earlier aging of a whole organism including 
the auditory system in patients with presbycusis. The comparison of biochemical and clinical 
blood profiles of the main and control groups did not reveal any significant differences. The 
essential role of hyperlipidemia in the hearing loss progression was revealed by analysis of 
correlation between the lipid profile and hearing thresholds in the patients of the main group: 
the worse the lipid profile, the worse the hearing thresholds have been revealed [27].

Some authors mention that variable professions are not statistically associated with presbycu-
sis [19]. However, Lopotko et al. noted that intellectuals in aged and senile periods have better 
hearing than people of the same age with diminished intellectual activity [3].

4. Diagnostics and clinical presentation of the presbycusis

In the middle of the last century, Schuknecht described four forms of the presbycusis: (1) sen-
sory (caused by gradual degeneration of sensorineural elements of the inner ear); (2) neural 
(determined by the cell reduction in the spiral ganglion, auditory nerve fibers, and central 
auditory pathways); (3) metabolic (associated with atrophic changes in the stria vascularis); 
and (4) cochlear conductive or mechanical (associated with the process of the basal mem-
brane thickening and loss of its elasticity). According to the author, all these forms manifest in 
increased tonal thresholds, and the neural one also manifests in the impaired speech intelligi-
bility [12]. CAPD is shown to join the peripheral disorders with the aging process, so they also 
contribute to the presbycusis [28]. One of the keys of solving presbycusis problem is to define 
the proportion of peripheral and central disorders. Currently, potential role of disorders at 
all levels of the auditory system is taken into account, and it is realized as an integrated func-
tional system and taken into consideration while understanding the age-related involutional 
hearing loss pathogenesis [29].

4.1. Asking about complaints and anamnesis

To diagnose an age-related hearing loss and to determine all risk factors of rapid hearing 
loss progression complete examination is necessary to begin with history taking (anamnesis), 
complex audiologic examination using instrumental methods in order to identify a level of a 
disorder, and finally, biochemical blood tests and general practitioner and neurologist con-
sultations. All these examinations should be performed in the morning in kindly calm and 
comfortable conditions. The total duration of the audiological examination should not exceed 
60 minutes to avoid the fatigue of a patient and loss of his attention.

While collecting a medical history, the absence of any reasons of hearing loss except of the 
age is noted. These patients do not have any serious somatic illnesses, middle ear pathol-
ogy, professional noisy environment, or other determined reasons of the impaired hearing. 
Genetic factors and hearing loss duration should be taken into account while analyzing an 
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anamnesis. Patients with presbycusis commonly cannot determine exactly the onset time of 
hearing loss due to its gradual progression. The early periods of hearing impairment often 
remain unnoticed for a patient; meanwhile, in this period, we expect the maximal effective-
ness of a therapy. That is why annual prophylactic audiologic examinations of people older 
than 60 years of age seem to be rational.

4.2. Evaluation of the peripheral part of the hearing system

The first step of audiological examination is the peripheral part of the auditory system function-
ing evaluation. Subjective examination (pure tone audiometry for auditory threshold assess-
ment, speech audiometry, and psychoacoustic tests for recruitment identification) and objective 
examination (tympanometry and acoustic reflex testing) must be listed as the main methods.

Symmetric binaural pure tone audiogram with flat loss toward high frequencies is typical for 
patients with presbycusis. Finding out the patient’s age, we are able to suggest a degree of 
hearing loss properly for “normal” age-related hearing loss. Commonly, hearing in women 
with physiologic presbycusis gradually impairs and reaches the borderline with the mild hear-
ing loss toward 60 years old [3, 27]. The mild hearing loss was detected in 67.9% of women 
with presbycusis from 60 to 74 years old. The loudness recruitment phenomenon is usually 
presented in the case of peripheral forms of SNHL. It is the sign of damaged neuroepithelial 
structures of the cochlea, especially the outer hair cells. Recruitment results in exaggeration 
of sound perception. Even though there is only a small increase in the noise level, sound may 
seem to be much louder, can be distorted, and cause a severe discomfort. The measurement of 
an uncomfortable loudness level is one of the simplest and most informative methods to detect 
recruitment [30, 31].

Speech audiometry is an issue of high significance among subjective methods of aged peo-
ple examination. In cases of peripheral SNHL, especially with steeply sloping audiograms 
or the recruitment presence, the intelligibility usually does not exceed 70–80%. If monaural 
intelligibility in patient with mild or moderate hearing loss is less than 50%, CAPD can be 
suspected. It is due to the fact that pathology of central auditory pathways is responsible for 
the conversion, encoding, processing, and recognizing the speech signals. CAPD leads to the 
appearance of additional distortions caused by impaired binaural interaction, threshold and 
loudness adaptation, temporal analysis, and so on. Significantly reduced intelligibility with 
comparatively good tonal thresholds is defined as of tonal and speech hearing dissociation 
(phonemic regression); age-related hearing loss often manifests this way [27, 28, 31, 32].

Impedancemetry has to be included into the list of obligatory objective methods using patient’s 
examination. Tympanometry evaluates the middle ear condition. Age-related alterations can be 
observed in both the sound conductive and receptive parts of the auditory system. Sometimes 
the external auditory canal narrows in the isthmus area and collapses, and the epithelial migra-
tion decreases. The eardrum in aged people thickens and dims. Lipid deposits appear around 
the handle of the malleus and the fibrous tympanic ring. In some cases, the eardrum does 
not thicken but on the contrary atrophies. Age-related changes of the middle ear matter a lot 
and manifest in ankylosis of the joints of auditory ossicles with the development of adhesions 
among the eardrum, auditory ossicles and promontorium, ossification of the circular ligament, 
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and so on [3, 33]. However, as far as in the middle of the last century, an age-related hear-
ing loss was already considered to be the primary consequence of degenerative alterations in 
sound perceptive part of the ear. The main disorders are suggested to take place in the cochlear 
membranes, which become rigid, thicken, and lose their form as aging progresses [29].

Changes of the spiral organ neuroepithelial elements play a leading role in the age-related 
hearing loss development. But according to some authors, isolated hair cell damage can-
not be the only reason of selective high frequencies affected impairment in older age [34]. 
Involutional and dystrophic changes in the cochlea can be primary or secondary, and it is 
associated with blood vessel dysfunctions [35]. The reduced number of bipolar cells of the 
spiral ganglion can be named the steadiest morphologic manifestation of the cochlear aging in 
humans and animals. Changes of the auditory nerve also play a certain role in the presbycusis 
development [36].

4.3. The evaluation of central auditory pathways

CAPD occurs very often in elderly or senile persons, reaching up to 80% and contributing to 
the age-related hearing loss [28]. Stach et al. revealed CAPD symptoms in 70% of adults older 
than 60 years of age, and its occurrence increases with aging: adults of 50–54 years old had 
CAPD in 17% of cases; meanwhile, adults older than 80 years old had CAPD in 95% of cases 
[37]. According to Golovanova et al., 31% of elderly patients with normal hearing thresholds 
complained of hearing impairment, which was explained by the authors as impaired speech 
intelligibility caused by central auditory pathway dysfunction [38]. Australian investigators, 
Golding et al., also confirm the increase of CAPD occurrence associated with aging and note 
the prevalence of men with this pathology [39]. The difficulties of the occurrence of CAPD 
assessment are associated either with similarity of its symptoms with other pathologies (cog-
nitive disorders, attention deficit, memory impairments, etc.) or with the absence of any stan-
dards of this disorder diagnostics.

Audiologic methods of evaluation of the central auditory pathway functioning are divided 
into behavioral (subjective) and objective. Subjective methods are subdivided into verbal and 
nonverbal methods. Advantages of speech tests are associated with their social significance, 
the ability to use them both for identifying a level of hearing pathology and for hearing aid 
fitting. The following speech tests are advised to use by the American work group on CAPD: 
(1) monaural low redundant; (2) dichotic; and (3) tests of binaural interaction [40]. The first 
group of tests is believed to be sensitive to auditory cortical disorders, the second is sensitive 
to dysfunctions of interhemisherical connections, the third is sensitive to the dysfunctions of 
higher auditory centers or, according to some authors, to brain stem damages [41].

Monaural low redundant speech tests evaluate the ability of the auditory system for auditory 
closure. There are tests with speech signals passed through filters with different cutoff frequen-
cies, signals with distorted temporal characteristics, and tests with speech in background noise. 
In the tests mentioned above, the auditory closure (the ability to understand a whole word or 
phrase when a part of them is missing) or the ability to recognize signals in background noise 
are assessed [28, 32]. While testing with speech in background noise, a speech signal is pre-
sented simultaneously with a masker (different types of noise or speech signals). For Russian 
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anamnesis. Patients with presbycusis commonly cannot determine exactly the onset time of 
hearing loss due to its gradual progression. The early periods of hearing impairment often 
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4.2. Evaluation of the peripheral part of the hearing system

The first step of audiological examination is the peripheral part of the auditory system function-
ing evaluation. Subjective examination (pure tone audiometry for auditory threshold assess-
ment, speech audiometry, and psychoacoustic tests for recruitment identification) and objective 
examination (tympanometry and acoustic reflex testing) must be listed as the main methods.

Symmetric binaural pure tone audiogram with flat loss toward high frequencies is typical for 
patients with presbycusis. Finding out the patient’s age, we are able to suggest a degree of 
hearing loss properly for “normal” age-related hearing loss. Commonly, hearing in women 
with physiologic presbycusis gradually impairs and reaches the borderline with the mild hear-
ing loss toward 60 years old [3, 27]. The mild hearing loss was detected in 67.9% of women 
with presbycusis from 60 to 74 years old. The loudness recruitment phenomenon is usually 
presented in the case of peripheral forms of SNHL. It is the sign of damaged neuroepithelial 
structures of the cochlea, especially the outer hair cells. Recruitment results in exaggeration 
of sound perception. Even though there is only a small increase in the noise level, sound may 
seem to be much louder, can be distorted, and cause a severe discomfort. The measurement of 
an uncomfortable loudness level is one of the simplest and most informative methods to detect 
recruitment [30, 31].

Speech audiometry is an issue of high significance among subjective methods of aged peo-
ple examination. In cases of peripheral SNHL, especially with steeply sloping audiograms 
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appearance of additional distortions caused by impaired binaural interaction, threshold and 
loudness adaptation, temporal analysis, and so on. Significantly reduced intelligibility with 
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observed in both the sound conductive and receptive parts of the auditory system. Sometimes 
the external auditory canal narrows in the isthmus area and collapses, and the epithelial migra-
tion decreases. The eardrum in aged people thickens and dims. Lipid deposits appear around 
the handle of the malleus and the fibrous tympanic ring. In some cases, the eardrum does 
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than 60 years of age, and its occurrence increases with aging: adults of 50–54 years old had 
CAPD in 17% of cases; meanwhile, adults older than 80 years old had CAPD in 95% of cases 
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complained of hearing impairment, which was explained by the authors as impaired speech 
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assessment are associated either with similarity of its symptoms with other pathologies (cog-
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Audiologic methods of evaluation of the central auditory pathway functioning are divided 
into behavioral (subjective) and objective. Subjective methods are subdivided into verbal and 
nonverbal methods. Advantages of speech tests are associated with their social significance, 
the ability to use them both for identifying a level of hearing pathology and for hearing aid 
fitting. The following speech tests are advised to use by the American work group on CAPD: 
(1) monaural low redundant; (2) dichotic; and (3) tests of binaural interaction [40]. The first 
group of tests is believed to be sensitive to auditory cortical disorders, the second is sensitive 
to dysfunctions of interhemisherical connections, the third is sensitive to the dysfunctions of 
higher auditory centers or, according to some authors, to brain stem damages [41].

Monaural low redundant speech tests evaluate the ability of the auditory system for auditory 
closure. There are tests with speech signals passed through filters with different cutoff frequen-
cies, signals with distorted temporal characteristics, and tests with speech in background noise. 
In the tests mentioned above, the auditory closure (the ability to understand a whole word or 
phrase when a part of them is missing) or the ability to recognize signals in background noise 
are assessed [28, 32]. While testing with speech in background noise, a speech signal is pre-
sented simultaneously with a masker (different types of noise or speech signals). For Russian 
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language, Prof. Lopotko [30] created the Russian speech audiometric express test, during which 
polysyllable words are presented in the background of different noises (white noise, noise of 
transport, etc.). In the last year, the matrix sentence test has become rather popular, aimed to 
evaluate phrases intelligibility in background noise, and approbated for many European lan-
guages including Russian (Russian matrix sentence test—RuMatrix) [42]. In the presence of 
CAPD, intelligibility of distorted speech or speech in background noise is very poor [28].

In the dichotic tests, different speech signals, for example, monosyllable words, are presented 
through headphones to each ear simultaneously. In these tests, binaural integration (when a 
patient is instructed to repeat all signals presented to both ears) and binaural separation (when 
a patient is instructed to repeat signals presented only to one ear) are assessed. Numerous 
studies proved that in conditions of competition between right and left auditory channels, 
an ear that is contralateral to a dominant in the processing of presented signal hemisphere 
dominates. The majority of people are right-handed, and the speech center is located mainly 
in the left hemisphere, so the right auditory channel is dominant. This phenomenon is called 
“the right ear effect.” However, the right ear dominance occurs only in 80% of right-handed, 
while the speech center is located in the left hemisphere in 95% of right-handed people. The 
dominance of ipsilateral auditory pathways in some people may be the cause of this fact. A 
large number of dichotic test modifications were suggested as follows: dichotic digit test [43], 
dichotic sentence identification [44], and so on. Currently, dichotic tests are among the most 
popular methods to examine interhemispherical asymmetry in healthy people of different 
ages and in patients with central neural disorders [28, 30, 32].

In tests of binaural interaction, information is presented to each ear not simultaneously but 
consecutively: one part of a word/phrase is presented to one ear and the other part is pre-
sented to another. The ability of a listener to integrate signals and repeat correctly the whole 
income information is evaluated [41]. An example of the group tests is the audiometry with 
binaural alternating speech [45]. For English language, the following examples are CVC 
Fusion Test, during which consonants are presented to one ear, and vowels are presented to 
another; Spondee Binaural Fusion Test; and so on. [28].

Results of nonverbal CAPD tests are less influenced by linguistic knowledge of a patient, 
which is their advantage, but to perform many of them special not commercially manufactured 
equipment is often required [46]. One of the crucial methods of temporal processing evalua-
tion is the Random Gap Detection Test (RGDT). It is sensitive to cortical pathologies, especially 
of the left hemisphere. During this test, signals (pure tones and broadband noise) with inserted 
pauses are presented through headphones at a comfortable loudness level [28, 47]. In the last 
year, indications to use subjective test diagnosing CAPD are expanded. Impaired speech intel-
ligibility because of CAPD is proved to be one of the predictors of Alzheimer’s disease and 
dementia. To detect at-risk groups, some authors suggest a number of behavioral tests with 
high sensitivity to subclinical cognitive deficit comparing to screening cognitive tests [48–50].

Electrophysiologic (objective) audiological tests include auditory evoked potentials (AEPs), 
which are divided into several types by localization of generators and time of onset: cochlear 
potentials (are registered during cochleography), short latency (brainstem) auditory evoked 
potentials, middle latency AEP, long latency (cortical) AEP, cognitive potentials, and mismatch  
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negativity. At the moment, the unique criteria to include any type of AEP in the test battery 
for revealing CAPD do not exist.

Concluding the aforementioned, audiological methods for CAPD diagnosing can be divided 
into the following ways: speech tests (monaural low redundant, dichotic, and binaural interac-
tion); tests assessing temporal processing; and electrophysiologic tests. Tests to perform should 
be chosen individually based on patient’s complaints and anamnesis. Both verbal and nonver-
bal tests should be included. The mentioned division of the tests does not mean that tests from 
all groups must be used. The minimally necessary number of tests is recommended. The use 
of electrophysiologic tests is determined by the lack of possibility to use behavioral tests or the 
lack of their accuracy [40, 51]. Thus, the audiologic examination of a patient with presbycusis 
includes the following steps: (1) collection of complaints, anamnesis, and ENT examination; 
(2) pure tonal threshold audiometry in silence; (3) impedancemetry; and (4) CAPD tests.

A constant increase in number of elderly and senile people, greater demands on the quality 
of life in contemporary society, along with extended possibilities of audiological examina-
tion dictates a necessity to seek new approaches to the problem of age-related hearing loss. 
Identification of a pathology level in the auditory system with presbycusis matters a lot while 
choosing a further tactics of treatment and hearing aid fitting.

5. Rehabilitation of patients with presbycusis

Hearing aid fitting is the only possibility to compensate hearing loss in elderly people in 
the majority of cases. With the technical progress, hearing aids (HAs) become more complex 
devices satisfying users’ needs, but often HAs do not meet high expectations placed upon it. 
There are data that only from 6 to 40% of patients with hearing loss use a HA [52, 53]. A num-
ber of patients completely satisfied by HA fitting results are about 20%; in elderly people, this 
percent is even lower, which is associated with several distinguishing features of this group 
[31, 54, 55]. Memory disorders, impaired ability to capture new information, cognitive disor-
ders, impaired vision, degraded fine motor skills, and the presence of co-morbidities along 
with specific alterations of auditory perception are among these features [56]. Meanwhile, the 
refuse of patients with hearing loss to use HA is known to disturb socialization significantly, 
to lead to social isolation, to intensify cognitive disorders, to reduce the safety of vital activity, 
and to cause the essential deterioration of quality of life [57]. To evaluate the effectiveness of 
HA, the speech audiometry in free field is commonly used in adults along with question-
naires [58]. Together with medical parameters, social criteria (ability to practice their profes-
sion, to communicate in family without any difficulties, to lead an active social life, etc.) are 
evaluated. Despite high prevalence of hearing loss, few studies dedicated to the problem of 
HA effectiveness exist up to the moment [59].

Low effectiveness of HA fitting in elderly and senile patients was shown in our study by results 
of speech audiometry in 26 (21%) of 125 patients (percent of polysyllabic words intelligibility 
in quiet with HA was less than 70%). The analysis of results of an audiological examination 
allowed to conclude that the main factor reducing the effectiveness of HA use in elderly patients 
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language, Prof. Lopotko [30] created the Russian speech audiometric express test, during which 
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which is their advantage, but to perform many of them special not commercially manufactured 
equipment is often required [46]. One of the crucial methods of temporal processing evalua-
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year, indications to use subjective test diagnosing CAPD are expanded. Impaired speech intel-
ligibility because of CAPD is proved to be one of the predictors of Alzheimer’s disease and 
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bal tests should be included. The mentioned division of the tests does not mean that tests from 
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of electrophysiologic tests is determined by the lack of possibility to use behavioral tests or the 
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tion dictates a necessity to seek new approaches to the problem of age-related hearing loss. 
Identification of a pathology level in the auditory system with presbycusis matters a lot while 
choosing a further tactics of treatment and hearing aid fitting.
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Hearing aid fitting is the only possibility to compensate hearing loss in elderly people in 
the majority of cases. With the technical progress, hearing aids (HAs) become more complex 
devices satisfying users’ needs, but often HAs do not meet high expectations placed upon it. 
There are data that only from 6 to 40% of patients with hearing loss use a HA [52, 53]. A num-
ber of patients completely satisfied by HA fitting results are about 20%; in elderly people, this 
percent is even lower, which is associated with several distinguishing features of this group 
[31, 54, 55]. Memory disorders, impaired ability to capture new information, cognitive disor-
ders, impaired vision, degraded fine motor skills, and the presence of co-morbidities along 
with specific alterations of auditory perception are among these features [56]. Meanwhile, the 
refuse of patients with hearing loss to use HA is known to disturb socialization significantly, 
to lead to social isolation, to intensify cognitive disorders, to reduce the safety of vital activity, 
and to cause the essential deterioration of quality of life [57]. To evaluate the effectiveness of 
HA, the speech audiometry in free field is commonly used in adults along with question-
naires [58]. Together with medical parameters, social criteria (ability to practice their profes-
sion, to communicate in family without any difficulties, to lead an active social life, etc.) are 
evaluated. Despite high prevalence of hearing loss, few studies dedicated to the problem of 
HA effectiveness exist up to the moment [59].

Low effectiveness of HA fitting in elderly and senile patients was shown in our study by results 
of speech audiometry in 26 (21%) of 125 patients (percent of polysyllabic words intelligibility 
in quiet with HA was less than 70%). The analysis of results of an audiological examination 
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was the presence and a degree of CAPD. Studies of other authors confirm this fact [28, 60].  
With alterations of the retrocochlear structures, which are often associated with presbycusis, 
a person’s ability to process and differentiate temporal and spectral properties of acoustic 
signals is violated, especially in conditions of perceiving speech in background noise [60].

Modern HAs are known to solve the problems of peripheral hearing loss but often not the 
ones of impaired speech intelligibility. Besides, HAs providing enough loudness of speech 
signal do not always improve signal-to-noise ratio [61], which disturb good intelligibility. 
Up-to-date technologies, for example, systems of noise reduction and differentiation between 
speech and noise, directional microphones, and the presence of various listening programs in 
one HA, allow a user to increase speech intelligibility with HA [62]. According to our study 
to increase the effectiveness of HA use by elderly patients, a complex of measures is needed 
including special audiological examination, therapy aimed at correction of CAPD, and HA 
fitting with consideration of individual features of a patient’s auditory system.

Revealing CAPD before HA fitting allows an audiologist to prescribe adequate treatment, to 
warn a patient and his relatives about possible difficulties with HA use, to avoid excessive 
expectations from HA use, and to plan rehabilitation after HA fitting. To diagnose CAPD, all 
tests mentioned above are not necessary to perform, although all of them are performed with 
the use of standard equipment and do not require a lot of time. A percent of monosyllabic 
words intelligibility in quiet at a comfortable loudness level could serve as an express crite-
rion to prognosticate an effectiveness of HA. Our study showed that with this percent being 
less than 60%, the risk of poor results from HA fitting significantly increases. A long adapta-
tion to HA, involving not only an audiologist but also a speech therapist and a psychologist, 
is often required. The aim of such work is the successful use of a HA, so that in older hearing 
impaired patients social contacts expand, communication skills improve, and self-esteem and 
overall quality of life increase [59, 60].

At the moment the designed pharmacological treatment of impaired speech intelligibil-
ity associated with CAPD does not exist, this problem is being actively studied [27, 63, 64]. 
Despite the absence of significant success in creation of drugs for restoring speech intelligibil-
ity, improving speech signal processing in central auditory pathways is possible, thanks to 
the auditory training that helps to correct CAPD.

The auditory training is the complex of acoustic settings and tasks created to activate the 
auditory and related systems and to cause positive changes of neuronal activity and related 
auditory behavior. Two types of the auditory training are distinguished: (1) “bottom-up” 
approach (from the periphery to central parts, due to incoming sound signal) includes the 
improved audibility and sound quality through the use of hearing aids, FM systems and opti-
mization of room acoustics, as well as sessions with a speech therapist to correct temporal and 
frequency processing, sensitivity to changes of loudness, and so on [65] and (2) “top-down” 
approach (from central parts to periphery involving higher functions of central nervous sys-
tem) combines linguistic, cognitive, and metacognitive strategies of learning and includes 
special complexes to train the auditory attention, memory, linguistic and cognitive functions, 
musical education, and learning foreign languages.
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Generally, these two approaches complement each other and must be applied together to 
reach maximum positive results, to improve speech intelligibility, and to compensate a resid-
uary deficit [65]. Concrete rehabilitation plan must be worked out individually depending 
on deficit profile of a patient, his lifestyle, social and communicative needs, presence of co-
morbidities,and so on. The concept of the auditory training as acoustic stimulation has been 
known a few centuries. At the end of 1990, first confirmations of the influence of auditory 
deprivation on the auditory system and proofs of plasticity inherent to the brain appeared, so 
the principles of the auditory training regained its development [65].

Results of last studies definitively proved that plasticity was inherent to the brain, that is, the 
ability of the cortex and lower levels to reorganize, and these modifications were manifested 
in behavioral changes [66, 67]. Although the plasticity of the brain is maximum in childhood, 
the ability to reorganize in the response to education persists in the mature CNS as well [68]. 
The auditory training leads to the reorganization of the cortex and brainstem and the increase 
in effectiveness of the synaptic transmission and in density of the neural tissue [66, 67, 69, 70]. 
Even rather peripheral processes such as determination of signal pitch can be altered during 
the training [71]. Cortical changes stimulated by the auditory training invade rather broad 
areas and remain for a long time [65]. They include four types of cortical reorganization: 
(1) expansion of maps, that is, areas responsible for a trained function; (2) a compensatory 
transmission of performing a trained function into another cortical area; (3) cross modal reor-
ganization with involvement of cortical areas receiving an input signal from other sensory 
modalities; and (4) adaptation of homologous regions, that is, activation in areas in homolo-
gous regions of the contralateral hemisphere [72].

Studies on animal models proved that auditory stimulation induces alterations of inherent 
neural substrate. For example, tonotopic reorganization of the auditory cortex was revealed 
in monkeys after intensive frequency discrimination tasks. The cortical representation, the 
sharpness of tuning, and the latency of the response were greater for the behaviorally relevant 
frequencies of trained monkeys when compared to the same frequencies of control monkeys 
[65]. Experiences with rats showed that training-induced improvements occurred in the audi-
tory cortex even if a damage (an impact of noise in the experiences) was done in childhood. 
This proves the possibility of improvement, or maybe restoration, of auditory function in 
adult rats even after a long time after the initial damage to the auditory cortex [73]. Another 
study on rats showed that the age-related deficit in distinguishing sound characteristics could 
also be restored by the intensive auditory training, and not only functional but also structural 
changes in the auditory cortex resulted from the training [74]. The human auditory system is 
assumed to undergo similar changes in conditions of sound stimulation.

Before studying patients with hearing loss, the auditory training was approbated in patients 
with normal hearing. Positive results of the training in persons with normal functioning of the 
auditory system (both peripheral and central) were shown: the improved results of behav-
ioral and electrophysiological tests were observed after the auditory training to distinguish 
sound stimuli consonant-vowel [75, 76]. Significant improvement of speech intelligibility was 
observed in young persons with normal hearing after the auditory training with multiple tasks 
(speech in noise and accelerated speech) for 8 weeks. The improved results of behavioral tests 
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was the presence and a degree of CAPD. Studies of other authors confirm this fact [28, 60].  
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Generally, these two approaches complement each other and must be applied together to 
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were confirmed by the increased sharpness of frequency tuning, especially fundamental fre-
quency and the second harmonic [77]. Thus, the auditory training causes the changes in neural 
activity and improves the neural impulses, which provide coding speech signals [78]. Positive 
changes of mismatch negativity and increased amplitudes of P1, N1, and P2 were revealed after 
the training. N1-P2 potential is considered to reflect early cortical processes associated with 
stimulus decoding and speech detection. Mismatch negativity reflects later processes including 
distinguishing of speech stimuli changes. The activity of the superior temporal gyrus and pla-
num polare of the right hemisphere on fMRI had decreased in patients after the auditory train-
ing, which reflected the enhanced effectiveness of functioning of these areas and improved 
ability of auditory perception [79]. Some authors consider these improvements to occur only 
for the trained sound stimulus, and others consider to spread on other stimuli [80]. Neurons of 
the auditory cortex, which are selectively tuned to some frequencies or amplitudes, were found 
to be able to change their selectivity after the behavioral auditory training [81].

It can be said that we form our brain as we form our muscles. These data open up new pos-
sibilities for rehabilitation, particularly the possibility to train patients’ own central resources. 
Although the compensation of the peripheral deficit (the increased intensity of input signal) 
dominates in rehabilitation of elderly patients, the role of deficit-specific, intensive auditory 
training should not be underestimated.

In case of concurrent attention, deficits or intellectual disorder cognitive trainings are also 
used [65]. Compensatory training belongs to “top-down” approach designed to minimize the 
impact of auditory processing deficit that persists after the modification of acoustic environ-
ment and the auditory training. Compensatory training includes providing information on 
strategies of communication aimed at strengthening the use of central cognitive resources 
(linguistic strategies, memory, ability to problem solving, exercises on vocabulary expansion, 
development of active listening, and training of concentration). General recommendations on 
lifestyle such as preservation of intellectual activity, maintaining physical activity, minimizing 
chronic stress, and healthy nutrition are helpful to reduce a risk of development of cognitive 
deficit [28]. The effectiveness of the auditory training is explained by the fact that neuroplasti-
city is not completely lost with the aging process, though gradually decreases [60]. The central 
auditory system in elderly persons preserves its ability for training-induced alterations, which 
entails the possibility to improve speech intelligibility, especially in noisy environment [65].

In the laboratory of hearing and speech (Saint-Petersburg, Russia), a program of the auditory 
training with the use of two approaches “bottom-up” and “top-down” was evaluated. The 
aim of the study was to design an optimal algorithm of the auditory training for adults with 
SNHL and poor speech intelligibility in noise. Twenty-nine patients, HA users with moderate 
to moderately severe SNHL and symptoms of CAPD, including poor speech intelligibility 
in noise, underwent this auditory training: 12 young patients (from 19 to 22 years old) and 
17 elderly and senile patients (from 60 to 83 years old). An examination before the training 
included the pure tonal audiometry, tests evaluating central auditory pathway functioning, 
and speech audiometry in free field by means of the Russian Matrix sentence test (RUMatrix). 
The auditory training was conducted individually by a speech therapist and included a 
distinction between nonverbal and verbal stimuli of varying complexity, as well as tasks to 
improve memory (e.g., memorizing poetry).
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Nonverbal training included the following tasks: (1) to distinguish stimuli by pitch with sets 
of 18 musical sounds of different pitches. Increase of the stimulation complexity—from the 
set “1 instrument—1 pause” to the set “3 instruments—2 pauses”; (2) to detect silent pause 
between two sound signals—three variants (tonal signal, noise signal, and vowel); and (3) to 
evaluate rhythmic pattern of three signals (long or short).

Verbal training included the following tasks: (1) to distinguish a rhythmical pattern of 15 
sequences of three syllables/phonemes (vowel “A,” syllables “MA,” and “PA”) of different 
duration or intensity; (2) to perceive acoustically similar words and syllables with a choice 
of the correct word from 6 to 12 homonyms (“dom-tom” and “gora-kora”); (3) to distinguish 
syllables with a choice from two syllables (“ba-va” and “ga-da”), in more complex variants—
from four to eight syllables; and (4) to perceive speech in background speech noise with iden-
tifying all vowels presented (eight variants in the set) or words (20 in the set), in the complex 
variant—to identify the predetermined signal by a speaker’s voice (vowels or words spoken 
by male or female voice) in background speech of another speaker.

Classes lasted for 60 minutes and were carried out twice a week. The course of the auditory 
training took 8–10 weeks. A percent of correct answers and time of reaction were compared 
in the beginning and at the end of the training when analyzing the results. After the training, 
the significantly improved (p < 0.01) perception of verbal and nonverbal signals was revealed 
both in young and elderly HA users (a percent of correct answers increased by 24.4 ± 5.2% 
and 15.3 ± 6.4% accordingly; decrease of time of reaction in the range from 0.4 tо 1.6 seconds). 
Besides, RuMatrix in quiet and noise, performed with hearing aids in free field before and after 
the training, was used to assess the effectiveness of the training. Signals were presented from a 
loudspeaker located at an angle of 0° relatively to a patient’s head (frontally) on 1 m distance. 
The effectiveness of the training was evaluated by calculating the difference between first and 
last results. Significantly improved speech intelligibility (p < 0.05) both in quiet and in noise 
was revealed after the training. According to the results of the RuMatrix in quiet, the intensity, 
at which 50% sentence intelligibility level was achieved, was 44.5 ± 11.4 dB SPL before the train-
ing and 43.5 ± 12.5 dB SPL after the training. The difference of the results is significant (р < 0.05). 
According to the results of the RuMatrix in noise, signal-to-noise ratio, at which 50% sentence 
intelligibility level was achieved, was 1.5 ± 5.5 dB SNR before the training and −0.33 ± 5.5 dB 
SNR after the training. The difference between the results is also significant (р < 0.05).

Based on the study, improved functioning of the central auditory pathway was shown after the 
auditory training, so it is appropriate to include it in the rehabilitation of HA users with low 
speech intelligibility in noise. The following algorithm of the auditory training was designed: 
(1) the distinction between nonverbal signals with changes in their duration, frequency, and 
intensity; (2) recognition of speech stimuli of varying complexity, including speech in back-
ground noise; and (3) tasks to improve memory. An important aspect of training was a gradual 
complication of tasks in the process of each session and from lesson to lesson [82].

Improvement of speech intelligibility in elderly patients with SNHL proves that plasticity of 
the auditory regions of the brain remains possible throughout the life. Stimulation-induced 
plastic changes in the central auditory pathways were proved by other researchers too [28]. 
According to some researchers, the decreased latency time and decreased variability between 
peaks of auditory evoked potentials were revealed in elderly after the course of the auditory 
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training with the use of two approaches “bottom-up” and “top-down” was evaluated. The 
aim of the study was to design an optimal algorithm of the auditory training for adults with 
SNHL and poor speech intelligibility in noise. Twenty-nine patients, HA users with moderate 
to moderately severe SNHL and symptoms of CAPD, including poor speech intelligibility 
in noise, underwent this auditory training: 12 young patients (from 19 to 22 years old) and 
17 elderly and senile patients (from 60 to 83 years old). An examination before the training 
included the pure tonal audiometry, tests evaluating central auditory pathway functioning, 
and speech audiometry in free field by means of the Russian Matrix sentence test (RUMatrix). 
The auditory training was conducted individually by a speech therapist and included a 
distinction between nonverbal and verbal stimuli of varying complexity, as well as tasks to 
improve memory (e.g., memorizing poetry).
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training and accompanied by improved speech intelligibility in noise and short-term memory 
[28]. As shown by our study, improvement of neuronal functioning can be proven by the 
results of behavioral tests, which were also noted by a number of foreign authors [77].

Neuronal changes depend on the activity of training and amount of stimulation, and the 
sooner the stimulation begins after the detection of impaired intelligibility, the best results can 
be expected, however, to start training is never too late [65].

One of the basic principles of the auditory training must be concordance between the used 
material and age and linguistic skills of a patient. If the materials and tasks exceed the cogni-
tive and linguistic skills of a patient, he/she will have no interest in the training, and there will 
be no progress. In contrast, material for adult training should not be childish and too simplis-
tic. Motivation is also one of decisive factors in the training success. To increase the motivation, 
patients should understand the principles and the theory of action of the auditory training.

The use of a various tasks, the variation of a stimulus in the auditory training helps to maintain a 
patient’s attention, increases motivation and makes the training more efficient. The complexity of 
tasks during the training can vary automatically: as soon as a patient reaches the predetermined 
level, the task becomes more difficult. Careful monitoring of a patient’s progress is important. 
For each patient, an individual profile of functional deficit, which reflects the processing of infor-
mation in the central auditory pathways, cognitive and language skills, should be developed, 
and an emphasis on training deficit skills should be done while planning the rehabilitation.

6. Possibilities of the presbycusis prophylaxis

At the moment, the presbycusis is irreversible; therefore, the prevention of age-related hear-
ing loss must be paid attention to. First of all, it is necessary to educate the population about 
harmful factors affecting hearing throughout the life, such as ototoxic drugs, noise exposure, 
vibrations, and others. Audiological care in case of SNHL should be aimed at the enhance-
ment of nonspecific resistance of excitable structures of the auditory analyzer to general path-
ological damaging factors—tissue hypoxia, oxidative stress, and extinction of the action of 
endogenous neurotrophic factors [30, 83].

Due to the fact that with age-related hearing loss, it is impossible to obtain gains in tonal hear-
ing, and special emphasis is done on means of improving the auditory attention (the functions 
of the central auditory pathways), which allows to compensate for the lack of auditory acuity 
and enhance the efficacy of the hearing aid. If CAPD causing poor speech intelligibility is 
detected, the auditory training is appropriate.

7. Conclusion

Constantly growing number of aged and senile people, increasing demands to the quality 
of life in modern conditions, as well as enhancing of audiological examination opportunities 
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requires the necessity of searching the new approaches to the problem of age-related hearing 
impairment.

Presbycusis does not develop in all people. Genetic mechanisms are considered to be the cru-
cial cause of age-related hearing loss development. Different diseases acquired throughout 
the lifetime and other factors can contribute to hearing loss progression in the case of heredi-
tary predisposition to presbycusis.

Assessment of pathology level in the auditory system in patients with presbycusis is essen-
tial during the choice of further treatment and hearing rehabilitation. Therefore, it is neces-
sary to use various audiologic methods during elderly people examination, including tests to 
evaluate the central auditory pathways. Elderly patients often suffer from impaired speech 
intelligibility, especially in background noise. This is one of the central auditory processing 
disorder symptoms. Currently, there are no data about significant achievements in develop-
ment of drugs, improving speech intelligibility. According to research on brain neuroplas-
ticity, specially designed auditory training programs have been shown to be able to refine 
speech signals’ processing in central auditory pathways even in aged people. Auditory 
training designed with consideration of the individual features of auditory deficit should be 
included into rehabilitation programs of aged people with speech intelligibility disorders.
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Abstract

The evaluation, treatment, and prognosis of the elderly hospitalized in an emergency 
service are different from the adult patient, and it is necessary to know their particulari-
ties to provide optimal care.

Keywords: emergency service, geriatric patient, biological aging, fragility

1. Introduction

Aging can be defined as a decline in functional properties at cellular, tissue, and organic lev-
els, with the consequent loss of homeostasis and adaptability to internal and external noxas, 
increasing vulnerability to disease and death [1].

As a result of the increase in the number of elderly people, their health problems have increased 
significantly. Parallel to the demographic change that conditioned population aging, the “epi-
demiological transition” appeared that modified the profile of prevalent diseases, chronic 
noncommunicable diseases being the core of attention. All these conditions present frequent 
exacerbations and relapses, making the elderly require repeatedly assessment in an emer-
gency service. However, it is clear that the care models in the emergency services are not 
adapted to the geriatric patient [2].

The demand in the attention to the emergency services has been growing progressively in the 
last years, and this increase is more noticeable in the population of older adults. Older people 
have differential features, in relation to younger age groups, starting from the biological point 
of view with not only physiological changes related to aging but also functional, psycho-
logical, and social changes, all of which lead to a decrease or narrowing of the homeostatic 
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responses to the different noxas, placing them in a state of greater vulnerability, which has 
an effect of greater comorbidity, loss of autonomy, disability, sensory alterations, cognitive 
deterioration, and a social-familiar problematic that can occur simultaneously, determining 
a special difficulty for their evaluation and treatment and, many times, altering its prognosis 
adversely [3].

In this way, the concept of biological aging is important, understood as the state of an indi-
vidual resulting from the wear and tear associated with age plus its conditions of illness, func-
tionality, mental well-being, and social support. This biological aging is very different among 
the elderly, regardless of their chronological age and condition differences in the functional 
capacity [4].

In a recent Spanish study, it was established that older patients had a higher priority in the 
care by severity, had more complementary tests taken, had a longer average stay, had a higher 
probability of hospital admission and of being exitus, and needed assessment by the social 
services. In addition, it requires more complex evaluations, more consultations with other 
specialists, and a higher percentage of readmissions [5]; however, they attend in a justified 
manner and with a significantly used pattern different from young adults. Therefore, the 
progressive aging of the population may seriously affect the dynamics and functioning of the 
hospital emergency services.

In young patients admitted to an emergency department, it has been determined that there 
are undoubtedly clinical factors related to the acute disease, which decisively influence the 
outcome. However, this is not so clear in the elderly, and the characteristics that go beyond 
the severity of the acute disease modify the prognosis. More specifically, these conditions 
refer to the functional, emotional, and cognitive states, the level of comorbidity, the degree 
of polypharmacy, and the social support networks. Due to their condition of high vulner-
ability or fragility, in the elderly patients, the health problems are explained in the multi-
causality model, and the resolution of these does not derive from the attention of a single 
cause, but from a comprehensive identification and treatment of all related factors that affect 
the prognosis [6].

Hospitalization alone is already a negative factor in the outcome of elderly patients. Survival 
decreases by the mere fact of being reduced to a hospital bed, immobilized, both in men and 
women, but above all in the older groups (>80 years) [7]. Even if you take into account that 
the emergency services are noisy, in constant movement and lack of privacy, which can be 
disconcerting for the elderly and enhance their deterioration in relation to hearing, vision, 
attention, and understanding.

In general, the elderly patients have a longer stay in the emergency department, requir-
ing more time for medical assessment and nursing care, and alarmingly they have a higher 
frequency of readmissions, generating a great assistance pressure on the professionals that 
attend these services [8].

The lack of knowledge of the elements that affect the prognosis of the elderly patients in the 
emergency services is still notorious, which results in diagnostic errors and what is more 
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 serious therapeutic errors, affecting adversely the outcome; the aim of this paper is to provide 
knowledge that leads to the identification of these factors and may lead to earlier and more 
successful intervention lines.

2. Epidemiology

Recent studies have shown a progressive increase in emergency visits, which is much more 
noticeable in the elderly population. In fact, some studies mention that up to 25% of all 
emergency visits correspond to elderly patients. In general, they represent more than 15% 
of all consultations and almost 50% of all admissions to intensive care units. Therefore, some 
authors mention that “the emergency units are aging” [9].

In the United States, the Centers for Disease Control and Prevention (CDC) report that between 
1993 and 2003, there was an increase in the absolute number of visits to the emergency depart-
ment, with the group of people over 65 years of age, who had the highest frequency of visits 
(an increase of 26%). If this trend is maintained, it is expected that the frequency of emergency 
consultations in the elderly will double from 6.4 million to 11.7 million by 2013 [10]. Elderly 
patients are four to six times more likely to be admitted to an emergency unit than a non-
elderly patient.

3. Conditions that can alter the evolution and prognosis of the 
elderly in the emergency department

3.1. Physiological response to stress

The organic response to different acutely unbalanced pathologies is altered in some elderly, 
especially in the fragile ones [11]. Among the most relevant physiological changes associated 
with age are mentioned:

• Alteration in the homeostasis of intercellular junctions and the production of the second 
messengers, which causes some adrenergic receptors to be internalized, decreasing the ef-
fectiveness of catecholaminergic responses.

• Presbycardia or cardiac aging conditioned by the increase in cardiac stiffness with a de-
creased diastole capacity and greater dependence on atrial contraction, which results in 
less tolerance to increased extravascular volume and lower tolerance to tachyarrhythmias.

• The physiological changes of lung aging make it more difficult to adapt to situations that 
generate hypoxemia. Among them are an increase of the rib cage rigidity, decrease in the 
forces of elastic retraction of the lung parenchyma, and decline in the strength of the re-
spiratory muscles. All this generates changes in pulmonary dynamics with an increase in 
residual volume, decrease in tidal volume, and decrease in FEV1 associated with age. The 
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effectiveness of protective airway reflexes is also altered. The alveoli flatten and the gaseous 
exchange surface decreases. In general, all these changes produce a decrease in the PO2, for 
which one must be cautious when interpreting the arterial gases in an older adult and ap-
ply a formula to correct them by age.

• The most important changes that affect the aged kidney are a reduction in size, decreased 
renal blood flow, and a drop in the glomerular filtration rate. Therefore, older adults have 
difficulty managing water loads, either in hypervolemia or in dehydration states, as well as 
regulating plasma osmolarity.

• Deregulation of the immune system, low-grade inflammation, and alteration of acquired 
immunity make the responses to infections less effective.

• There is desensitization of the vascular mechanoreceptors with alteration of the vasocon-
strictive responses upon hypotension states.

• Endocrine changes with pancreatic aging, islets decrease, and insulin resistance increases, 
causing an increase in fasting plasma glucose. There is also an alteration in the production 
of counter-regulatory hormones.

3.2. Characteristics of the disease as it ages

The disease presentation in the elderly makes it difficult to approach it, due to situations such 
as:

• Multipathology

• Complex medication regime

• Atypical presentation

• Frequent Iatrogenic

• Multiple consultations

3.3. Laboratory tests

Although laboratory tests are an invaluable aid, in the elderly they cannot get altered in the 
presence of disease or have higher rates of false positives, related to physiological changes 
[12]. The following are worthy of mention:

• In the elderly the erythrocyte sedimentation rate is not a reliable indicator of the presence 
of inflammation. C-reactive protein (CRP) is more sensitive, with the disadvantage that it 
can take up to 12–24 h to rise after a bacterial aggression and maintain its levels even days 
after healing. Recently, it has been published in a systematic review that PCR accuracy 
decreases as the patient’s age increases. Procalcitonin maintains a good diagnostic capac-
ity in this patient profile, and a value of >0.5 ng/ml is significantly associated with greater 
mortality at 30 days [13].

Gerontology88

• Serum creatinine does not reflect renal function, if one considers that it is a protein of mus-
cular origin and the sarcopenia associated to age.

• It is common to find in the elderly of the community (20%) and institutionalized patients 
(50%) the presence of asymptomatic bacteriuria, which should not be misinterpreted as a 
urinary infection and even less should be given an antibiotic treatment.

• The readings of hemoglobin and hematocrit in the elderly are the same as for the adult 
population. The myth of the so-called anemia of aging is false.

• The same applies for the serum sodium values, being these from 135 to 145 mosm/Lt and 
being an error to believe that the elderly tolerate hyponatremia better; in fact, studies have 
shown an increase in cognitive alterations, falls, and acute coronary mortality, with values   
less than 135 mosm/Lt.

3.4. Pharmacological response

When using drugs in the elderly, it is necessary to know some changes that can alter the 
responses to medications [14]:

• In general terms, there is no alteration in the absorption of oral medications, and this re-
mains one of the choices.

• There is a decrease in liver size, hepatic blood flow, and liver microsomal enzymes, which 
alter the metabolism of some drugs.

• The free fraction of drugs that travel bound to albumin or alpha-2-microglobulin, which are 
variably decreased with age, increase and so does toxicity.

• With aging, there is a greater proportion of body fat and less water and lean mass, which 
changes the bioavailability of drugs.

• Greater toxicity of some molecules associated with decreased renal function.

• Specific pharmacodynamic alterations for some molecules due to changes in the quantity 
or sensitivity of receptors at the cellular level.

4. Most frequent pathologies in the elderly at the emergency 
department

Next, emphasis will be placed on the most frequent pathologies in an emergency department 
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4.1. Hypertension in the emergency room in the geriatric patient

In the past, it was controversial to define the readings for normal blood pressure in the elderly 
and when to administer pharmacological treatment. Today, it is clear that the normal  readings 
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• Serum creatinine does not reflect renal function, if one considers that it is a protein of mus-
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correspond to those of the adult population and that the benefit of administering pharma-
cological management is evident, even at very advanced ages. However, the latest studies 
(SPRINT, PURE) have put confusion regarding the goals. In the emergency department, it 
is important to differentiate between emergency and hypertensive emergencies, due to the 
implications in defining the speed and route of treatment.

Key points

• Rule out pseudo-hypertension at very advanced ages.

• During the measurements, the patient must be in a controlled environment and in an ap-
propriate position, with an adequate technique and the minimum possible stress.

• Always evaluate the underlying comorbidities that alter the prognosis of the current 
decompensation.

• In a hypertensive emergency, the blood pressure readings should not be lowered abruptly, 
as it generates more morbidity and mortality.

• As an adequate physiological goal in elderly hypertensive patients, a pulse pressure be-
tween 50 and 60 mm Hg is recommended.

• In hypertensive emergencies use medication orally. It is a mistake to use the sublingual 
route because of its unpredictable effects and because the drugs were not designed for this 
route. In emergencies, use the intravenous way, and transfer the patient to an intermediate 
or intensive care room.

• In the elderly, no drugs with adrenergic blocking effect such as clonidine or prazosin are 
the first choice, because of their excessive hypotensive effects and, in the case of clonidine, 
its sedative and anticholinergic effects.

4.2. Acute coronary syndromes in the elderly

It is estimated that 60–65% of all heart attacks occur in people older than 65 years and 80% of 
the deaths due to this cause affect this population. They are one of the most frequent causes 
of emergency consultation, where more mistakes are committed, both in diagnosis and in the 
therapeutic decision-making.

Key points

• Only 57% of those over 80 have chest pain. In octogenarians, the main presenting symptom 
is dyspnea. Syncope, dizziness, delirium, and falls are also frequent. This leads to frequent 
delays in diagnosis and treatment.

• In relation to age, there are more incidences of tachyarrhythmias.

• An elderly person is more likely to show a non-ST-segment elevation myocardial infarct 
(STEMI) than with an ST-segment elevation myocardial infarct (STEMI), given the phe-
nomenon of ischemic preconditioning.
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• NT-proBNP levels are associated with short-term mortality in the elderly population treat-
ed in emergency services.

• Long-term mortality and morbidity are increased compared to younger patients, either 
with medical or intervention management. Heart failure, bleeding, and reinfarction rates 
are more frequent. However, the benefit of the treatment remains.

• In part, the poor results in the elderly are explained by the decrease in the use of treatments 
because of toxicity fear. The protocols must be applied strictly and not to discriminate the 
age. Consider the general state of health, life expectancy, functional status, and cognitive 
status.

• The intervention strategy has shown greater benefits in the elderly compared with 
thrombolysis.

• Always provide the patient with cardiac and functional rehabilitation.

4.3. Pulmonary thromboembolism in the elderly

Although it is not clear whether advanced age is an independent risk factor for thrombo-
embolism, elderly patients have a high incidence of risk factors for clot formation. Venous 
stasis, commonly caused by immobility, has been found to be the most common risk  
factor.

Key points

• The diagnosis is notoriously difficult at all ages. In 70% of the cases in which the patient 
dies of a pulmonary embolism, there was no antemortem suspicion of the diagnosis.

• The rule in the elderly is that the pulmonary embolism occurs in a subtle and atypical way. 
Acute dyspnea, pleuritic chest pain, tachypnea, tachycardia, and hemoptysis are less fre-
quent. Syncope and hemodynamic instability increase in frequency.

• D-dimer decreases its utility with advancing age because the values rarely fall below the 
negative predictive threshold.

• As aging is related to a decrease of the oxygen partial pressure and an increase in the 
alveolar-arterial gradient, gasometrical changes can be difficult to be interpreted in the 
elderly.

4.4. Geriatric patient with cerebrovascular disease in the emergency department

Neurovascular disease is the major cause of disability and death in the elderly. The aging 
brain is less resistant to physiological stress: the cerebral blood flow gradually decreases with 
age, the collateral circulation is diminished, the cerebrovascular barrier is less efficient, the 
cerebral self-regulation is altered, and the neuronal oxidative metabolism decreases. All this 
makes an ischemic event more pronounced, and the time threshold for effective interventions 
lowers.
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Key points

• Twenty-one percent (21%) of elderly patients with cerebral ischemia have a normal physi-
cal examination.

• Always look for common risk factors: atrial fibrillation, carotid atherosclerosis, myocardial 
infarction, valvular disease, and dyslipidemia.

• The approach by an interdisciplinary group is important to improve the functional 
prognosis.

• Thrombolysis in cerebrovascular disease has shown full benefits up to the 75 years. In older 
patients there is evidence of benefit, coming from clinical trials with a small number of pa-
tients or case reports. Therefore, there is no contraindication for age. The key is to choose 
the patient properly, based on parameters of functionality, comorbidity, and strict applica-
tion of the protocols.

• The use of ASA plus clopidogrel has not improved the final results, but it does increase the 
risk of intracranial bleeding.

• Start the integral rehabilitation therapy early once the patient stabilizes.

• Avoid all cost prostration or immobility.

4.5. Infections in the elderly at the emergency department

The incidence of infectious processes in patients older than 75 years who attend the emer-
gency services has increased significantly in the last 10 years (from 24.8% to 31.7%), as well as 
the severity of their clinical presentation and short-term mortality (30 days). This is explained 
by the summing effect of immunosenescence plus fragility [15].

Key points

• The criteria of systemic response syndrome are not always present in the infected elderly 
and decrease its usefulness to stratify the risk in this age group.

• The most accepted criterion for fever in the elderly is an increase of 1.2°C based on the basal 
temperature or higher than 37.2 (sensitivity 83%).

• Several studies have documented the absence of fever, as traditionally defined, in the pres-
ence of serious infections. The cut point of 38.2° centigrade loses sensitivity (40%).

• It is common that there is no leukocytosis in the elderly, as part of the infectious response. 
The cutoff point of the greatest sensitivity for infection is an absolute count of 14,000.

• Tachycardia may not occur.

• The respiratory rate greater than 24 is conserved as part of the inflammatory response.

• In cases of bacteremia, it is more difficult to identify the source.
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• The only independent predictors of bacteremia in the elderly are the altered mental state 
(odds ratio [OR] 2.88; 95% CI 1.52–5.50), vomiting (OR 2.63; 95% CI 1.16–6.15), and the pres-
ence of bands in the leucogram greater than 6% (OR 3.50; 95% CI 1.58–5.27).

• The etiology is multimicrobial in 5–17% of patients.

• The presence of a Barthel index less than 60, systolic blood pressure less than 90 mm Hg, 
and serum lactate >4 mmol/l are significantly associated with short-term mortality.

4.6. Urinary tract infection in the elderly in the context of emergencies

Key points

• Tendency to overdiagnosis due to high prevalence of asymptomatic bacteriuria. 52.2% of 
urinary tract infections are misdiagnosed.

• Do not attribute a septic picture in an elderly person to a urinary infection first, until care-
fully ruling out other causes.

• Treating asymptomatic bacteriuria does not improve mortality but increases the side ef-
fects of antibiotics and the rates of infection by resistant germs.

• The presence of symptoms is less clear in the elderly with cognitive impairment or the use 
of probes to stay in those who prevail atypical presentations (delirium, falls, functional 
decline, etc.).

• If in doubt, focus on the blood picture or PCR.

4.7. Pneumonia in the elderly

The incidence of community-acquired pneumonia (CAP) increases with age and is associated 
with high morbidity and mortality due to physiological changes associated with aging and a 
greater presence of chronic diseases. Pneumonia is the fifth cause of death in the United States 
among those over 65 years. It results in 600,000 hospitalizations and almost 60,000 deaths [16].

Key points

• There is an increased risk of pneumonia due to deglutition disorder, neurological disease, 
functional decline, malnutrition, use of sedatives, comorbidity, chronic neuropathies, 
smoking, heart failure, and institutionalization.

• Streptococcus pneumoniae remains, as in other ages, as the most frequent etiological agent. 
However, with aging the microorganisms colonize the oropharynx change, with an increase 
in Gram-negative and anaerobic germs; consequently, these increase as causal agents. The 
state of the denture also influences.

• The diagnosis is complicated by the absence of classic symptoms, there is fever in only 
26% of cases when compared with young people, and 44% have cough, fever, and dyspnea 
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due to clinical history. In institutionalized patients, alterations of the mental state are more 
frequent.

• The CURB-65 is an index that has been validated adequately in the elderly and allows to 
decide the appropriate level of care to administer the treatment.

• To stratify the risk and possible complications in elderly patients with pneumonia who 
enter the emergency department, it is useful to classify them as fragile and non-fragile.

• Lack of fever, absence of hypoxia, and altered mental state are associated with therapeutic 
delay.

• Studies have shown a decrease in mortality in the elderly, related to the rapid administra-
tion of the appropriate antibiotic treatment.

• Pneumonia in institutionalized patients and pneumonia associated with health care are 
related with higher comorbidity, poor functional status, and higher mortality.

• Patients with risk factors such as institutionalization in nursing homes, hospitalization for 
more than 2 days in the last 90 days, wound care in the last 30 days, high frequency of re-
sistance to antibiotics in the community, infusion of home medications, dialysis, a member 
of the family with resistant germs and diseases, or immunosuppressive therapy should be 
covered for resistant germs (Pseudomonas, Klebsiella, Acinetobacter, and Staphylococcus resis-
tant to methicillin).

• Remember the importance of vaccination against influenza and pneumococcus to the im-
pact on mortality and hospitalizations in the ICU, respectively.

4.8. Approach of abdominal pain in the elderly patient at the emergency department

If in the young man, the acute abdomen becomes a diagnostic challenge, in the elderly it is 
a real mystery. It is frequent that a nonspecific pain and a soft abdomen without many signs 
conceal a true abdominal catastrophe. Total mortality for an elderly man who enters with 
abdominal pain complaint exceeds 10% [17].

Key points

• In the “surgical abdomen of the old man,” the atypical presentation of the different entities 
is usual.

• There is difficulty in the interrogation (dementia, basic pathology, loss of senses).

• Fever and leukocytosis are not constant.

• The decrease of the myenteric receptors in the viscera modifies the perception of pain, 
making it diffuse and badly defined, with the absence of the so-called signs of peritoneal 
irritation, which increases the false-negative rate.

• The use of NSAIDs masks peritonitis and increases the risk of peptic ulcer.
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• Normotensions are synonymous with hypotension in patients with abdominal infection 
and who are chronically hypertensive.

• Prolonged presentation time, normothermia or hypothermia, and leukopenia are syn-
onyms of severe intra-abdominal infections.

4.9. Psychiatric emergencies in the elderly

Emergency physicians frequently fail to identify and focus on psychiatric disorders, either as a 
primary reason for consultation or concomitant to the index disease, although they adversely 
and independently affect the prognosis [18].

Key points

• It is essential, upon the appearance of new psychiatric symptoms in the elderly, to rule out 
organicity: infections, metabolic disorders, tumors of the central nervous system, reactions 
to drugs, etc.

• Discard substance abuse.

• Investigate mistreatment of the elderly.

• Depression is the most frequent psychiatric disorder in the elderly, with subsyndromal 
depression being the most common. It must be clarified that depression is not a natural 
consequence of aging and must always be treated.

• The most common entities within the “late-onset psychosis” (older than 60 years) are as fol-
lows in order: dementias, delirium, affective disorders, schizophrenia, and schizophreni-
form disorders.

• Delirium: acute alteration of the state of consciousness, fluctuating, with difficulty to main-
tain the attention, alteration of the sleep-wake pattern, alteration of the perception. Always 
look for the triggering factor.

• Dementia: cognitive disorder of long duration without alteration of the conscience. It con-
tributes to 16–23% of psychotic symptoms in aging.

• The elderly has the highest rate of death by suicide compared to all age groups.

• Fundamental: good clinical history and functional and neurological examination.

• In the agitated elderly patient, the use of mechanical restrictions produces greater complications.

5. Forecast of the elderly in the emergency service

The early detection of the high-risk adult patient is essential to avoid new admissions and 
visits in the emergency room and to improve the level of physical and cognitive function. In 
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visits in the emergency room and to improve the level of physical and cognitive function. In 
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adults, prognostic assessment methods are based on the clinical characteristics of severity of 
the index event. But the older adult cannot be seen under the traditional biomedical gaze that 
the unifactorial analysis of patients tends to. The complexity of the disease in the elderly is 
preferable to approach it from a biopsychosocial approach through multidimensional analy-
sis, which identifies how the demographic, clinical, psychological, functional, and social fac-
tors influence the acute disease in the elderly and alter its forecast [19]. At the emergency 
environment, we need brief, simple, and validated tools that help us detect problems in dif-
ferent areas. However, currently there are few prognostic indices used in clinical practice that 
include these variables typical of the elderly baseline condition.

Having clear prognostic variables to help the quick detection of the patient at high risk of 
this outcome helps to decide which patients should be considered for aggressive interven-
tions, treatments with curative purposes, support treatments, or treatments only for palliative 
purposes.

Currently, there are models of structured triage in the emergency services, being the most 
prominent: the Australian model (Australasian Triage Scale (ATS)), the Canadian scale of tri-
age and gravity for emergency services (Canadian Emergency Department Triage and Acuity 
Scale (CTAS), the Manchester Triage System (MTS), the Emergency Severity Index (ESI), and 
the Andorran model of triage (Model Andorra of Triage (MAT)); however, these are not suit-
able for use in elderly patients.

When referring to the young and adult population, there are known instruments that try 
to predict the short-term prognosis of critical hospitalized patients, such as the APACHE 
III used in the intensive care units (ICU); the SUPPORT, to establish the 6-month prognosis 
of hospitalized patients both inside and outside the ICU; and more recently the short ver-
sion of the EORTC QLQ-30 for use in palliative care. The drawback of these evaluations is 
that they overestimate age a priori as an element of risk, without considering that there are 
also “robust” elderly or with successful aging, in which the chronological age alone does not 
weigh as a negative factor.

The scales “Identification of Seniors at Risk” (ISAR) and the “Triage Risk Screening Tool” 
(TRST) have been published for use in the elderly, which allow assessing the risk of complica-
tions at release of the service and classifying the degree of fragility [20].

The prognosis of the diseases in geriatric patients is frequently influenced by the basal health 
condition of the elderly, which is determined by the nutritional status, the mental state, and 
the functional capacity (level of independence for the activities of daily life), variables that are 
not contemplated in the scales of habitual use in adults. In this sense, it has been shown that 
the deterioration of each of these areas can be an independent factor of mortality in the elderly.

The multidimensional geriatric assessment is an evaluation carried out by an interdisciplin-
ary team to identify the problems and establish a care plan to improve the functionality and 
quality of life of the geriatric patient. It offers an integral and holistic view of the elderly 
adult patient, in which the clinical condition is evaluated, but psychological, functional, and 
social evaluation is also included. In fact, having knowledge of the instruments used in daily 
practice in geriatric care is extremely useful. Different scales and protocols are used and duly 
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validated. Several authors have proposed to stratify the risk of the geriatric patient in the 
emergency department based on a model of comprehensive geriatric assessment, adapted to 
this service [21].

6. The frail senior in the emergency room

The frail senior is the one who has his homeostatic reserves to the limit, with a high prob-
ability of suffering a deleterious outcome. The detection of this patient is fundamental in the 
emergency services, since in this scenario it is where there is more risk of entering the cascade 
of functional decline and dependence. It is interesting how the acute disease acts as a trig-
ger, unmasking the frailty picture. Studies have shown how frail senior people in the emer-
gency room have higher rates of hospitalization, functional deterioration, readmissions, and 
short-term mortality, when compared with non-frail elderly. For the screening of frail elderly 
people in the emergency department, the ISAR, TRST, deficit accumulation index (DAI), and 
comprehensive geriatric assessment are recommended in selected patients defined as high 
risk. Identifying frail elderly allows designing a special care plan, which has shown a decrease 
in the number of admissions in residence at 30 days, an increase in patient satisfaction, less 
functional deterioration, fewer readmissions, and without increasing costs. No impact on 
mortality or institutionalization has been demonstrated [22].

7. Decision-making

It is common to observe how some interventions are systematically denied to the elderly, 
arguing as the only reason age. This produces gross errors, since chronological age alone 
does not provide enough information to make the best decision. They are the multidimen-
sional parameters that include basal functionality, comorbidities, and emotional-cognitive 
and social support, which together reflect biological aging and support the relevance or not 
of the proposed treatment [23].

8. Conclusion

The diagnostic approach and the therapeutic approach of the elderly, in the emergency 
department, should be framed in a deep knowledge of their physiological alterations, a care-
ful anamnesis, and therapeutic prudence. Because of the diminished homeostatic reserve of 
the elderly, the time to establish adequate treatment is shorter.
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Abstract

The Dutch National Care for the Elderly Programme was an initiative organized by the 
Netherlands Organisation for Health Research and Development (ZonMw) between 2008 
and 2016. The aim of the programme was to collect knowledge about frail elderly, to assess 
their needs and to provide person-centred and integrated care better suited to their needs. 
The budget of EUR 88 million was provided by the Dutch Ministry of Health, Welfare and 
Sports. Putting the needs of elderly people at the heart of the programme and ensuring 
their active participation were key to the programme’s success. The programme outcomes 
included the establishment of eight geriatric networks around the medical universities 
with 650 organisations and the completion of 218 projects. These projects, involving 43,000 
elderly people and 8500 central caregivers, resulted in the completion of 45 PhD theses 
and the publication of more than 400 articles and the development of 300 practice toolkits, 
one database and a website, www.beteroud.nl. The Dutch National Care for the Elderly 
Programme has since developed into a movement and continues under the consortium 
Ageing Better, made up of eight organisations. Through the use of ambassadors, Ageing 
Better promotes the message that ageing is not a disease but a new phase of life.

Keywords: ageing, elderly, healthy ageing, frailty, integrated care

1. Introduction

The European population is ageing as a result of lower birth rates and a higher life expectancy. 
The Netherlands is a relatively young country with 15% of the population aged 65 years and 
over (8% is aged 80 and over) compared to Germany, where 20% of the population is aged 
65 years and over. Life expectancy in the Netherlands is still rising: average life expectancy 
is 79.9 years for men and 83.3 years for women. By 2050 the number of elderly people will 
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have increased to 4.6 million, a quarter of the Dutch population [1]. Due to improved educa-
tion and better lifestyles, the increase in the number of frail elderly people will be relatively 
smaller. However, large health differences do still exist. Poverty causes illness, and illness 
causes poverty. The life expectancy of people at the lower end of the social economic scale 
is 7 years lower than it is for those at the higher end of the scale, as measured by education 
and income. The difference in healthy life expectancy between people with a low and a high 
socioeconomic status (SES) is 16 years. People with a lower SES experience more and earlier 
disabilities and chronic diseases.

Fifty percent of elderly people suffer from one or more chronic diseases, but two-thirds expe-
rience no physical disabilities, and more than half report feeling healthy [1].

Elderly people prefer to live at home as long as possible. Currently, six out of seven people 
aged 80 and older live at home, and the remainder (14%) lives in a nursing home. Of the total 
80+ population, about one-third suffers from frailty through loss of function and reduced 
self-reliance. Frailty results from a combination of advanced age, chronic diseases, welfare 
problems, poor living situations, weak social networks and low income. The desire of most 
people to live at home as long as possible is supported by government policy. Cost contain-
ment plays an important role in this policy. Care, support and welfare for (elderly) people in 
the Netherlands are financed according to three Acts (Appendix A).

Care for the elderly is facing its greatest ever period of change. This is not only because of 
concerns about the quality, accessibility and affordability of care but also because our view 
of ageing is gradually changing. That view ultimately determines what we expect of care and 
support for the elderly. In this respect, the National Care for the Elderly Programme (NPO) 
was well ahead of its time.

2. Dutch National Care for the Elderly Programme

The Dutch National Care for the Elderly Programme began in 2008 and was run by the 
Netherlands Organisation for Health Research and Development (ZonMw) until 2016 [2, 3].

The aim of the programme was to collect knowledge about frail elderly people, to examine 
their needs and wants and to provide models for person-centred and integrated care bet-
ter suited to their needs. The programme had a budget of EUR 88 million provided by the 
Dutch Ministry of Health, Welfare and Sports and was supported by a committee and 15 staff 
members. The programme was organized into three steps: the formation of regional geriatric 
networks with executive commitment, the delivery of innovative and transition projects and 
nationwide dissemination and implementation of the effective projects.

The responsible ZonMw committee worked to ensure that elderly people were not only the 
object of inquiry and research in the programme but were also included as subjects and par-
ticipants. The principle for this approach and the slogan used by the elderly themselves was 
‘nothing about us without us’. As a result, the focus of empirical research on care innova-
tion shifted over time from medical care to care and welfare, based on what elderly people 
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themselves considered being important. This in turn led to an increasing emphasis on welfare 
and support of the elderly in the continuum of well-being and care. In addition, funding was 
provided for the design and use of a database and for the improvement of education. A vision 
for the future and a proactive agenda were also established.

For the programme, 8 geriatric networks were developed with a panel of elderly at 8 medical 
universities. These networks were open to organisations and professionals in the care of the 
elderly, for example, hospitals, nursing homes, GPs, municipalities and healthcare insurance 
companies. A total of 650 organisations joined these geriatric networks. The networks allowed 
innovative experiments and research projects for improving care and support to be developed 
with the participation of the target groups. The programme led to many important outcomes. 
A total of 218 projects were developed and financed, involving 43,000 elderly and 8500 caregiv-
ers. Forty-five PhD theses were completed, and more than four hundred Dutch and English 
articles were published. A unique database (TOPICS-MDs) and 300 practice tools were devel-
oped, and a website was launched, www.beteroud.nl. The website acts as a central resource for 
information, tips and tools [3]. The TOPICS-MDS database contains information on the well-
being of the frail elderly, covering health experiences, quality of life, illness and ailments, daily 
functioning, mental well-being, social functioning, use of care and caregiver burden [4–9].

The 218 projects carried out as part of the National Care for the Elderly Programme were 
focused on themes such as early signalling, care plans, recovery care, ICT and eHealth,  
district-oriented work, welfare and education. Some projects specifically focused on care for 
elderly immigrants with different ethnic backgrounds [10, 11]. The group of older migrants 
is growing fast. They are among the frailest people in the society. They have often done a lot 
of heavy work and have language problems and little education, and they live in deprived 
neighbourhoods of minimal income. All these factors have an unfavourable effect on their 
health. Key figures from their own community with the same background play a central role 
in the project ‘voice of the older migrant’ (De stem van de oudere migrant in Dutch). Through 
their relationship based on mutual trust, the key figures are able to provide the elderly with 
information and advice. Besides they form the bridge between the elderly on one hand and 
care and welfare professionals and organisations on the other hand. After the project, the 
older migrants experienced improved quality of life and self-reliance; less social isolation; 
better access to and familiarity with care, welfare and housing; better communication with 
healthcare professionals; and more knowledge about health. The professionals experienced 
better coordination of care and welfare tailored to the wishes and needs of the older migrant 
and knowledge about caring for this group. For society, the result was that older migrants are 
healthier and more self-reliant and caused less burden on informal caregivers.

3. Three exemplary projects on integrated care

3.1. Integrated Neighbourhood Approach (Even Buurten in Dutch)

This project aimed to develop integrated support for vulnerable elderly people, using both 
informal and formal networks [12–14].
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A central coordinator, or pivot, worked with key figures to provide appropriate support for 
elderly people. At first she inventorised on one hand the needs and wants of frail elderly and 
on the other hand the offer of the volunteers. And then she matched the needs and the offer 
to organize tailor made support for the elderly. This improves the self-reliance and quality of 
life of elderly people aged 70 and over who are living at home.

Research: The project was investigated with a mixed method design. The participants were 372 
vulnerable elderly people (and their caregivers), half of whom were in the intervention group 
and the other half in the control group.

Results: This project led to a great deal of new knowledge, experience and insights. After 1 year, 
there was no change in self-reliance (health-related), quality of life and well-being among the 
elderly, and there were no effects on outcomes for caregivers. However, the elderly, the pivots 
and the volunteers reported that they were very satisfied with their work. The cooperation 
of the pivots with informal caregivers was better than it was with other professionals. It also 
became apparent that conducting the project for different neighbourhoods requires a specific 
approach that fits with the ‘culture’ of each neighbourhood.

Implementation: The ‘Integrated Neighbourhood Approach’ has already been implemented 
in other neighbourhoods of Rotterdam and in other regions such as Groningen and Zeeland.

3.2. Embrace service for person-centred and integrated primary care (SamenOud in 
Dutch)

Embrace is based on the Chronic Care Model and the Kaiser Permanente Triangle [15–17]. It 
provides person-centred and integrated care and support to older adults living in communi-
ties. People, 75 years and older, are invited by their GP to participate. Participants receive an 
annual questionnaire and based on their answers are classified into one of three risk profiles: 
robust, frail and complex care needs. A multidisciplinary elderly care team provides care and 
support, with a suitable care intensity level, to each risk profile. Each team consists of a GP, a 
nursing home physician and two case managers: a district nurse and a social worker.

The programme includes regular Embrace community meetings in which self-management 
abilities are encouraged. Local healthcare and welfare organisations provide information on 
health maintenance, physical and social activities and dietary recommendations. In addition, 
frail people and those with complex care needs receive individual support from a case manager. 
They jointly develop an individual care and support plan targeting all health-related problems. 
Before being implemented, the plan is agreed upon by the elderly care team. The case managers 
monitor changes in medical, psychosocial or living conditions and navigate the plan’s delivery.

A web-based personal electronic record system supports the elderly care team and provides 
data for monitoring and evaluation.

Research: The original project was evaluated with a randomized controlled trial with about 
1500 participating older adults and with several qualitative and longitudinal studies.

Results: The prevalence and severity of health-related problems were significantly decreased 
among older adults who received case management, while their general health remained 
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stable and their well-being increased. Participants also experienced a greater sense of security 
and more control over their lives. Thanks to Embrace, older adults were less affected by the 
effects of ageing and were confident they could live at home longer.

Participants also experienced improved quality of care, while case managers reported that 
they were better able to proactively match the needs of participants due to having developed 
long-term relationships with these older adults. The costs remained the same.

Embrace is an effective way to provide care for the elderly, in other words, more quality at 
the same cost. Currently, this new integrated care service has been implemented in several 
communities and is being financed by healthcare insurance companies and municipalities.

3.3. Transitional Care Bridge (Transmurale Zorgbrug in Dutch)

The ‘Transitional Care Bridge’ project focuses on the interface between primary care and hos-
pital care [18–19]. Today, elderly people are discharged from hospitals sooner than they would 
have been in the past. After discharge from hospital, many older people experience physical 
decline. A quarter die within the first 3 months after being discharged from hospital, and about 
a third suffer further deterioration in their ability to perform basic activities such as walking, 
eating or dressing. The transitional care bridge aims to provide better care and support at home 
after elderly patients leave hospital with a so-called warm transfer. This begins with a visit 
from the home-care nurse while the patient is still in hospital, allowing the home-care nurse to 
become acquainted with the patient and to obtain information from the geriatric nurse. Within 
2 days after leaving the hospital, the elderly person is visited at home again by the home-care 
nurse. Another four visits follow.

Research: Using a randomized controlled trial, the Transitional Care Bridge was investigated 
with 674 elderly people (337 in the intervention group and 337 in the control group) from 
350 GPs, in three hospitals and home-care organisations. Care was comparable across the 
three hospitals and determined by screening on admission and a comprehensive geriatric 
assessment.

Results: 30 days after discharge, there were 37% fewer deaths among the elderly people in the 
intervention group than among those in the control group. The decrease in mortality was mainly 
a result of the ‘warm’ transfer from hospital, the prompt home visit after discharge and a better 
transfer of medication. Eighty percent of elderly people leave hospital with new medication; 
about half of these do not cope well with the new medication by themselves. The home-care 
nurse helped with the proper administration of new medication.

Implementation: The transitional care bridge has already been implemented in half of the 
hospitals in the Netherlands. It is one of the criteria for becoming a ‘senior-friendly hospital’, 
a quality hallmark created to improve hospital care for the elderly.

As home-care nurses are already familiar with 80% of elderly people in their area, a visit to 
the hospital is not always necessary, provided that the transfer of data and the follow-up 
visit are conducted within 2 days of discharge. Tools and activities important for successful 
delivery of the project include a patient letter with information concerning medication and 
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support, with a suitable care intensity level, to each risk profile. Each team consists of a GP, a 
nursing home physician and two case managers: a district nurse and a social worker.

The programme includes regular Embrace community meetings in which self-management 
abilities are encouraged. Local healthcare and welfare organisations provide information on 
health maintenance, physical and social activities and dietary recommendations. In addition, 
frail people and those with complex care needs receive individual support from a case manager. 
They jointly develop an individual care and support plan targeting all health-related problems. 
Before being implemented, the plan is agreed upon by the elderly care team. The case managers 
monitor changes in medical, psychosocial or living conditions and navigate the plan’s delivery.

A web-based personal electronic record system supports the elderly care team and provides 
data for monitoring and evaluation.

Research: The original project was evaluated with a randomized controlled trial with about 
1500 participating older adults and with several qualitative and longitudinal studies.

Results: The prevalence and severity of health-related problems were significantly decreased 
among older adults who received case management, while their general health remained 
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about half of these do not cope well with the new medication by themselves. The home-care 
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rehabilitation policy, a user-friendly questionnaire to detect vulnerable elderly people and 
10 days of training for district nurses. For the purpose of allowing greater freedom for elderly 
people, elderly associations have developed a form which elderly patients can use to request 
a geriatric assessment upon admission to hospital and medical information at discharge.

During ‘Ageing Better Workshops’, elderly people offered their evaluation of the project 
from the perspective of an elderly person. This has led to changes in the available informa-
tion for elderly people and their caregivers to use before hospitalization, whenever possible. 
Suggestions were also made to pay greater attention to welfare aspects.

4. Participation of the elderly

From the outset of the programme, the ZonMw committee worked to ensure that elderly 
people were not only the object of inquiry and research in the programme but were also 
included as subjects and participants. The elderly people were encouraged to participate in 
the geriatric networks and in working groups. As a result, the focus of empirical research on 
medical care innovation shifted over time, based partly on what elderly people themselves 
considered being important. This in turn led to an increasing emphasis on welfare and sup-
port of the elderly in the continuum of well-being and care.

Initially, elderly people had to become accustomed to participating in a professional set-
ting. Collaboration between volunteers (the elderly people) and professionals cannot be 
taken for granted and requires commitment from everyone involved. Elderly people were 
trained to discuss project proposals, procedures and outcomes with professionals. Frail 
elderly people were not involved in these procedures. However, as the active elderly peo-
ple had regular contact with the frail elderly people, the voices of the frail elderly people 
could be included in the working groups. Embedding elderly people in the organisation 
of the networks and involving them in projects and research meant that all networks had a 
strong core group of active elderly people. The project outputs were better suited to elderly 
people’s needs because elderly participants were included in target group panels and advi-
sory boards. For example, participants proposed improved integration of medical care and 
welfare and more preventive activities.

A new phenomenon is the involvement of elderly people in education, not just occasionally 
but as a structural part of the curriculum. This occurs especially where colleges and universi-
ties train students to work as professionals—nurses, doctors, physiotherapists, and psychol-
ogists, for example—with elderly people. Elderly people participate as teachers in various 
roles, for example, as patient, guest lecturer, mentor or co-supervisor of theses. They also par-
ticipate in research, in focus groups and in training groups. The combination of elderly and 
young people has proved to be valuable to everyone concerned. Elderly people have also been 
asked to participate in technical and vocational training programmes. The Organization of 
Elderly (DenkTank 60+ Noord in Dutch) has five research and development education groups. 
The demand for elderly is now greater than the offer.
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5. Continuation

The Dutch National Care for the Elderly Programme, which began as a research project, has 
since become a movement. The results will be implemented further by the consortium Ageing 
Better (BeterOud in Dutch), a cooperation of 11 organisations including knowledge institutes 
for long-term care and welfare, elderly associations, regional support networks and housing 
corporations [3]. The movement’s many ambassadors work to advocate the message that old 
age is a new phase, the logical continuation of your life, in which you still manage your own 
life and in which you still play the main role. Ageing Better aims to support and inspire every-
one, in person and online, so that we can succeed to assign value to this new phase.

In 2015, Deltaplan Dementia was launched by the Netherlands Organisation for Health 
Research and Development (ZonMw), a large national programme for fundamental research 
on dementia and a programme of initiatives to improve care for patients suffering from 
dementia.

In 2018 a new programme on long-term care for frail elderly people and people with physical 
and mental disabilities will be launched by ZonMw, a programme for the next 4 years.

The Dutch College of General Practitioners has renewed their Vision on General Practice 
Care for the elderly and developed a National Primary Care Agreement for communication 
between different care providers and a handbook for elderly care.

A national guideline for person-centred and integrated care for elderly patients will be devel-
oped in the coming years.

The Advisory Board for Health and Welfare of the Ministry of Health, Welfare and Sport has 
recommended introducing a personal care plan to be used for all elderly patients to help them 
cope with their multiple problems.

The Dutch government will set aside EUR 435 million in 2018 for the nursing homes and 
suggests that in the long term, some 2.1 billion euros can be added to the nursing homes per 
year. The extra money is intended to improve the quality of nursing home care by appointing 
more well-trained staff. For district nursing, ambulance care, intensive care and emergency 
services, the government is putting additional effort into making available 350 million euros 
for the period from 2017 to 2022.

6. Lessons learned

We learned a number of valuable lessons during the programme that was meant to provide 
care, support and welfare for frail elderly that should fit the elderly as a warm and cosy jacket:

• Participation of the target group in the execution of the programme is the key to success.

• The main priority of frail elderly people is quality of life and well-being, not living longer.
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• Welfare and medical care must become integrated by taking into account living and hous-
ing conditions.

• Well-being is dependent on good quality of integrated care in the neighbourhood, in pri-
mary care and with a good integration of hospital and primary care.

• It is worthwhile encouraging a healthy lifestyle to postpone physical, mental and social 
limitations for as long as possible.

• Elderly people advocate cherishing social contacts, counting your blessings and doing your 
best to help other people.

• Implementation should be a consideration from the start of the project regarding planning, 
budget and participating partners.

7. Conclusions

The increasing ageing populations request innovative policies and initiatives, dedicated pro-
fessionals, participating elderly and evidence-based procedures. The Dutch National Care for 
the Elderly Programme focused on frail elderly, who form about one-third of the group of 
80 years and are overrepresented among elderly from low social economic status and of those 
with a migrant background.

In this programme, the elderly themselves played a key role in the geriatric networks, in the 
research projects and in interpreting the outcomes. As a result, the focus of the programme 
shifted from medical care to care and welfare, and the outcomes were more suited to the 
needs and wants of the elderly. In schools, colleges and universities where professionals for 
elderly care and welfare are educated, elderly participated and play a role as patient, guest 
lecturer and supervisor.

Integration of communication and activities of informal caregivers, volunteers and formal 
caregivers in the neighbourhood, of medical and welfare professionals in primary care, and 
integration of primary care and hospital care by direct communication between the home-
care nurse and the geriatric nurse in the hospital had positive results.

The implementation of the effective projects is not finished yet. It requests adaptation in new 
regions of the professionals and organisations involved.

The continuation of the national programme is realized by the consortium Ageing Better, 
an organisation of eight organisations. The organisation and its ambassadors are active in 
spreading the message that ageing is a new phase of life with new possibilities and chal-
lenges that request anticipation and preparation, a healthy lifestyle and cherishing social 
contacts.

The enduring outcomes of the initiatives described above deserve the continuous attention of 
elderly people, professionals, researchers and directors and also of municipalities, healthcare 
organisations and the government.
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A. Dutch System of Care and Welfare Acts

The Dutch system of care and welfare consists of four acts important for elderly: the Health 
Insurance Act, the Social Act, the Long Term Care Act and the Youth Act.

The Health Insurance Act (Zvw) is obliged to provide health insurance to all Dutchmen.  
Children up to 18 years old are automatically insured with their parents. The healthcare providers 
are obliged to accept everyone. Funding takes place through a nominal premium and an income-
dependent contribution. The basic insurance covers a large number of health risks, including:

• Medical care (primary care) in hospitals, general practitioners and other recognized health-
care providers

• Hospital transport

• Dental care (for young people)

• Pharmaceutical care (medication)

• Certain tools, such as a denture or hearing aid

• Personal care and nursing through the district nurse

• Maternity and obstetric care

• Paramedic care

Except for a consultation to the general practitioner, an additional contribution is requested 
for the remaining tasks, the so-called own risk with a maximum of €350 per year.

The Social Support Act (Wmo) is implemented by municipalities in the Netherlands and 
aims to allow citizens to live at home for as long as possible (self-reliance) and to participate 
in society (participation). The municipalities also have to promote social contacts for people 
with disabilities: chronic sick, frail elderly and mentally handicapped persons. For certain 
tasks such as home help, an income-dependent contribution is requested. Each municipality 
is setting up a social district team where people can seek help.

Long Term Care Act (WLZ 2015) provides an integrated package of care and facilities for peo-
ple who are seriously handicapped and limited, e.g. because of dementia.

Everything that the client needs is provided and arranged, namely:

• Permanent stay in an institution (or living at home)

• Guidance, nursing and care

• Medical care and treatment related to the disease

• In certain care areas: physiotherapy and dentistry

• Aids such as scoot mobiles and wheelchairs

• Transport to the place of guidance, treatment and care
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Abstract

Aging is an enormously complicated process. Despite a great many of theories (among 
them “Program Theories”, “Combined Theories”, “Damage Theories”, “Inflamm-Aging”, 
“Garb-Aging” and the “Rising Deleteriome”), so far there is none which is able to explain 
this phenomenon satisfactorily and completely. A different approach to address the com-
plexity of aging is to characterize the major “Hallmarks of Aging”. These are genomic 
instability, telomere attrition, epigenetic alterations, loss of proteostasis, deregulated nutri-
ent sensing, mitochondrial dysfunction, cellular senescence, stem cell exhaustion and an 
altered intercellular communication. From research on these hallmarks, new avenues were 
opened on how to interfere with the aging process. Some of these possible therapeutic 
interventions are described here too.

Keywords: aging, aging theories, hallmarks of aging, senescence, healthy aging,  
anti-aging interventions

1. Introduction

Aging has ever been a puzzling phenomenon for mankind. It is already an important topic 
in ancient Greek mythology: Eos goddess of the dawn did fall in love with Tithonus son of 
Laomedon king of Troy. Eos asked Zeus to grant Tithonus immortality, she did forget to ask 
for eternal youth too, however. Therefore Tithonus was living happily, but the process of 
aging continued inexorably. Over time, there was not much more left of him than a croaking 
voice and finally, he was transformed into a cicada.

The question of then still remains today: Is aging really unavoidable? Not necessarily, as some 
organisms do not seem to age. Most prominent of them is the tiny fresh water polyp Hydra. It 
does already have a simple nervous system and does not display any signs of aging.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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This remarkable feature of Hydra is due to the fact that its stem cells have an unlimited capac-
ity for self-renewal. In this respect, the transcription factor FoxO plays a crucial role [1]. In 
contrast to Hydra, all vertebrates are aging although at a very different rate. The lifespan of 
the mouse is between 2 and 4 years, whereas the lifespan of the Greenland shark is beyond 
400 years [2]. If we look at mammals, the lifespan can vary up to 100-fold: The Etruscan shrew 
has a lifespan up to 2 years, whereas for the bowhead whale a lifespan beyond 200 years 
has been estimated [3]. In general, large animals are living longer than small ones. A dog 
lives considerably longer than a mouse and an Elephant lives much longer than a dog. There 
is, however, a great variety in lifespans: as already mentioned, the lifespan of the mouse is 
in the range of 2–4 years, whereas the related naked mole rat which is roughly the same 
size lives up to 30 years [4]. Some organisms are aging very fast and some are aging quite 
slowly. Nevertheless for all of them is true: Aging is characterized by a reduction of fitness, 
an increase of age-related diseases and a massive increase of the risk of dying. Considering 
humans, the risk of dying of an 80-year-old is 300 times higher than for a 20-year-old person 
[5]. With this chapter, we want to give a short overview on major topics of current aging 
research. Furthermore, we want to point out possibilities that are arising from this research 
field which will probably help to increase the healthy lifespan quite considerably.

2. Theories of aging

In the quest to explain aging, many theories have been developed. In 1990, Zhores Medvedev 
collected all these different theories and their number exceeded 300 [6]. In the meantime, a 
number of new ones have been presented. Considering only this fact, one can easily imag-
ine that aging is a very complex process. Accordingly, aging is far away from being under-
stood completely. In a recent publication, the different theories are divided into “Program 
Theories”, “Combined Theories” and “Damage Theories” [7]. The program theories are based 
on the assumption that aging is genetically programed. Among these theories is the theory 
of replicative senescence [8]. Already in 1965, Hayflick has observed that cells in cell culture 
divide about 40–50 times after which they enter a permanent cell cycle arrest from which they 
cannot escape any more. This phenomenon has been explained by the shortening of telomeres 
taking place at each cell division. If telomeres are becoming too short, the shelterin complex is 
lost and the cell recognizes this as a DNA double-strand break triggering a permanent DNA 
damage response [9]. Furthermore, it turned out that cellular senescence can be triggered by 
a variety of different stress factors, among them oxidative stress or overexpression of cellular 
oncogenes. Cellular senescence is a potent anti-tumor mechanism preventing damaged cells 
from dividing any further. Senescent cells undergo dramatic phenotypic changes and start 
secreting many proteins (among them cytokines and chemokines), this is known as the senes-
cence-associated secretory phenotype (SASP). These proteins attract immune cells like macro-
phages, neutrophils and natural killer cells, which are supposed to remove the senescent cells. 
Nevertheless, senescent cells are accumulating with increasing age and triggering pathological 
changes in the particular organ. In a mouse model, it has been demonstrated that pathological 
changes in lung [10], kidney, heart and adipose tissue [11] can be prevented if senescent cells are 
cleared from the organism. There is convincing evidence that senescent cells play a major role 
in reducing the function of old organs and the emergence of age-associated pathologies [9, 12].  
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The formation of senescent cells might also be seen as kind of antagonistic pleiotropy. This 
“program” aging theory claims that during evolution mutations are taking place which pro-
vide an advantage for early stages of life but are detrimental late in life [13]: Damaged cells 
becoming senescent prevent tumor formation early in life but they produce a number of 
adverse effects late in life. The “disposable soma theory” [14] also a “program” theory claims 
that resources for an organism are limited and they have to be allocated between maintenance 
of the organism and reproduction. Furthermore does the “neuroendocrine theory of aging” 
[15] belong to the “program theories”. It states that aging is regulated by hormones similar 
to puberty and menopause. As a matter of fact, animals that reach sexual maturity in a short 
period of time have also a short lifespan. The mouse reaches sexual maturity within 6–8 weeks 
and has a lifespan of 2–4 years, whereas for the Greenland shark it takes some 150 years to 
reach sexual maturity but then its lifespan exceeds 400 years [2]. Interesting in this respect is 
that in parabiosis experiments, it was demonstrated that blood from young mice has a reju-
venating effect on old mice [16]. Recent research furthermore points to the fact that changes 
in the regulation of gene expression during aging are predominantly affecting genes which 
are responsible for growth and development [17]. The age an organism is able to live up to is 
without any doubt depending on its genome. Even under identical environmental conditions, 
a human will be living much much longer than a mouse. But up to now, there has been no 
gene identified that would actively regulate the aging process.

On the other end of the spectrum of aging theories are the damage theories. Among them the 
most prominent is the free radical theory of aging [18, 19]. According to it, reactive oxygen 
species (ROS) a byproduct of oxidative phosphorylation in mitochondria, damage DNA, lip-
ids and proteins. They will be briefly discussed as follows:

1. DNA damage: It is of utmost importance that DNA damage will be repaired efficiently. If 
not this causes a rapidly accelerated aging process as can be observed in patients with a  
progeria syndrome (Werner Syndrome). Therefore we have a number of DNA repair sys-
tems (direct reversal pathway, mismatch repair, base excision repair, nucleotide excision 
repair, homologous recombination and non-homologous end joining) which repair DNA 
damage very efficiently [20]. Altogether there are more than 100 DNA repair enzymes 
known [21] which take care that DNA damage is not a major cause for aging until their ac-
tivity diminishes during aging. Most probably contributing to the aging process are DNA 
double-strand breaks [22].

2. Lipid peroxidation: ROS predominantly attack unsaturated fatty acids in the membranes 
of a cell. By this lipid peroxidation fatty acids literally become chopped down producing 
chemically very active aldehydes [23]. These aldehydes react with DNA and proteins re-
sulting in irreversible modifications. Proteins modified this way often loose their function 
and form aggregates which are not degradable by the cell which is in particular problem-
atic in the brain. It has been demonstrated that lipid peroxidation triggers neurodegenera-
tion [24].

3. Protein oxidation: Proteins are also attacked by ROS. In particular, sulfur-containing ami-
no acids are being oxidized. The first stage of oxidation can be reversed enzymatically but 
later stages not any more [25]. Oxidatively damaged proteins too have the tendency to de-
nature and to form aggregates which the cell is not able to degrade. Such aggregates may 

The Basics of Biogerontology
http://dx.doi.org/10.5772/intechopen.76246

117



This remarkable feature of Hydra is due to the fact that its stem cells have an unlimited capac-
ity for self-renewal. In this respect, the transcription factor FoxO plays a crucial role [1]. In 
contrast to Hydra, all vertebrates are aging although at a very different rate. The lifespan of 
the mouse is between 2 and 4 years, whereas the lifespan of the Greenland shark is beyond 
400 years [2]. If we look at mammals, the lifespan can vary up to 100-fold: The Etruscan shrew 
has a lifespan up to 2 years, whereas for the bowhead whale a lifespan beyond 200 years 
has been estimated [3]. In general, large animals are living longer than small ones. A dog 
lives considerably longer than a mouse and an Elephant lives much longer than a dog. There 
is, however, a great variety in lifespans: as already mentioned, the lifespan of the mouse is 
in the range of 2–4 years, whereas the related naked mole rat which is roughly the same 
size lives up to 30 years [4]. Some organisms are aging very fast and some are aging quite 
slowly. Nevertheless for all of them is true: Aging is characterized by a reduction of fitness, 
an increase of age-related diseases and a massive increase of the risk of dying. Considering 
humans, the risk of dying of an 80-year-old is 300 times higher than for a 20-year-old person 
[5]. With this chapter, we want to give a short overview on major topics of current aging 
research. Furthermore, we want to point out possibilities that are arising from this research 
field which will probably help to increase the healthy lifespan quite considerably.

2. Theories of aging

In the quest to explain aging, many theories have been developed. In 1990, Zhores Medvedev 
collected all these different theories and their number exceeded 300 [6]. In the meantime, a 
number of new ones have been presented. Considering only this fact, one can easily imag-
ine that aging is a very complex process. Accordingly, aging is far away from being under-
stood completely. In a recent publication, the different theories are divided into “Program 
Theories”, “Combined Theories” and “Damage Theories” [7]. The program theories are based 
on the assumption that aging is genetically programed. Among these theories is the theory 
of replicative senescence [8]. Already in 1965, Hayflick has observed that cells in cell culture 
divide about 40–50 times after which they enter a permanent cell cycle arrest from which they 
cannot escape any more. This phenomenon has been explained by the shortening of telomeres 
taking place at each cell division. If telomeres are becoming too short, the shelterin complex is 
lost and the cell recognizes this as a DNA double-strand break triggering a permanent DNA 
damage response [9]. Furthermore, it turned out that cellular senescence can be triggered by 
a variety of different stress factors, among them oxidative stress or overexpression of cellular 
oncogenes. Cellular senescence is a potent anti-tumor mechanism preventing damaged cells 
from dividing any further. Senescent cells undergo dramatic phenotypic changes and start 
secreting many proteins (among them cytokines and chemokines), this is known as the senes-
cence-associated secretory phenotype (SASP). These proteins attract immune cells like macro-
phages, neutrophils and natural killer cells, which are supposed to remove the senescent cells. 
Nevertheless, senescent cells are accumulating with increasing age and triggering pathological 
changes in the particular organ. In a mouse model, it has been demonstrated that pathological 
changes in lung [10], kidney, heart and adipose tissue [11] can be prevented if senescent cells are 
cleared from the organism. There is convincing evidence that senescent cells play a major role 
in reducing the function of old organs and the emergence of age-associated pathologies [9, 12].  
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that resources for an organism are limited and they have to be allocated between maintenance 
of the organism and reproduction. Furthermore does the “neuroendocrine theory of aging” 
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and has a lifespan of 2–4 years, whereas for the Greenland shark it takes some 150 years to 
reach sexual maturity but then its lifespan exceeds 400 years [2]. Interesting in this respect is 
that in parabiosis experiments, it was demonstrated that blood from young mice has a reju-
venating effect on old mice [16]. Recent research furthermore points to the fact that changes 
in the regulation of gene expression during aging are predominantly affecting genes which 
are responsible for growth and development [17]. The age an organism is able to live up to is 
without any doubt depending on its genome. Even under identical environmental conditions, 
a human will be living much much longer than a mouse. But up to now, there has been no 
gene identified that would actively regulate the aging process.

On the other end of the spectrum of aging theories are the damage theories. Among them the 
most prominent is the free radical theory of aging [18, 19]. According to it, reactive oxygen 
species (ROS) a byproduct of oxidative phosphorylation in mitochondria, damage DNA, lip-
ids and proteins. They will be briefly discussed as follows:

1. DNA damage: It is of utmost importance that DNA damage will be repaired efficiently. If 
not this causes a rapidly accelerated aging process as can be observed in patients with a  
progeria syndrome (Werner Syndrome). Therefore we have a number of DNA repair sys-
tems (direct reversal pathway, mismatch repair, base excision repair, nucleotide excision 
repair, homologous recombination and non-homologous end joining) which repair DNA 
damage very efficiently [20]. Altogether there are more than 100 DNA repair enzymes 
known [21] which take care that DNA damage is not a major cause for aging until their ac-
tivity diminishes during aging. Most probably contributing to the aging process are DNA 
double-strand breaks [22].

2. Lipid peroxidation: ROS predominantly attack unsaturated fatty acids in the membranes 
of a cell. By this lipid peroxidation fatty acids literally become chopped down producing 
chemically very active aldehydes [23]. These aldehydes react with DNA and proteins re-
sulting in irreversible modifications. Proteins modified this way often loose their function 
and form aggregates which are not degradable by the cell which is in particular problem-
atic in the brain. It has been demonstrated that lipid peroxidation triggers neurodegenera-
tion [24].

3. Protein oxidation: Proteins are also attacked by ROS. In particular, sulfur-containing ami-
no acids are being oxidized. The first stage of oxidation can be reversed enzymatically but 
later stages not any more [25]. Oxidatively damaged proteins too have the tendency to de-
nature and to form aggregates which the cell is not able to degrade. Such aggregates may 
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cause death of the cell eventually as is the case in Alzheimer patients. ROS are damaging 
cells in many locations in particular if they are produced excessively. On the other hand, 
ROS are important signaling molecules, therefore their complete removal by antioxidants 
is definitely counterproductive. In recent years, a modification of the free radical theory of 
aging gained attention: It claims that not ROS are driving the aging process but the dis-
turbed redox homeostasis is a major culprit [26, 27].

Also a damage theory is the theory of “Inflamm-Aging” which claims that aging is caused 
by ongoing low level sterile inflammatory processes [28]. In fact all degenerative diseases in 
aging have an inflammatory component as there are: Alzheimer, Parkinson, arteriosclero-
sis, arthritis, multiple sclerosis, osteoporosis and diabetes type II [29]. Responsible for many 
inflammatory reactions are debris of dead cells and un-degradable protein aggregates which 
have not been removed completely. This was the basis to coin the term “Garb-Aging” (from 
garbage and aging) as an addition to inflamm-aging [30]. None of the so far mentioned theo-
ries, however, is able to explain all facets of the aging process. Therefore a new perspective 
was presented recently: “Aging: progressive decline in fitness due to the rising deleteriome” 
[31]. According to this theory neither the synthesis of biomolecules nor the repair systems 
in a cell are working absolute flawlessly. Furthermore there are chemical reactions between 
many biomolecule. The resulting compounds cannot be removed completely. That means 
that unwanted reaction products as well as non-repaired damage (= deleteriome) increases 
with time and causes the aging process.

3. Hallmarks of aging

A completely different approach than to explain aging by theories is to describe it by its major 
characteristic features: “The Hallmarks of Aging” [32]:

3.1. Genomic instability

DNA is permanently exposed to a great variety of damage caused by ROS, lipid peroxidation 
products, environmental mutagens, hydrolytic reactions, UV irradiation and many more.

Besides chemical modifications to DNA, there can be single- and double-strand breaks, depu-
rination as well as cross links between bases. Addition, deletion or substitution of bases is 
causing mutations. All together, these changes can also lead to epigenetic alterations causing 
changes in gene expression. To repair this damage efficiently is of utmost importance as can 
be seen in progeria or premature aging syndromes. In these diseases, defects in DNA repair 
systems are causing a dramatically accelerated aging process [33].

Usually, DNA damage is repaired very efficiently, however, the activity of the repair systems 
declines during aging [34].

3.2. Telomere attrition

Telomeres are protective caps on the ends of chromosomes preventing degradation or fusion 
of chromosome ends. At every cell division, telomeres are getting shorter and if they reach a 
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critical length the cells, are not able to divide anymore. This telomere attrition eventually leads 
to replicative senescence. The degree of shortening is proportionate to risks of a number of 
aging diseases [35]. In particular, short telomeres lead to bone marrow failure causing anemia 
and immune senescence and to enterocolitis in the intestinal epithelium. Furthermore, short 
telomeres are causing premature onset of emphysema and pulmonary fibrosis in the lung, 
fibrosis in the liver and also osteoporosis [36]. In addition, short telomeres have an impact on 
gene expression through telomere position effects on nearby genes [37]. Through the expression 
of telomerase in mice, the normal aging process could be delayed [38]. In humans, 11 muta-
tions inactivating a single gene are known which directly affect telomere maintenance and they 
lead to age-related diseases and accelerated aging [35]. Also a telomere biology disorder is the 
Hoyeraal-Hreidarsson (HH) syndrome which is caused by mutations in genes with telomeric 
functions. It is characterized by very short telomeres and affected individuals die in childhood 
mostly due to bone marrow failure [39]. Interestingly, it has been shown that in wild animals, 
telomeres shorten more slowly in slow-aging than in fast-aging ones [40].

3.3. Epigenetic alterations

Epigenetic changes are comprising alterations in histone marks, DNA methylation, nucleo-
some positioning and non-coding RNAs [41]. Histone modifications and methylation patterns 
of CpG islands have a tremendous influence on gene expression. For a set of 353 CpG islands, 
a clear correlation with age could be demonstrated. Of these, 193 CpGs get hypermethylated 
and 160 get hypomethylated during aging [42]. According to its reliable changes in methyla-
tion status, this set has been termed the epigenetic clock [27, 42, 43]. With this epigenetic clock, 
it is possible to predict the biological age and an age-related functional decline. Furthermore, 
it has been demonstrated that lifestyle factors like diet, exercise and education have an influ-
ence on this epigenetic clock [44]. In addition to DNA, the histones are subject to modifi-
cations (acetylation, methylation, phosphorylation and more). There are also a number of 
methylation marks that are changing with age. But the present picture is less clear than with 
DNA methylation [41]. A lot of attention has been focused on sirtuins. Sirtuins are class III his-
tone deacetylases, which need NAD+ as a cofactor and remove acetyl groups from previously 
modified lysines in the histone N-terminal tails. By removing the acetyl groups, lysines regain 
their positive charge and bind more tightly to DNA. The result is a more compact chromatin 
structure and down-regulation of gene expression. The removal of histone acetyl groups by 
sirtuins results in an extension of lifespan [45]. In total, seven sirtuins are known, of which 
SIRT1, SIRT6 and SIRT7 are localized in the nucleus. SIRT2 is predominantly found in the 
cytoplasm and is only localized to chromatin during the G/M phase of the cell cycle. SIRT3, 
SIRT4 and SIRT5 are the three mitochondrial deactelyases. Sirtuins do not only deacetylate 
histones but regulate the activity of a number of other proteins too. This way they play a cen-
tral role in regulatory networks important for aging and longevity [46]. Mutant mice where 
single sirtuin genes have been deleted show a number of different pathologies connected to 
metabolism, cancer and inflammation [47].

3.4. Loss of proteostasis

Proteins not only have to be synthesized but they have to be removed and degraded eventually. 
Among many others, there are two major ways to remove damaged proteins: either to degrade 
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cause death of the cell eventually as is the case in Alzheimer patients. ROS are damaging 
cells in many locations in particular if they are produced excessively. On the other hand, 
ROS are important signaling molecules, therefore their complete removal by antioxidants 
is definitely counterproductive. In recent years, a modification of the free radical theory of 
aging gained attention: It claims that not ROS are driving the aging process but the dis-
turbed redox homeostasis is a major culprit [26, 27].

Also a damage theory is the theory of “Inflamm-Aging” which claims that aging is caused 
by ongoing low level sterile inflammatory processes [28]. In fact all degenerative diseases in 
aging have an inflammatory component as there are: Alzheimer, Parkinson, arteriosclero-
sis, arthritis, multiple sclerosis, osteoporosis and diabetes type II [29]. Responsible for many 
inflammatory reactions are debris of dead cells and un-degradable protein aggregates which 
have not been removed completely. This was the basis to coin the term “Garb-Aging” (from 
garbage and aging) as an addition to inflamm-aging [30]. None of the so far mentioned theo-
ries, however, is able to explain all facets of the aging process. Therefore a new perspective 
was presented recently: “Aging: progressive decline in fitness due to the rising deleteriome” 
[31]. According to this theory neither the synthesis of biomolecules nor the repair systems 
in a cell are working absolute flawlessly. Furthermore there are chemical reactions between 
many biomolecule. The resulting compounds cannot be removed completely. That means 
that unwanted reaction products as well as non-repaired damage (= deleteriome) increases 
with time and causes the aging process.

3. Hallmarks of aging

A completely different approach than to explain aging by theories is to describe it by its major 
characteristic features: “The Hallmarks of Aging” [32]:

3.1. Genomic instability

DNA is permanently exposed to a great variety of damage caused by ROS, lipid peroxidation 
products, environmental mutagens, hydrolytic reactions, UV irradiation and many more.

Besides chemical modifications to DNA, there can be single- and double-strand breaks, depu-
rination as well as cross links between bases. Addition, deletion or substitution of bases is 
causing mutations. All together, these changes can also lead to epigenetic alterations causing 
changes in gene expression. To repair this damage efficiently is of utmost importance as can 
be seen in progeria or premature aging syndromes. In these diseases, defects in DNA repair 
systems are causing a dramatically accelerated aging process [33].

Usually, DNA damage is repaired very efficiently, however, the activity of the repair systems 
declines during aging [34].

3.2. Telomere attrition

Telomeres are protective caps on the ends of chromosomes preventing degradation or fusion 
of chromosome ends. At every cell division, telomeres are getting shorter and if they reach a 
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critical length the cells, are not able to divide anymore. This telomere attrition eventually leads 
to replicative senescence. The degree of shortening is proportionate to risks of a number of 
aging diseases [35]. In particular, short telomeres lead to bone marrow failure causing anemia 
and immune senescence and to enterocolitis in the intestinal epithelium. Furthermore, short 
telomeres are causing premature onset of emphysema and pulmonary fibrosis in the lung, 
fibrosis in the liver and also osteoporosis [36]. In addition, short telomeres have an impact on 
gene expression through telomere position effects on nearby genes [37]. Through the expression 
of telomerase in mice, the normal aging process could be delayed [38]. In humans, 11 muta-
tions inactivating a single gene are known which directly affect telomere maintenance and they 
lead to age-related diseases and accelerated aging [35]. Also a telomere biology disorder is the 
Hoyeraal-Hreidarsson (HH) syndrome which is caused by mutations in genes with telomeric 
functions. It is characterized by very short telomeres and affected individuals die in childhood 
mostly due to bone marrow failure [39]. Interestingly, it has been shown that in wild animals, 
telomeres shorten more slowly in slow-aging than in fast-aging ones [40].

3.3. Epigenetic alterations

Epigenetic changes are comprising alterations in histone marks, DNA methylation, nucleo-
some positioning and non-coding RNAs [41]. Histone modifications and methylation patterns 
of CpG islands have a tremendous influence on gene expression. For a set of 353 CpG islands, 
a clear correlation with age could be demonstrated. Of these, 193 CpGs get hypermethylated 
and 160 get hypomethylated during aging [42]. According to its reliable changes in methyla-
tion status, this set has been termed the epigenetic clock [27, 42, 43]. With this epigenetic clock, 
it is possible to predict the biological age and an age-related functional decline. Furthermore, 
it has been demonstrated that lifestyle factors like diet, exercise and education have an influ-
ence on this epigenetic clock [44]. In addition to DNA, the histones are subject to modifi-
cations (acetylation, methylation, phosphorylation and more). There are also a number of 
methylation marks that are changing with age. But the present picture is less clear than with 
DNA methylation [41]. A lot of attention has been focused on sirtuins. Sirtuins are class III his-
tone deacetylases, which need NAD+ as a cofactor and remove acetyl groups from previously 
modified lysines in the histone N-terminal tails. By removing the acetyl groups, lysines regain 
their positive charge and bind more tightly to DNA. The result is a more compact chromatin 
structure and down-regulation of gene expression. The removal of histone acetyl groups by 
sirtuins results in an extension of lifespan [45]. In total, seven sirtuins are known, of which 
SIRT1, SIRT6 and SIRT7 are localized in the nucleus. SIRT2 is predominantly found in the 
cytoplasm and is only localized to chromatin during the G/M phase of the cell cycle. SIRT3, 
SIRT4 and SIRT5 are the three mitochondrial deactelyases. Sirtuins do not only deacetylate 
histones but regulate the activity of a number of other proteins too. This way they play a cen-
tral role in regulatory networks important for aging and longevity [46]. Mutant mice where 
single sirtuin genes have been deleted show a number of different pathologies connected to 
metabolism, cancer and inflammation [47].

3.4. Loss of proteostasis

Proteins not only have to be synthesized but they have to be removed and degraded eventually. 
Among many others, there are two major ways to remove damaged proteins: either to degrade 
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them by the proteasome or via autophagy [48, 49]. In addition, the cell has chaperones. These 
proteins help to fold proteins correctly or enable the renaturation of already denatured pro-
teins. If refolding is impossible, chaperons are also able to target misfolded proteins to the pro-
teasome. Therefore proteostasis, the maintenance of an intact proteome, includes not only 
synthesis and degradation of proteins but also folding and conformational maintenance. The dis-
turbance of proteostasis is considered to be a major cause of aging [50, 51]. Not only the amount 
of chaperones is decreasing [52], but also the proteasomal activity and autophagy are declin-
ing during aging. This decline causes an accumulation of denatured proteins which have the 
tendency to form aggregates that cannot be removed by the cell anymore. These aggregates are  
detrimental to the cell and can even cause death of the cell (e.g. nerve cells in Alzheimer and 
Parkinson patients) [53]. Furthermore, it has been demonstrated that long-living animals have less 
denatured proteins than short-living ones [54]. In addition, the activity of the proteasome is remark-
ably higher in the long-living naked mole rat than in the short-lived mouse [55]. Particularly interest-
ing in this respect is that experimental interventions which reduce the aging process are stimulating 
autophagy like caloric restriction, rapamycin, metformin, resveratrol and spermidine [56].

3.5. Deregulated nutrient sensing

Nutrient sensing is of utmost importance for every cell. The major nutrient sensing pathways 
that are also longevity pathways are [57]:

• IGF-1 and insulin signaling pathway

• mTOR pathway

• AMP-activated protein kinase (AMPK) pathway

• NAD+ dependent sirtuins

IGF-1 is like insulin a growth factor for many cells and acts via the insulin and IGF-1 signaling 
(IIS) pathway. The down-regulation of this pathway leads to a prolonged lifespan [58]. IGF-1 
but also EGF and high amino acid levels are activating the mTOR pathway which stimulates 
protein synthesis and growth in general but down-regulates autophagy [59]. AMPK is the 
sensor and regulator for energy metabolism and homeostasis of the cell. AMPK activity can 
extend the lifespan of yeast, C. elegans and drosophila and the healthspan of mice [60].

NAD-dependent sirtuins are a family of deacylases which not only deacetylate histones but 
modify a large number of non-histone proteins too. They show impressive activities to pre-
vent diseases and some aspects of aging [61].

During aging, the synthesis of these sensor proteins is reduced however [62].

The different signal transduction pathways that are sensing the availability of nutrients are 
deregulated during aging by metabolic diseases [63].

3.6. Mitochondrial dysfunction

As mitochondria are not only the power plants of the cell but also important signaling centers 
they play a central role in the aging process. For energy production in form of ATP, they reduce 
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oxygen to water. If accidentially oxygen gets only one electron, it leads to the production of ROS 
instead of water. This has inspired Harman already in 1956 to present his “Free Radical Theory 
of Aging,” which he has repeatedly improved [18]. Furthermore, it has been demonstrated that 
ROS are not only causing damage but also are important signaling molecules, which are able to 
regulate many pathways. For example, ROS can induce autophagy (mitophagy) [64].

The events of biogenesis, fusion, fission and mitophagy are collected under the term mito-
chondrial dynamics [65]. Function as well as quality of mitochondria is regulated by mito-
chondrial dynamics. Nutrients in excess cause fragmentation (fission) of mitochondria and 
a low level of nutrients leads to fusion and elongation [66]. Mitochondrial dynamics is also 
influenced by external signals like hormones, nutrients and physical exercise. A number of 
pathways are involved like mTOR, AMP-activated kinase and sirtuins [67]. In particular, sir-
tuins play an important role as they do not regulate a few target enzymes but regulate func-
tional clusters (e.g. TCA cycle, fatty acid metabolism, electron transport chain and others). 
This way they are involved in the regulation of ROS-mediated signaling pathways as well 
as in the detoxification of damaging ROS. Furthermore they regulate metabolic plasticity. 
SIRT3, for example, promotes switching to fatty acid oxidation upon caloric restriction [68]. 
The modulation of metabolic changes plays a crucial role in senescence too. In addition, defect 
mitochondria are stimulating inflammatory reactions which are triggering inflamm-aging 
[69]. Altogether, mitochondrial dysfunction leads to a number of age-related diseases includ-
ing metabolic, cardiovascular and neurodegenerative pathologies, sarcopenia and fibrosis in 
different organs [65].

All these facts demonstrate that the quality of mitochondria has a tremendous impact on the 
aging process [70, 71].

3.7. Cellular senescence

Cellular senescence is characterized by an irreversible arrest of the cell cycle. This means that 
cellular senescence can only affect cells that are able to divide like stem cells, progenitor cells 
or cells that are not yet terminally differentiated. This phenomenon has been discovered with 
cells in cell culture. It turned out that they cannot divide without limits but stop growing after 
about 40–50 cell divisions [72].

The irreversible cell cycle arrest can be induced by erosion of telomeres, substantial DNA dam-
age, oxidative stress, overexpression of oncogenes, mitochondrial dysfunction and proteotox-
icity [73]. Cells in the state of senescence change their morphology, they are getting larger and 
there are massive changes in the organization of chromatin [74]. Furthermore, they start to 
secret a large number of proteins. The sum of all these proteins is called the senescence-asso-
ciated secretory phenotype (SASP). Among these proteins are pro-inflammatory cytokines, 
chemokines, growth factors and matrix metalloproteases (MMPs). The pro-inflammatory 
cytokines are causing local sterile inflammations which contribute substantially to “inflamm-
aging”. They attract cells of the immune system which are killing senescent cells. The over-
proportional increase of senescent cells during aging is probably due to a decline in immune 
function [75]. An important additional feature of senescent cells is the active suppression of 
apoptosis [76]. At the level of gene expression, permanent cell cycle arrest is mediated by the 
protein p16Ink4a which is an inhibitor of the cyclin dependent kinases 4 and 6 (CDK4 and CDK6). 
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them by the proteasome or via autophagy [48, 49]. In addition, the cell has chaperones. These 
proteins help to fold proteins correctly or enable the renaturation of already denatured pro-
teins. If refolding is impossible, chaperons are also able to target misfolded proteins to the pro-
teasome. Therefore proteostasis, the maintenance of an intact proteome, includes not only 
synthesis and degradation of proteins but also folding and conformational maintenance. The dis-
turbance of proteostasis is considered to be a major cause of aging [50, 51]. Not only the amount 
of chaperones is decreasing [52], but also the proteasomal activity and autophagy are declin-
ing during aging. This decline causes an accumulation of denatured proteins which have the 
tendency to form aggregates that cannot be removed by the cell anymore. These aggregates are  
detrimental to the cell and can even cause death of the cell (e.g. nerve cells in Alzheimer and 
Parkinson patients) [53]. Furthermore, it has been demonstrated that long-living animals have less 
denatured proteins than short-living ones [54]. In addition, the activity of the proteasome is remark-
ably higher in the long-living naked mole rat than in the short-lived mouse [55]. Particularly interest-
ing in this respect is that experimental interventions which reduce the aging process are stimulating 
autophagy like caloric restriction, rapamycin, metformin, resveratrol and spermidine [56].

3.5. Deregulated nutrient sensing

Nutrient sensing is of utmost importance for every cell. The major nutrient sensing pathways 
that are also longevity pathways are [57]:

• IGF-1 and insulin signaling pathway

• mTOR pathway

• AMP-activated protein kinase (AMPK) pathway

• NAD+ dependent sirtuins

IGF-1 is like insulin a growth factor for many cells and acts via the insulin and IGF-1 signaling 
(IIS) pathway. The down-regulation of this pathway leads to a prolonged lifespan [58]. IGF-1 
but also EGF and high amino acid levels are activating the mTOR pathway which stimulates 
protein synthesis and growth in general but down-regulates autophagy [59]. AMPK is the 
sensor and regulator for energy metabolism and homeostasis of the cell. AMPK activity can 
extend the lifespan of yeast, C. elegans and drosophila and the healthspan of mice [60].

NAD-dependent sirtuins are a family of deacylases which not only deacetylate histones but 
modify a large number of non-histone proteins too. They show impressive activities to pre-
vent diseases and some aspects of aging [61].

During aging, the synthesis of these sensor proteins is reduced however [62].

The different signal transduction pathways that are sensing the availability of nutrients are 
deregulated during aging by metabolic diseases [63].

3.6. Mitochondrial dysfunction

As mitochondria are not only the power plants of the cell but also important signaling centers 
they play a central role in the aging process. For energy production in form of ATP, they reduce 
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oxygen to water. If accidentially oxygen gets only one electron, it leads to the production of ROS 
instead of water. This has inspired Harman already in 1956 to present his “Free Radical Theory 
of Aging,” which he has repeatedly improved [18]. Furthermore, it has been demonstrated that 
ROS are not only causing damage but also are important signaling molecules, which are able to 
regulate many pathways. For example, ROS can induce autophagy (mitophagy) [64].

The events of biogenesis, fusion, fission and mitophagy are collected under the term mito-
chondrial dynamics [65]. Function as well as quality of mitochondria is regulated by mito-
chondrial dynamics. Nutrients in excess cause fragmentation (fission) of mitochondria and 
a low level of nutrients leads to fusion and elongation [66]. Mitochondrial dynamics is also 
influenced by external signals like hormones, nutrients and physical exercise. A number of 
pathways are involved like mTOR, AMP-activated kinase and sirtuins [67]. In particular, sir-
tuins play an important role as they do not regulate a few target enzymes but regulate func-
tional clusters (e.g. TCA cycle, fatty acid metabolism, electron transport chain and others). 
This way they are involved in the regulation of ROS-mediated signaling pathways as well 
as in the detoxification of damaging ROS. Furthermore they regulate metabolic plasticity. 
SIRT3, for example, promotes switching to fatty acid oxidation upon caloric restriction [68]. 
The modulation of metabolic changes plays a crucial role in senescence too. In addition, defect 
mitochondria are stimulating inflammatory reactions which are triggering inflamm-aging 
[69]. Altogether, mitochondrial dysfunction leads to a number of age-related diseases includ-
ing metabolic, cardiovascular and neurodegenerative pathologies, sarcopenia and fibrosis in 
different organs [65].

All these facts demonstrate that the quality of mitochondria has a tremendous impact on the 
aging process [70, 71].

3.7. Cellular senescence

Cellular senescence is characterized by an irreversible arrest of the cell cycle. This means that 
cellular senescence can only affect cells that are able to divide like stem cells, progenitor cells 
or cells that are not yet terminally differentiated. This phenomenon has been discovered with 
cells in cell culture. It turned out that they cannot divide without limits but stop growing after 
about 40–50 cell divisions [72].

The irreversible cell cycle arrest can be induced by erosion of telomeres, substantial DNA dam-
age, oxidative stress, overexpression of oncogenes, mitochondrial dysfunction and proteotox-
icity [73]. Cells in the state of senescence change their morphology, they are getting larger and 
there are massive changes in the organization of chromatin [74]. Furthermore, they start to 
secret a large number of proteins. The sum of all these proteins is called the senescence-asso-
ciated secretory phenotype (SASP). Among these proteins are pro-inflammatory cytokines, 
chemokines, growth factors and matrix metalloproteases (MMPs). The pro-inflammatory 
cytokines are causing local sterile inflammations which contribute substantially to “inflamm-
aging”. They attract cells of the immune system which are killing senescent cells. The over-
proportional increase of senescent cells during aging is probably due to a decline in immune 
function [75]. An important additional feature of senescent cells is the active suppression of 
apoptosis [76]. At the level of gene expression, permanent cell cycle arrest is mediated by the 
protein p16Ink4a which is an inhibitor of the cyclin dependent kinases 4 and 6 (CDK4 and CDK6). 
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In healthy young cells, p16Ink4a expression is low or undetectable but increases dramatically in 
senescent cells [9]. This way it is evident that an essential function of senescence (maybe the 
most important one for the organism) is to pull the emergency brake to prevent uncontrolled 
cell division which otherwise could cause tumor formation. Senescent cells have also an impor-
tant additional function in wound healing. After a wound has been inflicted many cells are 
produced in excess to close the wound. During the subsequent remodeling process, the surplus 
of cells is entering senescence and will be removed by the immune system. For years it has been 
discussed by researchers if cellular senescence has any influence on the aging process itself. 
During the past few years, scientists came to the conclusion that cellular senescence is one of 
the major causes of aging [77]. In genetically modified mice, it was already possible to delete 
senescent cells (p16Ink4a positive cells). These animals showed less age-related pathologies, an 
improved healthspan and a prolonged median lifespan [9, 11]. Therefore, there are already 
a number of different interventions under investigation how senescent cells can be removed 
from the human body [78, 79]. To succeed in this respect could dramatically improve human 
healthspan. Senescent cells are detrimental to the function of organs they are residing in and 
this way they have a tremendous impact on age-dependent degenerative diseases [12, 78].

3.8. Stem cell exhaustion

Stem cells are of utmost importance for tissue homeostasis and regeneration and stem cell 
exhaustion is among the most significant hallmarks of aging. Stem cell exhaustion is leading 
to a reduced regenerative capacity during the aging process. Premature stem cell exhaustion 
is also seen in age-related diseases [80]. Stem cells are usually very small remaining in a state 
of quiescence. This state is characterized by low metabolism and the presence of few mito-
chondria. From dormancy, they can be activated to replace lost stem cells or to produce transit 
amplifying cells which will provide many cells for repair or regeneration of their particular 
tissue. During this differentiation process, they are going through a developmental program 
which is tuning them precisely to their new function [81].

There are tissues with a very high turnover of cells like bone marrow, intestine and the epi-
dermis of the skin. There are also tissues where stem cells get activated rarely like muscle 
and brain. Essential for survival and quiescence of stem cells is their immediate environment 
which is defined as the stem cell niche. The stem cell niche comprises proteins of the extra-
cellular matrix and surrounding cells which secrete a number of growth regulating proteins 
(Wnts, BMPs, EGF and Notch). It is essentially regulating the state of quiescence [82, 83]. 
Different drivers of aging (telomere attrition, cellular senescence, DNA damage, epigenetic 
alterations, nutrient sensing and disturbed proteostasis) have their impact on stem cells too 
and are responsible for stem cell aging [84]. As stem cells usually stay in the state of quies-
cence and divide rarely, many pro-aging impacts affect the stem cells via their niche. Muscle 
stem cells, so called satellite cells, rarely divide, but proliferate massively upon demand. They 
produce myoblasts which are the precursor cells necessary for the regeneration process of the 
muscle. If old satellite cells are transplanted into young muscle tissue their regenerative capac-
ity increases which demonstrates the influence of the young niche [85, 86]. The opposite is 
true for transforming growth factor beta (TGF-beta1). This factor is produced by the niche and 
reduces the proliferative potential of satellite cells. During aging under certain circumstances 
the niche increases the production of fibroblast growth factor 2 (FGF2). This triggers the stem 
cells to leave quiescence and start to divide which eventually leads to a reduction of satellite 
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cells available for the regeneration of muscle tissue [87]. In a similar way, the prolonged signal-
ing of the growth hormone (GH)/insulin/insulin-like growth factors (IGF) axis is considered 
to cause a depletion of stem cells [88]. There are also areas in the adult brain where stem cells 
are residing: in the dentate gyrus of the hippocampus in the hypothalamus and in the subven-
tricular zone of the lateral ventricles [89]. Like in other tissues, there are age-related changes in 
the stem cell niche and the number of neural stem cells is declining during aging. Not only the 
numbers of stem cells are decreasing during aging but also the proliferation of the developing 
precursor cells will be damped via an elevated concentration of TGF-beta1. This way the pro-
duction of new neurons is reduced while the generation of oligodendroglia remains at about 
the same level [90]. Furthermore, sterile micro-inflammation in the hypothalamus can cause a 
reduction of neural stem cells which in turn leads to a reduction of cognitive functions [91]. In 
addition to the number of stem cells and the contribution of the stem cell niche, the regenera-
tive capacity will be influenced by systemic factors. Via parabiosis experiments (connecting 
an old mouse to a young one), it was possible to correct malfunction of old satellite cells in 
muscle tissue. These satellite cells could be reactivated again. In a similar way, it was possible 
to improve the function of stem cells and neurogenesis in old brains. The proteins responsible 
for this activity could be identified as growth differentiation factor 11 (GDF11) and oxytocin 
[92]. There are numerous factors that regulate the biological function of stem cells. Presently, 
it seems that the most important ones are metabolism and epigenetic changes [80]. As exces-
sive nutrient sensing leads to premature depletion of adult neural stem cells [89] and chronic 
activation of mTOR leads to loss of stem cells in the airway epithelium of the mouse [93].

3.9. Altered intercellular communication

The regenerative capacity of stem cells is independently influenced by intrinsic and extrinsic 
determinants [92]. An intrinsic determinant is the maintenance of autophagy. A failure of 
autophagy in old satellite cells leads to senescence eventually [94]. Among the extrinsic fac-
tors, growth hormone/insulin/IGF-1 (somatotrophic axis) is a center piece for the regulation 
of growth in the mammalian organism. Mouse mutants with defects in the biosynthesis of 
the growth hormone (Ames dwarf mice, Snell dwarf mice or GHRKO-mice (GH receptor 
deletion)) are considerably smaller than wild type mice but have an approximately 50% lon-
ger lifespan [95]. In humans, the amount of growth hormone and IGF-1 in the circulation is 
changing during aging. The highest level is reached during the second decade where growth 
is most prominent. Afterwards the concentration is going down continuously until it reaches 
a low plateau during the sixth decade. Humans with genetic polymorphisms resulting in a 
reduced activity of IGF-1 show a significantly increased lifespan. An elevated concentration 
of IGF-1 is correlated to a higher risk for some tumors [96]. There is also an altered com-
munication between muscle stem cells and the environment. Growth hormone is important 
for the maintenance of muscle mass [97]. IGF-1 is modulating the differentiation of muscle 
progenitor cells (myoblasts) and influencing satellite cells [98]. An increased aging of muscle 
stem cells is caused by an elevated concentration of Wnt-proteins (e.g. Wnt3A) [99]. As an 
antagonist of Wnt/β-catenin signaling acts the protein klotho. Unfortunately, the amount of 
klotho in the circulation is decreasing during aging. In the mouse, the silencing of the klotho 
gene triggered a rapid aging process [100]. Klotho is essential for the homeostasis of mineral 
metabolism (in particular phosphate) but it also modulates the signaling pathways of IGF-1 
and Wnt. The deletion of the klotho gene in mice reduces their lifespan to 2–3 months which 
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In healthy young cells, p16Ink4a expression is low or undetectable but increases dramatically in 
senescent cells [9]. This way it is evident that an essential function of senescence (maybe the 
most important one for the organism) is to pull the emergency brake to prevent uncontrolled 
cell division which otherwise could cause tumor formation. Senescent cells have also an impor-
tant additional function in wound healing. After a wound has been inflicted many cells are 
produced in excess to close the wound. During the subsequent remodeling process, the surplus 
of cells is entering senescence and will be removed by the immune system. For years it has been 
discussed by researchers if cellular senescence has any influence on the aging process itself. 
During the past few years, scientists came to the conclusion that cellular senescence is one of 
the major causes of aging [77]. In genetically modified mice, it was already possible to delete 
senescent cells (p16Ink4a positive cells). These animals showed less age-related pathologies, an 
improved healthspan and a prolonged median lifespan [9, 11]. Therefore, there are already 
a number of different interventions under investigation how senescent cells can be removed 
from the human body [78, 79]. To succeed in this respect could dramatically improve human 
healthspan. Senescent cells are detrimental to the function of organs they are residing in and 
this way they have a tremendous impact on age-dependent degenerative diseases [12, 78].

3.8. Stem cell exhaustion

Stem cells are of utmost importance for tissue homeostasis and regeneration and stem cell 
exhaustion is among the most significant hallmarks of aging. Stem cell exhaustion is leading 
to a reduced regenerative capacity during the aging process. Premature stem cell exhaustion 
is also seen in age-related diseases [80]. Stem cells are usually very small remaining in a state 
of quiescence. This state is characterized by low metabolism and the presence of few mito-
chondria. From dormancy, they can be activated to replace lost stem cells or to produce transit 
amplifying cells which will provide many cells for repair or regeneration of their particular 
tissue. During this differentiation process, they are going through a developmental program 
which is tuning them precisely to their new function [81].

There are tissues with a very high turnover of cells like bone marrow, intestine and the epi-
dermis of the skin. There are also tissues where stem cells get activated rarely like muscle 
and brain. Essential for survival and quiescence of stem cells is their immediate environment 
which is defined as the stem cell niche. The stem cell niche comprises proteins of the extra-
cellular matrix and surrounding cells which secrete a number of growth regulating proteins 
(Wnts, BMPs, EGF and Notch). It is essentially regulating the state of quiescence [82, 83]. 
Different drivers of aging (telomere attrition, cellular senescence, DNA damage, epigenetic 
alterations, nutrient sensing and disturbed proteostasis) have their impact on stem cells too 
and are responsible for stem cell aging [84]. As stem cells usually stay in the state of quies-
cence and divide rarely, many pro-aging impacts affect the stem cells via their niche. Muscle 
stem cells, so called satellite cells, rarely divide, but proliferate massively upon demand. They 
produce myoblasts which are the precursor cells necessary for the regeneration process of the 
muscle. If old satellite cells are transplanted into young muscle tissue their regenerative capac-
ity increases which demonstrates the influence of the young niche [85, 86]. The opposite is 
true for transforming growth factor beta (TGF-beta1). This factor is produced by the niche and 
reduces the proliferative potential of satellite cells. During aging under certain circumstances 
the niche increases the production of fibroblast growth factor 2 (FGF2). This triggers the stem 
cells to leave quiescence and start to divide which eventually leads to a reduction of satellite 
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cells available for the regeneration of muscle tissue [87]. In a similar way, the prolonged signal-
ing of the growth hormone (GH)/insulin/insulin-like growth factors (IGF) axis is considered 
to cause a depletion of stem cells [88]. There are also areas in the adult brain where stem cells 
are residing: in the dentate gyrus of the hippocampus in the hypothalamus and in the subven-
tricular zone of the lateral ventricles [89]. Like in other tissues, there are age-related changes in 
the stem cell niche and the number of neural stem cells is declining during aging. Not only the 
numbers of stem cells are decreasing during aging but also the proliferation of the developing 
precursor cells will be damped via an elevated concentration of TGF-beta1. This way the pro-
duction of new neurons is reduced while the generation of oligodendroglia remains at about 
the same level [90]. Furthermore, sterile micro-inflammation in the hypothalamus can cause a 
reduction of neural stem cells which in turn leads to a reduction of cognitive functions [91]. In 
addition to the number of stem cells and the contribution of the stem cell niche, the regenera-
tive capacity will be influenced by systemic factors. Via parabiosis experiments (connecting 
an old mouse to a young one), it was possible to correct malfunction of old satellite cells in 
muscle tissue. These satellite cells could be reactivated again. In a similar way, it was possible 
to improve the function of stem cells and neurogenesis in old brains. The proteins responsible 
for this activity could be identified as growth differentiation factor 11 (GDF11) and oxytocin 
[92]. There are numerous factors that regulate the biological function of stem cells. Presently, 
it seems that the most important ones are metabolism and epigenetic changes [80]. As exces-
sive nutrient sensing leads to premature depletion of adult neural stem cells [89] and chronic 
activation of mTOR leads to loss of stem cells in the airway epithelium of the mouse [93].

3.9. Altered intercellular communication

The regenerative capacity of stem cells is independently influenced by intrinsic and extrinsic 
determinants [92]. An intrinsic determinant is the maintenance of autophagy. A failure of 
autophagy in old satellite cells leads to senescence eventually [94]. Among the extrinsic fac-
tors, growth hormone/insulin/IGF-1 (somatotrophic axis) is a center piece for the regulation 
of growth in the mammalian organism. Mouse mutants with defects in the biosynthesis of 
the growth hormone (Ames dwarf mice, Snell dwarf mice or GHRKO-mice (GH receptor 
deletion)) are considerably smaller than wild type mice but have an approximately 50% lon-
ger lifespan [95]. In humans, the amount of growth hormone and IGF-1 in the circulation is 
changing during aging. The highest level is reached during the second decade where growth 
is most prominent. Afterwards the concentration is going down continuously until it reaches 
a low plateau during the sixth decade. Humans with genetic polymorphisms resulting in a 
reduced activity of IGF-1 show a significantly increased lifespan. An elevated concentration 
of IGF-1 is correlated to a higher risk for some tumors [96]. There is also an altered com-
munication between muscle stem cells and the environment. Growth hormone is important 
for the maintenance of muscle mass [97]. IGF-1 is modulating the differentiation of muscle 
progenitor cells (myoblasts) and influencing satellite cells [98]. An increased aging of muscle 
stem cells is caused by an elevated concentration of Wnt-proteins (e.g. Wnt3A) [99]. As an 
antagonist of Wnt/β-catenin signaling acts the protein klotho. Unfortunately, the amount of 
klotho in the circulation is decreasing during aging. In the mouse, the silencing of the klotho 
gene triggered a rapid aging process [100]. Klotho is essential for the homeostasis of mineral 
metabolism (in particular phosphate) but it also modulates the signaling pathways of IGF-1 
and Wnt. The deletion of the klotho gene in mice reduces their lifespan to 2–3 months which 
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is only about 10% of their regular lifespan [101]. A remarkable activity has also been demon-
strated for GDF11 which improves regeneration in old organisms and serum levels of GDF11 
are significantly lower in old individuals [102]. An increased regenerative activity has been 
shown for bone [103], brain [104], skeletal muscle [105] and heart [106].

Furthermore, a number of chemokines (CCL2, CCL11, CCL12 and CCL19) have been identi-
fied via parabiosis experiments and they have been correlated with impaired neurogenesis 
in old individuals [107]. Other potential pro-aging factors that increase during lifetime are 
TGF-beta1, IL-6 and TNF-alpha [107]. Beta2microglobulin too is a systemic pro-aging factor 
triggering age-related cognitive impairment [108].

Another pro-aging factor is the plasminogen activator inhibitor 1 (PAI-1) which is secreted 
by senescent cells. It induces the accumulation of p16Ink4a leading to cellular senescence [109]. 
An anti-aging factor is kallistatin which inhibits oxidative stress and inflammation. It is also 
able to down-regulate the miRNA synthesis of miR21 and miR-34a, thereby reducing vascular 
senescence and aging [110]. The protein tissue inhibitor of metalloproteinase 2 (TIMP 2) was 
isolated from human umbilical cord. It is an anti-aging protein which revitalizes the hippo-
campus, increases synaptic plasticity and improves cognitive function [111]. The intercellular 
communication is also altered by numerous pro-inflammatory cytokines which are released 
by senescent cells. These cytokines are causing inflammatory processes [112]. Furthermore, 
inflammasomes in the cells of the innate immune system can be activated by DAMPs (dam-
age-associated molecular patterns) [113]. DAMPS are comprised of debris of necrotic cells, 
amyloide fibers, HMGB1, heat shock proteins, crystals of cholesterol and uric acid. Activated 
inflammasomes are causing the release of interleukins IL-1beta and IL-18 [114]. These inter-
leukins trigger inflammatory reactions in the surrounding tissue which are causing age-
related diseases [115], among them Alzheimer´s disease [116].

Exosomes provide an additional possibility for intercellular communication. They are small 
lipid vesicles which are secreted by the cell and they carry proteins and functional RNAs 
[117]. They can contact nearby cells or they can be distributed via the circulation across the 
whole organism. They help the cell to get rid of toxic protein waste [118] or to contribute to 
intercellular communication [119]. In the latter case, predominantly miRNAs play an impor-
tant function [120]. During aging, the amount of exosomes in the blood stay more or less 
constant. Their content, however, becomes more pro-inflammatory [121]. Recently, it has been 
shown that they also play a role in senescence and aging [122].

4. Possible therapeutic interventions

4.1. Physical exercise

The most simple and probably the most efficient way to attenuate aging is to perform physi-
cal exercise. A sedentary lifestyle with minimal physical activity on the contrary is detrimen-
tal for health comparable to smoking [123]. It is quite obvious that physical exercise is the 
best way to keep skeletal muscles in a healthy condition [124] and to prevent sarcopenia and 
frailty in old age [125]. Physical exercise does not only improve physiological parameters like 
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maximum oxygen consumption and reduced levels of cholesterol and triglycerides in the 
blood, but it also improves physical and psychical conditions in old age [126]. Although a 
number of physiological parameters can be improved considerably by physical training, the 
protective function for the cardiovascular system are about twice as high as can be explained 
by these parameters only. Therefore there are still many open questions concerning the 
molecular mechanisms which are activated by physical training [127]. Very well documented 
is, however, the positive effect on the brain and in particular on cognitive functions and the 
stimulation of neuronal growth in the hippocampus, an area critically important for memory 
processes [128]. Physical exercise increases hippocampal volume, functional connectivity and 
improved connectivity between the default mode network and the prefrontal cortex [129]. In 
this context, it should also be mentioned that physical exercise leads to a significant improve-
ment of memory functions in Alzheimer patients [130].

4.2. Caloric restriction/dietary restriction

Already in 1935 it has been demonstrated on rats that reducing the amount of food intake can 
extend the lifespan by 30% [131]. This experiment has been repeated many times and it turned 
out that animals are not only living longer but they also show less age-related deficits. During 
the past years, it has been demonstrated that the amount of calories is less important than the 
amount of proteins. Therefore the term caloric restriction has been replaced in most cases by 
the term dietary restriction. In addition to the amount of food, the timing of food uptake is 
important. Animals getting their food evenly distributed during the day did not show positive 
effects but animals fed only once a day did show the positive effects. Also did fasting every 
second day result in an increase of lifespan by 30% [132]. Altogether a great many experiments 
have been performed concerning this topic and results are sometimes contradictory. Some 
authors are pointing out explicitly that it is necessary to test many different combinations of 
carbohydrates and proteins in a single experiment. It has been demonstrated that a relation of 
1:10 (proteins:carbohydrates) results in the longest lifespan in mice. Remarkable in this respect 
is the fact that the traditional diet of the population of Okinawa consists of protein to carbohy-
drates in a relation of 9:85 and it is well documented that the people of Okinawa have the high-
est life expectancy worldwide [133]. It has to be mentioned that not only permanent dietary 
restriction is effective but intermittent fasting too. In rats and mice as well as in humans, there 
are profound health benefits. Results of intermittent fasting (2 days per week or every other 
day) decreased insulin levels, increased resistance to stress of heart and brain, reduced inflam-
mation, enhanced autophagy, mitochondrial health and DNA repair [134]. Concerning DNA 
repair, the following experiment is really remarkable: mice lacking the DNA excision repair 
gene Ercc1 are aging very fast with a lifespan of 4–6 months. If they are subjected to a dietary 
restriction of 30%, this treatment triples their lifespan [33]. The single cell senses the availability 
of nutrition via nutrient sensing pathways which are GH/insulin/IGF-1, mTOR, sirtuins and 
AMPK and via these pathways the metabolic influence on the aging process is regulated [57].

4.2.1. The somatotrophic axis (GH/insulin/IGF-1)

Attenuating the signaling of the somatotrophic axis results in an increased lifespan. This has 
been demonstrated in animal models, in genetic polymorphisms or functional mutations in 
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is only about 10% of their regular lifespan [101]. A remarkable activity has also been demon-
strated for GDF11 which improves regeneration in old organisms and serum levels of GDF11 
are significantly lower in old individuals [102]. An increased regenerative activity has been 
shown for bone [103], brain [104], skeletal muscle [105] and heart [106].

Furthermore, a number of chemokines (CCL2, CCL11, CCL12 and CCL19) have been identi-
fied via parabiosis experiments and they have been correlated with impaired neurogenesis 
in old individuals [107]. Other potential pro-aging factors that increase during lifetime are 
TGF-beta1, IL-6 and TNF-alpha [107]. Beta2microglobulin too is a systemic pro-aging factor 
triggering age-related cognitive impairment [108].

Another pro-aging factor is the plasminogen activator inhibitor 1 (PAI-1) which is secreted 
by senescent cells. It induces the accumulation of p16Ink4a leading to cellular senescence [109]. 
An anti-aging factor is kallistatin which inhibits oxidative stress and inflammation. It is also 
able to down-regulate the miRNA synthesis of miR21 and miR-34a, thereby reducing vascular 
senescence and aging [110]. The protein tissue inhibitor of metalloproteinase 2 (TIMP 2) was 
isolated from human umbilical cord. It is an anti-aging protein which revitalizes the hippo-
campus, increases synaptic plasticity and improves cognitive function [111]. The intercellular 
communication is also altered by numerous pro-inflammatory cytokines which are released 
by senescent cells. These cytokines are causing inflammatory processes [112]. Furthermore, 
inflammasomes in the cells of the innate immune system can be activated by DAMPs (dam-
age-associated molecular patterns) [113]. DAMPS are comprised of debris of necrotic cells, 
amyloide fibers, HMGB1, heat shock proteins, crystals of cholesterol and uric acid. Activated 
inflammasomes are causing the release of interleukins IL-1beta and IL-18 [114]. These inter-
leukins trigger inflammatory reactions in the surrounding tissue which are causing age-
related diseases [115], among them Alzheimer´s disease [116].

Exosomes provide an additional possibility for intercellular communication. They are small 
lipid vesicles which are secreted by the cell and they carry proteins and functional RNAs 
[117]. They can contact nearby cells or they can be distributed via the circulation across the 
whole organism. They help the cell to get rid of toxic protein waste [118] or to contribute to 
intercellular communication [119]. In the latter case, predominantly miRNAs play an impor-
tant function [120]. During aging, the amount of exosomes in the blood stay more or less 
constant. Their content, however, becomes more pro-inflammatory [121]. Recently, it has been 
shown that they also play a role in senescence and aging [122].

4. Possible therapeutic interventions

4.1. Physical exercise

The most simple and probably the most efficient way to attenuate aging is to perform physi-
cal exercise. A sedentary lifestyle with minimal physical activity on the contrary is detrimen-
tal for health comparable to smoking [123]. It is quite obvious that physical exercise is the 
best way to keep skeletal muscles in a healthy condition [124] and to prevent sarcopenia and 
frailty in old age [125]. Physical exercise does not only improve physiological parameters like 
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maximum oxygen consumption and reduced levels of cholesterol and triglycerides in the 
blood, but it also improves physical and psychical conditions in old age [126]. Although a 
number of physiological parameters can be improved considerably by physical training, the 
protective function for the cardiovascular system are about twice as high as can be explained 
by these parameters only. Therefore there are still many open questions concerning the 
molecular mechanisms which are activated by physical training [127]. Very well documented 
is, however, the positive effect on the brain and in particular on cognitive functions and the 
stimulation of neuronal growth in the hippocampus, an area critically important for memory 
processes [128]. Physical exercise increases hippocampal volume, functional connectivity and 
improved connectivity between the default mode network and the prefrontal cortex [129]. In 
this context, it should also be mentioned that physical exercise leads to a significant improve-
ment of memory functions in Alzheimer patients [130].

4.2. Caloric restriction/dietary restriction

Already in 1935 it has been demonstrated on rats that reducing the amount of food intake can 
extend the lifespan by 30% [131]. This experiment has been repeated many times and it turned 
out that animals are not only living longer but they also show less age-related deficits. During 
the past years, it has been demonstrated that the amount of calories is less important than the 
amount of proteins. Therefore the term caloric restriction has been replaced in most cases by 
the term dietary restriction. In addition to the amount of food, the timing of food uptake is 
important. Animals getting their food evenly distributed during the day did not show positive 
effects but animals fed only once a day did show the positive effects. Also did fasting every 
second day result in an increase of lifespan by 30% [132]. Altogether a great many experiments 
have been performed concerning this topic and results are sometimes contradictory. Some 
authors are pointing out explicitly that it is necessary to test many different combinations of 
carbohydrates and proteins in a single experiment. It has been demonstrated that a relation of 
1:10 (proteins:carbohydrates) results in the longest lifespan in mice. Remarkable in this respect 
is the fact that the traditional diet of the population of Okinawa consists of protein to carbohy-
drates in a relation of 9:85 and it is well documented that the people of Okinawa have the high-
est life expectancy worldwide [133]. It has to be mentioned that not only permanent dietary 
restriction is effective but intermittent fasting too. In rats and mice as well as in humans, there 
are profound health benefits. Results of intermittent fasting (2 days per week or every other 
day) decreased insulin levels, increased resistance to stress of heart and brain, reduced inflam-
mation, enhanced autophagy, mitochondrial health and DNA repair [134]. Concerning DNA 
repair, the following experiment is really remarkable: mice lacking the DNA excision repair 
gene Ercc1 are aging very fast with a lifespan of 4–6 months. If they are subjected to a dietary 
restriction of 30%, this treatment triples their lifespan [33]. The single cell senses the availability 
of nutrition via nutrient sensing pathways which are GH/insulin/IGF-1, mTOR, sirtuins and 
AMPK and via these pathways the metabolic influence on the aging process is regulated [57].

4.2.1. The somatotrophic axis (GH/insulin/IGF-1)

Attenuating the signaling of the somatotrophic axis results in an increased lifespan. This has 
been demonstrated in animal models, in genetic polymorphisms or functional mutations in 
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the IGF1R gene in humans [96]. Pharmaceutical interventions to block the signaling of this 
pathway are being tested but there are no drugs available yet to be used in humans [96].

4.2.2. mTOR

mTOR is a serine/threonine kinase which is “the grand conductor of metabolism and aging” 
and is either part of the multiprotein complex mTORC1 or mTORC2 [135]. Growth factors, 
insulin, IGF-1, amino acids and glucose are activating mTOR which in turn stimulates growth 
and inhibits autophagy.

Rapamycin binds to FKBP12 in this way inhibiting mTOR. Blockage of mTOR increases the 
lifespan in different organisms among them mice. But unfortunately there are numerous side 
effects which prohibit the use on a daily basis for healthy individuals [135].

4.2.3. Sirtuins

Sirtuins interact with IGF-1, mTOR and AMPK signaling pathways and regulate many other 
proteins involved in energy metabolism, DNA repair, cell survival, inflammation and tissue 
regeneration. SIRT1, for example, besides deacetylating histones H1, H3 and H4 modifies 
more than 50 other proteins [61]. Sirtuin-activating compounds (STACs) have gained much 
attention since their discovery 2003 and more than 14,000 STACs have been identified since 
then [61]. Essentially there are two different classes: sirtuin activators and compounds that 
raise NAD+ levels. Using rodents numerous studies have shown that STACs promote health 
during aging involving protection against cardiovascular disease, diabetes type 2, neurode-
generation and even cancer [61].

4.2.4. AMP-activated protein kinase (AMPK)

AMP-activated protein kinase is a heterotrimeric protein and a key enzyme in cellular energy 
sensing. The alpha subunit kinase domain contains a conserved threonine which is phosphor-
ylated by upstream kinases activating AMPK. The beta subunit binds the alpha and gamma 
subunits and has an additional domain to sense glycogen. The gamma domain has four sites 
that can bind AMP, ADP and ATP which provides AMPK with the ability to sense AMP:ATP 
and ADP:ATP ratios [136, 137]. These features make AMPK the centerpiece of “an energy-
sensing pathway with multiple inputs and outputs” [136].

AMPK turns on glucose uptake, fatty acid oxidation, autophagy and mitochondrial biogene-
sis and it inhibits mTOR and the synthesis of lipids and proteins. It is therefore a central regu-
lator of metabolic pathways including their effects on age-related diseases. It is also involved 
in the process of inflamm-aging via the regulation of the NLRP3 inflammasome during aging 
[138]. The capacity of AMPK signaling declines with aging which has a negative effect on the 
maintenance of cellular homeostasis [60]. Considering these facts, it is obvious that there is 
extensive research going on how to restore or boost AMPK activity by metformin [139] or by 
other nutraceutical compounds in particular polyphenols like resveratrol [140].
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4.3. Pharmacological substances

4.3.1. Metformin

Metformin is in use to treat diabetes type 2 since a long time already. The inhibitory effect on 
the synthesis of glucose in the liver is due to the activation of AMPK [141, 142]. In addition 
metformin inhibits mTOR and complex I of the mitochondrial electron transfer chain result-
ing in a reduced production of ROS. In addition metformin stimulates autophagy, dampens 
inflammatory processes and senescence and increases the lifespan in animal models [58, 143, 
144]. There are reports claiming that metformin does not only improves the healthspan and 
lifespan but also reduces the risk of some cancers and shows positive effects with congestive 
heart failure, chronic liver disease, chronic kidney disease and multiple sclerosis (summa-
rized in [145]). This had led some researchers to call metformin “the aspirin of the twenty-first 
century” [145].

4.3.2. Rapamycin

This substance has been isolated from the microorganism Streptomyces hygroscopicus which 
has been found on the island of Rapa Nui, hence the name rapamycin. It is widely used as 
an immunosuppressant to prevent rejection after organ transplantation. The protein complex 
inhibited by this substance has been termed “Target of rapamycin” or TOR and it has been 
demonstrated that it leads to a significant increase in lifespan when applied to mice and most 
other “aging” model organisms [146].

4.3.3. Resveratrol

Polyphenols are comprising a large group of plant secondary metabolites. They are classified 
into phenolic acids, lignans, flavonoids and stilbenes [147]. The most prominent member of 
stilbenes is resveratrol which is synthesized by many plants in particular in wine. Resveratrol 
activates SIRT1 which mediates the effect of caloric restriction [148]. It could be demonstrated 
that resveratrol increases the lifespan of some organisms, in mice only if they are fed a high-
fat diet [149]. In addition, resveratrol causes a number of positive effects in the cardiovascular 
system, cancer, diabetes type 2 inflammation and neurodegeneration [150]. As resveratrol is 
also stimulating autophagy and together with its neuroprotective effects, there are indica-
tions that resveratrol might also be applicable to treat Alzheimer’s disease [151]. It has to be 
mentioned that resveratrol not only activates SIRT1 but also AMPK which explains many 
of its anti-oxidant and anti-inflammatory activities [152]. Furthermore resveratrol activates a 
number of stimulus-responsive transcription factors and inhibits cAMP-degrading phospho-
diesterases which helps to understand its many effects [153–155].

4.3.4. Spermidine

Like rapamycin and resveratrol, the polyamine spermidine also stimulates autophagy 
although via a different molecular mechanism. Similar to resveratrol, the stimulation of 
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autophagy is achieved by a change in the acetylation status of several proteins, but this occurs 
in a SIRT1-independent manner (most probably due to an inhibition of acetylases) [156]. For 
spermidine too, it has been demonstrated that it is increasing the lifespan of mice and all 
“aging” model organisms [157]. Surprisingly, the amount of this substance that is present in 
all cells dramatically decreases with aging [158]. In addition spermidine has neuroprotective 
capacities [159] and reduces the risk for cardiovascular diseases [160].

Spermidine also stimulates the synthesis of anti-inflammatory cytokines and has a positive 
influence on lipid metabolism [161].

4.3.5. Vitamin D

Muscle and bone are forming a physiological unit whereby both partners are regulating each 
other via endocrine signals [162]. Vitamin D has an essential function within this regulatory 
network. A sufficient supply of vitamin D prevents loss of muscle mass (sarcopenia) and 
age-dependent deposition of fat in muscles [163, 164]. In addition vitamin D shows a posi-
tive effect on cognitive function in old age [165]. Mice lacking the vitamin D receptor do age 
prematurely and the animal model for Alzheimer’s disease show better memory performance 
and a reduction of some markers for Alzheimer’s pathology after vitamin D supplementa-
tion. Humans with Alzheimer’s disease show very low blood levels of vitamin D. Altogether 
vitamin D is a neuroprotective substance [166].

4.3.6. Soluble proteins/growth factors

Treating age-related ailments with soluble proteins is particularly attractive because it can 
be performed via simple infusions. Among the best candidates, GDF11 and oxytocin have 
demonstrated a rejuvenating effect in old mice [92]. In a study comparing very old healthy 
individuals (beyond the age of 100) with 70–80-year-old persons, a set of proteins have been 
identified whose levels were elevated in the serum of the 100+ probands. This study cor-
relates “successful aging” with these four proteins: Chemerin, Fetuin-A, FGF19 and FGF21 
[167]. In particular, FGF21 is a “systemic enhancer of longevity” [168]. It is involved in the 
coordination of glucose and lipid metabolism and maintains tissue homeostasis under stress 
conditions. FGF21 can enhance autophagy and mice overexpressing it live up to 40% lon-
ger [168]. Another good candidate to provide a healthy lifespan is adiponectin. Adiponectin 
is expressed in and secreted from small adipocytes. It increases insulin sensitivity, shows 
anti-artherosclerotic effects and improves metabolism in skeletal muscle, liver and adipose 
tissue. Adiponectin activates AMPK and SIRT1 and this way it acts like an exercise mimick-
ing factor [169]. Finally, it has to be mentioned that it also turns on catalase and superoxide 
dismutase reducing oxidative stress in metabolically active organs (summarized in [169]). A 
further “pro-youthful” factor is follistatin-like 1 (FSTL1) which together with GDF11 sup-
ports heart regeneration, as it increases the survival of cardiomyocytes [170]. Another good 
candidate is the soluble isoform of Klotho which increases the lifespan of mice and shows a 
neuroprotective function making it a good candidate for the treatment of Alzheimer’s and 
multiple sclerosis [171].
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4.3.7. Acetylcholinesterase inhibitors

Alzheimer’s disease (AD) is the most devastating aging disease. For 2013, it was estimated 
that more than 44 million people were affected worldwide and this number is expected to 
be beyond 135 million by the year 2050. Although there is presently no cure, there are a few 
drugs available that make life easier for AD patients. Most prominent are acetylcholinesterase 
inhibitors which show modest effects on improving cognitive function. The degeneration of 
cholinergic neurons which is seen in AD as well as Parkinson’s disease dementia (PDD) leads 
to a reduction of acetylcholine levels. Furthermore, cholinergic pathways are not only impor-
tant for the brain but also for skeletal muscle and the autonomous nervous system [172]. The 
increase of acetylcholine levels via inhibition of acetylcholinesterase improves cognitive func-
tion and has also beneficial effects on some of the comorbidities that usually affect AD and 
PD patients [173].

4.4. Selective elimination of senescent cells

If senescent cells are not removed by the immune system they are causing organ dysfunction 
and are a major cause of age-related diseases [174]. The removal of senescent cells in mice has 
improved their health conditions considerably. The elimination of senescent cells via drugs 
(senolysis) [175] or to trigger apoptosis (senoptosis) is also a realistic possibility in humans. 
From the observation that senescent cells do not respond to their own pro-apoptotic SASP, 
it was concluded that they have senescent-cell anti-apoptotic pathways (SCAPs). Six such 
SCAPs have been identified and these SCAPs were then screened for targets sensitive to seno-
lytic drugs [176]. A number of senolytic drugs synthetic ones as well as of plant origin have 
been identified in the meantime. Prominent among them is quercetin which demonstrates 
promising activities [166]. It has to be mentioned that not every senolytic drug is effective on 
each senescent cell type and often is the combination of two or three drugs much more effec-
tive. An advantage over other medications is that senolytic drugs need not be taken continu-
ously to exert their effect but just administered intermittently [176]. The use of senolytic drugs 
increase hope for the treatment of diseases for which there are hardly any other therapeutic 
options like idiopathic pulmonary fibrosis (IPF) a devastating lung disease [177]. Another 
elegant approach to trigger apoptosis in senescent cells has recently been demonstrated using 
a synthetic peptide. This cell penetrating peptide (CPP) was deduced from the sequence of the 
transcription factor FOXO4 and it excludes p53 from the nucleus. Instead of residing in the 
nucleus p53 is docking on to mitochondria to trigger apoptosis [178]. An additional possibility 
is to attack senescent cells with specific antibodies or by modified T cells [9].

4.5. Transplantation of stem cells

Stem cells are of utmost importance for regeneration and function of all organs. Transplanting 
stem cells into target tissues opens the possibility to repair major defects. Here we are at the 
brink of breathtaking possibilities for regenerative medicine. In particular, multipotent mes-
enchymal stem cells offer a wide spectrum of applications however these cells are loosing a 
lot of their regenerative capacity during aging [179]. Substantial progress has been made by 
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the discovery that only four transcription factors (OCT3/4, SOX2, KLF4 and MYC) can induce 
reprogramming to pluripotency. Somatic cells can be transformed into young embryonic 
stem cells (induced pluripotent stem cells = iPSCs) [180]. From human fibroblasts such iPSCs 
could be generated and after specific differentiation processes used in different tissues [181]. 
In clinical trials, specific cells have been differentiated from iPSCs to treat Alzheimer disease, 
Parkinson disease, spinal cord injuries, diabetes or congestive heart failure [182]. Such a strat-
egy for rejuvenation of old organs via stem cell therapy offers possibilities almost without 
limits for the future [183]. There is, however, a number of points that critically affects the 
success of stem cell transplantation. No matter how the replacement cells have been gener-
ated either as induced pluripotent stem cells (iPSCs) and subsequent differentiation steps or 
by direct transdifferentiation of somatic cells the condition of the stem cell niche is of utmost 
importance for regenerative success [183]. Also protein factors of the circulation effect trans-
planted cells massively [184]. Furthermore inflammatory processes which are often increased 
during aging effect stem cells dramatically as has been demonstrated for satellite cell function 
[185]. This demands the inhibition of inflammatory signaling as absolutely necessary.

5. Conclusion

Since the turn of the century there has been enormous progress in aging research in many 
fields. In this book chapter, we made a selection of aging theories and pathways that in our 
opinion are of great importance. To name them all would by far go beyond the scope of this 
article. It also has to be stated that of all the organelles in the cell we did just name mitochon-
dria and their role in the aging process. But there is rising knowledge that all organelles have 
their specific share to aging. In the focus of this article were especially pathways and mecha-
nisms on the cellular level. We did neglect that basically each organ and tissue has its private 
aging mechanisms [186, 187]. Therefore we believe that aging research will move on from cells 
toward tissues/organs and whole organisms. The possibilities that epigenetics will provide to 
increase health span look breathtaking, however, they cannot be really estimated to their full 
extend today yet. Much more realistic seems the application of stem cells which will provide 
regenerative medicine with fabulous opportunities. A very positive effect for an increased 
healthspan for almost all people will be possible if we will be able to boost autophagy without 
side effects. A similar effect on health span and the prevention of age-related diseases can be 
expected if it will be possible to eliminate senescent cells. Taken together there are really good 
chances that in the near future it will be possible to help many humans to live a healthy aging.
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Abstract

The study of cognitive function in gerontology is considered relevant because it is an 
important risk factor for other pathologies in the old age, such as physical disability and 
dependence, depression, and frailty, mainly because of early pathological changes in cog-
nitive function which are considered a preclinical state that may progress to dementia. In 
this chapter, cognitive functioning and the dimensions that are included in it (attention, 
memory, meta-memory, processing speed, executive functions, visuospatial skills, and 
language) are conceptualized. Additionally, the current evidence is analyzed regarding 
age-associated changes that are experienced during cognitive aging. These changes, or cog-
nitive decline, are distinguished from those that are part of cognitive pathologies, the most 
common mild cognitive impairment and dementia. Such pathologies are conceptualized 
based on the  current diagnostic criteria, and controversies and challenges are discussed. 
Additionally, we analyze the risk factors for cognitive functioning in aging, both modifiable 
and nonmodifiable ones. A review of the main nonpharmacological intervention techniques 
used from the gerontology approach is made. It includes the cognitive training in the case 
of age-related decline or techniques of stimulation and cognitive rehabilitation in the case 
of mild cognitive impairment or dementia. Finally, we conclude with an analysis of the cur-
rent state of this topic in the field of gerontology and its relevance in professional practice.

Keywords: cognitive aging, age-related decline, mild cognitive impairment, dementia, 
cognitive intervention

1. Introduction

Population aging is a global reality that is happening in a gradual and unavoidable manner, 
as a result of the low birth rate and mortality in the population, and at the same time, due to 
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the increase in life expectancy. However, aging is not only a population phenomenon but also 
an individual reality [1], which involves a series of changes in people at biological, psychologi-
cal and social levels. In the psychological field, changes in the domains related to personality, 
affectivity, emotions, emotional control, and interpersonal relationships have been reported [2].

Regarding cognitive functioning, the changes that occur during aging are of increasing inter-
est for gerontology because of the implications they could have in case they finally appear in 
their most pathological form: dementia.

Historically, the research of cognitive functions has its epistemological origin in the studies 
carried out by the philosopher Galenus, who argued that in the ventricles of the brain, the 
consciousness of the human being was found as a set of different capacities: perception, intel-
lect, and memory. From the philosophy of Rene Descartes (1596–1650) arises the neurophysi-
ological theory, which defined the relationship between body and spirit and tried to find the 
explanation of mental function in the ventricles as the basis of psychic functions, later setting 
the pineal gland as related to mental disorders.

Later, Flourens (1794–1867) argued that all neural tissues are involved in the different cognitive 
functions. But it was until Gall’s studies (1758–1828) with his Frenology theory, that on one side, 
cognitive functions were associated with structures by examining the skull, and on the other 
side, the role of the cerebral cortex in relation to cognitive functions was presented. It was until 
the nineteenth century, with the establishment of the  neuropsychology, when the correlation of 
anatomo-clinical structures with the alterations in cognitive functions was clearly set up [3, 4].

During the nineteenth century, the first stage of neuropsychology was established. Its study 
object is the relationship between the cerebral organization and the behavior in its broadest sense: 
actions, emotions, motivations, and social relations. The unit of analysis of neuropsychology is the 
individual, including his personal history, and his social and cultural environment. The founders 
of this approach are Luria, Vygotsky, and Leontiev, with the concern of locating psychological 
functions within circumscribed parts of the brain, defined higher mental human functions as 
complex reflex-like processes of social origin whose functioning is both conscious and voluntary 
and are possible due to their structure and functioning [5]. Later, in 1981, Luria proposed that cog-
nitive functioning analysis should be done by looking for what is located outside the individual, 
the place where the origins of conscious activity are found. He also developed the idea that sev-
eral macroanatomical areas and brain regions help each other to ensure control of the so-called 
human cognitive functions [6]. The cognitive psychology perspective studies the cognitive func-
tioning as the way to know the world, through the construction of reality guided by experience. 
From there, the cognitive structure is formed and the concept of a cognitive scheme arises [7].

Piaget’s theory can be found under this perspective, where the study of structures is left aside 
to focus on the development of cognitive functioning and its schemes, from a constructive 
approach of knowledge that at the same time disproves empiricists and innatists theories, 
based on a psychogenetic perspective [8].

Neuropsychology is a discipline with an integrative view, which today contributes decisively 
to our knowledge about how the brain and the alterations of its functioning work, focused on 
the cognitive development in relation to sociocultural factors.

The conceptualization of cognitive functioning functions had several meanings.

Gerontology144

Cognitive functioning has been defined as an evolutionary process in which individuals are 
immersed, which begins in fertilization and ends in death. In this process, both the organism 
in general and the nervous system in particular experience a series of changes that, in inter-
action with the environment, enable the development and maturation of both the nervous 
system itself and the behavior [9].

A more integrative view of mind-brain relationships defines the cognitive functions as 
functional interactions within and among cortical networks, which in turn are distributed 
throughout the cerebral cortex as memory, attention, perception, language, and intelligence; 
all sharing the same structure [4].

From another perspective, cognitive functions come from the information processing activ-
ity in neural networks distributed along the cortex and represent past and future schemes 
of action. This perspective suggests that temporal organization affects perceptual processes, 
action, and cognition within a sequence designed to achieve a goal [10].

From a psychopedagogical framework, complex cognitive functions consist of the organizing 
and sequencing of plans, the ability to respond to various stimuli at the same time, cognitive 
flexibility, the ability to respond according to the context, resistance to distraction, and inhibi-
tion of inappropriate behaviors [11].

From Piaget’s theoretical position, cognitive functions are considered as the mechanisms of 
information processing, which main function is to transform the internal and external stimuli 
into inputs for development and, in addition, to provide the individual with tools to face the 
positive entropy, and also the trend to exhibit states of thermodynamic equilibrium [12].

From the point of view of the structural cognitive modifiability theory, the cognitive func-
tions are classified as perceptual thinking (basic functions), strategic (executive functions), 
analogical (educational functions), and reflexive (meta-cognitive functions) according to the 
last generation of the constructivism paradigm [13].

Finally, from the neuropsychology perspective, the different components of cognitive func-
tions are defined as the abilities developed by brain structures that allow them to work with the 
information that is acquired from the environment. These cognitive abilities are divided into 
two groups: those known as basic cognitive functions such as sensation, perception, memory, 
attention and concentration; and higher cognitive functions such as thought, language, and 
intelligence, which are considered complex systems and also group different functions [14].

2. Age-associated changes

During the last decades, several scientific efforts have been focused on the study of normal 
cognitive aging. This has resulted in agreements, as well as numerous discrepancies around 
the topic, mostly regarding the use of different research methodologies, as well as the little 
control of other variables that are considered to be closely related to cognitive functioning.

In addition, finding differences between normal cognitive aging and a cognitive impair-
ment involving pathology is clinically difficult, since the limits of diagnosis are not precise. 
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Neuropsychology is a discipline with an integrative view, which today contributes decisively 
to our knowledge about how the brain and the alterations of its functioning work, focused on 
the cognitive development in relation to sociocultural factors.

The conceptualization of cognitive functioning functions had several meanings.
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Cognitive functioning has been defined as an evolutionary process in which individuals are 
immersed, which begins in fertilization and ends in death. In this process, both the organism 
in general and the nervous system in particular experience a series of changes that, in inter-
action with the environment, enable the development and maturation of both the nervous 
system itself and the behavior [9].

A more integrative view of mind-brain relationships defines the cognitive functions as 
functional interactions within and among cortical networks, which in turn are distributed 
throughout the cerebral cortex as memory, attention, perception, language, and intelligence; 
all sharing the same structure [4].

From another perspective, cognitive functions come from the information processing activ-
ity in neural networks distributed along the cortex and represent past and future schemes 
of action. This perspective suggests that temporal organization affects perceptual processes, 
action, and cognition within a sequence designed to achieve a goal [10].

From a psychopedagogical framework, complex cognitive functions consist of the organizing 
and sequencing of plans, the ability to respond to various stimuli at the same time, cognitive 
flexibility, the ability to respond according to the context, resistance to distraction, and inhibi-
tion of inappropriate behaviors [11].

From Piaget’s theoretical position, cognitive functions are considered as the mechanisms of 
information processing, which main function is to transform the internal and external stimuli 
into inputs for development and, in addition, to provide the individual with tools to face the 
positive entropy, and also the trend to exhibit states of thermodynamic equilibrium [12].

From the point of view of the structural cognitive modifiability theory, the cognitive func-
tions are classified as perceptual thinking (basic functions), strategic (executive functions), 
analogical (educational functions), and reflexive (meta-cognitive functions) according to the 
last generation of the constructivism paradigm [13].

Finally, from the neuropsychology perspective, the different components of cognitive func-
tions are defined as the abilities developed by brain structures that allow them to work with the 
information that is acquired from the environment. These cognitive abilities are divided into 
two groups: those known as basic cognitive functions such as sensation, perception, memory, 
attention and concentration; and higher cognitive functions such as thought, language, and 
intelligence, which are considered complex systems and also group different functions [14].

2. Age-associated changes

During the last decades, several scientific efforts have been focused on the study of normal 
cognitive aging. This has resulted in agreements, as well as numerous discrepancies around 
the topic, mostly regarding the use of different research methodologies, as well as the little 
control of other variables that are considered to be closely related to cognitive functioning.

In addition, finding differences between normal cognitive aging and a cognitive impair-
ment involving pathology is clinically difficult, since the limits of diagnosis are not precise. 
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This task becomes even more complicated if these differences are also associated with other 
variables such as age, schooling, and other population differences [15].

The concept of cognitive functioning in normal aging has been defined as “the functioning 
of the cognitive system, either in adaptation or alteration, which can generate a regression or 
successful management of the functions of daily life in older adults” [16].

The study of the changes that occur in the cognitive domains has found a close relationship 
between the physiological and social aspects. On one hand, research focused on the study of 
the human brain through different techniques (brain mapping, electroencephalogram and 
cerebral magnetic resonance among others) has reported that the mechanism behind success-
ful cognitive aging may be the preservation of the hippocampal function combined with a 
high responsiveness in the frontal area [17].

Likewise, studies developed with electroencephalogram and neuropsychological tests 
found a reduction in age-dependent cerebral electrical power in cortical areas such as the 
parietal, temporal, and occipital lobes, causing a decline in functions such as memory, atten-
tion, visuospatial skills, and processing speed, concluding that the physiological aging of 
the brain is characterized by a loss of synaptic contacts and neuronal apoptosis that causes 
a dependent decline in sensory aspects, processing, motor performance, and some cognitive 
functions.

On the other hand, Steffener et al. [18] conducted a study which reported that cognitive 
changes during normal aging are due to the slow decrease across different ages of cerebral 
blood flow and the gray matter volume, mainly in areas such as the prefrontal cortex and the 
temporal convolutions of the putamen and occipital regions. On the other hand, the social 
aspects that have been described in different longitudinal studies and were related to the 
changes of the cognitive functioning in older adults are the schooling, the good health, the 
social participation, the lifestyle, and the genetic factors [17, 18].

It should be pointed out that socioenvironmental variables can contribute to an individual’s 
cerebral aging and therefore modify his cognitive and behavioral profile. This causes that 
while some of these factors can affect negatively, precipitating cognitive deterioration in nor-
mal aging, others can soften or even slow their effects.

To recognize which cognitive functions normally decline in older adults and when they occur 
is a complicated task, however, research has agreed that the domains generally involved in it 
are attention, verbal memory, visuospatial and visuoconstructive skills, processing speed and 
some of the executive functions such as inhibition, working memory and mental flexibility, 
while functions such as semantic memory and language are preserved, and even the latter can 
improve over the years [19–21].

Attention is a complex, dynamic, multimodal, and hierarchical functional system that makes 
easier the processing of information, selecting the relevant stimuli to perform a certain sen-
sory, cognitive, or motor activity [21]. According to data, cognitive changes are particularly 
difficult for older adults, mainly in activities that involve orienting them between several 
elements or constantly changing between different successive testing options, due to the 
decrease in selective visual attention, which in part is due to the degradation of sensory 
processing.
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It is important to emphasize that attention control is related to other cognitive functions such 
as processing speed, which suggests that older adults are less involved in tasks of anticipatory 
attentional resources due to the slower reaction time during aging [22].

Changes associated with age have been studied from the different domains of cognitive 
functioning.

Memory is a neurocognitive function that allows us to record, encode, consolidate, retain, 
store, retrieve, and evoke information [21]. This cognitive function has a sequence of three 
types of memory, from sensory to short-term (which is a transitory, fragile and sensitive stor-
age to interfering agents) to long term memory (responsible for the more permanent storage 
of information and involves a process of consolidation); each have their own particular mode 
of operation but they all cooperate in the process of memorization and can be seen as three 
necessary steps in forming the lasting memory. There are also three main processes involved 
in the human memory: encoding, storage and recall (retrival) [23].

Memory is one of the most studied cognitive domains because it is a frequent complaint that 
older adults make during normal aging. Kral’s research since 1962 has led to evidence of the 
existence of a slowly progressing memory loss characterized by the inability to remember, 
sometimes relatively unimportant parts of the experiences of the past. The affectation of this 
domain in its processes of acquisition, consolidation, and spontaneous evocation is related to 
the cerebral biological functioning that will depend on variables such as quality of life.

Regarding the different types of memory, aging has a significant effect, on one hand, on the 
decline of immediate and episodic memory rather than on semantics and, on the other hand, 
on evocation rather than consolidation. Aging also affects the codification of new information, 
especially when strategic processing is needed [24].

Perception is the mental capacity that allows us to integrate and recognize through our senses. 
It allows us to recognize those objects to which we pay attention and to create our own knowl-
edge patterns. In that sense, there must be an encounter between the sensorial information 
and the memory files that leads to the perception or interpretation of reality.

It is often difficult to dissociate spatial skills from constructional ones, being the latter defined 
as the ability to integrate elements into an organized whole (examples of these skill are copy-
ing geometric figures and the construction with cubes), since it requires the handling of space. 
According to the Pan-American Health Organization, changes in these cognitive functions 
in aging are due to the decline of visual acuity and processing, which causes problems of 
sensitivity to illumination and vision difficulties in poorly lit places, problems to distinguish 
colors, to focus at different distances and deficits related to spatial perception in general.

The executive functions (or meta-cognitive processes) would be those processes involved in the 
planning and supervision of cognitive processing. The term “executive” encompasses a series of 
cognitive processes, including updating and tracking information and inhibiting responses [24].

This kind of functions could be understood as a set of high-level operations that sequence and 
control the basic operations and, at the same time, make decisions in the moments of choos-
ing among alternatives. Because they are linked with other cognitive functions, it is difficult 
to evaluate them in a specific way. At the same time, it is more complicated to find tasks that 
refer only to the performance of each one of them.
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This task becomes even more complicated if these differences are also associated with other 
variables such as age, schooling, and other population differences [15].
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On the other hand, Steffener et al. [18] conducted a study which reported that cognitive 
changes during normal aging are due to the slow decrease across different ages of cerebral 
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temporal convolutions of the putamen and occipital regions. On the other hand, the social 
aspects that have been described in different longitudinal studies and were related to the 
changes of the cognitive functioning in older adults are the schooling, the good health, the 
social participation, the lifestyle, and the genetic factors [17, 18].

It should be pointed out that socioenvironmental variables can contribute to an individual’s 
cerebral aging and therefore modify his cognitive and behavioral profile. This causes that 
while some of these factors can affect negatively, precipitating cognitive deterioration in nor-
mal aging, others can soften or even slow their effects.

To recognize which cognitive functions normally decline in older adults and when they occur 
is a complicated task, however, research has agreed that the domains generally involved in it 
are attention, verbal memory, visuospatial and visuoconstructive skills, processing speed and 
some of the executive functions such as inhibition, working memory and mental flexibility, 
while functions such as semantic memory and language are preserved, and even the latter can 
improve over the years [19–21].

Attention is a complex, dynamic, multimodal, and hierarchical functional system that makes 
easier the processing of information, selecting the relevant stimuli to perform a certain sen-
sory, cognitive, or motor activity [21]. According to data, cognitive changes are particularly 
difficult for older adults, mainly in activities that involve orienting them between several 
elements or constantly changing between different successive testing options, due to the 
decrease in selective visual attention, which in part is due to the degradation of sensory 
processing.
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It is important to emphasize that attention control is related to other cognitive functions such 
as processing speed, which suggests that older adults are less involved in tasks of anticipatory 
attentional resources due to the slower reaction time during aging [22].

Changes associated with age have been studied from the different domains of cognitive 
functioning.

Memory is a neurocognitive function that allows us to record, encode, consolidate, retain, 
store, retrieve, and evoke information [21]. This cognitive function has a sequence of three 
types of memory, from sensory to short-term (which is a transitory, fragile and sensitive stor-
age to interfering agents) to long term memory (responsible for the more permanent storage 
of information and involves a process of consolidation); each have their own particular mode 
of operation but they all cooperate in the process of memorization and can be seen as three 
necessary steps in forming the lasting memory. There are also three main processes involved 
in the human memory: encoding, storage and recall (retrival) [23].

Memory is one of the most studied cognitive domains because it is a frequent complaint that 
older adults make during normal aging. Kral’s research since 1962 has led to evidence of the 
existence of a slowly progressing memory loss characterized by the inability to remember, 
sometimes relatively unimportant parts of the experiences of the past. The affectation of this 
domain in its processes of acquisition, consolidation, and spontaneous evocation is related to 
the cerebral biological functioning that will depend on variables such as quality of life.

Regarding the different types of memory, aging has a significant effect, on one hand, on the 
decline of immediate and episodic memory rather than on semantics and, on the other hand, 
on evocation rather than consolidation. Aging also affects the codification of new information, 
especially when strategic processing is needed [24].

Perception is the mental capacity that allows us to integrate and recognize through our senses. 
It allows us to recognize those objects to which we pay attention and to create our own knowl-
edge patterns. In that sense, there must be an encounter between the sensorial information 
and the memory files that leads to the perception or interpretation of reality.

It is often difficult to dissociate spatial skills from constructional ones, being the latter defined 
as the ability to integrate elements into an organized whole (examples of these skill are copy-
ing geometric figures and the construction with cubes), since it requires the handling of space. 
According to the Pan-American Health Organization, changes in these cognitive functions 
in aging are due to the decline of visual acuity and processing, which causes problems of 
sensitivity to illumination and vision difficulties in poorly lit places, problems to distinguish 
colors, to focus at different distances and deficits related to spatial perception in general.

The executive functions (or meta-cognitive processes) would be those processes involved in the 
planning and supervision of cognitive processing. The term “executive” encompasses a series of 
cognitive processes, including updating and tracking information and inhibiting responses [24].

This kind of functions could be understood as a set of high-level operations that sequence and 
control the basic operations and, at the same time, make decisions in the moments of choos-
ing among alternatives. Because they are linked with other cognitive functions, it is difficult 
to evaluate them in a specific way. At the same time, it is more complicated to find tasks that 
refer only to the performance of each one of them.
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Some of the tasks that have been considered as executive functions are the working memory, 
the majority of everyday cognitive tasks that require the establishment of goals, the implemen-
tation and follow-up of the operations to reach those goals, and both the checkup of each one 
of these operations and of the fulfillment of the final purpose; their relevance could be used as 
evidence of the importance of executive functions in the lives of people [25]. In normal aging, 
it has been found that changes in executive functions are mainly observed in: working mem-
ory, when keeping information available for a short period of time; in inhibition, because over 
the years, more problems to concentrate on relevant information are experienced and inhibit 
attention to irrelevant aspects, in addition inhibitory processes are less efficient to allow the 
initial entry of information into the operational memory and in mental flexibility [26].

Processing speed has been defined as the reaction time that produces a global effect on cogni-
tion [27]. It is one of the functions in which a decline has been found as part of normal aging, 
and it has even been associated with the cause of cognitive changes in other domains such as 
care and executive functioning.

Moreover, as a cognitive task becomes more complex, older adults may not have the neces-
sary resources of mental operations to carry out the later phases of it because cognitive func-
tioning is slower and sometimes does not allow them to complete some mental operations 
that are needed for a correct final task performance [28]. Other studies compared two groups, 
one of young adults and other of older adults, and applied neuropsychological tasks to mea-
sure executive functioning and found a lower performance in inhibitory control, abstraction, 
and working memory but not the rest of this kind of functions [29].

The subjective perception of adults about their cognitive functioning (also called meta-memory) 
is another factor that significantly influences the activities of daily living (ADL) during aging, 
a recent study showed that a third of the evaluated population reported memory problems, 
thinking skills, and their ability to reason, all of them associated with their overall health [30].

Finally, it is important to note that the cognitive changes that occur in normal aging are pre-
sented as a slight decline and do not interfere with the level of independence during aging; if 
these changes appear in the opposite way, it is possible to suspect deterioration or cognitive 
change related to a pathology.

3. Mild cognitive impairment and dementia

In cognitive aging, there is a decline which is considered normal. Some cognitive functions 
remain stable while others decline as part of normal aging. These cognitive changes associ-
ated with age occur to people who do not have pathologies that affect memory or cogni-
tive abilities, and these changes do not interfere with the ability to participate in everyday 
activities. However, cognitive changes in aging can have a wide range, from those that are 
normal to those that are pathological, and between these there may be a series of intermediate 
changes. This transition state is known as Mild Cognitive Impairment (MCI) [31].

The construct of Mild Cognitive Impairment (MCI) has been extensively used worldwide, 
both in clinical and in research settings, to define the gray area between intact cognitive 
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 functioning and clinical. The MCI intends to identify this intermediate stage of cognitive 
impairment that is often, but not always, a transitional phase from cognitive changes in nor-
mal aging to those typically found in dementia [32]; in this sense, MCI is considered a pre-
demential syndrome [33].

In 2013, the American Psychiatric Association (APA) proposed new criteria for dementia in 
the fifth edition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5) and 
recognizes the predementia stage of cognitive impairment [34]. The condition, which has 
many of the features of MCI, is known as mild neurocognitive disorder (NCD). Mild NCD 
recognizes subtle features of cognitive impairment that are different from aging but do not 
represent dementia. Furthermore, mild NCD focuses on the initial phases of cognitive disor-
ders and precedes major NCD that is analogous to the previous diagnosis of dementia.

There are several subtypes of MCI, which differ according to the type and number of impaired 
cognitive abilities, the most common is the amnesic which mainly involves memory problems, 
while in the nonamnesic, memory operation is not compromised. Likewise, when only one 
dimension of cognitive functioning is affected, it is called DCL of a domain or multidomain if 
more than one cognitive ability (e.g., memory, reasoning, executive functions, etc.) is affected 
[32]. These MCI subtypes are usually related to different pathological processes, for example, 
it has been found that people with amnestic DCL are more likely to progress to Alzheimer’s 
disease (AD) [35, 36], while people with nonamnestic MCI are more likely to develop Lewy 
Body Dementia [36].

According to this definition, MCI is operationalized based on clinical data of changes in cog-
nitive abilities (see Table 1). The subjective cognitive complaint needs to be confirmed by 
objective cognitive measures, such as neuropsychological test batteries. Objective cognitive 
impairment is defined as a poor performance in one or more cognitive measures, which sug-
gests deficits in one or more cognitive areas or domains. There is no gold standard to specify 
which neuropsychological test battery to use, but it is important that all the main cognitive 
areas are examined. Typically, executive functions, attention, language, memory, and visuo-
spatial skills are taken into account. Functional abilities are investigated by means of a thor-
ough interview with the person and with the next of kin and registered in terms of activities 
of daily living (ADL) and instrumental activities of daily living (IADL) scales [32].

According to this definition, MCI is operationalized based on clinical data of changes in cogni-
tive abilities (see Table 1). The subjective cognitive complaint needs to be confirmed by objective 
cognitive measures, such as neuropsychological test batteries. Objective cognitive impairment 
is defined as a poor performance in one or more cognitive measures, which suggests deficits in 
one or more cognitive areas or domains. There is no gold standard to specify which neuropsy-
chological test battery to use, but it is important that all the main cognitive areas are examined. 
Typically, executive functions, attention, language, memory, and visuospatial skills are taken 
into account. Functional abilities are investigated by means of an  in-depth interview with the 
person and with the person’s next of kin and registered in terms of both activities of daily liv-
ing (ADL) and instrumental activities of daily living (IADL) scales [32].

It has been shown that a significant proportion of people with MCI progresses to dementia in peri-
ods of 1–2 years and approximately 50% progresses toward dementia over a 5-year period [37].
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Some of the tasks that have been considered as executive functions are the working memory, 
the majority of everyday cognitive tasks that require the establishment of goals, the implemen-
tation and follow-up of the operations to reach those goals, and both the checkup of each one 
of these operations and of the fulfillment of the final purpose; their relevance could be used as 
evidence of the importance of executive functions in the lives of people [25]. In normal aging, 
it has been found that changes in executive functions are mainly observed in: working mem-
ory, when keeping information available for a short period of time; in inhibition, because over 
the years, more problems to concentrate on relevant information are experienced and inhibit 
attention to irrelevant aspects, in addition inhibitory processes are less efficient to allow the 
initial entry of information into the operational memory and in mental flexibility [26].

Processing speed has been defined as the reaction time that produces a global effect on cogni-
tion [27]. It is one of the functions in which a decline has been found as part of normal aging, 
and it has even been associated with the cause of cognitive changes in other domains such as 
care and executive functioning.

Moreover, as a cognitive task becomes more complex, older adults may not have the neces-
sary resources of mental operations to carry out the later phases of it because cognitive func-
tioning is slower and sometimes does not allow them to complete some mental operations 
that are needed for a correct final task performance [28]. Other studies compared two groups, 
one of young adults and other of older adults, and applied neuropsychological tasks to mea-
sure executive functioning and found a lower performance in inhibitory control, abstraction, 
and working memory but not the rest of this kind of functions [29].

The subjective perception of adults about their cognitive functioning (also called meta-memory) 
is another factor that significantly influences the activities of daily living (ADL) during aging, 
a recent study showed that a third of the evaluated population reported memory problems, 
thinking skills, and their ability to reason, all of them associated with their overall health [30].

Finally, it is important to note that the cognitive changes that occur in normal aging are pre-
sented as a slight decline and do not interfere with the level of independence during aging; if 
these changes appear in the opposite way, it is possible to suspect deterioration or cognitive 
change related to a pathology.

3. Mild cognitive impairment and dementia

In cognitive aging, there is a decline which is considered normal. Some cognitive functions 
remain stable while others decline as part of normal aging. These cognitive changes associ-
ated with age occur to people who do not have pathologies that affect memory or cogni-
tive abilities, and these changes do not interfere with the ability to participate in everyday 
activities. However, cognitive changes in aging can have a wide range, from those that are 
normal to those that are pathological, and between these there may be a series of intermediate 
changes. This transition state is known as Mild Cognitive Impairment (MCI) [31].

The construct of Mild Cognitive Impairment (MCI) has been extensively used worldwide, 
both in clinical and in research settings, to define the gray area between intact cognitive 
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 functioning and clinical. The MCI intends to identify this intermediate stage of cognitive 
impairment that is often, but not always, a transitional phase from cognitive changes in nor-
mal aging to those typically found in dementia [32]; in this sense, MCI is considered a pre-
demential syndrome [33].

In 2013, the American Psychiatric Association (APA) proposed new criteria for dementia in 
the fifth edition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5) and 
recognizes the predementia stage of cognitive impairment [34]. The condition, which has 
many of the features of MCI, is known as mild neurocognitive disorder (NCD). Mild NCD 
recognizes subtle features of cognitive impairment that are different from aging but do not 
represent dementia. Furthermore, mild NCD focuses on the initial phases of cognitive disor-
ders and precedes major NCD that is analogous to the previous diagnosis of dementia.

There are several subtypes of MCI, which differ according to the type and number of impaired 
cognitive abilities, the most common is the amnesic which mainly involves memory problems, 
while in the nonamnesic, memory operation is not compromised. Likewise, when only one 
dimension of cognitive functioning is affected, it is called DCL of a domain or multidomain if 
more than one cognitive ability (e.g., memory, reasoning, executive functions, etc.) is affected 
[32]. These MCI subtypes are usually related to different pathological processes, for example, 
it has been found that people with amnestic DCL are more likely to progress to Alzheimer’s 
disease (AD) [35, 36], while people with nonamnestic MCI are more likely to develop Lewy 
Body Dementia [36].

According to this definition, MCI is operationalized based on clinical data of changes in cog-
nitive abilities (see Table 1). The subjective cognitive complaint needs to be confirmed by 
objective cognitive measures, such as neuropsychological test batteries. Objective cognitive 
impairment is defined as a poor performance in one or more cognitive measures, which sug-
gests deficits in one or more cognitive areas or domains. There is no gold standard to specify 
which neuropsychological test battery to use, but it is important that all the main cognitive 
areas are examined. Typically, executive functions, attention, language, memory, and visuo-
spatial skills are taken into account. Functional abilities are investigated by means of a thor-
ough interview with the person and with the next of kin and registered in terms of activities 
of daily living (ADL) and instrumental activities of daily living (IADL) scales [32].

According to this definition, MCI is operationalized based on clinical data of changes in cogni-
tive abilities (see Table 1). The subjective cognitive complaint needs to be confirmed by objective 
cognitive measures, such as neuropsychological test batteries. Objective cognitive impairment 
is defined as a poor performance in one or more cognitive measures, which suggests deficits in 
one or more cognitive areas or domains. There is no gold standard to specify which neuropsy-
chological test battery to use, but it is important that all the main cognitive areas are examined. 
Typically, executive functions, attention, language, memory, and visuospatial skills are taken 
into account. Functional abilities are investigated by means of an  in-depth interview with the 
person and with the person’s next of kin and registered in terms of both activities of daily liv-
ing (ADL) and instrumental activities of daily living (IADL) scales [32].

It has been shown that a significant proportion of people with MCI progresses to dementia in peri-
ods of 1–2 years and approximately 50% progresses toward dementia over a 5-year period [37].
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Dementia is a NCD that usually begins gradually and has a progressive course. It can be 
variable, and there is often a long period of time between the occurrence of the first signs of 
cognitive impairment and the moment they meet the criteria for the dementia diagnosis [38].

The American Psychiatric Association (APA) introduced in 2013 the term “Major neurocogni-
tive disorder” replacing the term “dementia,” defined as a decline in mental ability severe 

Normal aging 
[31]

Mild cognitive 
impairment [32]

Dementia DSM-IV [41] Major neurocognitive 
disorder DSM-5 [34]

Memory Absence or 
presence 
or memory 
complaints

Subjective 
cognitive 
complaint, raised 
by the patient 
or an informant, 
or observations 
made by the 
clinician

A1. Memory impairment A. Evidence of significant 
cognitive decline from a 
previous level of performance 
in one or more cognitive 
domains: 

• Learning and memory

• Language

• Executive function

• Complex attention

• Perceptual-motor

• Social cognition

Normal objective 
memory 
according to age.

Memory 
problems are 
gradual, do not 
worsen suddenly

Other 
cognitive 
functions

Normal cognitive 
functioning 
according to age

Objective 
cognitive 
impairment in 
one or more 
cognitive domains 
preferably relative 
to appropriate 
normative data 
for that individual

The course of deterioration 
is characterized by a gradual 
onset and a continuous 
cognitive impairment.

Evidence of decline is based 
on: Concern of the individual, 
a knowledgeable informant, 
or the clinician that there 
has been a significant 
decline in cognitive 
function; and a substantial 
impairment in cognitive 
performance, preferably 
documented by standardized 
neuropsychological testing 
or, in its absence, another 
quantified clinical assessment.

A2. At least one of the 
following:

• Aphasia

• Apraxia

• Agnosia

• Disturbance in executive 
functioning

Activities of 
daily living 
(ADL)

Preservation 
of functional 
independence

Preservation 
of functional 
independence

B. The cognitive deficits 
in A1 and A2 each cause 
significant impairment 
in social or occupational 
functioning and represent 
a significant decline 
from a previous level of 
functioning

B. The cognitive deficits 
interfere with independence 
in everyday activities. At a 
minimum, assistance should 
be required with complex 
instrumental activities of 
daily living

Associated 
pathologies

No dementia No dementia C. The cognitive deficits do 
not occur exclusively during 
the course of delirium

C. The cognitive deficits do 
not occur exclusively in the 
context of a delirium

D. The cognitive deficits 
are not better explained by 
another mental disorder

Table 1.  Comparison of the different diagnostic criteria in normal aging, mild cognitive impairment and dementia 
(according to DSM-IV and DSM-5).
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enough to interfere with independence and daily life [34]. However, not all the care profession-
als and organizations are likely to use the new term. Currently, the Alzheimer’s Association, 
for example, uses the term dementia instead of neurocognitive disorder. See criteria in Table 1.

Globally, around 47 million people have dementia, with nearly 60% living in low- and middle-
income countries, and there are 9.9 million new cases every year; Alzheimer’s disease is the most 
common cause of dementia and may contribute to 60–70% of cases. The estimated proportion of 
the general population aged 60 years and over with dementia at a given time is between 5 and 8 
per 100 people. The total number of people with dementia is projected to near 75 million in 2030 
and almost triple by 2050 to 132 million. Much of this increase is attributable to the rising num-
bers of people with dementia living in low- and middle-income countries [39]. The most com-
mon forms of dementia are Alzheimer’s disease and vascular dementia (VD) [40]. Table 1 shows 
a comparison of diagnostic criteria in normal aging, mild cognitive impairment, and dementia.

4. Risk factors for mild cognitive impairment and dementia

Science has gradually shown which risk factors (RF) for MCI and dementia can be currently 
considered. The knowledge of RF for these pathological processes plays an important role in 
its prevention. Ideally, prevention strategies should target people who are not even symptom-
atic [42]. Prevention of dementia is a public health priority [43].

In the health sciences field, a RF is the probability of suffering a certain disease, having a 
complication or dying [44]. In this paper, we will present some of the most recognized RF, 
classifying them according to their origin in social, biological, and psychological and by their 
nature in modifiable and nonmodifiable (see Table 2).

4.1. Biological factors

4.1.1. Vascular disorders

Regarding blood pressure (BP), both high and low BP have been linked to cognitive impair-
ment and dementia [45]. The role of cerebral blood vessels in the wide spectrum of pathologies 
underlying cognitive impairment highlights the importance of vascular structure and func-
tion in brain health [46]. The pathophysiology of the relationship between BP and cognition 

Risk factors Modifiable Nonmodifiables

(A) Biological Vascular disorders

Metabolic disorders: diabetes mellitus
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(B) Psychological Depression —

(C) Social Education
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is unclear, but hypoperfusion and neurodegeneration have emerged as potential underlying 
mechanisms [45, 47]. Results from a longitudinal study as part of the Kungsholmen Project 
[48] showed that low diastolic pressure predicted the risk of dementia among very old people. 
In the study, blood pressure showed a substantial decrease for approximately 3 years before 
the dementia syndrome became clinically evident [45].

In contrast, cohort studies have found that elevated blood pressure levels in the middle age 
may increase the risk of dementia in advanced age. As a result, the exposure to four risk fac-
tors related to BP: smoking, hypertension, high cholesterol, and diabetes in the middle age 
increased the risk of dementia in old age compared to only having one of the risk factors [49]. 
This relationship between blood pressure and the risk of dementia may depend on the age of 
patients when blood pressure is measured, as well as the time interval between blood pres-
sure and dementia assessments [50, 51].

4.1.2. Metabolic disorders: diabetes mellitus

Diabetes mellitus (DM) is associated with a dementia risk of 1.5–2.5 times higher among old 
adults in the community. DM is a significant risk factor not only for vascular dementia but 
also for Alzheimer’s Disease. The mechanisms that support this association are unclear but 
may be multifactorial in nature, such as cardiovascular risk factors, glucose toxicity, changes 
in insulin metabolism, and inflammation [52].

Both hyperglycemia and hyperinsulinemia, as part of the metabolic process leading to DM 
type 2 (DM2), are associated with cognitive dysfunction and dementia due to stroke. This is 
often accompanied by other mental function disorders, such as depression or anxiety [53]. An 
epidemiological study showed that the incidence rates of hospitalization for VD in adult aged 
70 years and over were twice as high in patients with DM2 as in those who did not presented 
it [54].

4.1.3. Genetic factors

Genetics clearly plays a role in AD, both in early and late onset. Early-onset AD or beginning 
before age 65 years can be caused by one of the more than 200 sequence variants in the genes 
of the beta amyloid precursor protein, presenilin 1 (PSEN1), or presenilin 2 (PSEN2) [55, 56]. 
Despite the consistent genetic basis for AD, significant variability in onset age has been observed, 
suggesting an important role of environmental factors or genetic modifiers in determining the 
onset age [56]. Late-onset AD is also heavily influenced by genetics, although the Mendelian 
pattern of inheritance is often unclear. There are several factors that could explain this, even if 
causal mutations exist [57]. Late-onset AD is complex, and apolipoprotein E is the only genetic 
risk factor unanimously accepted for its development. Several genes involved in AD have been 
identified using advanced genetic technologies; however, there are many additional genes that 
have not been identified [58].

Related to this, a long research that analyzed the Genealogical Index of Familiarity up to 14 
generations showed that the pairs of people with family ties who died of AD were significantly 
related. The relative risk for AD death among the relatives of individuals who died of AD 
increased significantly for close and distant relatives [57].
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4.1.4. Previous brain injuries

A new area of interest involves understanding the effect that head trauma has on the behavior 
and cognitive abilities of brain aging. This issue becomes even more important as the geriatric 
population grows [59].

Traumatic brain injury (TBI) is an injury in which effects could be devastating often resulting in 
lifetime cognitive deficits [60]. More than 70% of people with TBI report memory deficits [61]. 
Contact sports are a source of recurrent TBI. Athletes whose last concussion was in early adult-
hood (more than 30 years before examination) were reported to have poorer episodic memory 
and poorer response inhibition, as well as significantly reduced movement speeds in neuropsy-
chological tests, when compared with same-age athletes without a history of concussion [62]. 
Regarding the cognitive aging process, the evidence showed that cognition problems exhibited 
by young adults after severe TBI are similar to many cognitive weaknesses in attention deficit 
and poor working memory of an elderly population with no neurological history. There is evi-
dence that TBI can result in decreased cognitive reserve that can accelerate the cognitive decline 
normal process, leading to premature aging, potentially increasing the risk of dementia [63].

4.2. Psychological factors

4.2.1. Depression

Depression can affect cognitive functions and may emulate cognitive impairment. It can be 
considered comorbidity, a prodromal factor or a consequence of vascular cognitive impair-
ment, more than a factor that specifically alters vascular physiology or neural health, leading to 
cognitive impairment [64]. Some studies have concluded that depressive symptoms are associ-
ated with cognitive impairment; however, the mechanisms underlying the association between 
these two common conditions need further exploration. It is unclear whether cognitive impair-
ment over time can be explained by depression or it is just a sign of an incipient dementia [65].

4.3. Social factors

4.3.1. Age and sex

Through studies results, the age and sex of the individuals have been considered as risk factors 
of mild cognitive impairment and dementia. Some studies have reported that the prevalence 
of dementia increases exponentially with age [66] and doubles every 5 years after the age of 65 
years. Several studies showed an increasing prevalence among the older age groups [67, 68]. 
In higher income countries, prevalence is 5–10% among those over 65 years [68]. Regarding 
sex, there are results in which dementia is higher in women than in men [68, 69]. One pos-
sible explanation for this is that women live longer than men [68]. However, recently, another 
cohort study reported that both the prevalence and the incidence were higher in men [69, 70].

4.3.2. Education and intellectual commitment

Dr. James A. Mortimer was one of the first to propose a relationship between years of formal 
education and risk of dementia. He suggested that education can be a protective factor against 
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dementia, raising the level of “intellectual reserve.” Regarding this, a systematic review of the 
literature on the relationship between education and dementia in the last 25 years concluded that 
lower education was associated with an increased risk of dementia in many but not all studies.

Education associated with the risk of dementia showed different results according to the pop-
ulation, and the years of education did not uniformly reduce the risk of dementia. It seems 
that a more consistent relationship with dementia occurred when the years of education 
reflected cognitive ability, suggesting that the effect of education on the risk of dementia can 
be better assessed in the context of a life development model [71].

In addition to this, occupations performed during lifetime that did not require complex cog-
nitive processes or stimulants seem to be associated with an increased risk of dementia. For 
example, when studying a group of nuns (average 54 years of age), a strong association was 
found between low educational and occupational levels with dementia. The risk of dementia 
increased in those participants with poor education, without professional training and who 
had never been in charge of a leadership position. These findings support the hypothesis of 
the benefits of having a cognitive reserve capacity against the consequences of brain diseases 
[72]. In this sense, it was reported that university preparation represented a lower risk of 
dementia among five categories, where illiterates showed the highest proportion of individu-
als with dementia, while the lowest proportion was found in university students [73].

5. Intervention in cognitive aging

Broadly speaking, research on cognitive aging shows a gradual decline scenario, which may 
or may not be normative, and is associated with age and previously identified risk factors. The 
progression from normality to pathology is a concern in the health sciences field due to the 
negative implications that mild cognitive impairment and dementia have on people’s lives.

This is why gerontology has focused on the study of nonpharmacological intervention tech-
niques that promote the improvement or maintenance of cognitive functioning at a level that 
allows people to lead a functional and disability-free life associated with cognitive pathologies. 
The main conceptual basis for nonpharmacological intervention on cognitive functioning in 
aging focuses mainly on the concepts of brain plasticity, brain reserve, and cognitive reserve.

Under the concept of brain plasticity [74], in the last 25 years, evidence has been presented 
to support the idea that the brain is far more flexible in structure and function than it was 
previously believed. Brain plasticity refers to the extraordinary ability of the brain to modify 
its own structure and function following changes within the body or in the external environ-
ment. Although it is stronger during childhood, it remains the fundamental and significant 
lifelong property of the brain during aging. Brain plasticity is implicated in learning abili-
ties and plays a fundamental role in degenerative brain disorders. Recent research suggests 
that the pathology of the Alzheimer’s disease, for example, is associated with the loss of 
plasticity.

The brain reserve is related to neurobiological aspects and it has a more passive approach, 
since it refers to the size and number of neurons that a person has after a brain injury.
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Finally, the cognitive reserve has been defined as the adaptation of the brain to an injury situa-
tion using pre-existing cognitive processing resources or compensation resources through the 
activation of neural networks [75]. The cognitive reserve allows better tolerance of the effects 
of the disease associated with dementia, supporting a greater amount of neuropathologies 
before reaching the symptoms of the disease. The cognitive reserve influences the manifes-
tation of the symptoms of cognitive impairment and, at least partially, in its development 
toward dementia [76]. People with MCI and low reserves show a steeper decline early in 
the process of deterioration, compared to the high level of reserve this marked deterioration 
would have at the end of the process, due to the protective role of this reserve [77].

The intervention for the optimization of cognitive functions is based on these concepts to 
implement nonpharmacological treatments, in order to overcome the challenges of cognitive 
changes associated with aging, prevent pathologies such as MCI and dementia, and, finally, 
if it is necessary, alleviate their effects.

According to the British Psychological Society [78], there are a variety of nonpharmacological 
treatments and interventions which can help people to maintain good mental health, espe-
cially after diagnosis of MCI or dementia. Psychosocial interventions can help the diagnosis 
of dementia, reducing stress and improving mood (such as anxiety or depression), improving 
and maintaining cognitive functioning, and promoting quality of life in general. Specifically, 
treatments for improving and maintaining cognitive functioning in aging are Cognitive 
Training, Cognitive Stimulation Therapy, and Cognitive Rehabilitation that have significant 
differences in terms of their purpose, target population, duration, and management.

The Cognitive Training, also called Brain Training, involves specific aspects of memory and 
other cognitive skills. Since it is not personally tailored, regular pastimes such as crosswords, 
Sudoku, games, or exercises on a computer would also count as cognitive training. Cognitive 
training is for anyone who wants to keep his brain active and enjoys brain training games and 
puzzles, including people living with dementia. Exercises are designed to train specific func-
tions, such as memory of words, logic and reasoning, attention, problem solving, and mathe-
matics. Training could be a regular activity done continuously and can be self-administered [78].

Cognitive Stimulation Therapy (CST) is a group therapy that is used to help strengthen per-
sonal communications skills, thinking, and memory. CST groups run for a limited number of 
sessions (usually 12–14, one or two per week). As a complement, the maintenance cognitive 
stimulation therapy (MCST) groups continue indefinitely and aim to maintain the benefits 
that CST groups provide. CST and MCST are suitable for people with diagnosis of mild cogni-
tive impairment or dementia in mild-to-moderate stages. A typical CST session lasts for 1 hour 
and may involve games, singing, applying reminiscence therapies, sharing stories, discussing 
current events, practicing arts, and making crafts. CST has shown to be beneficial for cogni-
tion and quality of life, and it is also cost-effective. Additionally, if CST is followed by MCST, 
it offers a significant improvement in cognitive function providing long-term benefits [79].

On the other side, cognitive rehabilitation is an approach to manage the impact that dementia-
related difficulties, such as problems with thinking and memory, can have on everyday life. 
It is recommended for people who have early-onset dementia. Cognitive rehabilitation is not 
about curing or reducing dementia-related difficulties with thinking and memory, instead it 

Cognitive Aging
http://dx.doi.org/10.5772/intechopen.71551

155



dementia, raising the level of “intellectual reserve.” Regarding this, a systematic review of the 
literature on the relationship between education and dementia in the last 25 years concluded that 
lower education was associated with an increased risk of dementia in many but not all studies.

Education associated with the risk of dementia showed different results according to the pop-
ulation, and the years of education did not uniformly reduce the risk of dementia. It seems 
that a more consistent relationship with dementia occurred when the years of education 
reflected cognitive ability, suggesting that the effect of education on the risk of dementia can 
be better assessed in the context of a life development model [71].

In addition to this, occupations performed during lifetime that did not require complex cog-
nitive processes or stimulants seem to be associated with an increased risk of dementia. For 
example, when studying a group of nuns (average 54 years of age), a strong association was 
found between low educational and occupational levels with dementia. The risk of dementia 
increased in those participants with poor education, without professional training and who 
had never been in charge of a leadership position. These findings support the hypothesis of 
the benefits of having a cognitive reserve capacity against the consequences of brain diseases 
[72]. In this sense, it was reported that university preparation represented a lower risk of 
dementia among five categories, where illiterates showed the highest proportion of individu-
als with dementia, while the lowest proportion was found in university students [73].

5. Intervention in cognitive aging

Broadly speaking, research on cognitive aging shows a gradual decline scenario, which may 
or may not be normative, and is associated with age and previously identified risk factors. The 
progression from normality to pathology is a concern in the health sciences field due to the 
negative implications that mild cognitive impairment and dementia have on people’s lives.

This is why gerontology has focused on the study of nonpharmacological intervention tech-
niques that promote the improvement or maintenance of cognitive functioning at a level that 
allows people to lead a functional and disability-free life associated with cognitive pathologies. 
The main conceptual basis for nonpharmacological intervention on cognitive functioning in 
aging focuses mainly on the concepts of brain plasticity, brain reserve, and cognitive reserve.

Under the concept of brain plasticity [74], in the last 25 years, evidence has been presented 
to support the idea that the brain is far more flexible in structure and function than it was 
previously believed. Brain plasticity refers to the extraordinary ability of the brain to modify 
its own structure and function following changes within the body or in the external environ-
ment. Although it is stronger during childhood, it remains the fundamental and significant 
lifelong property of the brain during aging. Brain plasticity is implicated in learning abili-
ties and plays a fundamental role in degenerative brain disorders. Recent research suggests 
that the pathology of the Alzheimer’s disease, for example, is associated with the loss of 
plasticity.

The brain reserve is related to neurobiological aspects and it has a more passive approach, 
since it refers to the size and number of neurons that a person has after a brain injury.

Gerontology154

Finally, the cognitive reserve has been defined as the adaptation of the brain to an injury situa-
tion using pre-existing cognitive processing resources or compensation resources through the 
activation of neural networks [75]. The cognitive reserve allows better tolerance of the effects 
of the disease associated with dementia, supporting a greater amount of neuropathologies 
before reaching the symptoms of the disease. The cognitive reserve influences the manifes-
tation of the symptoms of cognitive impairment and, at least partially, in its development 
toward dementia [76]. People with MCI and low reserves show a steeper decline early in 
the process of deterioration, compared to the high level of reserve this marked deterioration 
would have at the end of the process, due to the protective role of this reserve [77].

The intervention for the optimization of cognitive functions is based on these concepts to 
implement nonpharmacological treatments, in order to overcome the challenges of cognitive 
changes associated with aging, prevent pathologies such as MCI and dementia, and, finally, 
if it is necessary, alleviate their effects.

According to the British Psychological Society [78], there are a variety of nonpharmacological 
treatments and interventions which can help people to maintain good mental health, espe-
cially after diagnosis of MCI or dementia. Psychosocial interventions can help the diagnosis 
of dementia, reducing stress and improving mood (such as anxiety or depression), improving 
and maintaining cognitive functioning, and promoting quality of life in general. Specifically, 
treatments for improving and maintaining cognitive functioning in aging are Cognitive 
Training, Cognitive Stimulation Therapy, and Cognitive Rehabilitation that have significant 
differences in terms of their purpose, target population, duration, and management.

The Cognitive Training, also called Brain Training, involves specific aspects of memory and 
other cognitive skills. Since it is not personally tailored, regular pastimes such as crosswords, 
Sudoku, games, or exercises on a computer would also count as cognitive training. Cognitive 
training is for anyone who wants to keep his brain active and enjoys brain training games and 
puzzles, including people living with dementia. Exercises are designed to train specific func-
tions, such as memory of words, logic and reasoning, attention, problem solving, and mathe-
matics. Training could be a regular activity done continuously and can be self-administered [78].

Cognitive Stimulation Therapy (CST) is a group therapy that is used to help strengthen per-
sonal communications skills, thinking, and memory. CST groups run for a limited number of 
sessions (usually 12–14, one or two per week). As a complement, the maintenance cognitive 
stimulation therapy (MCST) groups continue indefinitely and aim to maintain the benefits 
that CST groups provide. CST and MCST are suitable for people with diagnosis of mild cogni-
tive impairment or dementia in mild-to-moderate stages. A typical CST session lasts for 1 hour 
and may involve games, singing, applying reminiscence therapies, sharing stories, discussing 
current events, practicing arts, and making crafts. CST has shown to be beneficial for cogni-
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is about learning ways of compensating these difficulties or managing them better. Many cog-
nitive rehabilitation programs could involve families and careers. Usually, it is implemented 
by gerontologists, occupational therapists, clinical psychologists or clinical neuropsycholo-
gists [78]. Cognitive rehabilitation mainly focuses on identifying and addressing individual 
needs and goals, which may require strategies for taking in new information or compensa-
tory methods such as memory aids, and has provided preliminary indications of its potential 
benefits in improving activities of daily living in people with mild Alzheimer's disease [80].

Any kind of cognitive intervention should be based on a previous diagnosis, including two 
types of assessment. The first should be a screening (usually with the Mini-Mental State 
Examination), and the second is an in-depth evaluation (with standardized tests in the socio-
cultural context, according to age and schooling) of the performance of the individual in dif-
ferent cognitive tasks. From the diagnosis results if the person shows a “normal” or intact 
performance, meaning that he preserves his cognitive functions as expected to his age and 
schooling in their context; or it presents a significantly inferior performance that can be clas-
sified as slight cognitive impairment and in case of suspected dementia. This previous evalu-
ation is needed to take the decision of whether an intervention is necessary and what kind is 
required, what aspects should be developed on and what capacities should be promoted [81].

The objectives of intervention programs based on training and/or cognitive stimulation are 
generally set out in terms of “improving, maintaining, strengthening, and restoring.” While in 
programs based on cognitive rehabilitation, the objectives are defined in terms of “compensate.”

Once the type and purpose of the treatment have been selected, during the planning of the cog-
nitive intervention, basic methodological aspects must be considered, in order to systematize 
the steps involved in the process. These guidelines include [82]: (1) Systematic organization 
of the session and its activities, (2) progression, starting with easy and continue with difficult 
activities, (3) intensity, with a suitable and adapted rhythm, (4) logic and sense, with mean-
ing and actual sequence, (5) the activities should be interesting, (6) motivation, curiosity, and 
desire to learn, (7) the activities should be gratifying, (8) personal and emotional involvement, 
the elements of the process should have a pleasant and emotional sense, (9) the elements of 
the process should promote the interpersonal relationships of people with their environment.

As a basic guideline during the intervention work, it is recommended to maintain a routine 
through a structured session, in this sense, as part of the training and/or cognitive stimulation 
a session scheme is proposed. It includes the following elements, not necessarily in this order:

1. Orientation to reality (personal, spatial and temporal) [81].

2. Attention/concentration technique.

3. Relaxation technique.

4. Psycho-educational technique, knowledge and theoretical information promote the im-
provement of the perception of memory.

5. Practical training in the use of mnemonic strategies adapted to the needs of the person 
(see Table 3).

6. Feedback and closure. Always ask: How does this help me in everyday life?
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Mnemonic strategies are used for improving memory processes and with it ensuring that 
important information is available when needed in our daily lives. Memory strategies can 
be distinguished according to their origin, whether they are external or internal. The first 
involves using aids that are outside our body to help us remember things, while internal 
strategies are mental activities that engage the person in remembering information [31] 
(Table 3). Both types of strategies are effective ways of learning and retaining information 
and are widely used as part of training and cognitive stimulation programs in the aging 
process.

On the other hand, interventions based on cognitive rehabilitation, designed for people with 
mild to severe dementia, should be highly personalized to fulfill the requirements regarding 
both to the potential and deterioration of the person, so it is difficult to design sessions with 
rigid schemes. However, this does not imply that the work should not be systematized. In 
a review of interventions targeting people with Alzheimer's disease or related dementia, a 
diversity in the types of interventions was found which consisted mainly of memory training, 
reminiscence therapy, validation therapy, and life review techniques [83].

Strategies Technique Definition and examples

Internal Organization/categorization It consists of establishing categories of data or information 
grouping it based on their common characteristics. 
(e.g., grocery lists according to the type of food, color, 
location in the kitchen)

Visualization Based on the ability to recreate visual mental images. 
(Ex: visually imagine a photo or movie where all the 
elements that want to be remembered are found)

Mental associations Relate items that want to be remembered (e.g., associate the 
name of a person with a physical characteristic)

Mental hooks Associate elements linked to the imagination and location, 
which can mentally link data that can be easily located in 
the mind

Story technique Organize a story with data from a list of items or events that 
want to be remembered (e.g., to create a story that includes 
the planned activities during the day)

Itinerary method It is about making mental associations of an image in a 
specific place. To achieve this, a mental journey or an 
itinerary should be made, setting in certain places the 
elements to remember (e.g., in the different rooms of the 
house)

Mental maps It involves creating a panoramic view of a situation in order 
to remember both general and specific data

External Memory aids These are aids located in the context or near the person’s 
environment. In this situation a person or object promotes 
the memory (e.g., change the ring from one finger to another, 
carrying a schedule, diary, calendar, etc. Ask a person to 
remind me of an activity)

Table 3. Mnemonic strategies and techniques that can be used as part of training and cognitive stimulation 
programs.

Cognitive Aging
http://dx.doi.org/10.5772/intechopen.71551

157



is about learning ways of compensating these difficulties or managing them better. Many cog-
nitive rehabilitation programs could involve families and careers. Usually, it is implemented 
by gerontologists, occupational therapists, clinical psychologists or clinical neuropsycholo-
gists [78]. Cognitive rehabilitation mainly focuses on identifying and addressing individual 
needs and goals, which may require strategies for taking in new information or compensa-
tory methods such as memory aids, and has provided preliminary indications of its potential 
benefits in improving activities of daily living in people with mild Alzheimer's disease [80].

Any kind of cognitive intervention should be based on a previous diagnosis, including two 
types of assessment. The first should be a screening (usually with the Mini-Mental State 
Examination), and the second is an in-depth evaluation (with standardized tests in the socio-
cultural context, according to age and schooling) of the performance of the individual in dif-
ferent cognitive tasks. From the diagnosis results if the person shows a “normal” or intact 
performance, meaning that he preserves his cognitive functions as expected to his age and 
schooling in their context; or it presents a significantly inferior performance that can be clas-
sified as slight cognitive impairment and in case of suspected dementia. This previous evalu-
ation is needed to take the decision of whether an intervention is necessary and what kind is 
required, what aspects should be developed on and what capacities should be promoted [81].

The objectives of intervention programs based on training and/or cognitive stimulation are 
generally set out in terms of “improving, maintaining, strengthening, and restoring.” While in 
programs based on cognitive rehabilitation, the objectives are defined in terms of “compensate.”

Once the type and purpose of the treatment have been selected, during the planning of the cog-
nitive intervention, basic methodological aspects must be considered, in order to systematize 
the steps involved in the process. These guidelines include [82]: (1) Systematic organization 
of the session and its activities, (2) progression, starting with easy and continue with difficult 
activities, (3) intensity, with a suitable and adapted rhythm, (4) logic and sense, with mean-
ing and actual sequence, (5) the activities should be interesting, (6) motivation, curiosity, and 
desire to learn, (7) the activities should be gratifying, (8) personal and emotional involvement, 
the elements of the process should have a pleasant and emotional sense, (9) the elements of 
the process should promote the interpersonal relationships of people with their environment.

As a basic guideline during the intervention work, it is recommended to maintain a routine 
through a structured session, in this sense, as part of the training and/or cognitive stimulation 
a session scheme is proposed. It includes the following elements, not necessarily in this order:

1. Orientation to reality (personal, spatial and temporal) [81].

2. Attention/concentration technique.

3. Relaxation technique.

4. Psycho-educational technique, knowledge and theoretical information promote the im-
provement of the perception of memory.

5. Practical training in the use of mnemonic strategies adapted to the needs of the person 
(see Table 3).

6. Feedback and closure. Always ask: How does this help me in everyday life?

Gerontology156

Mnemonic strategies are used for improving memory processes and with it ensuring that 
important information is available when needed in our daily lives. Memory strategies can 
be distinguished according to their origin, whether they are external or internal. The first 
involves using aids that are outside our body to help us remember things, while internal 
strategies are mental activities that engage the person in remembering information [31] 
(Table 3). Both types of strategies are effective ways of learning and retaining information 
and are widely used as part of training and cognitive stimulation programs in the aging 
process.

On the other hand, interventions based on cognitive rehabilitation, designed for people with 
mild to severe dementia, should be highly personalized to fulfill the requirements regarding 
both to the potential and deterioration of the person, so it is difficult to design sessions with 
rigid schemes. However, this does not imply that the work should not be systematized. In 
a review of interventions targeting people with Alzheimer's disease or related dementia, a 
diversity in the types of interventions was found which consisted mainly of memory training, 
reminiscence therapy, validation therapy, and life review techniques [83].

Strategies Technique Definition and examples

Internal Organization/categorization It consists of establishing categories of data or information 
grouping it based on their common characteristics. 
(e.g., grocery lists according to the type of food, color, 
location in the kitchen)

Visualization Based on the ability to recreate visual mental images. 
(Ex: visually imagine a photo or movie where all the 
elements that want to be remembered are found)

Mental associations Relate items that want to be remembered (e.g., associate the 
name of a person with a physical characteristic)

Mental hooks Associate elements linked to the imagination and location, 
which can mentally link data that can be easily located in 
the mind

Story technique Organize a story with data from a list of items or events that 
want to be remembered (e.g., to create a story that includes 
the planned activities during the day)

Itinerary method It is about making mental associations of an image in a 
specific place. To achieve this, a mental journey or an 
itinerary should be made, setting in certain places the 
elements to remember (e.g., in the different rooms of the 
house)

Mental maps It involves creating a panoramic view of a situation in order 
to remember both general and specific data

External Memory aids These are aids located in the context or near the person’s 
environment. In this situation a person or object promotes 
the memory (e.g., change the ring from one finger to another, 
carrying a schedule, diary, calendar, etc. Ask a person to 
remind me of an activity)

Table 3. Mnemonic strategies and techniques that can be used as part of training and cognitive stimulation 
programs.

Cognitive Aging
http://dx.doi.org/10.5772/intechopen.71551

157



6. Final remarks

Cognitive changes associated with aging can range from subtle to severe, those related to 
normal aging are generally mild and do not interfere with the ability to participate in nor-
mal daily activities. On the other hand, cognitive pathologies, such as dementia, affect a per-
son’s ability to live independently and are overwhelming for the families of affected people. 
Physical, emotional, and economic pressures can cause great stress to families, and support is 
required from the health, social, financial, and legal systems [39]. Mild cognitive impairment 
falls between these extremes. In MCI, cognitive changes are more substantial than those seen 
in normal aging but not severe enough to cause disability. Both MCI and dementia are patho-
logical conditions, caused by underlying brain disorders or conditions that are not part of the 
normal aging process [31].

In the study of the age-associated changes, declines in memory, attention, perception, speed 
processing, and some executive functions have been reported; however, there is considerable 
inconsistency in the results. Limitations of the studies should be analyzed in order to iden-
tify bias associated with methodology, differences in the assessment tools, and diagnostic 
and performance criteria. The optimal approach to study the age-related cognitive decline 
involves the longitudinal examination of population-based aging cohorts [84]. Despite this, 
researching on cognitive decline in normal aging is very relevant in the gerontology field, due 
to the possibility that it may represent a less severe but similar process to that in dementia 
[85]. Moreover, as decline in cognitive functioning and the onset of dementia are associated 
with older age, the study of social, environmental, and individual risk factors is also needed.

Estimating the burden of the disease and its proportion due to the major risk factors of mild 
cognitive impairment and dementia allows effective preventive measures to be taken, espe-
cially against those risk factors that are modifiable and highly dependent on lifestyles. The 
cardiovascular and DM2 risk decrease with healthy eating, physical exercise, and therapeutic 
control. On the other hand, continuous learning that stimulates lifelong cognitive training and 
leisure activities that represent intellectual challenges can also reduce the risk of cognitive 
impairment; also, depression symptoms could be successfully treated.

Besides the study of cognitive change in aging, the progress toward the pathologies and risk 
factors, the field of study of the gerontology involves the challenge to develop effective inter-
vention programs for promoting cognitive health in aging and old age. In this sense, it has 
largely shown that loss of function in cognitive domains is partly preventable and control-
lable, since it is susceptible to training through strategies of cognitive stimulation and reha-
bilitation. Despite the heterogeneity and variety in interventions and outcomes, that limit 
generalizability, the role of nonpharmacological interventions targeting MCI is promising, 
and must studies found a benefit with the intervention [86].

Finally, population aging coincides with other converging and interdependent global trends 
that are shaping our collective future, regarding the epidemiological transitions the past 
decades have witnessed a major transformation in the profile of diseases that are the prin-
cipal causes of disability and mortality. Today, chronic, noncommunicable diseases are the 
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major cause of death and disability, and the rates are rising. The vast majority of older people 
have chronic conditions, and many have multiple conditions [87]. Mental diseases related to 
cognitive functioning are in the spotlight, specifically the dementia, considered as a public 
health priority [39]. The full impact of the pathologies in cognitive aging, mean mild cogni-
tive impairment, or dementia is resonating throughout society. The economic costs of these 
pathologies impact families, health-care systems, businesses, and social structures. The emo-
tional, psychological, and physical burdens of cognitive pathologies in aging impact indi-
viduals, his/her family, as well the formal support networks that provide assistance [83].

From Gerontology, the challenge entails rethinking the life course, to make aging a positive 
and disability-free individual experience. In this sense, the World Health Organization has 
proposed as a key element the active aging [88], also called “successful” [89] or “healthy” [90]. 
In any case, this type of ideal aging requires that the person can maintain an autonomous 
cognitive ability, which allows the functionality and control of his own life, for which it is 
necessary to preserve healthy cognitive functions.
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ment criteria and of omissions and distortions in CIND. The diagnostic sensitivity of a 
modification of Moore and Wike [1984] scoring system for house and cube drawing tasks 
was confirmed as well. Drawing of cube and house could be used for quick screening 
of CIND in subjects over 60. Principal component analysis with oblimin rotation was 
performed to explore the different dimensions in the visuospatial and visuoconstructive 
abilities in old age. A four-factor structure was established, all four factors explaining 
71% of the variance.

Keywords: constructive ability, visuospatial ability, cognitive impairment,  
no dementia (CIND), old age, house and cube drawing, BVRT

1. Introduction

1.1. Mild cognitive impairment and cognitive impairment, no dementia

Age-related cognitive changes are widely discussed by the researchers, and rich evidences 
about them are reported in the literature [1]. The decline in cognitive functioning has long 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



[86] Horr T, Messinger-Rapport B, Pillai JA. Systematic review of strengths and limitations 
of randomized controlled trials for non-pharmacological interventions in mild cognitive 
impairment: Focus on Alzheimer’s disease. Journal of Nutrition, Health and Aging. 2015 
February;19(2):141-153. DOI: 10.1007/s12603-014-0565-6

[87] International Longevity Centre Brazil. Active Aging: A Policy Framework in Response 
to the Longevity Revolution. Rio de Janeiro, Brazil: ILC-BR; 2015

[88] World Health Organization. Active Aging. A Policy Framework. Geneva, Switzerland: 
WHO; 2002

[89] Rowe JW, Kahn RL. Successful aging. The Gerontologist. 1997;37(4):433-440. DOI: https://
doi.org/10.1093/geront/37.4.433

[90] World Health Organization. Global Strategy and Action Plan on Aging and Health 
(2016-2020). Geneva, Switzerland: WHO; 2016

Gerontology166

Chapter 9

Differentiating Normal Cognitive Aging from Cognitive
Impairment No Dementia: A Focus on Constructive and
Visuospatial Abilities

Radka Ivanova Massaldjieva

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73385

Provisional chapter

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

DOI: 10.5772/intechopen.73385

Differentiating Normal Cognitive Aging from Cognitive 
Impairment No Dementia: A Focus on Constructive and 
Visuospatial Abilities

Radka Ivanova Massaldjieva

Additional information is available at the end of the chapter

Abstract

Constructive and visuospatial abilities in normal and in pathological aging (cognitive 
impairment, no dementia, CIND) are investigated. The sample includes 188 participants 
over 60 years of age, divided in 2 groups: healthy subjects (MMSE ≥28), without cogni-
tive complaints, and individuals with CIND (MMSE between 24 and 27 and subjective 
cognitive complains). Drawing of cube and drawing of house, Benton Visual Retention 
Test (BVRT), and Block design are used to test the hypothesis that short visuoconstruc-
tive and visuospatial tests can distinguish normal from pathological cognitive aging in its 
very early stages. Results proved the discriminative sensitivity of BVRT general assess-
ment criteria and of omissions and distortions in CIND. The diagnostic sensitivity of a 
modification of Moore and Wike [1984] scoring system for house and cube drawing tasks 
was confirmed as well. Drawing of cube and house could be used for quick screening 
of CIND in subjects over 60. Principal component analysis with oblimin rotation was 
performed to explore the different dimensions in the visuospatial and visuoconstructive 
abilities in old age. A four-factor structure was established, all four factors explaining 
71% of the variance.

Keywords: constructive ability, visuospatial ability, cognitive impairment,  
no dementia (CIND), old age, house and cube drawing, BVRT

1. Introduction

1.1. Mild cognitive impairment and cognitive impairment, no dementia

Age-related cognitive changes are widely discussed by the researchers, and rich evidences 
about them are reported in the literature [1]. The decline in cognitive functioning has long 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



been traditionally considered a consequence of normal aging [2], and since dementia caused 
by neurodegenerative diseases has a long preclinical stage [3–7], it may not be recognized 
for months or even years [8, 9]. Early differentiation of normal aging from neurodegenera-
tive pathology is of great importance in terms of timely adequate treatment helping to post-
pone further cognitive decline [9–14]. A better understanding of normal aging itself is also 
extremely important because of the increase in life expectancy and, respectively, of elderly 
people. This necessitates the implementation of effective measures for successful and active 
aging, and they require more clarity about the cognitive aging dimensions.

Research related to the early diagnosis of dementia in Alzheimer’s disease (AD) and vascular 
dementia brought about the differentiation of many terms indicating boundary or intermedi-
ate conditions of cognitive changes without dementia [3, 5–7, 11, 15–20]. The variety of such 
terms created over the years and their content are widely discussed in the literature and will 
not be analyzed here.

The most frequently used term—mild cognitive impairment (MCI)—is defined as an early 
stage of neurodegenerative pathology, a transient phase between normal aging and dementia. 
It is a syndrome characterized by a cognitive decline, sufficiently serious to be considered a 
result of normal aging, but not reaching the criteria for dementia syndrome [6] and associated 
with an increased risk of developing dementia, most commonly Alzheimer’s disease [5, 13, 18].  
Criteria for diagnosis of preclinical forms of vascular dementia—mild cognitive impairment 
of vascular type (MCI-V) and vascular cognitive impairment, no dementia—have been also 
developed [21, 22].

The definition of MCI syndrome, made by Petersen et al. [23], comprises subjective com-
plaints of memory impairment, normal daily activity, normal cognitive functioning, memory 
impairment (1–2 standard deviations below the norms), and absence of dementia. This defini-
tion is later amplified with impairments of other areas of cognition [24] like naming, abstract 
thinking, spatial localization, and ability to communicate. The relations between the states 
of memory decline and conditions of cognitive impairments without significant memory 
changes are still unclear [11].

Another widely used term for milder impairment of cognition, situated between normal 
aging and dementia, is “cognitive impairment, no dementia, CIND,” characterized by impair-
ment in any objectively tested cognitive area. CIND does not require the determination of the 
degree or the specific cause of the cognitive decline [24]. It is a condition with similar criteria 
such as for mild cognitive impairment that could be applied when there is impaired perfor-
mance of cognitive tests or cognitive complains [25, 26].

As a result of the Third Canadian Consensus conference on the diagnosis and treatment of 
dementia, Chertkow et al. [4] discuss important recommendations for family physicians in 
the efforts at providing “practical guidance on definition, diagnosis and treatment of mild 
cognitive impairment and cognitive impairment, no dementia.” They consider it necessary for 
the general practitioner to know CIND as a condition with an increased risk of dementia and 
to monitor the patients with this condition.
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1.2. Normative (non-pathological) and pathological cognitive aging

It is difficult to establish to what extent the cognitive changes, accompanying aging, are due 
to the increase in chronological age and to what extent they are associated with illness or life-
style [27]. Intensive studies of the impact of age and different diseases on biological, mental, 
and cognitive changes have not validated sufficiently reliable markers that allow the differen-
tiation of the normal (physiological aging) from pathological aging. The very term “normal” 
in relation to different characteristics of people in the old age has not enough clear boundaries 
[21, 28].

For the cognitive changes in elderly, a continuum is used at one end of which is cognitive 
functioning allowing active and independent life (normal aging) and at the other end sig-
nificant cognitive impairments typical of dementia. Cognitive aging in late adulthood is one 
of the most important issues in aging processes research, because of its wide influence on all 
other aspects of older population life. Taking into account that cognitive aging is too complex 
to be described briefly, the Committee on the Public Health Dimensions of Cognitive Aging 
defines it as a lifelong process of change in cognitive functioning. At the same time, the neces-
sity of operational definition is emphasized [29]. Approaching a fuller description and under-
standing of cognitive changes in later life require responses to different questions of great 
significance and among them: Are these changes in the elderly global or partial, affecting 
certain functions earlier? Which components of the cognitive system are the most vulnerable 
to impairments as a result of aging? How do these components change? How do the changes 
affect the performance of cognitive tasks, the everyday and social functioning? Are they sig-
nificantly different patterns of cognitive change allowing accurate and reliable differentiation 
of normal (normative) from pathological cognitive aging, etc.?

The complexity of the topic has led to a wide variety of approaches and hypotheses. One of 
the most commonly used ways of thinking is based on Cattell subdivision of cognitive capaci-
ties of fluid and crystallized intelligence [30]. The first concept comprises the independent of 
social experience abilities involved in the processing of new information and problem solv-
ing. The second signifies the acquired (learned) cumulative knowledge, e.g., the vocabulary 
[1, 30, 31]. Results from multiple studies of age-related cognitive changes lead to the develop-
ment of the so-called classic model of cognitive aging: the crystallized abilities show little or 
no decline up to 60 years of age or later, whereas fluid abilities decline steadily from age 20 
to 80 [31–34]. A recent study exploring cognitive functioning in a representative sample of 
about 40,000 subjects from the UK, aged 16 to 100, confirmed that the processing effectiveness 
decreases earlier than the knowledge-based abilities that begin to decline from age 60 [35].

Fluid intelligence is considered connected with Spearman’s g (general intelligence—a broad 
mental capacity underlying specific mental abilities) [see [36]]. Duncan et al. [37] have found 
that “g” reflects the brain frontal area functions. These findings relate the classic model of 
cognitive aging with another model, based on the brain localization of cognitive functions 
and postulating that executive functions, highly related to the frontal lobe, decline earlier than 
these dependent on the temporal cortex, hippocampus, and limbic system (e.g., memory) [36].

Differentiating Normal Cognitive Aging from Cognitive Impairment No Dementia: A Focus…
http://dx.doi.org/10.5772/intechopen.73385

169



been traditionally considered a consequence of normal aging [2], and since dementia caused 
by neurodegenerative diseases has a long preclinical stage [3–7], it may not be recognized 
for months or even years [8, 9]. Early differentiation of normal aging from neurodegenera-
tive pathology is of great importance in terms of timely adequate treatment helping to post-
pone further cognitive decline [9–14]. A better understanding of normal aging itself is also 
extremely important because of the increase in life expectancy and, respectively, of elderly 
people. This necessitates the implementation of effective measures for successful and active 
aging, and they require more clarity about the cognitive aging dimensions.

Research related to the early diagnosis of dementia in Alzheimer’s disease (AD) and vascular 
dementia brought about the differentiation of many terms indicating boundary or intermedi-
ate conditions of cognitive changes without dementia [3, 5–7, 11, 15–20]. The variety of such 
terms created over the years and their content are widely discussed in the literature and will 
not be analyzed here.

The most frequently used term—mild cognitive impairment (MCI)—is defined as an early 
stage of neurodegenerative pathology, a transient phase between normal aging and dementia. 
It is a syndrome characterized by a cognitive decline, sufficiently serious to be considered a 
result of normal aging, but not reaching the criteria for dementia syndrome [6] and associated 
with an increased risk of developing dementia, most commonly Alzheimer’s disease [5, 13, 18].  
Criteria for diagnosis of preclinical forms of vascular dementia—mild cognitive impairment 
of vascular type (MCI-V) and vascular cognitive impairment, no dementia—have been also 
developed [21, 22].

The definition of MCI syndrome, made by Petersen et al. [23], comprises subjective com-
plaints of memory impairment, normal daily activity, normal cognitive functioning, memory 
impairment (1–2 standard deviations below the norms), and absence of dementia. This defini-
tion is later amplified with impairments of other areas of cognition [24] like naming, abstract 
thinking, spatial localization, and ability to communicate. The relations between the states 
of memory decline and conditions of cognitive impairments without significant memory 
changes are still unclear [11].

Another widely used term for milder impairment of cognition, situated between normal 
aging and dementia, is “cognitive impairment, no dementia, CIND,” characterized by impair-
ment in any objectively tested cognitive area. CIND does not require the determination of the 
degree or the specific cause of the cognitive decline [24]. It is a condition with similar criteria 
such as for mild cognitive impairment that could be applied when there is impaired perfor-
mance of cognitive tests or cognitive complains [25, 26].

As a result of the Third Canadian Consensus conference on the diagnosis and treatment of 
dementia, Chertkow et al. [4] discuss important recommendations for family physicians in 
the efforts at providing “practical guidance on definition, diagnosis and treatment of mild 
cognitive impairment and cognitive impairment, no dementia.” They consider it necessary for 
the general practitioner to know CIND as a condition with an increased risk of dementia and 
to monitor the patients with this condition.

Gerontology168

1.2. Normative (non-pathological) and pathological cognitive aging

It is difficult to establish to what extent the cognitive changes, accompanying aging, are due 
to the increase in chronological age and to what extent they are associated with illness or life-
style [27]. Intensive studies of the impact of age and different diseases on biological, mental, 
and cognitive changes have not validated sufficiently reliable markers that allow the differen-
tiation of the normal (physiological aging) from pathological aging. The very term “normal” 
in relation to different characteristics of people in the old age has not enough clear boundaries 
[21, 28].

For the cognitive changes in elderly, a continuum is used at one end of which is cognitive 
functioning allowing active and independent life (normal aging) and at the other end sig-
nificant cognitive impairments typical of dementia. Cognitive aging in late adulthood is one 
of the most important issues in aging processes research, because of its wide influence on all 
other aspects of older population life. Taking into account that cognitive aging is too complex 
to be described briefly, the Committee on the Public Health Dimensions of Cognitive Aging 
defines it as a lifelong process of change in cognitive functioning. At the same time, the neces-
sity of operational definition is emphasized [29]. Approaching a fuller description and under-
standing of cognitive changes in later life require responses to different questions of great 
significance and among them: Are these changes in the elderly global or partial, affecting 
certain functions earlier? Which components of the cognitive system are the most vulnerable 
to impairments as a result of aging? How do these components change? How do the changes 
affect the performance of cognitive tasks, the everyday and social functioning? Are they sig-
nificantly different patterns of cognitive change allowing accurate and reliable differentiation 
of normal (normative) from pathological cognitive aging, etc.?

The complexity of the topic has led to a wide variety of approaches and hypotheses. One of 
the most commonly used ways of thinking is based on Cattell subdivision of cognitive capaci-
ties of fluid and crystallized intelligence [30]. The first concept comprises the independent of 
social experience abilities involved in the processing of new information and problem solv-
ing. The second signifies the acquired (learned) cumulative knowledge, e.g., the vocabulary 
[1, 30, 31]. Results from multiple studies of age-related cognitive changes lead to the develop-
ment of the so-called classic model of cognitive aging: the crystallized abilities show little or 
no decline up to 60 years of age or later, whereas fluid abilities decline steadily from age 20 
to 80 [31–34]. A recent study exploring cognitive functioning in a representative sample of 
about 40,000 subjects from the UK, aged 16 to 100, confirmed that the processing effectiveness 
decreases earlier than the knowledge-based abilities that begin to decline from age 60 [35].

Fluid intelligence is considered connected with Spearman’s g (general intelligence—a broad 
mental capacity underlying specific mental abilities) [see [36]]. Duncan et al. [37] have found 
that “g” reflects the brain frontal area functions. These findings relate the classic model of 
cognitive aging with another model, based on the brain localization of cognitive functions 
and postulating that executive functions, highly related to the frontal lobe, decline earlier than 
these dependent on the temporal cortex, hippocampus, and limbic system (e.g., memory) [36].

Differentiating Normal Cognitive Aging from Cognitive Impairment No Dementia: A Focus…
http://dx.doi.org/10.5772/intechopen.73385

169



The decline of fluid abilities during the life span find different explanations in two groups of 
theories: The first group seeks a common factor that influences the worsening of the perfor-
mance of various cognitive tasks. The age-related slowing of speed of cognitive performance 
or processing speed is frequently used to explain elders’ worse results in neuropsychological 
testing, compared with younger individuals [1, 34]. The second group relies on diversity—the 
change of different processes at different speed during adult life [38].

The multifactor intelligence theories differentiate specific capabilities that are equally 
important for cognitive functioning. According to these theories, there is no common factor 
of the intelligence. Authors list different numbers of individual abilities from seven to 120 
or more. Thurstone [38] distinguishes seven primary mental abilities: numerical, percep-
tual, verbal comprehension, word fluency, memory, spatial ability, and reasoning abilities 
[39, 40]. His conceptualization related to primary mental capabilities serves as a basis for 
H. Gardner’s theory about the existence of multiple, relatively independent “intelligences” 
[41, 42]. Gardner [40] noticed that most intelligence tests measure mainly linguistic (ver-
bal) and logical mathematical abilities, but not spatial, musical, bodily kinetic, and personal 
intelligence.

The doubts of some cognitive ability researchers, concerning the relevance of factor analysis 
to the effort to understand human intelligence, lead to the creation of the hierarchical theory 
of cognitive abilities, describing several general cognitive functions involved in the realiza-
tion of a large part of the cognitive abilities and more specialized capacities placed higher 
in the hierarchy of the cognitive system [40]. It is not difficult to see the connection between 
this hierarchical model and the two-factor theory, according to which the results from each 
intelligence test depend on the Spearman’s common intelligence and on the specific abilities 
necessary for the performance of each separate test task.

1.3. Constructive and visuospatial abilities and their later life changes

In Mapou’s [43] hierarchical model of cognitive abilities, higher level skills depend on the 
capabilities of the lower levels. The visuospatial functions are modal specific and depend on 
global functioning (the intelligence) and on basic abilities like attention, sensory and motor 
functions, executive functions, and problem solving. R. Mapou divides the visual-spatial 
functions into perceptual abilities, constructive abilities, and spatial awareness. Perceptual 
abilities are related to the initial processing of the spatial information, which takes place 
after the sensory basic level and regardless of the motor response. These abilities are respon-
sible for the acquisition of visual information. Constructive abilities include organizational 
and planning faculties realized through basic visual and motor functions. Spatial awareness 
involves the ability to orientate in the outer space as well as the awareness of the interior 
space.

The visuospatial abilities are very important for human everyday functioning, because they 
are an essential part of the save movement in the environment, that is not possible without 
a correct estimation of direction, distance, and spatial relationships between objects and 
places [29, 44]. Different authors depict a different structure of these abilities and propose 
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specific tasks for their assessment [45]. De Bruin et al. [44] present them as composed by 
spatial visualization, spatial perception, and mental rotation. The definition of Blazer et al. 
[[29], p. 40], “maintenance and manipulation of visual images,” includes producing figures 
and matching objects and pictures, creating relationships between locations and recogniz-
ing faces.

Constructive ability (visual constructive praxis) is also a broad term used for very different 
types of activities, a common feature of which is assembling, joining individual parts into a 
single structure—a whole unit. This term refers to combining or organizing behavior in which 
the relationships between the component parts of the whole object must be understood in 
order to obtain the desired synthesis between them [46]. The term “constructive apraxia” was 
introduced by Kleist [see [47]], who defined it in 1914–1918, as an impairment of capacity for 
spatial organization in assembly, construction, or drawing of a given model, while the motor 
function is not affected [48]. According to Kleist, constructive apraxia is an executive function 
deficit that affects also the spatial part of the performance. Bradshaw et al. [49] consider the 
impairment of the constructive strategy in copying complex figures as part of the so-called 
dorsolateral prefrontal syndrome that is manifested by executive deficiency. For Kleist, con-
structive apraxia is independent of both the visual-spatial deficit and the motor disorders. He 
describes it as impaired integration of these two abilities. Later investigators found that con-
structive disturbance was almost always associated with a wider visual perceptive or visuo-
spatial impairment [47].

Studies of age influence on cognitive functioning found that the elderly examined showed a 
decline not only in short-term memory and psychomotor speed but also in constructional and 
visual-spatial praxis and visual perceptual functions [31, 45, 50]. Constructive impairments 
can be detected in the early stages of dementia and Alzheimer’s disease (AD) [8, 51, 52], but 
they are better studied in focal brain lesions than in normal aging and dementia. Visuospatial 
ability’s progressive decline is found in patients with dementia in Alzheimer’s disease and 
vascular dementia [8, 47, 53, 54].

A fundamental question, according to A. Benton, is whether patients with general intel-
lectual disabilities have constructive apraxia as well. The author found in a study of 1967 
that intellectually impaired patients showed a high incidence of failures in performing 
constructive tasks, but at the same time, a large number of patients with intellectual dis-
abilities did not have significant difficulties in the performance of such tasks. Therefore, the 
author concludes that the general intellectual decline is not necessarily related to construc-
tive apraxia [55]. These findings correspond to the subgroup models of cognitive impair-
ments in Alzheimer’s disease, expecting decline in particular cognitive domains rather 
than simultaneous advancing global impairments in the early stages of the disease [see 
[56]]. Using Factor Analysis of the Severe Impairment Battery results, Pelissier et al. [57] 
establish relative independence of constructive praxis and visual perceptive function from 
other cognitive functions. All this is in favor of the need for a separate and specific study 
of constructional and spatial impairments in normal and pathological aging to allow their 
better understanding.
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specific tasks for their assessment [45]. De Bruin et al. [44] present them as composed by 
spatial visualization, spatial perception, and mental rotation. The definition of Blazer et al. 
[[29], p. 40], “maintenance and manipulation of visual images,” includes producing figures 
and matching objects and pictures, creating relationships between locations and recogniz-
ing faces.

Constructive ability (visual constructive praxis) is also a broad term used for very different 
types of activities, a common feature of which is assembling, joining individual parts into a 
single structure—a whole unit. This term refers to combining or organizing behavior in which 
the relationships between the component parts of the whole object must be understood in 
order to obtain the desired synthesis between them [46]. The term “constructive apraxia” was 
introduced by Kleist [see [47]], who defined it in 1914–1918, as an impairment of capacity for 
spatial organization in assembly, construction, or drawing of a given model, while the motor 
function is not affected [48]. According to Kleist, constructive apraxia is an executive function 
deficit that affects also the spatial part of the performance. Bradshaw et al. [49] consider the 
impairment of the constructive strategy in copying complex figures as part of the so-called 
dorsolateral prefrontal syndrome that is manifested by executive deficiency. For Kleist, con-
structive apraxia is independent of both the visual-spatial deficit and the motor disorders. He 
describes it as impaired integration of these two abilities. Later investigators found that con-
structive disturbance was almost always associated with a wider visual perceptive or visuo-
spatial impairment [47].

Studies of age influence on cognitive functioning found that the elderly examined showed a 
decline not only in short-term memory and psychomotor speed but also in constructional and 
visual-spatial praxis and visual perceptual functions [31, 45, 50]. Constructive impairments 
can be detected in the early stages of dementia and Alzheimer’s disease (AD) [8, 51, 52], but 
they are better studied in focal brain lesions than in normal aging and dementia. Visuospatial 
ability’s progressive decline is found in patients with dementia in Alzheimer’s disease and 
vascular dementia [8, 47, 53, 54].

A fundamental question, according to A. Benton, is whether patients with general intel-
lectual disabilities have constructive apraxia as well. The author found in a study of 1967 
that intellectually impaired patients showed a high incidence of failures in performing 
constructive tasks, but at the same time, a large number of patients with intellectual dis-
abilities did not have significant difficulties in the performance of such tasks. Therefore, the 
author concludes that the general intellectual decline is not necessarily related to construc-
tive apraxia [55]. These findings correspond to the subgroup models of cognitive impair-
ments in Alzheimer’s disease, expecting decline in particular cognitive domains rather 
than simultaneous advancing global impairments in the early stages of the disease [see 
[56]]. Using Factor Analysis of the Severe Impairment Battery results, Pelissier et al. [57] 
establish relative independence of constructive praxis and visual perceptive function from 
other cognitive functions. All this is in favor of the need for a separate and specific study 
of constructional and spatial impairments in normal and pathological aging to allow their 
better understanding.
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1.4. Early recognition of pathological cognitive decline by visuoconstructive and 
spatial tasks

Assessment of cognitive impairments in the elderly is an important task of modern cognitive 
neuropsychology. Neuropsychological evaluation can respond to the expectations of valid 
and reliable differentiation of pathological from normal aging if it is accomplished by suf-
ficiently sensitive, specific, and standardized psychometric tools [14]. The use of such tools is 
a requirement of the diagnostic algorithm for early discrimination of dementia from normal 
aging [9, 58]. The widely applied strategy to administer global clinical scales for screening and 
quantifying the level of individual cognitive deficit has low specificity, particularly in subjects 
with high or very low level of premorbid cognitive functioning and in the early stages of 
impairments in elderly [5, 14]. Short tests, assessing specific cognitive dysfunctions, are more 
accurate than the global cognitive scales [14, 59].

In order to detect age-related visual-spatial and constructive decline early enough, specific 
neuropsychological techniques are required. Such measures could be efficient and helpful if 
they take into account the age-related and pathological cognitive changes and assure accuracy 
of the assessment. Many different neuropsychological instruments are used to test the spatial 
functions [45]. The visuoconstructive ability is traditionally assessed by drawing of two- or 
three-dimensional figures [51, 52, 54] and block-building tasks [55] of varying complexity. 
Drawing neuropsychological tasks can detect the deficits in reproducing shapes, following 
their relationships in space, but it is difficult to standardize them [51], and in most cases, 
subject drawings are assessed “intuitively” and very rarely through an objective assessment 
system [52].

Drawing as a cognitive ability is not well studied in late-life adults. It is a complex multicom-
ponent ability that engages perception, representation, memory, attention, spatial thinking, 
planning, and motor functions. Better knowledge of the structure of drawing process in old 
adults as well as of its age-related impairments can contribute to a more successful study of 
visual constructive and visual-spatial functions and their disturbances in old age.

Our study tests the hypothesis that short and easy-to-use visuoconstructive and visuospatial 
tests can be used to distinguish normal from pathological cognitive aging in its very early 
stages if appropriate, accurate, and valid criteria are applied. We use drawing of cube and 
drawing of house, together with other traditionally used and well-proven neuropsychologi-
cal instruments—Benton Visual Retention Test (BVRT) and Block design—assessing visual 
memory, perception, constructional, and spatial abilities.

1.5. Aims of the chapter

The aims of this chapter are to explore the visuoconstructive and visuospatial abilities in nor-
mal and in pathological aging (CIND) above 60 years of age and to analyze:

1. The discriminative capacities of a set of visuoconstructive and visuospatial neuropsycho-
logical tasks in the differentiation of pathological (CIND) from normal cognitive aging 
over 60 years of age.
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2. The influence of age on the visuoconstructive and visuospatial abilities in healthy elderly 
and individuals with CIND.

3. The patterns of Benton Visual Retention Test (BVRT) performance in normal aging and in 
CIND.

2. Method and procedure

2.1. Subjects and recruitment

The participants in this study were individuals over 60 years of age with normal daily func-
tioning and without self-reported history of psychiatric and neurological disorders, residents of 
Plovdiv region, living independently in the community. The sample was divided in two groups: 
healthy subjects (MMSE ≥28), without cognitive complaints, and individuals with CIND (MMSE 
between 24 and 27 and subjective cognitive complains). The decision to accept the diagnostic 
category CIND was substantiated by the design of the study, which did not include the possibil-
ity of conducting detailed clinical, laboratory, and neuroimaging studies. After testing, all the 
participants from CIND group were advised to seek consultation from a general practitioner or 
neurologist to accurately identify the cause of the condition and the need for treatment. A total 
of 216 subjects were recruited for this study with the help of clubs for the elderly; 28 of them 
dropped out due to age below 60 years, impairments in every day functioning, visual distur-
bances that hindered neuropsychological testing, data from the interview about mild mental 
retardation, and test data for severe cognitive deficits. Only participants defining themselves as 
right handers were included in the study. Basic demographic characteristics of the study groups 
are shown in Table 1.

Groups:  
Partial testing

Age (years) Gender Education

Mean SD max Male Female 1 2 3

n % n %

Healthy 68.11 6.89 88 34

33%

69

67%

20

19.4%

48

46.6%

35

34.0%

CIND 71.11 7.58 89 37

43.5%

48

56.5%

33

38.8%

33

38.8%

19

22.3%

Complete testing

Healthy 67.00 5.19 78 11

27.5%

29

72.5%

3

7.5%

24

60.0%

13

32.5%

CIND 70.36 6.86 83 8

36.4%

14

63.6%

5

22.7%

10

45.5%

7

31.8%

Note: 1, primary and secondary school; 2, high school; and 3, college/university.

Table 1. Subject basic demographics.
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2.2. Instruments

Assessment of correspondence to the inclusion criteria (administered to all subjects):

1. Mini-Mental State Examination (MMSE) [60], Bulgarian translation [61]—a short global 
scale for cognitive functioning, with subtests for spatial and temporal orientation, concen-
tration, memory, aphasia, agnosia, and apraxia [8, 62]. The scale is the most widely used 
screening tool for cognitive impairments in late life in Bulgaria.

2. Semi-structured interview, collecting basic demographic information, and data on neu-
ropsychiatric history and cognitive complains.

3. The Social and Occupational Functioning Assessment Scale—SOFAS (DSM-IV) [3, 63].

Neuropsychological assessment:

1. Benton Visual Retention Test (BVRT), form C, administration “A”—a well-known test of 
short-term visual memory, visual perception, and constructive ability. The “C” form is 
considered the easiest BVRT task that makes it appropriate for old adults [64].

2. Raven’s Standard Progressive Matrices (RSPM)—a language and culture-free measure of 
fluid intelligence. The task comprises five sets of 12 black and white matrices, presenting 
pattern matching tasks with increasing difficulty, used as a test of general intelligence and 
nonverbal reasoning [65, 66]. The raw score is used in the analyses because of the lack of 
studies in Bulgaria on late-life RSPM performance.

3. Free drawing of a house and of a cube.

4. Block design—a subtest from Hamburg-Wechsler Intelligence Test, Bulgarian adaptation 
[67]; the task requires construction of observed patterns—two, four, nine, and 16 elemental 
figures—from the same multicolored cubes, with standard instruction. The time for task 
completion is not assessed. The score used in this study is the number of correctly repro-
duced patterns (accuracy of performance).

2.3. Procedures

The demographic and neuropsychiatric interviewing and the testing were conducted by a 
licensed clinical psychologist with experience in psychiatric disorder assessment (the chap-
ter author). All the tests were administered individually on 2 separate days. To those who 
agreed to participate in the full 2-day testing (N = 62), all the study instruments were applied. 
The other participants (126) were tested with BVRT and RSPM. Subjects were assessed at the 
elderly club premises in prearranged days and hours.

BVRT cards were reproduced after a 10-s exposition (immediate recall trial) with the standard 
instruction and assessment: The subject was given 10 white sheets for the reproduction of 
the 10 test cards and pencil with rubber. Assessment took into account: (1) number of correct 
reproductions—each card reproduction is judged correct or wrong, and every correct card 

Gerontology174

reproduction received one point— and (2) specific types of errors (quality assessment). Types 
of errors for which points were awarded were as follows: (a) omissions, (b) distortions, (c) 
perseverations, (d) rotations, (e) misplacements, and (e) size errors.

Subjects received two white sheets of paper (15 × 21 cm) for the free drawings of cube and 
house and black pencil with rubber. The drawings were assessed following a modification of 
the scoring system of Moore and Wyke [52] developed by the author: One point was given 
for each line drawn from the front, top, and side walls of the cube (maximum nine points). 
Orientation of the cube was not evaluated. For the additional qualitative criteria of Moore 
and Wake, quantitative assessment (maximum of four points) was used. One point was given 
for three-dimensional representation, for the presence of additional elements (interior walls), 
for the cohesion of the figure, and for lack of spatial distortion (parallelism of the sides and 
accuracy of the corners).

Written informed consent was obtained from all participants. The study design and proce-
dure were approved by the ethics committee of Medical University in Plovdiv, Bulgaria.

2.4. Data analysis

In order to achieve the study objectives, it was necessary to analyze the differences in test 
performance between (1) “normal” subjects and subjects with CIND and (2) participants up to 
and above 70 years of age. Descriptive statistic (frequencies, percents, means, standard devia-
tions) was used to describe the sample as well as for the analysis of results regarding general 
scoring criteria and error types in study groups; comparison of test performance in different 
subgroups was made by t-test and Mann-Whitney test; RSPM performance was addition-
ally described using Z-scores and chi-square test. The relationships between study variables 
were studied with Pearson and Spearman correlations and multiple regression analysis. We 
performed a principal component analysis to explore the structure of visuoconstructive and 
visuospatial abilities, involved in the study tests.

3. Results and interpretation

3.1. Performance in the diagnostic groups

Significant differences in BVRT total scores—mean total number of correct reproductions and 
mean total number of errors—were found when the normal subjects, and the subjects with 
CIND were compared (p < .001) (Table 2). (We use the term “normal” and “healthy” subjects to 
distinguish between normal and pathological aging, taking into account the conditionality of 
its use.) There were significantly more omissions and distortions (BVRT) in CIND group than 
in the normal group (p < .001). These differences can also be seen in the BVRT frequency distri-
bution data—50% of the healthy participants had between three and six correct reproductions 
and made between seven and 12 errors; 50% of participants with CIND reproduced correctly 
between two and four cards and made between 10 and 14 errors. As for the different types of 
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errors that showed significant differences, 50% of normal subjects made zero to two omissions 
(one to five in CIND subjects) and, respectively, two to four distortions (2.50 to six in CIND).

Table 3 shows RSPM performance of the participants from both diagnostic groups (percen-
tiles, means, and z-scores). Healthy subjects gave more correct answers than subjects with 
CIND (p<.001).

Performance of the house and cube drawing, as well as of the Block design tasks, was also 
significantly worse in the CIND group (Mann-Whitney test, p < .01) (Table 4). Figures 1 and 2 
present cube and house drawings in the diagnostic groups.

3.2. Performance in the age groups

When the healthy and CIND study participants were subdivided in age groups, healthy 
elders up to 70 years of age (N = 70) showed more BVRT correct reproductions and RSPM 
correct answers (p<.001); they made significantly fewer errors (total errors), as well as fewer 
omissions and distortions, than the oldest subjects from the same diagnostic group. Younger 
subjects with CIND (N = 48) made significantly fewer number of errors, as well as fewer omis-
sions (BVRT). They also showed significantly better result in RSPM performance than the 
subjects over 70 years of age (Table 5).

Criteria Diagnostic group Mean score SD t p

Total correct Healthy

CIND

4.62

3.21

1.805

1.328

6.16 < .001

Total errors Healthy

CIND

8.91

12.08

3.697

3.178

-6.23 < .001

Omissions Healthy

CIND

1.74

3.14

1.925

2.765

−3.95 < .001

Distortions Healthy

CIND

2.78

4.28

1.715

2.153

−5.22 < .001

Perseverations Healthy

CIND

1.02

0.87

1.093

1.100

0.93 0.35

Rotations Healthy

CIND

1.18

1.58

1.135

1.073

−2.41 0.17

Misplacements Healthy

CIND

1.74

1.62

1.335

1.291

0.59 0.55

Size errors Healthy

CIND

0.46

0.58

0.764

0.918

−0.98 0.33

Note: results from partial testing group.

Table 2. BVRT mean score comparison in the diagnostic groups (t-test).
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No significant differences were found between the age groups with respect to house and cube 
drawing tasks, as well as to Block design subtest both for healthy and CIND participants 
(Mann-Whitney test, p >.05).

In the healthy group with partial testing (N = 103), age correlated positively and signifi-
cantly with BVRT total errors, as well as with omissions, distortion, and rotation scores 

Test variables

Diagnostic group

Mean rank Mann-Whitney U Sig.

(Two-tailed)

Total house score

Healthy

CIND

37.04

21.43

218.5 P = .001

Total cube score

Healthy

CIND

35.86

23.57

265.5 P = .009

Block design score

Healthy

CIND

37.16

21.20

213.5 P = .001

Table 4. Mean comparison for cube and house drawing and block design.

Healthy RSPM total correct Mean

(SD)

Z score

Minimum 12 −1.505

Maximum 53 2.003

Percentiles

25 19.00 29.58

(11.69)50 28.00

75 40.00

CIND

Minimum 5 −1.716

Maximum 55 4.430

Percentiles

25 14.00 17.87

(7.08)50 16.00

75 20.00

t = 8.462

P < .001

Chi-square = 1.880

P < .001

Table 3. RSPM results in the diagnostic groups.
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Table 3 shows RSPM performance of the participants from both diagnostic groups (percen-
tiles, means, and z-scores). Healthy subjects gave more correct answers than subjects with 
CIND (p<.001).

Performance of the house and cube drawing, as well as of the Block design tasks, was also 
significantly worse in the CIND group (Mann-Whitney test, p < .01) (Table 4). Figures 1 and 2 
present cube and house drawings in the diagnostic groups.

3.2. Performance in the age groups

When the healthy and CIND study participants were subdivided in age groups, healthy 
elders up to 70 years of age (N = 70) showed more BVRT correct reproductions and RSPM 
correct answers (p<.001); they made significantly fewer errors (total errors), as well as fewer 
omissions and distortions, than the oldest subjects from the same diagnostic group. Younger 
subjects with CIND (N = 48) made significantly fewer number of errors, as well as fewer omis-
sions (BVRT). They also showed significantly better result in RSPM performance than the 
subjects over 70 years of age (Table 5).

Criteria Diagnostic group Mean score SD t p

Total correct Healthy

CIND

4.62

3.21

1.805

1.328

6.16 < .001

Total errors Healthy

CIND

8.91

12.08

3.697

3.178

-6.23 < .001

Omissions Healthy

CIND

1.74

3.14

1.925

2.765

−3.95 < .001

Distortions Healthy

CIND

2.78

4.28

1.715

2.153

−5.22 < .001

Perseverations Healthy

CIND

1.02

0.87

1.093

1.100

0.93 0.35

Rotations Healthy

CIND

1.18

1.58

1.135

1.073

−2.41 0.17

Misplacements Healthy

CIND

1.74

1.62

1.335

1.291

0.59 0.55

Size errors Healthy

CIND

0.46

0.58

0.764

0.918

−0.98 0.33

Note: results from partial testing group.

Table 2. BVRT mean score comparison in the diagnostic groups (t-test).

Gerontology176

No significant differences were found between the age groups with respect to house and cube 
drawing tasks, as well as to Block design subtest both for healthy and CIND participants 
(Mann-Whitney test, p >.05).

In the healthy group with partial testing (N = 103), age correlated positively and signifi-
cantly with BVRT total errors, as well as with omissions, distortion, and rotation scores 

Test variables

Diagnostic group

Mean rank Mann-Whitney U Sig.

(Two-tailed)

Total house score

Healthy

CIND

37.04

21.43

218.5 P = .001

Total cube score

Healthy

CIND

35.86

23.57

265.5 P = .009

Block design score

Healthy

CIND

37.16

21.20

213.5 P = .001

Table 4. Mean comparison for cube and house drawing and block design.

Healthy RSPM total correct Mean

(SD)

Z score

Minimum 12 −1.505

Maximum 53 2.003

Percentiles

25 19.00 29.58

(11.69)50 28.00

75 40.00

CIND

Minimum 5 −1.716

Maximum 55 4.430

Percentiles

25 14.00 17.87

(7.08)50 16.00

75 20.00

t = 8.462

P < .001

Chi-square = 1.880

P < .001

Table 3. RSPM results in the diagnostic groups.
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Figure 1. Examples of cube drawings in the diagnostic groups.

Figure 2. Examples of house drawings in the diagnostic groups.

(r between .213 and .520, p < .05). As expected the relation between age and BVRT total 
correct score was negative (r = −.397, p < .001).

In the CIND group, age correlated positively and significantly only with BVRT omissions 
(r = .359, p = .001). The relation between age and size errors score did not reach acceptable 
significance (r = − .202, p = .064). Negative moderate significant correlation existed between 
MMSE (r CIND = −.257 and r healthy = −.385) and RSPM total score (r CIND = −.340 and r 
healthy = −.535) on the one hand and the age, on the other, in both diagnostic groups.

In the group with complete testing, age correlated only with RSPM score, both in the whole 
group (Pearson correlation), N = 62, and in the diagnostic groups (Spearman correlation)—
moderate significant negative correlation (p < .001 and p < .05, respectively).

3.3. Relationships between test measures

3.3.1. Correlation

Most of the measures assessing the performance of the drawing tasks correlate moderately 
and significantly (Pearson correlation), except for cube total score and BVRT correct and 
error scores (Table 6). As expected Block design and RSPM measures are in a significant 
relation with all other variables (r between .326 and .591) as well as between them (p < .001). 
Further analyses (Spearman correlations) were accomplished for the same variables in each 
diagnostic group separately. In the group of healthy participants, the cube total score cor-
relates only with the house total score (r = .345, p = .029). BVRT total correct and total errors 
correlate highly between them (r = −.886, p < .001) and moderately with RSPM (p < .001). 
There is a significant correlation between BVRT total errors and Block design score (r = −.318, 
p = .046).
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In the CIND group, results showed a different picture, probably affected by the heterogeneity 
of cognitive impairments, which is characteristic of this early stage of pathological decline 
[56, 68]. BVRT total correct and total errors correlate moderately between them (r = −.447, 
p = .037), and there is no significant correlation between them and RSPM. The cube total score 
correlates only with the Block design score (r = .470, p = .027). The house total score also cor-
relates with Block design score and with Benton total errors(r = −.644, p = .001). Benton total 
errors correlate with Block design score as well (r = −.607, p = .003).

Moderate significant correlation was found between BVRT omissions and the cube drawing score 
(r = −.378, p = .016) and between BVRT distortions and the Block design score (r = −.485, p = .002), 
as well as the RSPM score (r = −.480, p = .002), in healthy participants. In CIND group the scores 
for the different types of errors did not correlate with the outcome measures from other tests.

Healthy BVRT 
total 
correct

BVRT 
total 
errors

BVRT

O

BVRT

D

BVRT

P

BVRT

R

BVRT

M

BVRT

SE

RSPM total 
correct

60-70 
years

N=70

Mean 5.01 8.04 1.40 2.34 1.04 1.06 1.74 0.46 32.97

SD 1.77 3.56 1.61 1.63 1.03 1.13 1.29 0.77 11.53

>70 years

N=33

Mean 3.79 10.76 2.45 3.70 0.97 1.45 1.73 0.45 22.39

SD 1.60 3.37 2.33 1.53 1.24 1.12 1.44 0.75 8.37

T-test 3.378

P=.001

−3.686

P<.001

−2.347

P=.023

−4.007

P<.001

.315

P=.753

−1.672

P=.098

.055

P=.956

.016

P=.987

5.273

P<.001

CIND

60-70 
years

N=48

Mean 3.40 11.44 2.33 4.21 0.98 1.54 1.67 0.69 20.04

SD 1.45 3.32 2.36 2.15 1.10 1.09 1.21 1.05 8.06

>70 years

N=37

Mean 2.97 12.92 4.19 4.38 0.73 1.62 1.57 0.43 15.05

SD 1.12 2.81 2.92 2.18 1.10 1.06 1.40 0.69 4.21

T-test 1.515

P=.133

−2.178

P=.032

−3.236

P=.002

−.359

P=.720

1.037

P=.303

−.339

P=.736

.349

P=.728

1.275

P=.206

3.684

P<.001

Note: O. omissions; D. distortions; P. perseverations; R. rotations; M. misplacements; SE. size errors.

Table 5. Mean comparison for BVRT and RSPM results in the age groups for healthy subjects and CIND.
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Figure 1. Examples of cube drawings in the diagnostic groups.

Figure 2. Examples of house drawings in the diagnostic groups.

(r between .213 and .520, p < .05). As expected the relation between age and BVRT total 
correct score was negative (r = −.397, p < .001).

In the CIND group, age correlated positively and significantly only with BVRT omissions 
(r = .359, p = .001). The relation between age and size errors score did not reach acceptable 
significance (r = − .202, p = .064). Negative moderate significant correlation existed between 
MMSE (r CIND = −.257 and r healthy = −.385) and RSPM total score (r CIND = −.340 and r 
healthy = −.535) on the one hand and the age, on the other, in both diagnostic groups.

In the group with complete testing, age correlated only with RSPM score, both in the whole 
group (Pearson correlation), N = 62, and in the diagnostic groups (Spearman correlation)—
moderate significant negative correlation (p < .001 and p < .05, respectively).

3.3. Relationships between test measures

3.3.1. Correlation

Most of the measures assessing the performance of the drawing tasks correlate moderately 
and significantly (Pearson correlation), except for cube total score and BVRT correct and 
error scores (Table 6). As expected Block design and RSPM measures are in a significant 
relation with all other variables (r between .326 and .591) as well as between them (p < .001). 
Further analyses (Spearman correlations) were accomplished for the same variables in each 
diagnostic group separately. In the group of healthy participants, the cube total score cor-
relates only with the house total score (r = .345, p = .029). BVRT total correct and total errors 
correlate highly between them (r = −.886, p < .001) and moderately with RSPM (p < .001). 
There is a significant correlation between BVRT total errors and Block design score (r = −.318, 
p = .046).
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In the CIND group, results showed a different picture, probably affected by the heterogeneity 
of cognitive impairments, which is characteristic of this early stage of pathological decline 
[56, 68]. BVRT total correct and total errors correlate moderately between them (r = −.447, 
p = .037), and there is no significant correlation between them and RSPM. The cube total score 
correlates only with the Block design score (r = .470, p = .027). The house total score also cor-
relates with Block design score and with Benton total errors(r = −.644, p = .001). Benton total 
errors correlate with Block design score as well (r = −.607, p = .003).

Moderate significant correlation was found between BVRT omissions and the cube drawing score 
(r = −.378, p = .016) and between BVRT distortions and the Block design score (r = −.485, p = .002), 
as well as the RSPM score (r = −.480, p = .002), in healthy participants. In CIND group the scores 
for the different types of errors did not correlate with the outcome measures from other tests.
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total 
correct
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total 
errors

BVRT
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BVRT

D

BVRT
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BVRT
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BVRT
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RSPM total 
correct
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years

N=70

Mean 5.01 8.04 1.40 2.34 1.04 1.06 1.74 0.46 32.97

SD 1.77 3.56 1.61 1.63 1.03 1.13 1.29 0.77 11.53

>70 years

N=33

Mean 3.79 10.76 2.45 3.70 0.97 1.45 1.73 0.45 22.39

SD 1.60 3.37 2.33 1.53 1.24 1.12 1.44 0.75 8.37

T-test 3.378

P=.001

−3.686

P<.001

−2.347

P=.023

−4.007

P<.001

.315

P=.753

−1.672

P=.098

.055

P=.956

.016

P=.987

5.273

P<.001

CIND

60-70 
years

N=48

Mean 3.40 11.44 2.33 4.21 0.98 1.54 1.67 0.69 20.04

SD 1.45 3.32 2.36 2.15 1.10 1.09 1.21 1.05 8.06

>70 years

N=37

Mean 2.97 12.92 4.19 4.38 0.73 1.62 1.57 0.43 15.05

SD 1.12 2.81 2.92 2.18 1.10 1.06 1.40 0.69 4.21

T-test 1.515

P=.133

−2.178

P=.032

−3.236
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−.359

P=.720

1.037

P=.303

−.339

P=.736

.349

P=.728

1.275

P=.206

3.684
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Note: O. omissions; D. distortions; P. perseverations; R. rotations; M. misplacements; SE. size errors.
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In the group with partial testing, we found high significant negative correlation between 
BVRT total correct and total errors both for healthy and for CIND participants. As for the 
types of errors, (1) in the group of healthy subjects, the total number correct and total errors 
correlated moderately and significantly with all types of errors. (2) In CIND group BVRT total 
correct score correlated moderately and significantly only with the number of omissions and 
distortions (p=.001) and BVRT total errors—with omissions and distortions (p<.001) as well as 
with misplacement (p = .016).

3.3.2. Multiple regression analysis

Multiple regression analyses were performed to determine if age continued to predict BVRT 
score, when education and RSPM (fluid intelligence) score were taken into account. Gender was 
added as a possible predictor only for BVRT distortions (in healthy group) and for BVRT omis-
sions in CIND group. These were the only variables that correlated with the gender of partici-
pants (low negative correlation for distortions, which means more errors in male subjects, and 

Variables Age Block design Cube score House score RSPM BVRT correct BVRT errors

Age

Coefficient r 1 −.071 −.124 −.035 −.437 −.113 .130

Sig. −.071 .335 .788 .000 .382 .315

Block design

Coefficient r −.071 1 .400 .448 .505 .352 −.529

Sig. .586 .001 .000 .000 .005 .000

Cube score

Coefficient r −.124 .400 1 .437 .326 .213 −.204

Sig. .335 .001 .000 .010 .097 .112

House score

Coefficient r −.035 .448 .437 1 .332 .400 .420

Sig. .788 .000 .000 .008 .001 .001

RSPM

Coefficient r −.437 .505 .326 .332 1 .573 −.591

Sig. .000 .000 .010 .008 .000 .000

BVRT correct

Coefficient r −.113 .352 .213 .400 .573 1 −.864

Sig. .382 .005 .097 .001 .000 .000

BVRT errors

Coefficient r .130 −.529 −.204 −.420 −.591 −.864 1

Sig. .315 .000 .112 .001 .000 .000

Table 6. Intercorrelations between age and visuospatial/visuoconstructive test scores.
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low positive correlation for omissions—more errors, made by females). Dependent variables 
were the outcome measures that correlated with age in both diagnostic groups. As it could be 
seen from Table 7, age predicted significantly the variance in BVRT omissions, together with 
fluid intelligence for healthy participants and together with education and fluid intelligence for 
the participants with CIND. For the other BVRT outcome measures, age is no more significant 
performance predictor when other demographic variables and fluid intelligence are included in 
the analyses.

Fluid intelligence contributed to the variance in all the variables analyzed, except for BVRT 
rotation in the healthy group. Education was a significant predictor only for the total errors, 
made by healthy participants and for the number of omissions in CIND subjects.

Diagnostic

group

Dependent Predictor F B Beta t R2

Healthy Total correct Age 11.848*** −.025 −.097 −.967 .264

Education .110 .163 1.738

RSPM .057 .372 3.479**

Total errors Age 24.401*** .087 .162 1.839 .425

Education −.250 −.180 −2.170*

RSPM −.146 −.463 −4.896***

Omissions Age 11.954*** .092 .329 3.302** .266

Education .020 .028 .297

RSPM −.045 −.274 −2.564*

Distortions Age 10.529*** .025 .102 1.036 .301

Education −.109 −.170 −1.848

RSPM −.052 −.354 −3.379**

Gender −.790 −.218 −2.556*

Rotations Age 3.973* .003 .020 .183 .107

Education −.080 −.189 −1.826

RSPM −.019 −.193 −1.640

CIND Omissions Age 9.353*** .075 .206 2.001* .319

Education −.337 −.330 −.3.059**

RSPM −.082 −.211 −.2.077*

Gender −.007 −.014 −.138

Note:
*p<.05;
**p<.01;
***p < .001.

Table 7. Multiple regression analyses of demographic factors and fluid intelligence contributing to BVRT results.
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In the group with partial testing, we found high significant negative correlation between 
BVRT total correct and total errors both for healthy and for CIND participants. As for the 
types of errors, (1) in the group of healthy subjects, the total number correct and total errors 
correlated moderately and significantly with all types of errors. (2) In CIND group BVRT total 
correct score correlated moderately and significantly only with the number of omissions and 
distortions (p=.001) and BVRT total errors—with omissions and distortions (p<.001) as well as 
with misplacement (p = .016).

3.3.2. Multiple regression analysis

Multiple regression analyses were performed to determine if age continued to predict BVRT 
score, when education and RSPM (fluid intelligence) score were taken into account. Gender was 
added as a possible predictor only for BVRT distortions (in healthy group) and for BVRT omis-
sions in CIND group. These were the only variables that correlated with the gender of partici-
pants (low negative correlation for distortions, which means more errors in male subjects, and 

Variables Age Block design Cube score House score RSPM BVRT correct BVRT errors
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Block design

Coefficient r −.071 1 .400 .448 .505 .352 −.529
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BVRT correct
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low positive correlation for omissions—more errors, made by females). Dependent variables 
were the outcome measures that correlated with age in both diagnostic groups. As it could be 
seen from Table 7, age predicted significantly the variance in BVRT omissions, together with 
fluid intelligence for healthy participants and together with education and fluid intelligence for 
the participants with CIND. For the other BVRT outcome measures, age is no more significant 
performance predictor when other demographic variables and fluid intelligence are included in 
the analyses.

Fluid intelligence contributed to the variance in all the variables analyzed, except for BVRT 
rotation in the healthy group. Education was a significant predictor only for the total errors, 
made by healthy participants and for the number of omissions in CIND subjects.

Diagnostic

group

Dependent Predictor F B Beta t R2

Healthy Total correct Age 11.848*** −.025 −.097 −.967 .264

Education .110 .163 1.738

RSPM .057 .372 3.479**

Total errors Age 24.401*** .087 .162 1.839 .425

Education −.250 −.180 −2.170*

RSPM −.146 −.463 −4.896***

Omissions Age 11.954*** .092 .329 3.302** .266

Education .020 .028 .297

RSPM −.045 −.274 −2.564*

Distortions Age 10.529*** .025 .102 1.036 .301

Education −.109 −.170 −1.848

RSPM −.052 −.354 −3.379**

Gender −.790 −.218 −2.556*

Rotations Age 3.973* .003 .020 .183 .107

Education −.080 −.189 −1.826

RSPM −.019 −.193 −1.640

CIND Omissions Age 9.353*** .075 .206 2.001* .319

Education −.337 −.330 −.3.059**

RSPM −.082 −.211 −.2.077*
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Note:
*p<.05;
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3.4. Principal component analysis

To explore the different dimensions in the visuospatial and visuoconstructive abilities in old 
age, a principal component analysis was performed with oblimin rotation, because of the 
comparatively small data set (N = 62) and the postulated interrelations between variables 
used. A four-factor structure, with eigenvalues bigger than 1, was established, all four factors 
explaining around 71% of the variance. Item loading above 0.3 on each factor is taken into 
consideration (Table 8). Most of the variables load high on the first factor, which could mean 
that the same kind of abilities is included in the tasks measured by many of our variables. 
That is why my suggestion for the name of this factor is “general cognitive ability.” I would 
name the second factor extracted “executive functioning” (planning and executing visuo-
constructive and visuospatial tasks). This factor is strongly associated with cube and house 
drawing, Block design performance, and planning and organization of the BVRT figures on 
the sheet of paper. It is the second factor on which RSPM score loads (coefficient = .237), 
and RSPM is proven as an executive test. Factor 3 includes BVRT omissions and distortions, 
together with house drawing and Block design scores and could be named “visuospatial 
memory.” The characteristics of item loading on factor 4 give reason to label it “visuospatial 
analysis and visual perception.”

4. Discussion

Constructive and visuospatial abilities are complex fluid functions that decline with advanc-
ing age [31, 45, 50, 54]. Their impairments are proven characteristics of the pathological aging 
related to different types of dementia [8, 47, 53], and they are not enough studied in the 
boundary states, posing a risk for the development of dementia. According to Guerin [69] and 

Variables Factor 1 Factor 2 Factor 3 Factor 4

Block design

House score

Cube score

BVRT correct

BVRT errors

BVRT omissions

BVRT distortions

BVRT perseverations

BVRT rotations

BVRT misplacements

BVRT size errors

RSPM total correct

.324

.170

.097

.840

−.896

−.482

−.050

−.386

−.788

−.371

−.208

.535

.439

.405

.787

−.082

.097

−.404

.021

−.079

.037

.838

.012

.237

.435

.463

.059

.182

−.241

.572

−.915

−.086

.206

−.127

−.035

.188

.070

−.229

−.033

−.107

.058

.305

.000

−.830

−.208

.119

.664

−.186

Table 8. Principal component pattern matrix for the sample with complete testing.
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Grossi [51], specific studies are needed to reveal the relations between visuospatial disorders 
and constructional apraxia.

We found that the global BVRT outcome measures (numbers of correct reproductions and 
number of errors) can significantly differentiate normal from pathological aging. Our work 
regarding the qualitative characteristics of BVRT performance is consistent with the view 
that it is necessary to study the specific patterns of this test results in different diagnostic 
groups [70, 71]. Most existing studies with BVRT analyze only the number of correct repro-
ductions [71, 72] or the total number of errors [73]. The data about the profiles of errors in 
different groups, including geriatric, are scarce [74], and as far as they exist, they do not 
refer to CIND. We can assume that the types of errors that differ significantly in the two 
studied diagnostic groups—omissions and distortions—reflect the cognitive decline profile 
in CIND.

House and cube drawing tasks, as well as Block design subtest, also showed good discrimi-
nant capacity for differentiation of normal elders from persons with CIND. We compare the 
results reported here with studies of healthy individuals and dementia, as we were unable 
to find data on the use of these tests in subjects with cognitive impairment, no dementia. The 
house drawing test results are consistent with those obtained in Moore and Wyke [52] study, 
which found a statistically significant difference between the score from house drawing of 
patients with dementia and control group of healthy subjects. Similar results are reported by 
Gragnaniello et al. [53], who found mainly omissions of elements and simplification of the 
drawings of a house by persons with Alzheimer’s dementia. Assessment criteria used in our 
study take into consideration omissions of elements, three-dimensionality, distortion, and 
cohesion of the figures.

Our results confirm the classic model of cognitive aging, showing a significant decline in fluid 
intelligence, measured by RSPM, with age, in both diagnostic groups. Concerning the other 
tests used in this study:

1. Healthy participants up to 70 years of age showed more accurate BVRT reproductions than 
these over 70 (number correct, number errors, omissions, and distortions). When the edu-
cation, fluid intelligence, and gender (where correlated with our variables) were included 
in the model, age was a significant predictor only for BVRT omissions. In age groups over 
70, Coman et al. [70] found the greatest decline in mean total number corrects. The error 
profile was not analyzed in their study. In another study of normal non-demented sub-
jects from 20 to 102 years of age, significant age-related changes in omissions, distortions, 
and rotations for both genders were found. This made the authors suppose different brain 
regions involved in the different types of BVRT errors. When longitudinal analyses were 
performed, authors found more rapid increase of omissions and distortions for the oldest 
age groups [74].

2. Number of omissions was the only variable upon which age showed a significant effect in 
subjects with CIND before and after taking into account the other demographic features 
and RSPM scores. In normals with memory concerns, a negative correlation between age 
and BVTR total correct was reported [70].
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3.4. Principal component analysis

To explore the different dimensions in the visuospatial and visuoconstructive abilities in old 
age, a principal component analysis was performed with oblimin rotation, because of the 
comparatively small data set (N = 62) and the postulated interrelations between variables 
used. A four-factor structure, with eigenvalues bigger than 1, was established, all four factors 
explaining around 71% of the variance. Item loading above 0.3 on each factor is taken into 
consideration (Table 8). Most of the variables load high on the first factor, which could mean 
that the same kind of abilities is included in the tasks measured by many of our variables. 
That is why my suggestion for the name of this factor is “general cognitive ability.” I would 
name the second factor extracted “executive functioning” (planning and executing visuo-
constructive and visuospatial tasks). This factor is strongly associated with cube and house 
drawing, Block design performance, and planning and organization of the BVRT figures on 
the sheet of paper. It is the second factor on which RSPM score loads (coefficient = .237), 
and RSPM is proven as an executive test. Factor 3 includes BVRT omissions and distortions, 
together with house drawing and Block design scores and could be named “visuospatial 
memory.” The characteristics of item loading on factor 4 give reason to label it “visuospatial 
analysis and visual perception.”

4. Discussion

Constructive and visuospatial abilities are complex fluid functions that decline with advanc-
ing age [31, 45, 50, 54]. Their impairments are proven characteristics of the pathological aging 
related to different types of dementia [8, 47, 53], and they are not enough studied in the 
boundary states, posing a risk for the development of dementia. According to Guerin [69] and 

Variables Factor 1 Factor 2 Factor 3 Factor 4

Block design

House score

Cube score

BVRT correct

BVRT errors

BVRT omissions

BVRT distortions

BVRT perseverations

BVRT rotations

BVRT misplacements

BVRT size errors

RSPM total correct

.324

.170

.097

.840

−.896

−.482

−.050

−.386

−.788

−.371

−.208

.535

.439

.405

.787

−.082

.097

−.404

.021

−.079

.037

.838

.012

.237

.435

.463

.059

.182

−.241

.572

−.915

−.086

.206

−.127

−.035

.188

.070

−.229

−.033

−.107

.058

.305

.000

−.830

−.208

.119

.664

−.186

Table 8. Principal component pattern matrix for the sample with complete testing.
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Grossi [51], specific studies are needed to reveal the relations between visuospatial disorders 
and constructional apraxia.

We found that the global BVRT outcome measures (numbers of correct reproductions and 
number of errors) can significantly differentiate normal from pathological aging. Our work 
regarding the qualitative characteristics of BVRT performance is consistent with the view 
that it is necessary to study the specific patterns of this test results in different diagnostic 
groups [70, 71]. Most existing studies with BVRT analyze only the number of correct repro-
ductions [71, 72] or the total number of errors [73]. The data about the profiles of errors in 
different groups, including geriatric, are scarce [74], and as far as they exist, they do not 
refer to CIND. We can assume that the types of errors that differ significantly in the two 
studied diagnostic groups—omissions and distortions—reflect the cognitive decline profile 
in CIND.

House and cube drawing tasks, as well as Block design subtest, also showed good discrimi-
nant capacity for differentiation of normal elders from persons with CIND. We compare the 
results reported here with studies of healthy individuals and dementia, as we were unable 
to find data on the use of these tests in subjects with cognitive impairment, no dementia. The 
house drawing test results are consistent with those obtained in Moore and Wyke [52] study, 
which found a statistically significant difference between the score from house drawing of 
patients with dementia and control group of healthy subjects. Similar results are reported by 
Gragnaniello et al. [53], who found mainly omissions of elements and simplification of the 
drawings of a house by persons with Alzheimer’s dementia. Assessment criteria used in our 
study take into consideration omissions of elements, three-dimensionality, distortion, and 
cohesion of the figures.

Our results confirm the classic model of cognitive aging, showing a significant decline in fluid 
intelligence, measured by RSPM, with age, in both diagnostic groups. Concerning the other 
tests used in this study:

1. Healthy participants up to 70 years of age showed more accurate BVRT reproductions than 
these over 70 (number correct, number errors, omissions, and distortions). When the edu-
cation, fluid intelligence, and gender (where correlated with our variables) were included 
in the model, age was a significant predictor only for BVRT omissions. In age groups over 
70, Coman et al. [70] found the greatest decline in mean total number corrects. The error 
profile was not analyzed in their study. In another study of normal non-demented sub-
jects from 20 to 102 years of age, significant age-related changes in omissions, distortions, 
and rotations for both genders were found. This made the authors suppose different brain 
regions involved in the different types of BVRT errors. When longitudinal analyses were 
performed, authors found more rapid increase of omissions and distortions for the oldest 
age groups [74].

2. Number of omissions was the only variable upon which age showed a significant effect in 
subjects with CIND before and after taking into account the other demographic features 
and RSPM scores. In normals with memory concerns, a negative correlation between age 
and BVTR total correct was reported [70].
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We can conclude that age is a significant predictor of visuospatial memory decline. Accordingly 
Rabbit et al. [36] reported that age predicted the results from Spatial Working Memory test.

The two age groups did not differ significantly in the performance of house and cube drawing 
and of Block design task. Data exist about worse perception and presentation of three-dimen-
sionality in cube drawing task by elders [29], but we could not find studies of house and cube 
drawing in different late-life groups. It could be supposed that the interindividual variability, 
characteristic of old age in this comparatively small sample, influenced our results. The size 
of the sample has also prevented the use of a more detailed statistical analysis of the perfor-
mance of these three tests.

A possible explanation of the results concerning the cube drawing task score and BVTR total 
outcome measures could be the complexity of the tasks and in particular the three-dimension-
ality, as a mandatory feature of the cube drawing. These results could be partially explained 
as well by the structure of the BVRT task, which involves reproduction of geometric shapes by 
memory. The task of drawing a cube and a house also requires reproduction, but long-term 
memory is involved here, while Benton test assesses short-term memory. Another difference 
between Benton test and the drawing of cube and house is related to BVRT patterns them-
selves—part of them are new, unknown spatial models, and the other part are well-known 
figures (triangle, square, circle, trapezoid) engaging long-term representations. A compre-
hensive cognitive model of adults’ drawing ability has not yet been developed. What is well 
known is its “multicomponential nature” [[51], p. 117] confirmed in this study by a principal 
component analysis of the results from testing healthy adults and individuals with CIND 
over 60 years of age (four factors extracted).

The global functioning or the intelligence together with attention, sensory, motor, and execu-
tive functions is fundamental for the visuospatial and visuoconstructive abilities, following 
R. Mapou’s [43] hierarchical model. The correlations found reflect the relationship between 
these basic functions and the capabilities required for specific (constructional and spatial) 
cognitive functions. This explanation is supported by the principal component analysis, 
according to the results of which global and executive functioning are required for the perfor-
mance, assessed by a large number of study variables. Interpretation of principal component 
analysis reveals at the same time the specificity of constructive and spatial functions, based on 
visuospatial analysis and perception.

As elements of the multiple regression model, education of participants predicted the total num-
ber of errors in the group of healthy subjects and the number of omissions in CIND group. In 
another study without consideration of type of errors, the level of performance of normal older 
adults aged 61–97 showed dependence on education. In the same paper, in the group of nor-
mals with memory concerns from 64 to 74, less educated had worse performance, the difference 
found not reaching significance over 75. As for the gender effects on BVRT performance, there 
are no evidences about significant differences between men and women, from most research 
results available [70]. Resnick et al. [74] reported sex differences for omissions and rotations 
in subjects from 20 to 102, but they account for very low percentage of the variance (1%). Our 
multiple regression results gave a gender effect only on distortions, made by healthy subjects.
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5. Conclusions

The basic objective of this paper was to analyze the performance of constructive and visuospatial 
tasks in healthy and in CIND subjects.

The results confirm our hypothesis about significant differences in the level of performance in 
drawing and construction between persons with CIND and normally aging individuals over 
60 years.

We found a prevalence of omissions and distortions in the error profile of CIND and signifi-
cant difference between CIND and normal aging regarding these two types of errors.

In both diagnostic groups, age of participants showed a significant effect on BVRT omissions, 
when fluid intelligence, education, and gender were also considered.

Results proved discriminative sensitivity of BVRT general scoring criteria and the separate 
error types (omissions and distortions) in the preclinical stages of dementia.

We tested a modification of Moore and Wike [52] scoring system for house and cube drawing 
task in elders, and this study confirmed its diagnostic sensitivity. Drawing of cube and house 
could be used for quick screening of CIND in subjects over 60.

Results from the principal component analysis (oblimin rotation) reaffirmed the multicompo-
nent structure of the visuospatial and constructive abilities in old age.

The main limitation of this study is the small number of participants with complete neuro-
psychological testing and the lack of detailed clinical and neuroimaging examination. For the 
future, it might be interesting to carry out a similar analysis using more detailed description 
of subjects, including neuroimaging with functional MRT that could give the possibility to 
conclude about brain structures involved in different task performance.
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The two age groups did not differ significantly in the performance of house and cube drawing 
and of Block design task. Data exist about worse perception and presentation of three-dimen-
sionality in cube drawing task by elders [29], but we could not find studies of house and cube 
drawing in different late-life groups. It could be supposed that the interindividual variability, 
characteristic of old age in this comparatively small sample, influenced our results. The size 
of the sample has also prevented the use of a more detailed statistical analysis of the perfor-
mance of these three tests.

A possible explanation of the results concerning the cube drawing task score and BVTR total 
outcome measures could be the complexity of the tasks and in particular the three-dimension-
ality, as a mandatory feature of the cube drawing. These results could be partially explained 
as well by the structure of the BVRT task, which involves reproduction of geometric shapes by 
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analysis reveals at the same time the specificity of constructive and spatial functions, based on 
visuospatial analysis and perception.

As elements of the multiple regression model, education of participants predicted the total num-
ber of errors in the group of healthy subjects and the number of omissions in CIND group. In 
another study without consideration of type of errors, the level of performance of normal older 
adults aged 61–97 showed dependence on education. In the same paper, in the group of nor-
mals with memory concerns from 64 to 74, less educated had worse performance, the difference 
found not reaching significance over 75. As for the gender effects on BVRT performance, there 
are no evidences about significant differences between men and women, from most research 
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Abstract

There are no studies on the neurocognitive implications of tangential speech (TS). 
This research aims to take a step forward in the study of narrative processing, by 
evaluating TS in a sample that helps to detect this deficit when it is neurogenic and 
recently manifested. The relationship between TS, secondary to focal brain injury, and 
neuropsychological and neuroanatomical variables was explored. A comprehensive 
neuropsychological battery was administered to 175 volunteers: 95 alert inpatients, 
without aphasia, without psychiatric history and without TS history, and 80 healthy 
participants, without TS. Results: TS (prevalence 16%) was independent of type or 
site of injury. An adverse effect of TS on global neuropsychological performance was 
observed. This effect was significantly related to attentional errors along with pro-
longed processing times but not to correct responses. Reliability and validity indices 
for the present TS screening scale were provided. Conclusion: Present results sup-
port the hypothesis that this neurogenic inability to spontaneously find, organize and 
communicate verbal information, beyond single words, depends on extended brain 
networks involving processes such as sustained attention, complex-syntax compre-
hension, the (implicit) interpretation and spontaneous recall of a narrative, and emo-
tional and behavioral alterations. Early TS detection is advisable for prevention and 
treatment at any age.

Keywords: communication disorders, language disorders, disconnected speech, focal 
cerebral lesions, goal-directed speech, mild cognitive impairment, narrative processing, 
sustained attention, time of day orientation

1. Introduction

The organization of spoken language involves the selection and maintenance of the topic 
of the conversation (with logical sense and pertinence) according to the context and the 
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listener. Ferstl et al. [1] affirm that language processing in context requires more than 
merely comprehending words and sentences: important processes such as inferences for 
bridging successive utterances, the use of background knowledge, discourse context and 
pragmatic interpretations need to be considered. Besides, the study of language process-
ing in context also requires the analysis of its behavioral or expressive mechanisms, in 
particular, the presence of failures in goal-directed speech. Considering the method of 
analysis on these mechanisms, it is probable that the presence of failures in the quality 
and consistency of the discourse can be screened with a single (but comprehensive) mea-
sure, thus avoiding fragmentation into multiple variables, as previously considered in the 
field of communication disorders (see, e.g., [2]).

Currently, there is growing interest in the neurobiology of language beyond single words 
or short phrases [3–5] and, consequently, beyond aphasia. Aside from those basic stud-
ies, and going to the clinical practice, health professionals are often faced with patients 
(without aphasia) who cannot adequately explain a certain topic, for example, the rea-
son for consultation. This may be a non-trivial problem. The impossibility of finding or 
pondering the proper verbal information to narrate an event (even when the most basic 
linguistic elements to construct the narrative are preserved) may be related to illness. The 
identification and causes of such impossibility require suitable evaluations as well as bet-
ter definitions.

Excessive speech and incoherent or disorganized speech involve two different systems of 
classification. However, they are commonly linked. The terms logorrhoea; verbosity; tachy-
phemia; pressured speech; cluttered speech; disorders of speech, fluency, communication or 
language in general; circumstantial speech; tangential speech (TS); disconnected speech; flight 
of ideas; formal thought disorder; ‘word salad’; loss of goal; loss of topic; etc., are ambigu-
ously defined in the literature. The definitions change notably throughout the different disci-
plines or authors involved. There are even some methodological problems to differentiate, for 
example, a lot of speech, which may be just a style of speech, from logorrhoea, which includes 
failures in the quality and consistency of speech; these problems may become evident when 
tests of fluency are used as indicators of logorrhoea [6].

In order to increase understanding on the matter, it is necessary to study each of those 
terms or constructs more systematically, from different perspectives. In particular, the use 
of comprehensive approaches in which pure language impairments are integrated with 
the rest of the cognitive functions is a necessary endeavor. Concurrently, and since the 
newest approaches in neuroimaging, for example, tend to study restricted language tasks 
and brain regions, the complement among different perspectives is for this reason doubly 
advisable.

There is a lack of study aimed at systematically analyzing TS in order to delimit and organize 
its conceptual and methodological basis. In this work, TS is attempted to be studied as pure 
language impairment because losing the focus or topic of the conversation has been found to 
be a common factor among several manifestations of irrelevant or incoherent speech. Besides, 
the concept of TS in itself links two attributes of the narrative: its content and quality (the 
‘what’) with its organization and consistency (the ‘how’).

Gerontology192

This study may represent the first attempt in the scope to generate hypotheses about a 
feature that usually has been explored as part of the larger attribute of pragmatics, with 
extremely variable conceptions and approaches.1 Toward controlling this source of vari-
ability, and taking into account that discourse processing has been considered a typical skill 
associated with pragmatics, some of the measures which have been previously reported 
as valid indicators of discourse processing (see, e.g., [8–10]), were included in the present 
study approach.

The evaluation of spontaneous speech is a crucial step in any neuropsychological assessment 
to detect aphasia, but not to detect TS. Probably this is so because a simple easy-to-administer 
scale for measuring this comprehensive behavior has not been designed yet, particularly in 
clinical settings and for screening purposes. To design such a TS scale, the analysis (and even-
tual integration) of previous concepts on the matter is required.

Harvey and Bowie [11] described two types of disturbances in the production of goal-
directed speech as common symptoms in schizophrenia: verbal underproductivity and 
disconnected speech. The first is characterized by a reduction in the amount of speech or 
in the breadth of information; the second, by illogical or tangential connections between 
words or sentences as a result of which the speaker often fails to return to the goal of the 
discourse.

In the field of brain injury, unlike the above described classification, disconnected or under-
productive discourses could in principle suggest either delirium (involving disturbance/
clouding of consciousness) or aphasia (involving lack/impairment of fluency or naming). 
Discarding delirium and aphasia such types of verbal symptoms may mimic psychiatric ones 
which, incidentally, have been considered for some authors manifestations of right hemi-
sphere communication dysfunctions ([12–16], also see below).

Some of the neuropsychiatric constructs that have been cited together with TS are quite simi-
lar in many respects to TS, in particular when the attributes of coherence, consistency, stabil-
ity and/or relevance are involved.

Tanner [17] stated that logorrhea is a garrulous and incoherent talking; the speech is ram-
bling and has no point or conclusion; words are not connected semantically. The author 
also states that TS lacks of continuity and consistency and the train of thought wanders. 
Tangentiality is defined by Andreasen [2] as replying in an irrelevant manner; it refers only 
to immediate replies to questions (stimulus-response mode) and not to transitions in spon-
taneous speech. Tangentiality is theoretically distinguished from several other disorders 
such as: derailment, in which the errors are similar to tangentiality but they occur in the 
spontaneous conversational mode; poverty of content of speech, where the speech is ade-
quate in amount but conveys little information; distractible speech, where inappropriate 
changes of topic only occur in response to external environmental stimuli; circumstantial 
speech, where the speech is indirect or delayed in reaching the goal, but the goal is eventu-
ally reached, etc. [2].

1A similar methodological heterogeneity has been described for TS, within the perspective of discourse analysis [7].
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This study may represent the first attempt in the scope to generate hypotheses about a 
feature that usually has been explored as part of the larger attribute of pragmatics, with 
extremely variable conceptions and approaches.1 Toward controlling this source of vari-
ability, and taking into account that discourse processing has been considered a typical skill 
associated with pragmatics, some of the measures which have been previously reported 
as valid indicators of discourse processing (see, e.g., [8–10]), were included in the present 
study approach.
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in the breadth of information; the second, by illogical or tangential connections between 
words or sentences as a result of which the speaker often fails to return to the goal of the 
discourse.
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lar in many respects to TS, in particular when the attributes of coherence, consistency, stabil-
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spontaneous conversational mode; poverty of content of speech, where the speech is ade-
quate in amount but conveys little information; distractible speech, where inappropriate 
changes of topic only occur in response to external environmental stimuli; circumstantial 
speech, where the speech is indirect or delayed in reaching the goal, but the goal is eventu-
ally reached, etc. [2].

1A similar methodological heterogeneity has been described for TS, within the perspective of discourse analysis [7].
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In the present work, and trying to achieve a unified construct, previous studies on TS as 
well as on disconnected speech, logorrhoea, circumstantial speech and any other dysfunction 
which affect the quality and consistency of information in the topic of the discourse were 
reviewed.

Disconnected speech, logorrhoea and TS have been associated with psychiatric and/or cog-
nitive disorders not neurologically lateralized [17–27], including schizophrenia,2 dementia, 
mania, autism, semantic pragmatic disorder, attention-deficit hyperactivity disorder and 
traumatic brain injury.

Concerning the neuroanatomical bases of disconnected speech, logorrhoea and TS, ambigu-
ous findings have been reported when using the lesion-based approach. As a rule, these 
reports do not clearly demonstrate the double dissociation between, for example, the 
left and the right hemispheres, and the frontal lobe and the rest of the lobes [12, 28–34]. 
Considering just TS, and excluding subcortical structures, Marini [33] supports the hypoth-
esis that there is a major involvement of frontal right hemispheric areas to the process of 
organization of information in a narrative discourse: the individuals with right hemisphere 
damage produced descriptions with normal levels of microlinguistic processing but with 
more tangential errors and conceptually incongruent utterances, that is, with more impair-
ments in macrolinguistic processing. Within this framework, the right hemisphere has been 
associated with the ability to correctly communicate prosodic, discourse and pragmatic 
aspects of language, including topic maintenance [29]. On the contrary, the involvement 
of the left hemisphere on TS has rarely been reported. Ferstl et al. [35] state that damage to 
frontal areas has been associated with nonaphasic language disturbances in which word 
and sentence level processes remain largely intact but text level processes are impaired. 
These authors studied several sites of lesions, including non-frontal ones, and analyzed text 
comprehension in nonaphasic patients. Ferstl et al. [35] observed that patients with left-
frontal or bilateral frontal lesions cannot make use of instructions which require a change 
of perspective for recalling a story; besides, left-frontal damage leads to an impairment 
of goal-directed text-processing skills. Despite such specific finding, and under the lesion-
based approach, the involvement of the left hemisphere and the non-frontal lobes on TS is 
scarce or unclear.

The dissociation between the left and the right hemisphere has been more frequently 
studied, and the results are contradictory, when the so-called pragmatic and/or emotional 
abilities of the right hemisphere (considered as a whole) were analyzed [10, 14, 36–39]. 
Taking into account these specific abilities of the right hemisphere, the quality and con-
sistency of information in the topic of the discourse has always been an essential feature 

2In the field of schizophrenia, Holshausen et al. [23] exclude the indicator of poverty of content [2] from the concept of 
disconnected speech. However, in the present study it is assumed that if a patient speaks fluently but he/she conveys 
little information, then such information is irrelevant; additionally, if the information conveyed is superficial or indirect, 
as in the case of circumstantial speech, such information is also irrelevant. Holshausen et al. [23] did include the indicator 
of circumstantial speech [2] within the concept of disconnected speech. However, the supposed property of circumstan-
tial speech by which the goal of the conversation is ‘eventually reached’ [2] is not here assumed as a true event; instead, 
the degree by which that goal is actually reached is analyzed.
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to be analyzed. However, the presence of failures in the processing of this feature, along 
with its neurological, cognitive and behavioral implications has not been elucidated yet. 
Neuropsychologically speaking, and as stated by Zanini et al. [39], the strong dichotomy of 
denotative versus connotative language, as processed by the left versus right hemispheres, 
respectively, has been recently challenged. Interestingly, some of the supposed abilities 
of the right hemisphere are nowadays separately analyzed in studies of social cognition, 
emotional connotation, valence, neuropragmatics, mentalizing, communication and nar-
rative processing, among other processes [1, 3–5, 8, 40–48]. Such studies usually describe 
extended brain networks and bilateral involvement in their communication or language 
models.

The influence of the left hemisphere and the non-frontal lobes on TS might be indirectly 
inferred from those studies which, to date, have mainly involved healthy participants 
(HP) and language comprehension tasks. Nevertheless, when a language expression task 
(i.e., narrative production) was additionally evaluated in two neurofunctional studies 
with healthy participants [8, 40], Awad et al. [40] observed a common bilateral functional 
system, predominantly left lateralized, for both narrative comprehension and produc-
tion. This functional system was most apparent in the left anterior temporal neocortex 
and the left temporal-occipital-parietal junction. As well, while the left and right hippo-
campus and adjacent inferior temporal cortex were active during speech comprehension, 
activity was reduced during speech production. AbdulSabur et al. [8] observed that the 
language system was integrated with regions that support other cognitive and sensorimo-
tor domains, that is, they observed that, in addition to traditional language areas (e.g., 
left inferior frontal and posterior middle temporal gyri), both narrative production and 
comprehension engaged regions associated with mentalizing and situation model con-
struction, as well as premotor areas. These authors reported strong associations between 
language areas and the superior and middle temporal gyri during both tasks. However, 
only during narrative production were the language-related regions connected to cortical 
and subcortical motor regions. AbdulSabur et al. [8] reported marked bilateral involve-
ment for narrative comprehension alone (including right hemisphere homologs of peri-
sylvian language areas), and predominantly left lateralized (and anterior) involvement for 
narrative production alone.

Complementary research exploring the relationship between patients with focal brain lesions 
and language expression tasks, excluding aphasia, is necessary. TS has been poorly studied 
in patients with focal brain lesions, especially in patients with left hemisphere damage and 
in patients differentiated by frontal and non-frontal lobe damage. A comprehensive neuro-
psychological study of goal-directed speech is necessary in the scope, not only to help eluci-
date the TS neuroanatomical correlates but also the TS cognitive and behavioral nature. This 
research aims to take a step forward in the study of narrative processing, by evaluating TS 
in a sample that helps detect this deficit when it is neurogenic and recently manifested. Due 
to the lack of clear antecedents on the matter, the main objective for the present study was to 
explore the relationship between TS, secondary to focal brain injury, and neuropsychological 
and neuroanatomical variables.
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abilities of the right hemisphere (considered as a whole) were analyzed [10, 14, 36–39]. 
Taking into account these specific abilities of the right hemisphere, the quality and con-
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disconnected speech. However, in the present study it is assumed that if a patient speaks fluently but he/she conveys 
little information, then such information is irrelevant; additionally, if the information conveyed is superficial or indirect, 
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tial speech by which the goal of the conversation is ‘eventually reached’ [2] is not here assumed as a true event; instead, 
the degree by which that goal is actually reached is analyzed.
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respectively, has been recently challenged. Interestingly, some of the supposed abilities 
of the right hemisphere are nowadays separately analyzed in studies of social cognition, 
emotional connotation, valence, neuropragmatics, mentalizing, communication and nar-
rative processing, among other processes [1, 3–5, 8, 40–48]. Such studies usually describe 
extended brain networks and bilateral involvement in their communication or language 
models.

The influence of the left hemisphere and the non-frontal lobes on TS might be indirectly 
inferred from those studies which, to date, have mainly involved healthy participants 
(HP) and language comprehension tasks. Nevertheless, when a language expression task 
(i.e., narrative production) was additionally evaluated in two neurofunctional studies 
with healthy participants [8, 40], Awad et al. [40] observed a common bilateral functional 
system, predominantly left lateralized, for both narrative comprehension and produc-
tion. This functional system was most apparent in the left anterior temporal neocortex 
and the left temporal-occipital-parietal junction. As well, while the left and right hippo-
campus and adjacent inferior temporal cortex were active during speech comprehension, 
activity was reduced during speech production. AbdulSabur et al. [8] observed that the 
language system was integrated with regions that support other cognitive and sensorimo-
tor domains, that is, they observed that, in addition to traditional language areas (e.g., 
left inferior frontal and posterior middle temporal gyri), both narrative production and 
comprehension engaged regions associated with mentalizing and situation model con-
struction, as well as premotor areas. These authors reported strong associations between 
language areas and the superior and middle temporal gyri during both tasks. However, 
only during narrative production were the language-related regions connected to cortical 
and subcortical motor regions. AbdulSabur et al. [8] reported marked bilateral involve-
ment for narrative comprehension alone (including right hemisphere homologs of peri-
sylvian language areas), and predominantly left lateralized (and anterior) involvement for 
narrative production alone.

Complementary research exploring the relationship between patients with focal brain lesions 
and language expression tasks, excluding aphasia, is necessary. TS has been poorly studied 
in patients with focal brain lesions, especially in patients with left hemisphere damage and 
in patients differentiated by frontal and non-frontal lobe damage. A comprehensive neuro-
psychological study of goal-directed speech is necessary in the scope, not only to help eluci-
date the TS neuroanatomical correlates but also the TS cognitive and behavioral nature. This 
research aims to take a step forward in the study of narrative processing, by evaluating TS 
in a sample that helps detect this deficit when it is neurogenic and recently manifested. Due 
to the lack of clear antecedents on the matter, the main objective for the present study was to 
explore the relationship between TS, secondary to focal brain injury, and neuropsychological 
and neuroanatomical variables.
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The present study is part of a bigger research project which aims at developing efficient tests, 
that is, brief and/or easy to apply neuropsychological techniques without neglecting the 
goals of accuracy and validity (see, e.g., [49–51]). Since theory and validity are interlaced, it 
is expected that the present data are not only useful to hypothesize about the bases of TS, but 
also to explore the viability, validity and reliability of the present scale to assess TS in a natu-
ral situation, by the bedside of the patient.

In summary, the present study aimed to explore, in patients with focal brain injuries, if TS 
is associated with cognitive, emotional or behavioral impairments and with specific sites of 
brain injury. Complementarily, the present study aimed to explore if a hypothetical pattern of 
neuropsychological and/or neuroanatomical impairments can be identified for TS as well as if 
reliability and validity indices can be obtained for the present TS screening scale.

In view of the reviewed, and in an attempt to delimit the conceptual definition of TS, only 
communication dysfunctions which affect the quality and consistency of information in the 
topic of the discourse, without affecting the most basic resources to carry out such discourse, 
were considered. More specifically, when: (a) the deficit was secondary to brain injury, (b) the 
patient was alert, without aphasia, without psychiatric history and without TS history and (c) 
according to the conditions which were expressed in the first paragraph of this work, the topic 
of the conversation was missing (i.e., the topic was irrelevant to the interview situation, or it 
was not well preserved or focused during the interaction) the resulting speech was defined 
as tangential.

In view of the exploratory nature of the study, a comprehensive neuropsychological bat-
tery was administered because all the battery tests and subtests were in principle considered 
potential factors for explaining TS. However, and bearing in mind that the tasks of narrative 
comprehension, memory and production have been previously recognized as valid measures 
of discourse processing (DP) [8–10], they were specially evaluated. Considering that tests of 
fluency have been used as indicators of logorrhoea [6], and that logorrhoea includes failures 
in the quality and consistency of speech, the performance in tasks of spoken and written ver-
bal fluency were also evaluated.

2. Material and methods

2.1. Material

The battery of Neuropsychological Tests Abbreviated and Adapted for Spanish Speakers, 
a valid and reliable instrument developed to detect dementia, aging and cognitive impair-
ment, including the probable site of brain impairment, was administered [52–55]. Sixty-
seven indicators of 25 basic subtests were analyzed. The present battery assessed the task 
completion time [i.e., the processing time (T)] in several subtests as well as: (1) spontaneous 
speech (in its aphasic manifestations); (2) personal orientation; (3) time and place orienta-
tion, and errors (E) in time orientation; (4) phonemic discrimination (letter ‘A’) by auditory 
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cancelation (verbal auditory selective and sustained attention: omission and commission 
E); (5) figure discrimination (triangle) by visual cancelation [nonverbal visual selective and 
sustained attention: correct responses (CR) as well as errors and time (E&T)]; (6) direct and 
reverse serial order (months forward and backwards: E&T); (7) spatial memory (five hid-
den objects: accuracy (remembered objects and places) as well as four different types of E); 
(8) copy of alternating or repetitive graph series; (9) copy and naming (written response) 
of simple figures; (10) constructional praxia (cube and clock drawing in response to com-
mands: CR and T); (11) syntax-complex verbal comprehension; (12) verbal auditory atten-
tion span (digits: forward and backwards); (13) writing abilities such as writing one verbal 
automatism (the name), writing by copying and by dictation and writing-legibility; (14) 
written verbal fluency [quantity: number of words, quality: syntactic complexity, legibil-
ity: overall score and legibility regardless of quantity (average score per word)]; (15) writ-
ten arithmetic operations; (16) mental calculations (subtracting serial sevens: CR and T); 
(17) oral verbal fluency (number of words beginning with ‘F’); (18) reading (a story): oral 
expression and abstraction/comprehension; (19) visual memory: face recognition; (20) visual 
memory: retrieval of a complex figure; (21) graphesthesia; (22) finger recognition; (23) a 
delayed story recall (spontaneous and cued, using two indicators: the interviewer’s global 
impression during administration, and a standardized and detailed scoring of 25 passages 
after administration); (24) the paired-associate word learning, which included three trials 
and a delayed recall of easy and hard pairs and (25) semantic verbal memory/naming by 
picture confrontation. [Note: In general, accuracy (CR) was assessed unless otherwise indi-
cated by E, T, and/or E&T.] The tasks of the battery related with DP were complex verbal 
comprehension (i.e., syntax-complex verbal comprehension and story comprehension) in 
addition to storytelling [i.e., a delayed story recall (spontaneous and cued)]. The tasks of the 
battery related with fluency were written verbal fluency (quantity: number of words) and 
oral verbal fluency (number of words beginning with ‘F’). Details of test administration and 
scores are explained elsewhere [49–56].

The emergence of the following disorders as a consequence of brain injury as reported by the 
caregiver during the initial interview were also registered (scale range: 0–3): sensory defi-
cits; motor deficits; perceptual-cognitive disorders (i.e., difficulty in recognizing known per-
sons, places, moments or objects, independently of sensory acuity); sleeping disorders (i.e., 
insomnia, somnolence during the day, etc.); language disorders (i.e., paraphasias, anomies, 
echolalia, intrusions, reduced verbal comprehension or fluency, dysarthria, etc.); behavioral 
disorders (i.e., abnormal responses, anxiety, irritability, depression, lack of sphincter control, 
difficulty in organizing action, changes of personality, etc.); and thought disturbances (i.e., 
hallucinations, delusions, loss of sense of reality, dissociative symptoms, etc.). The presence 
of seizures was also registered.

Some complementary behavioral observations, which are usually evaluated during the admin-
istration of the comprehensive battery were also analyzed: the behavioral observations com-
puted in this study were: degree of cooperation (0–3, i.e., absent: 0, very poor: 1, poor: 2, good: 
3); emotional state (−1 to 1, i.e., inhibited: −1, normal: 0, excited: 1); disability awareness (0–3, 
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i.e., null: 0, bad: 1, regular: 2, good: 3); language speed (−1 to 1, i.e., slow: −1, normal: 0, rapid: 
+1); voice volume (0–4, i.e., whispered: 0, hypophonic: 1, low: 2, normal: 3, hyperphonic: 4) and 
prosody (0–3, i.e., total or severe dysprosody: 0, moderate prosody: 1, slight prosody: 2, nor-
mal expression or prosody: 3). The presence of emotional lability, aggression, hallucinations, 
delusions and verbal perseverations (including words and/or thoughts) was also registered.

2.2. Subjects and procedures

Data were obtained from a sample of 175 Argentine Spanish-speaking right-handed vol-
unteers. Clinical data were obtained from a sample of 95 patients who were consecutively 
recruited from the Neurological and Neurosurgery Service of the Cordoba Hospital, a public 
hospital for adults. Demographically matched healthy participants (HP) were recruited from 
cultural, recreational and retirement centers in the province of Cordoba. HP were included if 
they were independent and adapted to daily life demands, without any known neurological 
or psychiatric disease. HP were excluded if they had: (i) TS or any type of language impair-
ment, (ii) symptoms of neurological or psychiatric disorders, (iii) risk of neurological damage 
by disease or accident, (iv) any kind of medical condition which could affect neuropsychologi-
cal performance or (v) sensorial or motor difficulties which could prevent them from carrying 
out the tests fluently. The recruitment method is better described elsewhere [49–51, 54, 57]. 
Patients were included if they had focal brain lesions confirmed by MRI and complementary 
diagnostic studies, and if they were preoperative inpatients. Patients were excluded if they: 
(i) had multiple or diffuse brain damage, (ii) had any other (previous or simultaneous) asso-
ciated neurological disease, (iii) had history of psychiatric disorders, (iv) had history of TS, 
(v) were treated with psychotropic medication, (vi) had aphasia, hemianopia, hemineglect, 
hemihypesthesia or minimum signs of clouding of consciousness, according to the coincident 
report among the physician (before administering the battery), the caregiver (during the ini-
tial interview), as well as the neuropsychologist (during the administration of the battery). 
The data collected during the initial interview with the caregivers was taken as evidence of 
the premorbid condition. The comprehensive neuropsychological battery was administered 
and scored blindly to neuroanatomical data and the TS scale, which was applied by other 
member of the research team.

Patients grouped by TS were compared on their demographic variables as well as on type and 
site/side of lesion, disease duration (reported in months), risk factors (malnutrition, frequent 
contact with toxic agents, hypertension, heart disease, obesity, diabetes, genetic component of 
the illness, alcohol or drug consumption, etc.), and the presence of brachial and crural hemi-
paresis. Regarding the sites of lesion, they were divided into anterior hemisphere (frontal) 
lesions (A) versus posterior hemisphere (temporal, parietal or occipital) lesions (P). Lesions 
located in inferior structures (such as thalamus, basal ganglia, internal capsule, etc.) were 
classified as subcortical (SC) lesions; and lesions located in the frontal lobe and any of the 
posterior lobes, or in regions located between the frontal lobe and the posterior lobes, were 
classified as antero-posterior (AP) ones. As well, lesions were divided into left (L), right (R) 
and bilateral (B), according the injured hemisphere.
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The emergence of TS was registered as a feature of spontaneous speech, different from the 
aphasia symptoms usually assessed by this item. In the item of spontaneous speech, the 
patients’ ability to describe their own disease is explored. The interviewer’s question in the TS 
item was: ‘Tell me what happened to you and why you are here. (When did the problem start? How 
was it…?).’

If the topic of the conversation was missing at any moment of the interaction, and digres-
sive responses were maintained irreversibly, without spontaneous recovering, throughout 
the three successive statements, the resulting speech was empirically defined as tangential. TS 
was coded as present. Subsequently, the interviewer gave a prompt. (In order to corroborate 
the interviewees’ own ability to get back to the point, interviewers did not have to give indi-
cations or ask questions which facilitate the recall of the topic of the conversation.) If TS was 
repeated three times (maximum four prompts), the interview was finished.

The following scale was applied:

0 = Empty talk; pointless speech (the thread of the conversation is missing); inconsistency 
with the context and with a line of communication; disconnected from the listener; permanent 
irrelevant comments. The discourse is impaired. Topic recovering is 0%.

1 = Speech disconnected from the goal of the conversation, or difficult to insert into a coher-
ent line of communication, most of the time or in most of the expressions; interviewee may 
or may not get back to the point by means of an interviewer’s prompt such as ‘and so?’ The 
discourse is relatively or mostly impaired. Topic recovering is >0% and ≤50%.

2 = Speech that may drift into nonessential details without straying too far from the main 
topic of conversation. Although it has a fluctuating direction (sometimes it approaches the 
topic and sometimes it scatters for no apparent reason), the interviewee can usually get back 
to the point at the request of the interviewer. The discourse is rarely impaired. Topic recover-
ing is >50%.

3 = Correct or normal speech in its logical sense and adequacy to the context. If at times it 
deviates a bit from the topic, involving marginal comments, the main idea or gestalt returns 
spontaneously. The discourse is not impaired.

The interviewee’s verbatim response was recorded (hand-written format) and the interview-
er’s prompts or questions were registered with a vertical line. Transcripts were reanalyzed by 
a second rater to assess inter-rater reliability. In order to carry out this study, transcripts were 
rated blindly by two trained neuropsychologists, members of the research team. [Note: As the 
prompts for TS cannot be changed, each TS prompt was binary-coded as 0 (disagreement) or 
1 (agreement). The reason for that was to avoid magnifying the correlation by reevaluating 
only those patients within the range of TS. If all the indications were reassessed with a value 
of 0 (100% disagreement), the patient’s score (initially <3) was increased by one point. If no 
prompt was provided in the first instance, and in the second evaluation, it was thought that 
the interviewee should have received at least one prompt, the patient’s score (initially = 3) was 
decreased in one point].
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2.3. Ethical statements

This study was performed pursuant to the ethical standards established in the 1964 Declaration 
of Helsinki. The participants or the patient’s caregivers gave their written informed consent 
and the approval of the Research and Ethics Committee of the Cordoba Hospital was obtained. 
The neuropsychological evaluation did not pose any risk to the participants who, in all cases, 
were alert, and willing to perform the complete battery of tests, independently of their rela-
tive capacity or willingness to perform some of the subtests in particular. Participants did not 
receive any payment for their contribution.

2.4. Statistical analysis

Demographic data were analyzed by ANOVA for Age (TS as grouping variable) or by Chi 
square (χ2) for education (three levels: 1st level: primary school, 2nd level: high-school and 
3rd level: college or superior) and gender (two levels: men and women).

If the obtained number of TS cases was so small that the presence of empty cells and/or lack 
of variance could be observed, the original scale of TS was planned to be recoded. Under this 
condition, and unless otherwise indicated, the groups representing TS were patients without 
TS (non-TSP), patients with TS (TSP), as well as HP.

The effect of TS on neuropsychological performance was analyzed. With this purpose, a 
representative measure of the performance in the comprehensive battery was searched by 
multiplying the errors and times by (−1), and by studying the internal consistency of all the 
individual indicators through the Cronbach alpha coefficient. If the Cronbach alpha coeffi-
cient was satisfactory (0.70 or greater), the individual indicators were added thus obtaining 
a representative measure of the general neuropsychological performance (GNP). This vari-
able was analyzed by ANOVA with TS as grouping variable and the Bonferroni post-hoc 
test for pairwise comparisons.3 The possibility of selecting representative measures of both 
CR and E&T was also analyzed. If that possibility was viable, a bivariate MANOVA with TS 
as grouping variable and CR and E&T as univariate dependent variables was carried out, 
using the Bonferroni post-hoc test for pairwise comparisons. The possibility of selecting a 
representative measure of DP was also analyzed. If that possibility was viable, the individual 
indicators of the tasks of the battery related with DP were added, and this variable was ana-
lyzed by ANOVA with TS as grouping variable and the Bonferroni post-hoc test for pairwise 
comparisons. If the ANOVA indicates both a significant main effect of TS, and significant 
pairwise comparisons among the three groups, the association between TS and DP was also 
analyzed as a way to contribute to the study of the validity of the TS scale (see below). With 
this purpose, the association by cross tabulation was studied and the percentile partition with 
the highest χ2 was reported.

3ANOVA is a statistical dependency test. Each significant difference implicates a significant correlation between the 
independent and dependent variables. In this work no causal relationship between TS and the neuropsychological per-
formance was assumed. The relationship between both variables was studied by ANOVA and, whenever a significant 
effect was reported, a double implication between the two variables was implicit. Such relationship was always empha-
sized in the text.
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The indicators of number of words in the tasks of either spoken or written verbal fluency were 
analyzed by ANOVA, using the Bonferroni post-hoc test for pairwise comparisons.

The relationship between TS and the report of the caregiver during the initial interview, on the 
one hand, and the complementary behavioral observations during the administration of the 
battery, on the other hand, were studied through the Spearman’s rank-order coefficient (r) for 
ordinal scales or by χ2 for dichotomous ones.

2.4.1. Complementary statistical information

Additional data were searched with the purpose of discovering the nature of the cognitive 
impairments associated with TS. Explicitly, if TSP impairment was verified for GNP in gen-
eral, and for CR or E&T in particular, further analyses on the individual indicators of the 
GNP component that produced a significant difference between TSP and both non-TSP and 
HP were performed, thus trying to see the qualitative pattern of TS impairments. MANOVA 
with TS as grouping variable and the individual indicators of the pertinent GNP components 
as dependent variables was performed, using Bonferroni post-hoc test for pairwise compari-
sons. Similarly, if the representative measure of DP produced a significant difference between 
TSP and both non-TSP and HP, further analyses on its individual indicators were also per-
formed with the same purpose. MANOVA with TS as grouping variable and the individual 
indicators of DP as dependent variables was performed, using Bonferroni post-hoc test for 
pairwise comparisons.

In order to outline a hypothetical pattern of cognitive impairments associated with TS all 
the statistical analyses, including the complementary ones, were taken into account. If some 
of those cognitive impairments were coincident with measures which have been previously 
reported as valid indicators of DP, that coincidence was taken as evidence of the validity 
of the present TS scale. Additionally, inter-rater reliability was analyzed by the intra-class 
correlation coefficient (ICC). The difference between both evaluations was analyzed by the 
Wilcoxon paired-sample test.

3. Results

3.1. Main outcomes

A total of 15 cases with a value different from 3 in the TS scale were observed. Only one case 
was observed with a score of 0 and four cases with a score of 2. Due to such small number of 
cases, and in order to get better inferences, TS was recoded using 0 when the symptom was 
absent (non-TSP) and 1 (TSP) when the symptom was present (prevalence 16%).

Table 1 shows that TSP, non-TSP and HP did not differ in their demographic data.

Table 2 shows that there were no significant differences on type of lesion between non-TSP 
and TSP. Malignant tumors represented the most frequent type of lesion. By grouping the 
cells with fewer cases (i.e., the cells with the rest of the lesions), a non-significant difference 
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between non-TSP and TSP was also observed when malignant tumors were compared with 
the rest of the lesions (χ2 = 0.02; df: 1; p = 0.87).

Non-significant differences were observed between non-TSP and TSP when A versus P 
lesions, excluding other lesions, were compared [non-TSP: A = 53% (A lesions/A + P lesions): 
(31/59), P = 47% (P lesions/A + P lesions): (28/59); TSP: A = 45% (5/11), P = 55% (6/11) (χ2 = 0.19; 
df: 1; p = 0.67)], or when R versus L lesions, excluding other lesions, were compared [non-
TSP: R = 59% (R lesions/R + L lesions): (34/58), L = 41% (L lesions/R + L lesions): (24/58); 
TSP: R = 56% (5/9), L = 44% (4/9) (χ2 = 0.03; df: 1; p = 0.86)]. Non-significant differences were 
observed between non-TSP and TSP when specific site lesions [i.e., A, P, AP, SC (χ2 = 2.89; df: 
3; p = 0.41); L, R, B (χ2 = 0.97; df: 2; p = 0.61)] were compared, or even when specific lobe lesions 
were compared (χ2 = 8.48; df: 9; p = 0.49) (percentages not shown, but available upon request).

Lesion Group

Type Non-TSP TSP

AVM 8 2

BEN TU 18 4

MAL TU 25 5

ISQ STR 6 1

HEM STR 4 1

TBI 6 2

OTHER 13 0

Total 80 15

χ2 = 3.27; df: 6; p = 0.77

AVM: arteriovenous malformation, BEN TU: benign tumor, MAL TU: malignant tumor, ISQ STR: ischemic stroke, HEM 
STR: hemorrhagic stroke, TBI: traumatic brain injury, OTHER [name (N)]: subdural hematoma (1), aneurysm (2), mesial 
temporal sclerosis (4), abscess (2) and cyst (4).

Table 2. Classification of the focal cerebral lesions based on their type.

Group Age (mean ± SD) Education  
(three-level frequency)

Gender  
(men frequency)

N

non-TSP 41.90 ± 14.50 42 32 6 49 80

TSP 42.26 ± 14.23 6 8 1 8 15

HP 44.40 ± 16.85 34 40 6 40 80

Total 43.07 ± 15.56 82 80 13 97 175

F(2, 172) = 0.53

p = 0.57

χ2 = 2.11; df: 4

p = 0.71

χ2 = 2.08; df: 2

p = 0.35

Table 1. Demographic data.

Gerontology202

Both groups of patients did not differ on disease duration [(mean ± SD): non-TSP: 29.04 ± 65.25, 
TSP: 35.66 ± 79.31 [F (1, 93) = 0.12, p = 0.73], in the number of any additional risk for cognitive 
impairment [non-TSP: 1.15 ± 1.03, TSP: 1.4 ± 1.06 [F (1, 93) = 0.74, p = 0.39], or in the presence of 
hemiparesis [brachial: non-TSP: 31% (partial/total count) (25/80), TSP: 27% (4/15): (χ2 = 0.12, 
df = 1, p = 0.72); crural: non-TSP: 31% (25/80), TSP: 20% (3/15) (χ2 = 0.77; df = 1, p = 0.38)].

The Cronbach alpha coefficient for all the indicators of the comprehensive battery considered 
as a whole (representing GNP) was 0.94. The Cronbach alpha coefficients for CR and E&T 
were 0.92 and 0.77, respectively. Therefore, GNP, on the one hand, in addition to CR and 
E&T, on the other hand, were analyzed. The Cronbach alpha coefficient for all the indicators 
of DP was 0.70; therefore, a representative measure of DP was also analyzed. (Note: In all the 
significant differences reported from now on, TSP was always more impaired than non-TSP, 
and both groups of patients were more impaired than HP).

The ANOVA with TS as grouping variable and GNP as dependent variable (see Figure 1) 
indicated a main effect of TS (F (2, 172) = 25.55, p < 0.0001) with significant pairwise compari-
sons (Bonferroni post-hoc tests: non-TSP vs. TSP: p = 0.0017; HP vs. either non-TSP or TSP: 
p < 0.0001).

The bivariate MANOVA with TS as grouping variable and CR and E&T as univariate depen-
dent variables (see Figure 2) indicated that CR and E&T produced significant effect on GNP 
(Wilks lambda = 0.73, F (4, 342) = 14.77, p < 0.0001) and that a main effect of TS was produced 
on the two components of performance (univariate effect of CR: F (2, 172) = 12.32, p < 0.0001, 
univariate effect of E&T: F (2, 172) = 28.35, p < 0.0001). However, non-TSP and TSP did not 
differ in CR but they did differ in E&T when pairwise comparisons were analyzed (Bonferroni 
post-hoc tests: non-TSP vs. TSP in CR: p = 0.2439, non-TSP vs. TSP in E&T: p < 0.0001; HP vs. 

Figure 1. GNP (total score) as a function of TS (HP, non-TSP and TSP). LS means effective hypothesis decomposition. 
Vertical bars denote 0.95 confidence intervals.
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HP 44.40 ± 16.85 34 40 6 40 80

Total 43.07 ± 15.56 82 80 13 97 175

F(2, 172) = 0.53

p = 0.57

χ2 = 2.11; df: 4

p = 0.71

χ2 = 2.08; df: 2

p = 0.35

Table 1. Demographic data.
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Both groups of patients did not differ on disease duration [(mean ± SD): non-TSP: 29.04 ± 65.25, 
TSP: 35.66 ± 79.31 [F (1, 93) = 0.12, p = 0.73], in the number of any additional risk for cognitive 
impairment [non-TSP: 1.15 ± 1.03, TSP: 1.4 ± 1.06 [F (1, 93) = 0.74, p = 0.39], or in the presence of 
hemiparesis [brachial: non-TSP: 31% (partial/total count) (25/80), TSP: 27% (4/15): (χ2 = 0.12, 
df = 1, p = 0.72); crural: non-TSP: 31% (25/80), TSP: 20% (3/15) (χ2 = 0.77; df = 1, p = 0.38)].

The Cronbach alpha coefficient for all the indicators of the comprehensive battery considered 
as a whole (representing GNP) was 0.94. The Cronbach alpha coefficients for CR and E&T 
were 0.92 and 0.77, respectively. Therefore, GNP, on the one hand, in addition to CR and 
E&T, on the other hand, were analyzed. The Cronbach alpha coefficient for all the indicators 
of DP was 0.70; therefore, a representative measure of DP was also analyzed. (Note: In all the 
significant differences reported from now on, TSP was always more impaired than non-TSP, 
and both groups of patients were more impaired than HP).

The ANOVA with TS as grouping variable and GNP as dependent variable (see Figure 1) 
indicated a main effect of TS (F (2, 172) = 25.55, p < 0.0001) with significant pairwise compari-
sons (Bonferroni post-hoc tests: non-TSP vs. TSP: p = 0.0017; HP vs. either non-TSP or TSP: 
p < 0.0001).

The bivariate MANOVA with TS as grouping variable and CR and E&T as univariate depen-
dent variables (see Figure 2) indicated that CR and E&T produced significant effect on GNP 
(Wilks lambda = 0.73, F (4, 342) = 14.77, p < 0.0001) and that a main effect of TS was produced 
on the two components of performance (univariate effect of CR: F (2, 172) = 12.32, p < 0.0001, 
univariate effect of E&T: F (2, 172) = 28.35, p < 0.0001). However, non-TSP and TSP did not 
differ in CR but they did differ in E&T when pairwise comparisons were analyzed (Bonferroni 
post-hoc tests: non-TSP vs. TSP in CR: p = 0.2439, non-TSP vs. TSP in E&T: p < 0.0001; HP vs. 

Figure 1. GNP (total score) as a function of TS (HP, non-TSP and TSP). LS means effective hypothesis decomposition. 
Vertical bars denote 0.95 confidence intervals.
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either non-TSP or TSP: p < 0.0003 in any of the univariate measures). (Note: Since CR and E&T 
have different units of measurement, z-scores were used to show GNP results, which were 
identical to the results obtained with the raw scores).

The ANOVA with TS as grouping variable and the representative measure of DP as depen-
dent variable indicated a main effect of TS (F (2, 172) = 34.61, p < 0.0001), with significant 
pairwise comparisons among the three groups using Bonferroni post-hoc test: that is, differ-
ence between non-TSP and TSP: p = 0.002, difference between HP and either non-TSP or TSP: 
p < 0.0001. A significant association between TS and DP was demonstrated (see Table 3): By 
taking the 25th percentile (P25) of the whole sample as cutoff point, 95% of the HP and 63% 
of the non-TSP had a score greater than the P25, while 80% of the TSP had a score equal or 
less than the P25.

The ANOVA with TS as grouping variable and the number of words in written verbal flu-
ency as dependent variable indicated a main effect of TS (F (2, 172) = 12.63, p < 0.0001), 

Group ≤ Percentile 25 > Percentile 25 Total

HP 4 76 80

Non-TSP 30 50 80

TSP 12 3 15

χ2 = 46.24; df: 2; p < 0.0001 (25th percentile = 36.00)

Table 3. Distribution of frequencies according to 25th percentile on the representative measure of DP.

Figure 2. CR and E&T (total score) as a function of TS (HP, non-TSP and TSP). LS means effective hypothesis 
decomposition. Vertical bars denote 0.95 confidence intervals. E&T were multiplied by (−1).
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with non-significant pairwise comparisons between non-TSP and TSP (Bonferroni post-hoc 
test: p = 1); significant pairwise comparisons between HP and either non-TSP or TSP were 
observed (Bonferroni post-hoc tests: p < 0.003). The ANOVA with TS as grouping variable 
and the number of words in oral verbal fluency as dependent variable indicated a main effect 
of TS (F (2, 172) = 25.02, p < 0.0001), with non-significant pairwise comparisons between non-
TSP and TSP (Bonferroni post-hoc test: p = 0.621); significant pairwise comparisons between 
HP and either non-TSP or TSP were observed (Bonferroni post-hoc tests: p < 0.0001).

Regarding the report of the caregiver during the initial interview, the r (rank-biserial) between 
TS and: (a) sensory deficits, (b) motor deficits, (c) sleeping disorders, (d) perceptual disor-
ders, (e) language disorders, (f) behavioral disorders and (g) thought disturbances were: 0.06, 
−0.14, 0.07, 0.08, 0.00, 0.29 and 0.43, respectively, the last two coefficients being statistically 
significant. The association between TS and the presence of seizures was non-significant: non-
TSP: 51% (41/80), TSP: 33% (5/15) (χ2 = 1.62, df = 1, p = 0.20).

Regarding the complementary behavioral observations registered during the administration 
of the neuropsychological battery, the r (rank-biserial) between TS and: (a) degree of coop-
eration, (b) emotional state, (c) language speed, (d) disability awareness, (e) voice volume 
and (f) prosody were: −0.36, 0.23, 0.32, −0.19, 0.14 and 0.08, respectively. Of these, the first 
three coefficients were statistically significant. A non-significant association with the pres-
ence of emotional lability was observed: non-TSP: 6% (5/80), TSP: 20% (3/15) (χ2 = 3.09, df = 1, 
p = 0.08). A non-significant association with the presence of verbal perseverations was also 
observed: non-TSP: 8% (6/80), TSP: 13% (2/15) (χ2 = 0.56, df = 1, p = 0.46). There were no 
patients who showed aggression, hallucinations or delusions, during the administration of 
the battery.

3.2. Complementary statistical information

Since the GNP component that produced a significant difference between TSP and both 
non-TSP and HP in pairwise comparisons was E&T, its individual indicators were ana-
lyzed. The MANOVA with TS as grouping variable and the E&T indicators as dependent 
variables indicated that all the dependent variables produced a significant effect on the 
multivariate measure of performance (Wilks lambda = 0.38, F (34, 312) = 5.75, p < 0.0001). 
A main effect of TS was observed in all the components of the model except for E in time 
orientation to year as well as two types of E in hidden objects (all significant univariate 
effects: F (2, 172) ≥ 3.11, p < 0.05; all non-significant univariate effects: F (2, 172) ≤ 1.41, 
p ≥ 0.2466). Significant differences between non-TSP and TSP according to Bonferroni 
post-hoc test involved E in verbal auditory sustained attention [omission E (p = 0.004) 
and commission E (p = 0.0002)], T in nonverbal visual sustained attention (p < 0.0001), as 
well as E in the time of day (p = 0.0003). The two groups of patients did not differ in the 
rest of the indicators (Bonferroni post-hoc tests: non-TSP vs. TSP all p ≥ 0.0627). [Note: 
Considering pairwise comparisons, when a significant difference between non-TSP and 
TSP was observed, a significant difference between TSP and HP was also observed with 
p < 0.0001; besides, by taking the P25 of the whole sample as cutoff point for these signifi-
cant indicators, 93% of the HP (74/80) and 68% of the non-TSP (54/80) had a score greater 
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either non-TSP or TSP: p < 0.0003 in any of the univariate measures). (Note: Since CR and E&T 
have different units of measurement, z-scores were used to show GNP results, which were 
identical to the results obtained with the raw scores).

The ANOVA with TS as grouping variable and the representative measure of DP as depen-
dent variable indicated a main effect of TS (F (2, 172) = 34.61, p < 0.0001), with significant 
pairwise comparisons among the three groups using Bonferroni post-hoc test: that is, differ-
ence between non-TSP and TSP: p = 0.002, difference between HP and either non-TSP or TSP: 
p < 0.0001. A significant association between TS and DP was demonstrated (see Table 3): By 
taking the 25th percentile (P25) of the whole sample as cutoff point, 95% of the HP and 63% 
of the non-TSP had a score greater than the P25, while 80% of the TSP had a score equal or 
less than the P25.

The ANOVA with TS as grouping variable and the number of words in written verbal flu-
ency as dependent variable indicated a main effect of TS (F (2, 172) = 12.63, p < 0.0001), 

Group ≤ Percentile 25 > Percentile 25 Total

HP 4 76 80

Non-TSP 30 50 80

TSP 12 3 15

χ2 = 46.24; df: 2; p < 0.0001 (25th percentile = 36.00)

Table 3. Distribution of frequencies according to 25th percentile on the representative measure of DP.

Figure 2. CR and E&T (total score) as a function of TS (HP, non-TSP and TSP). LS means effective hypothesis 
decomposition. Vertical bars denote 0.95 confidence intervals. E&T were multiplied by (−1).

Gerontology204

with non-significant pairwise comparisons between non-TSP and TSP (Bonferroni post-hoc 
test: p = 1); significant pairwise comparisons between HP and either non-TSP or TSP were 
observed (Bonferroni post-hoc tests: p < 0.003). The ANOVA with TS as grouping variable 
and the number of words in oral verbal fluency as dependent variable indicated a main effect 
of TS (F (2, 172) = 25.02, p < 0.0001), with non-significant pairwise comparisons between non-
TSP and TSP (Bonferroni post-hoc test: p = 0.621); significant pairwise comparisons between 
HP and either non-TSP or TSP were observed (Bonferroni post-hoc tests: p < 0.0001).

Regarding the report of the caregiver during the initial interview, the r (rank-biserial) between 
TS and: (a) sensory deficits, (b) motor deficits, (c) sleeping disorders, (d) perceptual disor-
ders, (e) language disorders, (f) behavioral disorders and (g) thought disturbances were: 0.06, 
−0.14, 0.07, 0.08, 0.00, 0.29 and 0.43, respectively, the last two coefficients being statistically 
significant. The association between TS and the presence of seizures was non-significant: non-
TSP: 51% (41/80), TSP: 33% (5/15) (χ2 = 1.62, df = 1, p = 0.20).

Regarding the complementary behavioral observations registered during the administration 
of the neuropsychological battery, the r (rank-biserial) between TS and: (a) degree of coop-
eration, (b) emotional state, (c) language speed, (d) disability awareness, (e) voice volume 
and (f) prosody were: −0.36, 0.23, 0.32, −0.19, 0.14 and 0.08, respectively. Of these, the first 
three coefficients were statistically significant. A non-significant association with the pres-
ence of emotional lability was observed: non-TSP: 6% (5/80), TSP: 20% (3/15) (χ2 = 3.09, df = 1, 
p = 0.08). A non-significant association with the presence of verbal perseverations was also 
observed: non-TSP: 8% (6/80), TSP: 13% (2/15) (χ2 = 0.56, df = 1, p = 0.46). There were no 
patients who showed aggression, hallucinations or delusions, during the administration of 
the battery.

3.2. Complementary statistical information

Since the GNP component that produced a significant difference between TSP and both 
non-TSP and HP in pairwise comparisons was E&T, its individual indicators were ana-
lyzed. The MANOVA with TS as grouping variable and the E&T indicators as dependent 
variables indicated that all the dependent variables produced a significant effect on the 
multivariate measure of performance (Wilks lambda = 0.38, F (34, 312) = 5.75, p < 0.0001). 
A main effect of TS was observed in all the components of the model except for E in time 
orientation to year as well as two types of E in hidden objects (all significant univariate 
effects: F (2, 172) ≥ 3.11, p < 0.05; all non-significant univariate effects: F (2, 172) ≤ 1.41, 
p ≥ 0.2466). Significant differences between non-TSP and TSP according to Bonferroni 
post-hoc test involved E in verbal auditory sustained attention [omission E (p = 0.004) 
and commission E (p = 0.0002)], T in nonverbal visual sustained attention (p < 0.0001), as 
well as E in the time of day (p = 0.0003). The two groups of patients did not differ in the 
rest of the indicators (Bonferroni post-hoc tests: non-TSP vs. TSP all p ≥ 0.0627). [Note: 
Considering pairwise comparisons, when a significant difference between non-TSP and 
TSP was observed, a significant difference between TSP and HP was also observed with 
p < 0.0001; besides, by taking the P25 of the whole sample as cutoff point for these signifi-
cant indicators, 93% of the HP (74/80) and 68% of the non-TSP (54/80) had a score greater 
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than the P25, while 80% of the TSP (12/15) has a score equal or less than the P25 (results 
available upon request).] As shown, the presence of TS for the E&T indicators (individu-
ally considered) appeared as a rather nonspecific factor in terms of the stimuli involved, 
that is, TS was not related to a certain modality of cognitive impairment such as the verbal 
or the nonverbal one.

Additionally, and given that the representative measure of DP also produced a significant 
difference between TSP and both non-TSP and HP, its individual indicators were analyzed. 
The MANOVA with TS as grouping variable and the indicators of DP as dependent variables 
indicated that all the dependent variables produced a significant effect on the multivariate 
measure of performance (Wilks Lambda = 0.52, F (12, 334) = 10.71, p < 0.0001). A main effect 
of TS was produced on all the components of the model except for the interviewer’s global 
impression during administration of the cued story recall (all significant univariate effects: 
F (2, 172) ≥ 8.78, p < 0.0002; the non-significant univariate effect: F (2, 172) = 1.48, p = 0.2305). 
When pairwise comparisons were analyzed, non-TSP and TSP did not differ in the stan-
dardized and detailed scoring of the 25 passages after administration of the cued story 
recall (Bonferroni post-hoc test: p = 0.3179) but they did differ in the rest of the components 
(Bonferroni post-hoc tests: non-TSP vs. TSP all p ≤ 0.0220). Considering HP, significant differ-
ences between HP and TSP were observed in any of the univariate measures, excluding cued 
recall (Bonferroni post-hoc tests: HP vs. TSP all p < 0.0001). Therefore, not all the indicators 
of DP, individually considered, produced significant differences between non-TSP and TSP 
as it can be inferred from the cued recall in its both indicators. [Note: all univariate results 
described in the present study were confirmed with nonparametric tests (results available 
upon request)].

Regarding inter-rater reliability, the ICC was 0.86 without difference between both raters 
according to the Wilcoxon paired-sample test (z = 0.00, N = 95, p = 1). [Note: the ICC for the 
dichotomized TS scale was 0.79 [Wilcoxon paired-sample test (z = 0.40, N = 95, p = 0.685)].

4. Conclusion

Present results support the hypothesis that the emergence of TS (with a prevalence of 16% 
in this sample) not only may be a consequence of focal brain lesions, of any type or site, but 
also is associated with cognitive impairment. TSP showed, as a whole, an impaired GNP 
relative to non-TSP and HP. The implication of TS on cognition was more related to E&T, 
rather than to CR, that is, although both CR and E&T contributed with the differences 
observed in GNP, when the two components of performance were differentiated, E&T 
were significantly associated with TS whereas CR were not. Alternatively, the tasks of the 
battery related with DP were significantly associated with TS whereas the tasks related 
with verbal fluency were not. More detailed analyses carried out to discover the cognitive 
nature of the TS correlates, indicated that the effect of TS on E&T involved tasks of differ-
ent modality such as verbal and nonverbal sustained attention and attention (orientation) 
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to the time of day. On the contrary, the effect of TS on the tasks related to DP involved, spe-
cifically, complex verbal comprehension and the spontaneous, implicit and delayed recall 
of a story, excluding cued recall. The association between TS and recognized measures of 
discourse processing (such as narrative comprehension, memory and production [8–10]) 
provided support for the viability and validity of the present screening scale to assess 
TS. A satisfactory inter-rater reliability for the TS scale was also observed. Additionally, 
TS was associated with emotional and behavioral alterations in the clinical sample: signifi-
cant correlations were observed between TS and the emergence of behavioral and thought 
disturbances, as reported by the caregiver during the initial interview, as well as between 
TS and the complementary behavioral observations of emotional excitement, rapid speech 
and diminished cooperation, as reported by the neuropsychologist during the battery 
administration. Regarding intervening clinical variables, and aside from the type and site 
of injury (see above), TS was independent of demographic variables, presence of neuro-
logical risks and disease duration.

5. Discussion

In the most recent research on verbal communication, AbdulSabur et al. [8] and Awad et al. 
[40] analyzed the processes involved in sharing knowledge through narrative processing, and 
described extended brain networks and bilateral involvement in their neurofunctional studies 
with healthy participants. Consistent with this view, Jouen et al. [5] observed in a combined 
fMRI and DTI study with healthy participants that understanding sentences and pictures 
revealed bilateral involvement and a common fronto-temporo-parietal network for both 
modalities. This semantic network was not limited to sensorimotor systems but extended 
to the highest levels of cognition, including autobiographical memory, scene analysis, men-
tal model formation, reasoning and theory of mind. Present results agree with those studies 
since no focal brain lesions were identified for TS. To be precise, present results agree with 
the hypothesis that this neurogenic inability to spontaneously find, organize and commu-
nicate verbal information for a specific topic, and beyond single words, may be caused by 
several sites of brain damage or, most probably, by aberrant interactions within extended 
brain networks.

In trying to understand how TS is integrated with the rest of the cognitive functions, pres-
ent results indicated that TSP showed an overall impaired cognitive performance relative 
to non-TSP; however, the contribution of the GNP components of E&T and CR showed 
distinctive patterns: the relative weight of E&T was superior to that observed in CR, thus 
finally producing a significant effect only on E&T. More thorough analyses carried out to 
discover the nature of the cognitive impairments associated with TS provided illustrative 
results: by considering just those individual indicators of E&T related to sustained atten-
tion, which were significantly associated with TS, it can be noticed that one task involved 
verbal auditory stimuli and the other task involved nonverbal visual stimuli; besides, one 
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than the P25, while 80% of the TSP (12/15) has a score equal or less than the P25 (results 
available upon request).] As shown, the presence of TS for the E&T indicators (individu-
ally considered) appeared as a rather nonspecific factor in terms of the stimuli involved, 
that is, TS was not related to a certain modality of cognitive impairment such as the verbal 
or the nonverbal one.

Additionally, and given that the representative measure of DP also produced a significant 
difference between TSP and both non-TSP and HP, its individual indicators were analyzed. 
The MANOVA with TS as grouping variable and the indicators of DP as dependent variables 
indicated that all the dependent variables produced a significant effect on the multivariate 
measure of performance (Wilks Lambda = 0.52, F (12, 334) = 10.71, p < 0.0001). A main effect 
of TS was produced on all the components of the model except for the interviewer’s global 
impression during administration of the cued story recall (all significant univariate effects: 
F (2, 172) ≥ 8.78, p < 0.0002; the non-significant univariate effect: F (2, 172) = 1.48, p = 0.2305). 
When pairwise comparisons were analyzed, non-TSP and TSP did not differ in the stan-
dardized and detailed scoring of the 25 passages after administration of the cued story 
recall (Bonferroni post-hoc test: p = 0.3179) but they did differ in the rest of the components 
(Bonferroni post-hoc tests: non-TSP vs. TSP all p ≤ 0.0220). Considering HP, significant differ-
ences between HP and TSP were observed in any of the univariate measures, excluding cued 
recall (Bonferroni post-hoc tests: HP vs. TSP all p < 0.0001). Therefore, not all the indicators 
of DP, individually considered, produced significant differences between non-TSP and TSP 
as it can be inferred from the cued recall in its both indicators. [Note: all univariate results 
described in the present study were confirmed with nonparametric tests (results available 
upon request)].

Regarding inter-rater reliability, the ICC was 0.86 without difference between both raters 
according to the Wilcoxon paired-sample test (z = 0.00, N = 95, p = 1). [Note: the ICC for the 
dichotomized TS scale was 0.79 [Wilcoxon paired-sample test (z = 0.40, N = 95, p = 0.685)].

4. Conclusion

Present results support the hypothesis that the emergence of TS (with a prevalence of 16% 
in this sample) not only may be a consequence of focal brain lesions, of any type or site, but 
also is associated with cognitive impairment. TSP showed, as a whole, an impaired GNP 
relative to non-TSP and HP. The implication of TS on cognition was more related to E&T, 
rather than to CR, that is, although both CR and E&T contributed with the differences 
observed in GNP, when the two components of performance were differentiated, E&T 
were significantly associated with TS whereas CR were not. Alternatively, the tasks of the 
battery related with DP were significantly associated with TS whereas the tasks related 
with verbal fluency were not. More detailed analyses carried out to discover the cognitive 
nature of the TS correlates, indicated that the effect of TS on E&T involved tasks of differ-
ent modality such as verbal and nonverbal sustained attention and attention (orientation) 
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to the time of day. On the contrary, the effect of TS on the tasks related to DP involved, spe-
cifically, complex verbal comprehension and the spontaneous, implicit and delayed recall 
of a story, excluding cued recall. The association between TS and recognized measures of 
discourse processing (such as narrative comprehension, memory and production [8–10]) 
provided support for the viability and validity of the present screening scale to assess 
TS. A satisfactory inter-rater reliability for the TS scale was also observed. Additionally, 
TS was associated with emotional and behavioral alterations in the clinical sample: signifi-
cant correlations were observed between TS and the emergence of behavioral and thought 
disturbances, as reported by the caregiver during the initial interview, as well as between 
TS and the complementary behavioral observations of emotional excitement, rapid speech 
and diminished cooperation, as reported by the neuropsychologist during the battery 
administration. Regarding intervening clinical variables, and aside from the type and site 
of injury (see above), TS was independent of demographic variables, presence of neuro-
logical risks and disease duration.

5. Discussion

In the most recent research on verbal communication, AbdulSabur et al. [8] and Awad et al. 
[40] analyzed the processes involved in sharing knowledge through narrative processing, and 
described extended brain networks and bilateral involvement in their neurofunctional studies 
with healthy participants. Consistent with this view, Jouen et al. [5] observed in a combined 
fMRI and DTI study with healthy participants that understanding sentences and pictures 
revealed bilateral involvement and a common fronto-temporo-parietal network for both 
modalities. This semantic network was not limited to sensorimotor systems but extended 
to the highest levels of cognition, including autobiographical memory, scene analysis, men-
tal model formation, reasoning and theory of mind. Present results agree with those studies 
since no focal brain lesions were identified for TS. To be precise, present results agree with 
the hypothesis that this neurogenic inability to spontaneously find, organize and commu-
nicate verbal information for a specific topic, and beyond single words, may be caused by 
several sites of brain damage or, most probably, by aberrant interactions within extended 
brain networks.

In trying to understand how TS is integrated with the rest of the cognitive functions, pres-
ent results indicated that TSP showed an overall impaired cognitive performance relative 
to non-TSP; however, the contribution of the GNP components of E&T and CR showed 
distinctive patterns: the relative weight of E&T was superior to that observed in CR, thus 
finally producing a significant effect only on E&T. More thorough analyses carried out to 
discover the nature of the cognitive impairments associated with TS provided illustrative 
results: by considering just those individual indicators of E&T related to sustained atten-
tion, which were significantly associated with TS, it can be noticed that one task involved 
verbal auditory stimuli and the other task involved nonverbal visual stimuli; besides, one 
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task involved number of errors and the other task involved the time for solving the task. 
Therefore, neither the type of stimulus nor the type of failure seemed to be relevant to this 
finding. Additionally, and bearing in mind that tests of sustained attention are characterized 
by being monotonous and simple, some interviewees may be tempted to think that such 
type of tasks can be carried out with minimal effort, which may increase E&T. Nevertheless, 
such type of tasks only increased E&T in TSP regarding non-TSP. The errors in the time of 
day were also significantly associated with TS. Given that these errors not only involve other 
type of stimulus, but they also may be seen as a failure of sustained attention,4 the nature of 
the significant TS impairments in E&T (and sustained attention) as a whole appeared to be 
independent of the type of the stimulus. In this context, it can be speculated that TS impair-
ments in E&T may have insidiously influenced all type of tasks, although only some of those 
tasks showed significant impairments. (In passing, and methodologically speaking, present 
results highlight the need of assessing the presence and magnitude of the E&T; otherwise, 
valuable information can be lost. Likewise, an increased time to respond correctly, which 
may sometimes be a subtle difficulty (see, e.g., [58]) could represent relevant data to be 
assessed, as indicated by the results obtained in the E&T in general, and in the T of nonver-
bal sustained attention, in particular).

On the other hand, the individual indicators of DP that produced a significant difference 
between non-TSP and TSP were: (a) syntax-complex verbal comprehension; (b) reading a 
story: abstraction/comprehension and (c) a delayed (and spontaneous) story recall. So, it 
can be stated that TS was also associated with high-level and/or complex linguistic tasks 
involving processes such as verbal comprehension, attention and memory. Regarding this 
finding, it can be relatively understood that if patients have problems to narrate an event 
(e.g., the reason for consultation), they can also have problems to narrate other event (e.g., 
the story involved in DP). The nature of the cognitive demands involved in this particular 
task of story recall, however, provide additional information in relation to the factors which 
were combined with the narration itself: specifically, the items (b) and (c) involved implicit 
attention and memory, that is, those tasks were intentionally designed to be effortlessly or 
automatically carried out by leaving them unprompted. For example, the comprehension 
and recall of a story were both included as components to a series of reading tasks, in which 
the command was just ‘read’ (neither ‘think about what you read’ nor ‘remember what you 
read’). Therefore the cognitive demands of interpreting and later recalling a story required 
that the information be spontaneously registered and organized by the interviewee. By inte-
grating these findings with those described above concerning sustained attention, it can be 
observed that most of the individual tasks associated with TS required a high degree of 
spontaneous (unassisted/self-controlled) organization. If failures in cognitive engagement 
interfere with such organization, then the appearance of irrelevant commentaries or task-
unrelated thoughts (mind-wandering) could be favored. In this way, it is probable that E&T 
increase and the final performance (GNP) decrease. In other words, the process that goes 

4If the time of day is seen as the target stimulus, and the ability to maintain focused awareness on it during continuous 
period is seen as the attention task condition, then paying attention to the time of day is a form of sustained attention.
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from ‘knowing the correct response’, as inferred from CR, to the final result can be delayed 
or obstructed with errors.

Franklin et al. [59] assessed lapses of attention (mind-wandering) with experience-sampling 
thought probes during a standard implicit learning, in a serial reaction time task. Their 
results revealed an adverse effect of mind-wandering on implicit learning. Such results 
would be in agreement with the present ones because TSP, who had lower scores on tasks 
of sustained attention, also showed an impaired implicit learning in story recall with regard 
to non-TSP.

It is currently accepted that when automatic tasks are carried out, other cognitive and emo-
tional associations are more prone to be spontaneously processed in the form of, for example, 
mind-wandering (see [59–61]). Since in the present study, TS was associated with automatic 
and complex linguistic tasks, it can be hypothesized that TS is an exacerbated manifestation 
of mind-wandering linked to high-level and verbal cognitive impairment. As verbal language 
interacts with the rest of the cognitive and behavioral functions thus helping to voluntarily 
organize thoughts and actions of any kind, dysfunctions in this domain can seriously affect 
many other skills [62]. What is more, the left inferior frontal gyrus involved in inner speech 
[63], which is an essential part of the executive-control language network, has been related to 
the monitoring of self-generated thoughts and divergent thinking [60].

In addition, and considering just the two groups of patients, TS was associated with emo-
tional and behavioral alterations. Although there were no patients who showed aggression, 
hallucinations or delusions during the administration of the battery, there was an association 
between TS and either the behavioral and thought disturbances as perceived by the caregiver5 
or the presence of diminished cooperation, emotional excitement and rapid speech as regis-
tered by the neuropsychologist.

Within this context, it is worth mentioning that, although language speed was found to be 
higher in TSP than in non-TSP, both groups of patients did not differ in spoken and writ-
ten verbal fluency tests. This finding suggests that the clinical interpretation of rapid speech 
in TSP was probably produced by the presence of many irrelevant words during a certain 
period of observation. Furthermore, the interaction of TS with diminished cooperation, or 
emotional excitement, may have as well affected the outcome: the process of selecting (finding 
and pondering) the correct verbal information to be expressed, necessarily involves an inhibi-
tory adjustment, as only some parts of the total thoughts linked to the target topic will be 
expressed. If the emotional balance between excitatory and inhibitory mechanisms is affected, 
the cognitive organization which goes from nonspecific/divergent utterances to specific/con-
vergent ones may be obstructed. Alternatively, tests of fluency, unlike spontaneous speech, 
are required to follow certain constraints, which may have prevented TSP from communicat-
ing irrelevant information (compared with the relevant one) during such tasks. So, it seems 

5When the semantics and syntax in a sentence do not represent a problem, as in the case of nonaphasic patients, that 
is, when the ability to use, understand or connect words is not impaired, then impairments in the semantics and (high-
level) ‘syntax’ in a narrative, can be interpreted as a manifestation of thought (see, e.g., [17]).
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task involved number of errors and the other task involved the time for solving the task. 
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valuable information can be lost. Likewise, an increased time to respond correctly, which 
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can be stated that TS was also associated with high-level and/or complex linguistic tasks 
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increase and the final performance (GNP) decrease. In other words, the process that goes 

4If the time of day is seen as the target stimulus, and the ability to maintain focused awareness on it during continuous 
period is seen as the attention task condition, then paying attention to the time of day is a form of sustained attention.
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results revealed an adverse effect of mind-wandering on implicit learning. Such results 
would be in agreement with the present ones because TSP, who had lower scores on tasks 
of sustained attention, also showed an impaired implicit learning in story recall with regard 
to non-TSP.

It is currently accepted that when automatic tasks are carried out, other cognitive and emo-
tional associations are more prone to be spontaneously processed in the form of, for example, 
mind-wandering (see [59–61]). Since in the present study, TS was associated with automatic 
and complex linguistic tasks, it can be hypothesized that TS is an exacerbated manifestation 
of mind-wandering linked to high-level and verbal cognitive impairment. As verbal language 
interacts with the rest of the cognitive and behavioral functions thus helping to voluntarily 
organize thoughts and actions of any kind, dysfunctions in this domain can seriously affect 
many other skills [62]. What is more, the left inferior frontal gyrus involved in inner speech 
[63], which is an essential part of the executive-control language network, has been related to 
the monitoring of self-generated thoughts and divergent thinking [60].

In addition, and considering just the two groups of patients, TS was associated with emo-
tional and behavioral alterations. Although there were no patients who showed aggression, 
hallucinations or delusions during the administration of the battery, there was an association 
between TS and either the behavioral and thought disturbances as perceived by the caregiver5 
or the presence of diminished cooperation, emotional excitement and rapid speech as regis-
tered by the neuropsychologist.

Within this context, it is worth mentioning that, although language speed was found to be 
higher in TSP than in non-TSP, both groups of patients did not differ in spoken and writ-
ten verbal fluency tests. This finding suggests that the clinical interpretation of rapid speech 
in TSP was probably produced by the presence of many irrelevant words during a certain 
period of observation. Furthermore, the interaction of TS with diminished cooperation, or 
emotional excitement, may have as well affected the outcome: the process of selecting (finding 
and pondering) the correct verbal information to be expressed, necessarily involves an inhibi-
tory adjustment, as only some parts of the total thoughts linked to the target topic will be 
expressed. If the emotional balance between excitatory and inhibitory mechanisms is affected, 
the cognitive organization which goes from nonspecific/divergent utterances to specific/con-
vergent ones may be obstructed. Alternatively, tests of fluency, unlike spontaneous speech, 
are required to follow certain constraints, which may have prevented TSP from communicat-
ing irrelevant information (compared with the relevant one) during such tasks. So, it seems 

5When the semantics and syntax in a sentence do not represent a problem, as in the case of nonaphasic patients, that 
is, when the ability to use, understand or connect words is not impaired, then impairments in the semantics and (high-
level) ‘syntax’ in a narrative, can be interpreted as a manifestation of thought (see, e.g., [17]).
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that both the type of task constraints and the cognitive engagement to effectively prioritize 
between competing internal and external demands [64] were implicated in TS.

The interaction among emotional, behavioral and verbal language functions may have also 
influenced present anatomical results. The ability to deliberately stop intrusive thoughts 
and pay attention to the context, the relevant goal and the interviewer’s signals (verbal 
and nonverbal) pertains to the more encompassing function of communication and social 
interaction. Kuhlen et al. [65] affirm that, for successful communication, conversational 
partners need to estimate each other’s current knowledge state. These authors observed 
that nonverbal facial and bodily cues can reveal relevant information for such knowledge 
and also proposed that an integrative account of the mirroring and mentalizing networks 
can explain their results. Accordingly, Prochnow et al. [66] found that both supra- and 
subliminal emotional facial expressions shared a widespread network of brain areas, many 
of which have been implicated in empathy and social encounters. Since emotional and 
behavioral disturbances were observed in TSP, including nonverbal social processes, a dis-
ruption of distributed brain networks concerning such processes is conceivable for these 
patients.

The psychiatric and/or cognitive disorders that have been linked to TS also involve complex 
brain functions and networks. For example, and considering the implications for understand-
ing the functional neuroanatomy of bipolar disorder, Satzer and Bond [67] observed in their 
review about mania and focal brain lesions that mania occurs most commonly with lesions 
affecting frontal, temporal and limbic-brain areas: bilateral prefrontal emotion-modulating 
regions and a probable imbalance between left-sided excitatory and right-sided limbic-
brain inhibitory lesions have been proposed to understand the pathophysiology of mania. 
Considering the functional relationship between language and mood disorders, Cuesta and 
Peralta [68] observed that disorganization was the main language dimension accounting for 
the broader construct of formal thought disorder [2], which is usually studied in patients with 
psychiatric disorders.6 Taken together, these studies underline a relationship among disorga-
nization of language, emotional disturbances and a disruption of distributed brain networks, 
agreeing with the present anatomical results.

Another psychiatric disorder that has been linked to TS is schizophrenia. Under this back-
ground, and also related to the concepts of disorganization of language and formal thought 
disorder, Holshausen et al. [23] hypothesize that executive functioning may play a role in 
maintaining the topic of conversation, planning upcoming speech and inhibiting inappro-
priate or unrelated discourse. (The authors also suggest employing a neurocognitive bat-
tery to elucidate this question in further studies.) Given that, in the present study, TSP and 
non-TSP showed differences in global cognition, and that global cognition and executive 
functioning are closely related [49, 56], it cannot be discarded that TSP showed impairment 

6A radical difference between the psychiatric approach and the present one is that the construct of formal thought dis-
order and, particularly, its subcomponent of disconnected or disorganized speech include incoherence below the level 
of the sentence. These two different levels of analysis may lead to discover different levels of linguistic impairment.
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in executive function compared with non-TSP. In line with this notion, Barbey et al. [9] sug-
gest that core elements of discourse processing emerge from a distributed network of brain 
regions that support specific competencies for executive, social and emotional processes 
(see also [69–73]).

On the other hand, sustained attention [69], discourse abilities [8] and internally oriented 
mental processes such as: autobiographical memory; theory of mind; self-referential process-
ing; future thinking and scene construction [60, 74], that is, the retrieval and integration of 
elements of previous experiences into a coherent event [74], have been related to the default 
mode network. Since all these cognitive processes are comprised in the spontaneous (self-
referential) speech by which patients describe their own disease, the link between TS and the 
default mode network cannot be discarded either.

In summary, this work highlights the importance of studying a single and comprehensive 
item, that is, spontaneous speech, thus emphasizing the registration of one of its patho-
logical expressions. As demonstrated here, TS was related to illness, to a neurogenic cog-
nitive and behavioral disorder which, apparently, comprised a distributed brain network. 
Understanding the psychobiological correlates of TS may result in better strategies for inter-
preting such a disorder, in particular, to avoid errors in clinical practice. Since TS may be 
a non-trivial feature, its early detection is advisable for prevention and treatment: in the 
same way as finding and organizing words are essential points to be analyzed in the apha-
sic component of spontaneous speech, finding and organizing topics are essential points to 
be analyzed in the discourse component of spontaneous speech. People who show the fail-
ures associated with TS, even if those failures are subtle or insidious (like an increase in 
the frequency of apparently harmless lapses, interruptions of sustained attention, increased 
time to respond correctly, difficulty understanding or expressing complex texts, inability 
to (implicitly) attend and recall recent conversations, along with emotional and behavioral 
changes), may be suffering of a neurogenic disorder, with implications in global cognition 
and high-level language processing. If those failures are not early detected and treated, they 
may evolve to a more serious condition.

The combination of failures in selective and sustained attention along with the special 
characteristics of the language impairments observed in this study, allowed to outline a 
hypothetical pattern of cognitive symptoms associated with TS to be verified in further 
research. The association between TS and recognized measures of discourse processing, 
namely, complex verbal comprehension and story recall/storytelling, provided support for 
the viability and validity of the present TS screening scale, which was also reliable between 
raters.

By using efficient scales, aphasia and TS could be simultaneously screened during the first 
step of the doctor-patient interview. In this work, one complex function was assessed with a 
simple but carefully designed scale, which facilitates both saving time and controlling inter-
vening variables during the interview interaction. The property of saving time during neuro-
psychological language evaluations is valuable, particularly in public hospitals. Additionally, 
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that both the type of task constraints and the cognitive engagement to effectively prioritize 
between competing internal and external demands [64] were implicated in TS.

The interaction among emotional, behavioral and verbal language functions may have also 
influenced present anatomical results. The ability to deliberately stop intrusive thoughts 
and pay attention to the context, the relevant goal and the interviewer’s signals (verbal 
and nonverbal) pertains to the more encompassing function of communication and social 
interaction. Kuhlen et al. [65] affirm that, for successful communication, conversational 
partners need to estimate each other’s current knowledge state. These authors observed 
that nonverbal facial and bodily cues can reveal relevant information for such knowledge 
and also proposed that an integrative account of the mirroring and mentalizing networks 
can explain their results. Accordingly, Prochnow et al. [66] found that both supra- and 
subliminal emotional facial expressions shared a widespread network of brain areas, many 
of which have been implicated in empathy and social encounters. Since emotional and 
behavioral disturbances were observed in TSP, including nonverbal social processes, a dis-
ruption of distributed brain networks concerning such processes is conceivable for these 
patients.

The psychiatric and/or cognitive disorders that have been linked to TS also involve complex 
brain functions and networks. For example, and considering the implications for understand-
ing the functional neuroanatomy of bipolar disorder, Satzer and Bond [67] observed in their 
review about mania and focal brain lesions that mania occurs most commonly with lesions 
affecting frontal, temporal and limbic-brain areas: bilateral prefrontal emotion-modulating 
regions and a probable imbalance between left-sided excitatory and right-sided limbic-
brain inhibitory lesions have been proposed to understand the pathophysiology of mania. 
Considering the functional relationship between language and mood disorders, Cuesta and 
Peralta [68] observed that disorganization was the main language dimension accounting for 
the broader construct of formal thought disorder [2], which is usually studied in patients with 
psychiatric disorders.6 Taken together, these studies underline a relationship among disorga-
nization of language, emotional disturbances and a disruption of distributed brain networks, 
agreeing with the present anatomical results.

Another psychiatric disorder that has been linked to TS is schizophrenia. Under this back-
ground, and also related to the concepts of disorganization of language and formal thought 
disorder, Holshausen et al. [23] hypothesize that executive functioning may play a role in 
maintaining the topic of conversation, planning upcoming speech and inhibiting inappro-
priate or unrelated discourse. (The authors also suggest employing a neurocognitive bat-
tery to elucidate this question in further studies.) Given that, in the present study, TSP and 
non-TSP showed differences in global cognition, and that global cognition and executive 
functioning are closely related [49, 56], it cannot be discarded that TSP showed impairment 
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in executive function compared with non-TSP. In line with this notion, Barbey et al. [9] sug-
gest that core elements of discourse processing emerge from a distributed network of brain 
regions that support specific competencies for executive, social and emotional processes 
(see also [69–73]).

On the other hand, sustained attention [69], discourse abilities [8] and internally oriented 
mental processes such as: autobiographical memory; theory of mind; self-referential process-
ing; future thinking and scene construction [60, 74], that is, the retrieval and integration of 
elements of previous experiences into a coherent event [74], have been related to the default 
mode network. Since all these cognitive processes are comprised in the spontaneous (self-
referential) speech by which patients describe their own disease, the link between TS and the 
default mode network cannot be discarded either.

In summary, this work highlights the importance of studying a single and comprehensive 
item, that is, spontaneous speech, thus emphasizing the registration of one of its patho-
logical expressions. As demonstrated here, TS was related to illness, to a neurogenic cog-
nitive and behavioral disorder which, apparently, comprised a distributed brain network. 
Understanding the psychobiological correlates of TS may result in better strategies for inter-
preting such a disorder, in particular, to avoid errors in clinical practice. Since TS may be 
a non-trivial feature, its early detection is advisable for prevention and treatment: in the 
same way as finding and organizing words are essential points to be analyzed in the apha-
sic component of spontaneous speech, finding and organizing topics are essential points to 
be analyzed in the discourse component of spontaneous speech. People who show the fail-
ures associated with TS, even if those failures are subtle or insidious (like an increase in 
the frequency of apparently harmless lapses, interruptions of sustained attention, increased 
time to respond correctly, difficulty understanding or expressing complex texts, inability 
to (implicitly) attend and recall recent conversations, along with emotional and behavioral 
changes), may be suffering of a neurogenic disorder, with implications in global cognition 
and high-level language processing. If those failures are not early detected and treated, they 
may evolve to a more serious condition.

The combination of failures in selective and sustained attention along with the special 
characteristics of the language impairments observed in this study, allowed to outline a 
hypothetical pattern of cognitive symptoms associated with TS to be verified in further 
research. The association between TS and recognized measures of discourse processing, 
namely, complex verbal comprehension and story recall/storytelling, provided support for 
the viability and validity of the present TS screening scale, which was also reliable between 
raters.

By using efficient scales, aphasia and TS could be simultaneously screened during the first 
step of the doctor-patient interview. In this work, one complex function was assessed with a 
simple but carefully designed scale, which facilitates both saving time and controlling inter-
vening variables during the interview interaction. The property of saving time during neuro-
psychological language evaluations is valuable, particularly in public hospitals. Additionally, 
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the structure of evaluation proposed here for TS might serve as a model to be totally or par-
tially applied to other conversational items, or even to other scientific disciplines interested in 
discourse processing and cognition. Since aging is a factor associated with cognitive impair-
ment and cognitive impairment is a factor associated with TS, the presence of TS in the elderly 
must not be ignored.
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Abstract

Aim: To explore the decision-making experiences and processes taking place in residen-
tial care homes from older residents, their families and staff members, particularly how 
residents’ needs were met and their degree of involvement in making decisions.

Methods: A constructivist grounded theory study was used to interview 28 residents, 
22 family members and 31 staff. Results: Three processes illuminated the residents’ 
approaches to decision-making over time. These processes demonstrated how residents 
settled into the homes and began to develop their decision-making approaches in con-
junction with their family and staff members. The degree of negotiation and compromises 
in decision-making that was possible for older people could be captured in the data.

Conclusions: The influence of family members and staff in supporting or hindering resi-
dents from decision-making highlighted the subtle discussions, delicate negotiations and 
compromises that occurred. Findings presented will be discussed with the wider litera-
ture on caring for older people in these homes.

Keywords: decision-making, family, qualitative, residential care homes, residents, staff

1. Introduction

As residential care homes play a progressively more important role in the lives of Chinese older 
people it is important to ensure that the care provided ‘in their new home’ is of a high standard 
and that their multiple needs are recognized and met. Like other countries around the world, 
Hong Kong (HK) is faced with an aging population. However changing family structures and the 
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socio-economic context have made it particularly challenging for families to keep older people at 
home, even with supportive services. This has seen a growing number of residential care homes 
emerging. As these homes are becoming important for older people, it is pivotal to understand 
how they make decisions and how their family members and care providers support them, or 
not, to meet their wishes and preferences. Indeed, few studies have examined the roles of these 
key stakeholder groups (i.e., residents, families and care providers), their level of involvement in 
decision-making, and influences they have on decisions that determine older people’s lives. By 
examining these various perspectives the aim is to understand the ‘what’ and ‘how’ of decisions; 
that is, the processes that drive decision-making and their subsequent outcomes. Currently, little 
is known about the respective roles adopted by key stakeholders, their level of involvement in 
decision-making and the influence they have on decisions that determine the residents’ lives. If 
older people in these homes are to enjoy the same rights as those living in the community then a 
better understanding of how decisions are made in these homes is necessary.

A literature search conducted revealed a scarcity of work (both internationally and locally) 
that examined decision-making processes and experiences among residents, families and 
staff in residential care homes. Despite a general lack of literature about ‘decision-making in 
residential care homes’, there appears to be an abundant literature on clinical and treatment 
decision-making, and making decisions to enter residential care homes. Indeed, only two 
studies were found that specifically examined decision-making and family’s experiences in 
residential care. There were studies on making transitions into residential care homes [1–3], 
yet in relation to decision-making per se, Edwards et al. [4] concluded in a literature review of 
20 papers that there is a paucity of literature that documents the actual decision-making pro-
cesses. It is known that once admitted into the homes, daily activities become an integral part 
of the residents’ lives, and often involve waiting, daily routines and activities [5]. However, 
literature exploring how decisions about such matters are made is scant, but closer inspection 
of that which exists reveal that it is still possible to draw insights of aspects of life in these 
homes and how resident wish to live and how their lives can be improved.

1.1. Decision-making perspectives: relevance for long-term care residents

In the general literature, the main focus of decision-making highlights the use of a range of 
strategies such as rational thought, intuition or prior experience in order to choose among the 
alternatives. Here decision-making is seen to involve a sequence of events or a course of action 
taken in order to decide what action to take [6–7]. Several authors support a view that decision-
making involves using discriminative thinking to choose a particular course of action [6–7]. In 
this way, decision-making is seen as a complex process involving a series of stages that include 
observing a situation, evaluating the observed data, and taking actions to achieve the desired 
outcome [8]. It therefore involves the act of choice following consideration, deliberation and 
judgment of alternatives [9] through a process of information gathering. This locates decision-
making as an active cognitive thought process of making up one’s mind about something, and 
reaching a judgment or decision among a range of alternatives. This of course presumes that 
alternatives exist, and this may not be the case for many residents in residential care homes.

In the wider health care literature, the type of decision-making described above is usually clin-
ically-oriented and professionally-driven [7, 10]. The main focus has been on making decisions 
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about treatment preferences, monitoring treatment effects, and ethical decision-making [11]. 
Such studies have contributed to the development of clinical decision-making models to aid 
healthcare professionals. However, these models have less relevance in residential care homes 
where decisions may not be primarily clinical, the range of options may be limited as may be 
the information available to inform decision-making. Another facet of decision-making involves 
using intuition and prior experience to take action based on the intuitive feeling of the decision-
maker [12–15]. This perspective has some potential relevance in residential care homes particu-
larly from the existing literature on the role of intuition in gaining expertise [16]. However, the 
value of such understanding on how residents make decisions is far from clear.

Of more use is the work of Circielli [17], who examined decision-making of family caregiving 
for older people. In this decision-making was defined as:

‘a process where individuals do not always make decisions alone, but make them with others in dyads or groups’ 
(p. 33). It is therefore assumed to be an ongoing process between persons and involves ‘shifting from the micro 
level of the (individual) person to a macro level between persons’ (p. 49) in creating perspectives to minimize 
conflicts in the environment.

This definition appreciates that decision-making is a process that occurs over a period of time, 
and that potentially involves a number of people. This is likely to be more consistent with the 
reality of life in a home and will inform the approach to be adopted here.

1.2. Levels and types of decisions in residential care homes

Residential care homes are known to be places where many levels and types of decisions 
can take place. Although the review by Davies and Brown-Wilson [18] found limited infor-
mation on the decision-making processes, they mentioned that the types of decisions made 
in the homes can directly impinge on the lives of residents, families or staff, even though 
residents may not be directly involved in them. In exploring the range of decisions made in 
the homes, Rowles & High [19] identified a typology of decision-making approaches based 
on an ethnographic study of family involvement in several homes. These were ‘authorita-
tive decisions’, ‘given decisions, ‘negotiated decisions’, and ‘reflexive decisions’. While most 
decisions made in residential care homes will impinge on the daily experiences of residents, 
authoritative and given decisions are largely made with little input from older residents 
and their significant others. By definition they should have relatively more involvement in 
negotiated and reflexive decisions, and these should be the processes involved when deci-
sions concerned with daily matters are made [19]. With reference to Rowles and High’s [19] 
typology of decisions, the last set of reflexive decisions seemed to define residents’ levels of 
control and ability to exercise choice, which may vary within each home. This is consistent 
with the definition of decisions as defined by Tversky & Kahneman [20], cited in Johnson 
et al. ([21] p. 359) as:

‘choices or actions from which a person choose what to or not do, and are based on beliefs about what 
must happen to achieve goals’.

It would seem that an understanding of decision-making can be retrieved by exploring aspects 
of daily life that concern older people from previous studies on perceived choice and control, 
and level of participation/involvement of residents, families and staff.
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1.3. Defining the issues at play

In HK, the maintenance of family harmony and filial piety is still very much the core value 
of the Confucius Chinese traditional practice, despite evidence suggesting that the practice of 
filial duties has weakened [22–23]. Policy reforms have continued to affirm the view of the 
‘warm, supportive and stable families are what counts in nurturing the healthy development of 
individuals’ ([24] p. 28). Potentially, there is an expectation that Chinese families still have an 
important role to play as providers of care, even after older people are admitted into the homes. 
However, there is very scant information available to understand the respective roles of families 
and their influences on the care of older people following entry into residential care homes in 
HK. Despite efforts to involve older people and their significant others in making decisions that 
affect their care, participation and involvement remain generally minimal and decisions are 
mainly made by staff based on what they consider to be in the older persons best interests [25]. 
This is further supported by work undertaken in HK which found that residents became depen-
dent much earlier than needed [26]. It was found that staff acted on behalf of all residents, even 
for those who did not need their assistance, and perceived the tasks to be within their capabili-
ties. Indeed, there is a need to develop mutual understanding about how to provide care which 
can truly reflect the competence of older people and minimize unnecessary dependence [27].

Growing old and living in residential care homes need not mean that making decisions 
becomes a thing of the past. Rather, being able to make informed decisions about personal 
choices and preferences continues to be important and should be promoted regardless of 
mental and physical frailty. If the ethos of caring is about understanding what is wanted 
from older people, merely getting things done for them will not enhance their satisfaction or 
quality of life. Identifying older people’s preferences and values on how care needs ought to 
be met and their capacity and capability to continue to make decisions about daily living will 
help to inform appropriate care decisions. Such information will enable staff to re-prioritize 
and re-organize their work patterns by responding to the older person’s expectations of care, 
and thereby involve those older people who wish to participate in decisions that directly 
concern their welfare. It is with this intention that this study was undertaken to explore the 
decision-making experiences and processes taking place in residential care homes from older 
residents, their families and staff, particularly how residents’ needs were met, and their 
degree of involvement in making decisions.

2. Methodological approach

2.1. Research design

Constructivist grounded theory (conGT) was adopted in this project. This approach was 
inspired by Rodwell’s [28] constructivism approach to research and Charmaz’s [29] work on 
‘Constructing grounded theory: A practical guide through qualitative analysis’. Their writ-
ing provided a methodological map in clarifying the strategies and perspectives for under-
standing the phenomenon on decision-making in residential care homes for older people. 
In the research process, knowledge was co-created through the reciprocal relationship that 
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was formed between the researcher and participants as they worked towards exploring an 
interpretative understanding of the participants’ experiences and acknowledging they cre-
ated multiple meanings of their worlds in which they live in [30].

2.2. Sampling and setting

Table 1 depicts the participants and study settings. Purposive sampling was used to recruit 
the initial sample and to identify participants who were most likely to provide rich infor-
mation about the experiences or phenomena of interest [31]. As data collection progressed I 
recruited people with diverse backgrounds to achieve maximum variation and ensure mul-
tiple perspectives [28]. Theoretical sampling followed to sample people, activities and events 
as guided by the emerging codes and categories. The selection criteria were:

• Resident refers to newly-admitted persons who were cognitively-intact, spoke Cantonese or 
Hakkanese and willing to participate. Those refusing to participate in the study and suffer-
ing from cognitive impairment were excluded.

• Family refers to immediate members such as daughters, sons, spouses or grandchildren 
who had been identified by the resident as a person of importance in their lives, and were 
involved in their care to deal with issues at the home.

• Staff refers to both professional (social and health care personnel) and non-professional 
care staff who provided or influenced the physical and/or psychosocial care of residents; at 
least one staff representative from each rank; and, a willingness to engage in an individual 
interview with the researcher.

Data collection used a 3 × 3 design with three datasets from residents, families and staff in 
the three distinct homes. Data collection in home one was completed before commencing 
concurrent data collection in the second and third homes. In home one, data were collected 
to provide an orientation and overview of the research problem from the three participant 
groups. These data informed the selection of another two homes and participants. Homes 
two and three moved from general discovery of issues to more targeted probing among the 
participants [28]. The emerging categories were refined to focus on the (co-) constructions that 
emerged in the data. Data collection terminated when in-depth information, with maximum 

Home Time period Participants Interviews

Elder Family Staff Elder Family Staff

1 10 months 8 6 10 16 6 10

2 11.5 months 12 10 11 22 10 11

3 8 6 10 14 6 10

Sub-total 28 22 31 52 22 31

Total 81 105

Table 1. Overview of participants in the three study homes.
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was formed between the researcher and participants as they worked towards exploring an 
interpretative understanding of the participants’ experiences and acknowledging they cre-
ated multiple meanings of their worlds in which they live in [30].

2.2. Sampling and setting

Table 1 depicts the participants and study settings. Purposive sampling was used to recruit 
the initial sample and to identify participants who were most likely to provide rich infor-
mation about the experiences or phenomena of interest [31]. As data collection progressed I 
recruited people with diverse backgrounds to achieve maximum variation and ensure mul-
tiple perspectives [28]. Theoretical sampling followed to sample people, activities and events 
as guided by the emerging codes and categories. The selection criteria were:

• Resident refers to newly-admitted persons who were cognitively-intact, spoke Cantonese or 
Hakkanese and willing to participate. Those refusing to participate in the study and suffer-
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• Family refers to immediate members such as daughters, sons, spouses or grandchildren 
who had been identified by the resident as a person of importance in their lives, and were 
involved in their care to deal with issues at the home.

• Staff refers to both professional (social and health care personnel) and non-professional 
care staff who provided or influenced the physical and/or psychosocial care of residents; at 
least one staff representative from each rank; and, a willingness to engage in an individual 
interview with the researcher.

Data collection used a 3 × 3 design with three datasets from residents, families and staff in 
the three distinct homes. Data collection in home one was completed before commencing 
concurrent data collection in the second and third homes. In home one, data were collected 
to provide an orientation and overview of the research problem from the three participant 
groups. These data informed the selection of another two homes and participants. Homes 
two and three moved from general discovery of issues to more targeted probing among the 
participants [28]. The emerging categories were refined to focus on the (co-) constructions that 
emerged in the data. Data collection terminated when in-depth information, with maximum 

Home Time period Participants Interviews

Elder Family Staff Elder Family Staff

1 10 months 8 6 10 16 6 10

2 11.5 months 12 10 11 22 10 11

3 8 6 10 14 6 10

Sub-total 28 22 31 52 22 31

Total 81 105

Table 1. Overview of participants in the three study homes.
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variation in participants’ views, and a high degree of consensus about the categories and 
constructions was achieved.

2.3. Interview procedure

Interviews were the main data collection method used. The main emphasis of interviewing 
pointed to what, why and how questions were asked, and being able to listen to the par-
ticipants answering the questions in order to understand the experiences, and deriving inter-
pretations from it [32]. Interviews therefore provided a tentative impetus to make decisions 
about ‘where to go’, ‘what to look for’, ‘from whom’, and ‘how to ask questions’ ([28], p. 21). 
The intention was not to impose a rigid order to the interviews by following each question in 
a particular sequence, but to allow the interview content to unfold by following the lead of 
the participants who were telling the story [33]. In fact, the researcher and participants were 
allowed to go ‘beneath the surface of ordinary conversation and examine earlier events, views 
and feelings’ ([29] p. 26–27). The participants were asked to reflect deeply on their experiences 
and encouraged to talk more. Clarifying and encouraging more information helped to articu-
late intentions and meanings. Therefore, only a few broad, open-ended semi-structured ques-
tions were needed to focus the interviews. A guiding principle in framing the questions was 
to ‘direct questions to collective practices first and then attend to the individual’s participation 
in and views of those practices’ ([34] p. 679).

Family and staff members were interviewed once, and residents were interviewed twice (at 
2 weeks and between 2 and 3 months after admission). As the study examined how residents 
made decisions with the support from staff, residents’ first interviews and staff interviews 
were conducted almost simultaneously. Families were interviewed after the residents’ sec-
ond interview. This allowed me to hear the residents’ experiences and how staff responded 
to them before comparing the accounts of residents and staff with the families’ to gain fuller 
perspectives of those experiences.

2.4. Analysis strategy

Simultaneous data analysis and data collection occurred as far as possible. Constant compara-
tive analysis was the method of data analysis used to generate concepts and to develop the 
theory through an inductive process of defining, categorizing, comparing data and, explaining 
and seeking relationships in the data [29]. Each interview was transcribed verbatim as soon as 
possible after each interview. Once the transcripts were checked for accuracy, the data were 
subjected to initial and focused coding. Initial coding enabled me to examine the fragments 
of data (words, lines, segments and incidents) and to give them a label that best summarized 
and described the data [29], using the participants’ words to help me stay close to the data. A 
table of codes was compiled for each participant group, to which constant comparison of data 
was undertaken to check whether participants from each care home had identified similar 
concepts. The idea was to keep or reword existing codes, and only add new codes when new 
information was forthcoming [33]. The table was updated after changes were made to the 
coding scheme. The table at a glance helped to identify convergent and divergent opinions, 
and find gaps in the coded data to direct subsequent data collection [29]. Focused coding 
synthesized larger segments in the data by examining which significant initial codes could be 
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collapsed into broader categories [29]. Similar coded data were compared against the existing 
extensive data, and the incoming data from other transcripts. The identified sub-categories 
were compared with the verbatim data and codes to ensure that the ‘emergent set of categories 
and their properties fit the data, work, and were relevant for integrating into a theory’ ([35] 
p. 56). The researcher moved from specific incidents to abstraction, by comparing incidents 
to incidents and incidents to concepts to determine similarities and differences in an itera-
tive process [33]. Once the codes were all collapsed to form categories, possible relationships 
among and between the categories were examined to establish a conceptual link between them 
[29] to theoretically explain decision-making experiences among the stakeholder groups.

2.5. Ethical considerations

Ethical approval was obtained from the Survey and Behavioral Research Ethics Committee of the 
University to conduct this study. The superintendents of the homes gave me permission to con-
duct the study. In upholding the ethical principle to respect autonomy, participants were well-
informed about the inquiry, and were given time to ask questions before agreeing to consent to 
participate. The provision of informed information safeguarded the rights and respects the par-
ticipant’s choice to participate. All participants signed the consent form before being interviewed. 
They were informed of their rights to stop the interviews, refuse to answer questions and with-
draw from the study at any time. They were advised that consenting to the inquiry was entirely 
voluntary and withdrawing from the study did not influence the care provided by the homes.

3. Patterns of decision-making and influences on residents

Based on the case analyses of the three homes, distinct patterns of decision-making and the 
influences on the residents’ approach to decision-making could be delineated. The processes 
by which residents were facilitated or hindered from decision-making were strongly influ-
enced by the pattern of decision-making that predominated in the homes. Table 2 summa-
rizes the three processes and six elements that were identified to capture the subtleties of the 
process of decision-making for residents that unfolded from entry into the homes to how they 
continued to make decisions to adjust to the living environment.

Residents proceeded through a fairly logical approach and had varying degrees of involve-
ment in decision-making. These processes demonstrated how residents settled into the home 
by becoming familiar with it and then becoming more involved in the decisions that influ-
enced their lives. As residents moved through these decision-making processes that were 
practiced in the homes, the degree of negotiation that was possible determined the extent to 
which they were able to negotiate successful, less successful and unsuccessful decisions. As 
residents engaged in these processes the extent to which the family and staff ensured that deci-
sions were successfully negotiated to meet needs or needs were not met were also highlighted. 
In comparing the similarities and differences in these processes across the three homes, three 
decision-making patterns were identified as negotiated, partially-flexible and constrained pat-
terns of decision-making. Through the interactions between the participant groups, negotia-
tions and/or compromises occurred that either facilitated or hindered residents’ involvement 
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variation in participants’ views, and a high degree of consensus about the categories and 
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tions were needed to focus the interviews. A guiding principle in framing the questions was 
to ‘direct questions to collective practices first and then attend to the individual’s participation 
in and views of those practices’ ([34] p. 679).

Family and staff members were interviewed once, and residents were interviewed twice (at 
2 weeks and between 2 and 3 months after admission). As the study examined how residents 
made decisions with the support from staff, residents’ first interviews and staff interviews 
were conducted almost simultaneously. Families were interviewed after the residents’ sec-
ond interview. This allowed me to hear the residents’ experiences and how staff responded 
to them before comparing the accounts of residents and staff with the families’ to gain fuller 
perspectives of those experiences.

2.4. Analysis strategy

Simultaneous data analysis and data collection occurred as far as possible. Constant compara-
tive analysis was the method of data analysis used to generate concepts and to develop the 
theory through an inductive process of defining, categorizing, comparing data and, explaining 
and seeking relationships in the data [29]. Each interview was transcribed verbatim as soon as 
possible after each interview. Once the transcripts were checked for accuracy, the data were 
subjected to initial and focused coding. Initial coding enabled me to examine the fragments 
of data (words, lines, segments and incidents) and to give them a label that best summarized 
and described the data [29], using the participants’ words to help me stay close to the data. A 
table of codes was compiled for each participant group, to which constant comparison of data 
was undertaken to check whether participants from each care home had identified similar 
concepts. The idea was to keep or reword existing codes, and only add new codes when new 
information was forthcoming [33]. The table was updated after changes were made to the 
coding scheme. The table at a glance helped to identify convergent and divergent opinions, 
and find gaps in the coded data to direct subsequent data collection [29]. Focused coding 
synthesized larger segments in the data by examining which significant initial codes could be 
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collapsed into broader categories [29]. Similar coded data were compared against the existing 
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were compared with the verbatim data and codes to ensure that the ‘emergent set of categories 
and their properties fit the data, work, and were relevant for integrating into a theory’ ([35] 
p. 56). The researcher moved from specific incidents to abstraction, by comparing incidents 
to incidents and incidents to concepts to determine similarities and differences in an itera-
tive process [33]. Once the codes were all collapsed to form categories, possible relationships 
among and between the categories were examined to establish a conceptual link between them 
[29] to theoretically explain decision-making experiences among the stakeholder groups.

2.5. Ethical considerations

Ethical approval was obtained from the Survey and Behavioral Research Ethics Committee of the 
University to conduct this study. The superintendents of the homes gave me permission to con-
duct the study. In upholding the ethical principle to respect autonomy, participants were well-
informed about the inquiry, and were given time to ask questions before agreeing to consent to 
participate. The provision of informed information safeguarded the rights and respects the par-
ticipant’s choice to participate. All participants signed the consent form before being interviewed. 
They were informed of their rights to stop the interviews, refuse to answer questions and with-
draw from the study at any time. They were advised that consenting to the inquiry was entirely 
voluntary and withdrawing from the study did not influence the care provided by the homes.

3. Patterns of decision-making and influences on residents

Based on the case analyses of the three homes, distinct patterns of decision-making and the 
influences on the residents’ approach to decision-making could be delineated. The processes 
by which residents were facilitated or hindered from decision-making were strongly influ-
enced by the pattern of decision-making that predominated in the homes. Table 2 summa-
rizes the three processes and six elements that were identified to capture the subtleties of the 
process of decision-making for residents that unfolded from entry into the homes to how they 
continued to make decisions to adjust to the living environment.

Residents proceeded through a fairly logical approach and had varying degrees of involve-
ment in decision-making. These processes demonstrated how residents settled into the home 
by becoming familiar with it and then becoming more involved in the decisions that influ-
enced their lives. As residents moved through these decision-making processes that were 
practiced in the homes, the degree of negotiation that was possible determined the extent to 
which they were able to negotiate successful, less successful and unsuccessful decisions. As 
residents engaged in these processes the extent to which the family and staff ensured that deci-
sions were successfully negotiated to meet needs or needs were not met were also highlighted. 
In comparing the similarities and differences in these processes across the three homes, three 
decision-making patterns were identified as negotiated, partially-flexible and constrained pat-
terns of decision-making. Through the interactions between the participant groups, negotia-
tions and/or compromises occurred that either facilitated or hindered residents’ involvement 
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in decision-making. Participants’ decision-making patterns and how they shaped the three 
processes of adjustment to decision-making will be discussed below.

3.1. Negotiated patterns of decision-making

Residents from home one undertook most negotiation in decision-making. Some residents 
from home two were also allowed to practice this approach provided that decisions did not 
disrupt the smooth running of the home. This approach was less evident in home three and, 
when it did occur, it caused conflict resulting in the resident terminating their stay.

3.1.1. Making the unknown familiar

During the settling-in period, residents’ abilities and desires were revealed through the pro-
cesses of ‘being accompanied and supervised’, and ‘being told and observing’. Staff were 
predominately identified as key people in the process of getting to know the resident’s con-
cerns, health condition, personality and personal preferences on which to base decision-
making later on. As the weeks passed, the exchanges with accompanying and supervising 
staff allowed residents to gradually understand the operation of daily practices affecting their 
lives. Of concern to residents at this time was the ways in which baths were planned:

Staff arrange baths for me. I do not bath on my own. I know the time to bath. If I bath today, I bath the 
day after tomorrow so I can prepare myself. But there’s nothing for me to get ready ‘cause they do it all 
for me. (POAH, elder, E5A).

This process also enabled most staff to claim that they knew about 70–80% of the resident’s 
personal habits and preferences. The remaining 20–30% was attributed to the limited knowl-
edge about family composition and support to give to them. This information was important 
in making a judgment about resident’s abilities to make decisions. Information about the 
resident’s mobility, level of independence and self-care abilities, capabilities, mental state, 
motivation to do own things, beliefs in one’s ability to do it, and ability to make sensible sug-
gestions were helpful. When they were perceived to be unable to mobilize safely, negotiating 
to do tasks independently were often rejected by staff. This was frustrating for some:

You need a clear mental state, or else how can you do the task? I can make decision whenever I need 
to. You cannot deceive me on anything. You cannot ignore what I am saying. The only thing is that I 
cannot walk on my own and this is killing me (POAH, elder, E5A).

Processes Elements

Making the unknown familiar • Being accompanied and supervised

• Being told and observing

Finding out what I can do and want • Trial and error testing

• Asking and questioning

Negotiating-compromising the past to fit the present • Suggesting and negotiating

• Compromising

Table 2. Decision-making processes matched against its elements.
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The process of being told and observing the daily routines enabled residents and families to 
learn the roles of staff and their expectations. Some residents quickly settled into a pattern of 
letting staff do things for them:

They are good to me. I do not have to do anything. I am over 90. Staff help to prepare everything for me. 
They do not need me to do anything. (POAH, elder, E6A).

The importance of families in maintaining relationships with the residents was emphasized 
by the staff from the outset. Families played a central role during this transitional period by 
providing supplementary baseline information to the staff about their relative’s condition 
and usual habits that shaped the level of supervision needed and improved understanding of 
the resident. Indeed, the superintendents and staff, especially in home one, initiated contact 
with the families each time they visited. The family’s contribution in this process was to make 
regular visits to observe and get to know the home, and what was happening in the resident’s 
daily life, and what was acceptable to do. Families were keen to lend a helping hand and to 
reassure the residents that they had not been abandoned. Families also learned from staff and 
observed them to see whether their requests were followed up.

3.1.2. Finding out what I can do and want

The processes of ‘trial and error testing’ and ‘asking and questioning’ marked the beginning 
of negotiation in the decision-making experiences of residents. These processes were largely 
triggered by the discrepancies arising from what was being told and observed about the 
home’s operation and from the people around them. They wanted to ‘trial and error test’ and 
‘ask and question’ about the possibility of doing things by themselves.

In homes one and two, the process of trial and error testing was usually observed in physi-
cal care decisions, although the processes differed slightly. These decisions were examples 
of major initial concerns, such as who performed the hygiene care, or decisions about meal 
choices were requested by the residents or families. Of concern to residents were asking to 
change the order of taking baths and who performed it. Bathing routines tended to prioritize 
those whom staff felt were most pressing (e.g. wound dressing or medical appointments). On 
the spot requests like ‘I want to be first today’ without a ‘good’ reason were not entertained. In 
home one, an upfront request to bath alone was made by the residents to the superintendents 
and, if staff agreed, the level of supervision needed was assessed. In reality staff felt con-
strained by the need to rush through baths and safeguard those who bathed alone. Residents 
spoke of the embarrassment of asking for help:

They do not really need to take care of me. If they do not call me (to help me), I bath myself. It’s safe and 
simple. No need to ask others to help with things I can do. If I ask for too much help, I feel embarrassed 
and useless (POAH, elder, E8B).

The main reason for wanting to regain independence and control over bathing was the dis-
satisfaction directed at staff for being too busy and rushing through the procedure. Instead of 
moaning, they proactively dealt with the problem:

They bathed me and did not completely wash away the soap. I kept it a secret, or the seniors will 
condemn them. I told them I could bath myself, and thanked them for helping me. They said to 
call them if I could not handle it. (SH, elder, E4B).
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gestions were helpful. When they were perceived to be unable to mobilize safely, negotiating 
to do tasks independently were often rejected by staff. This was frustrating for some:
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The process of being told and observing the daily routines enabled residents and families to 
learn the roles of staff and their expectations. Some residents quickly settled into a pattern of 
letting staff do things for them:

They are good to me. I do not have to do anything. I am over 90. Staff help to prepare everything for me. 
They do not need me to do anything. (POAH, elder, E6A).
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by the staff from the outset. Families played a central role during this transitional period by 
providing supplementary baseline information to the staff about their relative’s condition 
and usual habits that shaped the level of supervision needed and improved understanding of 
the resident. Indeed, the superintendents and staff, especially in home one, initiated contact 
with the families each time they visited. The family’s contribution in this process was to make 
regular visits to observe and get to know the home, and what was happening in the resident’s 
daily life, and what was acceptable to do. Families were keen to lend a helping hand and to 
reassure the residents that they had not been abandoned. Families also learned from staff and 
observed them to see whether their requests were followed up.

3.1.2. Finding out what I can do and want

The processes of ‘trial and error testing’ and ‘asking and questioning’ marked the beginning 
of negotiation in the decision-making experiences of residents. These processes were largely 
triggered by the discrepancies arising from what was being told and observed about the 
home’s operation and from the people around them. They wanted to ‘trial and error test’ and 
‘ask and question’ about the possibility of doing things by themselves.

In homes one and two, the process of trial and error testing was usually observed in physi-
cal care decisions, although the processes differed slightly. These decisions were examples 
of major initial concerns, such as who performed the hygiene care, or decisions about meal 
choices were requested by the residents or families. Of concern to residents were asking to 
change the order of taking baths and who performed it. Bathing routines tended to prioritize 
those whom staff felt were most pressing (e.g. wound dressing or medical appointments). On 
the spot requests like ‘I want to be first today’ without a ‘good’ reason were not entertained. In 
home one, an upfront request to bath alone was made by the residents to the superintendents 
and, if staff agreed, the level of supervision needed was assessed. In reality staff felt con-
strained by the need to rush through baths and safeguard those who bathed alone. Residents 
spoke of the embarrassment of asking for help:

They do not really need to take care of me. If they do not call me (to help me), I bath myself. It’s safe and 
simple. No need to ask others to help with things I can do. If I ask for too much help, I feel embarrassed 
and useless (POAH, elder, E8B).

The main reason for wanting to regain independence and control over bathing was the dis-
satisfaction directed at staff for being too busy and rushing through the procedure. Instead of 
moaning, they proactively dealt with the problem:

They bathed me and did not completely wash away the soap. I kept it a secret, or the seniors will 
condemn them. I told them I could bath myself, and thanked them for helping me. They said to 
call them if I could not handle it. (SH, elder, E4B).
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Some residents (influenced by roommates) initiated plans to bath alone, without telling the 
staff. Experimenting cleansing in secret led them to become confident to persuade staff to let 
them do it under supervision:

They bathed me the first 2 weeks. How can you bath without them knowing? I saw a resident bathing 
alone so I bathed secretly a few times. I could do it. I did not know that before. They found out, scolded, 
observed me. Now I do it myself. (SH, elder, E11A).

Families’ views of residents’ abilities to make physical care decisions were welcomed. There 
was a general agreement to allow them to partake in ‘basic’ daily life decision-making when 
they were capable and they were not too disruptive to staff or families. Indeed, while some 
families promoted such decision-making, they also believed that residents should only make 
decisions on things that were within their capability, even if they could do this slowly.

3.1.3. Negotiating-compromising the past to fit the present

The processes of ‘suggesting and negotiating’ and ‘compromising’ with staff and families 
about creating a way of life that was reasonably familiar and comfortable for residents marked 
the continuation of the negotiated decision-making process. The process of suggesting-nego-
tiating arose after residents, who were successful in making some changes, continued to ask 
and question, and were more likely to discuss and further explore their needs: Everyday it’s I 
see what I can do. I depend on myself all the time. (POAH, elder, E2A).

In both homes one and two, an activity enjoyed by residents was the ability to go out alone, 
and not to be supervised by anyone. Undoubtedly, the ability to go outdoors independently 
was a rule determined by the home’s management and was made known to residents and 
families on admission. Although residents were able to maneuver freely around the grounds 
of the home, granting them the freedom to leave the home grounds as they pleased depended 
on their physical capability, mental alertness and independence. Such requests were carefully 
negotiated with the family who had to sign a consent form to accept responsibility. The free-
dom and independence to go outdoors was highly valued, although the outskirts of home one 
was an industrial area and it was potentially dangerous for elders to be out alone. They there-
fore spent time walking along the streets, in front of the home. Whilst this created administra-
tive work homes one and two believed that residents should be given freedom to connect with 
the community, and encouraged to go out freely, providing it had been approved beforehand.

Another example of the process of negotiating-compromising pertained to food choices. This 
was a longstanding and difficult problem that was not easy to solve. Over time, the food 
served and timing of meals were not entirely suitable. Some residents questioned the food 
textures and tastes, and made requests for a change. As there were no resident meetings in 
home one, the matter was discussed with the residents on an individual level. Avoiding foods 
the majority disliked was the preferred practice in communal living, as opposed to boosting 
food tastes for the few who raised it as a concern. With the help of families and approval of 
staff in both homes, this was resolved by allowing residents to purchase small bottles of soy 
sauce, pickle onions or shredded pickle to enhance the tastes of foods. Other food issues were 
not always easily resolved.
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As most families were in full-time work and visited during the weekends, they got to know 
about the residents’ decision-making capabilities through the staff who took initiative to tell 
them about the daily happenings. They were delighted to know that residents were taking 
care of themselves and finding things to occupy their time. Negotiating about care that went 
beyond the usual home practice (e.g. preparing packets of drinks or snacks families have 
brought), and exploring items to purchase for bed unit) were some topics that were success-
fully discussed by the family on behalf of the residents.

3.2. Partially flexible patterns of decision-making

This approach was most apparent in home two, and sometimes evident in home one due to 
the constraints of staff and facilities. Few residents from home three wanted to let staff know 
their needs because they were reluctant to confront the rigid culture of the home.

3.2.1. Making the unknown familiar

Compared with home one, the processes of accompanying and supervising elders was not 
as closely monitored by staff in home two, while the processes of telling and observing was 
given greater emphasis. The processes of accompanying and supervising involved staff help-
ing residents to become familiar with the routine and physical care, particularly how they fit-
ted in with the baths, meals and sleeping arrangements. Being a larger home, these processes 
identified issues that could potentially cause unharmonious relationships such as room- and 
table-sharing, and being prepared to minimize conflicts should they arise:

The idea of decision-making depends on reciprocal relationship of elders to respect each other. It’s com-
munal living. You are not in a single room. Issues like over-using or not letting others use the air-
conditioning and fans in the bedrooms, or asking to live on a specific floor. (SH, social worker, S8).

Residents and families were not fully told about the roles of staff (due to many staff) and 
the pattern of work. Instead families were told of an appointed social care staff and to 
approach the care staff on each floor for enquiries. They only needed to be observant, oblige 
and accept what they had been told. Indeed, residents learnt more by observing other resi-
dent’s behaviour and attitudes of staff towards them, particularly towards room-sharing 
and how they formed friendships. Unlike home one where residents had single rooms, a 
major issue in home two was the resident’s uncertainties about forming relationships in a 
large home.

Here families’ visits to the residents were confined mostly to the weekends, and there were 
less daytime/evening visits to lend a helping hand, because of work and family commitments. 
Families found out about the home’s routines largely through talking to the resident, the 
majority in this home being cognitively intact. The opportunity to move freely around and 
outside the home, without the operation of a rigid documentation procedure, was viewed 
with initial surprise by families, although they liked the freedom it gave:

The rules for taking residents out are a bit loose. I thought it was strange when no one asked me ques-
tions (visited biweekly). The home likes to give freedom and convenience to resident and families, and 
prevents a feeling of imprisonment. (SH, daughter, R8).
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Some residents (influenced by roommates) initiated plans to bath alone, without telling the 
staff. Experimenting cleansing in secret led them to become confident to persuade staff to let 
them do it under supervision:
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alone so I bathed secretly a few times. I could do it. I did not know that before. They found out, scolded, 
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3.1.3. Negotiating-compromising the past to fit the present

The processes of ‘suggesting and negotiating’ and ‘compromising’ with staff and families 
about creating a way of life that was reasonably familiar and comfortable for residents marked 
the continuation of the negotiated decision-making process. The process of suggesting-nego-
tiating arose after residents, who were successful in making some changes, continued to ask 
and question, and were more likely to discuss and further explore their needs: Everyday it’s I 
see what I can do. I depend on myself all the time. (POAH, elder, E2A).

In both homes one and two, an activity enjoyed by residents was the ability to go out alone, 
and not to be supervised by anyone. Undoubtedly, the ability to go outdoors independently 
was a rule determined by the home’s management and was made known to residents and 
families on admission. Although residents were able to maneuver freely around the grounds 
of the home, granting them the freedom to leave the home grounds as they pleased depended 
on their physical capability, mental alertness and independence. Such requests were carefully 
negotiated with the family who had to sign a consent form to accept responsibility. The free-
dom and independence to go outdoors was highly valued, although the outskirts of home one 
was an industrial area and it was potentially dangerous for elders to be out alone. They there-
fore spent time walking along the streets, in front of the home. Whilst this created administra-
tive work homes one and two believed that residents should be given freedom to connect with 
the community, and encouraged to go out freely, providing it had been approved beforehand.

Another example of the process of negotiating-compromising pertained to food choices. This 
was a longstanding and difficult problem that was not easy to solve. Over time, the food 
served and timing of meals were not entirely suitable. Some residents questioned the food 
textures and tastes, and made requests for a change. As there were no resident meetings in 
home one, the matter was discussed with the residents on an individual level. Avoiding foods 
the majority disliked was the preferred practice in communal living, as opposed to boosting 
food tastes for the few who raised it as a concern. With the help of families and approval of 
staff in both homes, this was resolved by allowing residents to purchase small bottles of soy 
sauce, pickle onions or shredded pickle to enhance the tastes of foods. Other food issues were 
not always easily resolved.
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This approach was most apparent in home two, and sometimes evident in home one due to 
the constraints of staff and facilities. Few residents from home three wanted to let staff know 
their needs because they were reluctant to confront the rigid culture of the home.
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as closely monitored by staff in home two, while the processes of telling and observing was 
given greater emphasis. The processes of accompanying and supervising involved staff help-
ing residents to become familiar with the routine and physical care, particularly how they fit-
ted in with the baths, meals and sleeping arrangements. Being a larger home, these processes 
identified issues that could potentially cause unharmonious relationships such as room- and 
table-sharing, and being prepared to minimize conflicts should they arise:

The idea of decision-making depends on reciprocal relationship of elders to respect each other. It’s com-
munal living. You are not in a single room. Issues like over-using or not letting others use the air-
conditioning and fans in the bedrooms, or asking to live on a specific floor. (SH, social worker, S8).

Residents and families were not fully told about the roles of staff (due to many staff) and 
the pattern of work. Instead families were told of an appointed social care staff and to 
approach the care staff on each floor for enquiries. They only needed to be observant, oblige 
and accept what they had been told. Indeed, residents learnt more by observing other resi-
dent’s behaviour and attitudes of staff towards them, particularly towards room-sharing 
and how they formed friendships. Unlike home one where residents had single rooms, a 
major issue in home two was the resident’s uncertainties about forming relationships in a 
large home.

Here families’ visits to the residents were confined mostly to the weekends, and there were 
less daytime/evening visits to lend a helping hand, because of work and family commitments. 
Families found out about the home’s routines largely through talking to the resident, the 
majority in this home being cognitively intact. The opportunity to move freely around and 
outside the home, without the operation of a rigid documentation procedure, was viewed 
with initial surprise by families, although they liked the freedom it gave:

The rules for taking residents out are a bit loose. I thought it was strange when no one asked me ques-
tions (visited biweekly). The home likes to give freedom and convenience to resident and families, and 
prevents a feeling of imprisonment. (SH, daughter, R8).
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3.2.2. Finding out what I can do and want

A policy that became more flexible in home two was a result of female residents’ determined 
efforts to launder their own clothes (not an established home policy) by not approaching the staff 
first to ask for permission. There was considerable dissatisfaction with the laundry service that 
often produced creased clothes that were impossible to wear. Instead of openly expressing their 
dissatisfaction, residents chose to launder light clothing and balanced this by complying with 
the rules to let the home launder larger garments. Once it was clear that this did not cause major 
disruption, staff turned a blind eye and provided floor mats, fans and mops to ensure safety:

I wash my clothes and hang them in the bathroom. I do not disturb the others. All elders in my room do 
their washing. Staff know it. It’s no secret. We look after each other and consider safety. Dry the floor 
and turn on the fan if the bathroom is wet. (SH, elder, 6B).

Home two had the most choice of social activities (e.g. small groups of elders with dementia 
playing mahjong, or in large group of 100 to 130 residents). Such activities required staff 
to make decisions about scheduled indoor activities, including group size, target groups, 
purpose, and venues. Residents learned about these activities when staff informed them in 
person, or roommates discussed these activities among themselves. Through these activities, 
some residents realized their abilities and developed new interests and friends. They pre-
ferred activities that taught them to learn new skills such as singing, writing Chinese charac-
ters, and the physiotherapy sessions. Activities that required them to communicate had low 
enrolment. Indeed, it was those residents who were cooperative and obeyed the rules that 
seemed to be allowed more personal requests. For example, residents who had befriended 
other residents would group together to ask staff’s permission first before engaging in mah-
jong gatherings. Some residents with difficulties in mobilization aspired for more outdoor 
activities, or to be trained to walk or use the wheelchair, and were finding ways to make this 
happen without being seen as troublesome:

I seldom go outside. It’s what you can do when you go outside. I do not know how to use the wheelchair. 
They do not have activities to allow people in wheelchair to go out and sit under the sun. All the activi-
ties are indoors. (SH, elder, 3A).

To increase resident’s participation, special arrangements were facilitated by staff to maxi-
mize frail and less able residents to participate in different activities:

We choose suitable time and venue for the residents. We know some residents come out and have their 
tea so activities are arranged at those times (SH, welfare worker, S5).

Despite visiting less often than in home one, families still provided close support and encour-
agement in the course of decision-making. While families became concerned about safety, 
they supported resident’s decisions to launder own clothes by offering to take larger-sized 
clothes home to wash, but thought it was unnecessary to intervene with the home’s practices 
when the solution to deal with the issue was not entirely inconvenient.

3.2.3. Negotiating-compromising the past to fit the present

The processes of ‘suggesting and negotiating’ and ‘compromising’ with staff and families occur-
red in such a way that allowed requests to be considered before coming to a final decision. Like 
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home one, residents with prior successes in negotiation continued to make requests, however 
they were persuaded to take advice from staff, which was considered to be in their best interest, 
and thereby sometimes had to compromise their own expectations. For example, residents were 
highly influenced by the advice of their family members. Some residents were happy not to go 
outdoors unless accompanied by relatives. In such situation, they would not bargain with the 
staff. They would choose to wander in the home’s premises and remain in the garden, which 
were acceptable alternatives:

I will not go outdoors by myself. There’re rules. I cannot go out whenever I want without telling them. 
I say, “I’m going to the garden. If someone wants me I’ll be there.” That’s already good enough for me. 
(SH, elder, E6A).

Some alert residents with physical limitations compromised by sacrificing outdoor activities 
they had previously enjoyed due the burden they felt would be placed on others to help them. 
The choice of outdoor activities was limited to those that required no companion:

I have not joined the trips. I cannot walk. I need others to push me (on wheelchair), and it’s hot outside. 
I join activities that do not need others’ help. They said if my family can push me, I can go. I do not want 
to bother my family so I do not join. (SH, elder, E8B).

Indeed, a resident’s state of health seemed to be the determining criterion for having wishes 
granted. Staff were rather flexible and allowed negotiations when managing residents who 
insisted, for example, to go against relatives who forbid them from going outdoors. As this 
home had easy access to the shops, when such circumstances occurred, it was managed indi-
vidually and flexibly by re-assessing the situation with the resident and family and coming to 
a new consensus that provided instructions for staff on the provision of care.

In principle home two was in agreement that residents should be accorded the freedom to 
do things for themselves, however there were contradictory policies that restricted their free-
dom. Continuing with the example of going outdoors, residents who wanted to go for a walk 
after dinner would be limited by the regulation to return by a certain time, and therefore lim-
iting true freedom. Although it was difficult to check on the flow of people moving around the 
home, this issue was not addressed by confining residents to remain indoors to ensure their 
safety. Instead, strategies were developed to react positively to the resident’s situations and 
still continue to keep the main entrance open to avoid feelings of being in jail or locked up.

In home one, while staff tried to maintain the resident’s prior lifestyle of allowing them to 
keep hold of money and make decisions about small purchases, staff in home two did not 
fully facilitate this practice, although they welcomed appropriate purchases by the family 
provided there was minimal interference to the running of the home. Although some resi-
dents could keep a little money they had to negotiate help from families if they wished to pur-
chase anything, and staff did not help to make any purchases. For residents with no relatives, 
money matters were handled by the resident until their health deteriorated and a guardian 
would be appointed.

The data highlighted that the type of decisions families made were guided by the expressed 
needs of the resident. Families would react in the best interest of these residents, who were 
less able to express personal preferences and tended to fit in with the majority. Families were 
also found to support residents to cooperate with the home’s decisions and arrangements. 
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first to ask for permission. There was considerable dissatisfaction with the laundry service that 
often produced creased clothes that were impossible to wear. Instead of openly expressing their 
dissatisfaction, residents chose to launder light clothing and balanced this by complying with 
the rules to let the home launder larger garments. Once it was clear that this did not cause major 
disruption, staff turned a blind eye and provided floor mats, fans and mops to ensure safety:

I wash my clothes and hang them in the bathroom. I do not disturb the others. All elders in my room do 
their washing. Staff know it. It’s no secret. We look after each other and consider safety. Dry the floor 
and turn on the fan if the bathroom is wet. (SH, elder, 6B).

Home two had the most choice of social activities (e.g. small groups of elders with dementia 
playing mahjong, or in large group of 100 to 130 residents). Such activities required staff 
to make decisions about scheduled indoor activities, including group size, target groups, 
purpose, and venues. Residents learned about these activities when staff informed them in 
person, or roommates discussed these activities among themselves. Through these activities, 
some residents realized their abilities and developed new interests and friends. They pre-
ferred activities that taught them to learn new skills such as singing, writing Chinese charac-
ters, and the physiotherapy sessions. Activities that required them to communicate had low 
enrolment. Indeed, it was those residents who were cooperative and obeyed the rules that 
seemed to be allowed more personal requests. For example, residents who had befriended 
other residents would group together to ask staff’s permission first before engaging in mah-
jong gatherings. Some residents with difficulties in mobilization aspired for more outdoor 
activities, or to be trained to walk or use the wheelchair, and were finding ways to make this 
happen without being seen as troublesome:

I seldom go outside. It’s what you can do when you go outside. I do not know how to use the wheelchair. 
They do not have activities to allow people in wheelchair to go out and sit under the sun. All the activi-
ties are indoors. (SH, elder, 3A).

To increase resident’s participation, special arrangements were facilitated by staff to maxi-
mize frail and less able residents to participate in different activities:

We choose suitable time and venue for the residents. We know some residents come out and have their 
tea so activities are arranged at those times (SH, welfare worker, S5).

Despite visiting less often than in home one, families still provided close support and encour-
agement in the course of decision-making. While families became concerned about safety, 
they supported resident’s decisions to launder own clothes by offering to take larger-sized 
clothes home to wash, but thought it was unnecessary to intervene with the home’s practices 
when the solution to deal with the issue was not entirely inconvenient.

3.2.3. Negotiating-compromising the past to fit the present

The processes of ‘suggesting and negotiating’ and ‘compromising’ with staff and families occur-
red in such a way that allowed requests to be considered before coming to a final decision. Like 
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home one, residents with prior successes in negotiation continued to make requests, however 
they were persuaded to take advice from staff, which was considered to be in their best interest, 
and thereby sometimes had to compromise their own expectations. For example, residents were 
highly influenced by the advice of their family members. Some residents were happy not to go 
outdoors unless accompanied by relatives. In such situation, they would not bargain with the 
staff. They would choose to wander in the home’s premises and remain in the garden, which 
were acceptable alternatives:

I will not go outdoors by myself. There’re rules. I cannot go out whenever I want without telling them. 
I say, “I’m going to the garden. If someone wants me I’ll be there.” That’s already good enough for me. 
(SH, elder, E6A).

Some alert residents with physical limitations compromised by sacrificing outdoor activities 
they had previously enjoyed due the burden they felt would be placed on others to help them. 
The choice of outdoor activities was limited to those that required no companion:

I have not joined the trips. I cannot walk. I need others to push me (on wheelchair), and it’s hot outside. 
I join activities that do not need others’ help. They said if my family can push me, I can go. I do not want 
to bother my family so I do not join. (SH, elder, E8B).

Indeed, a resident’s state of health seemed to be the determining criterion for having wishes 
granted. Staff were rather flexible and allowed negotiations when managing residents who 
insisted, for example, to go against relatives who forbid them from going outdoors. As this 
home had easy access to the shops, when such circumstances occurred, it was managed indi-
vidually and flexibly by re-assessing the situation with the resident and family and coming to 
a new consensus that provided instructions for staff on the provision of care.

In principle home two was in agreement that residents should be accorded the freedom to 
do things for themselves, however there were contradictory policies that restricted their free-
dom. Continuing with the example of going outdoors, residents who wanted to go for a walk 
after dinner would be limited by the regulation to return by a certain time, and therefore lim-
iting true freedom. Although it was difficult to check on the flow of people moving around the 
home, this issue was not addressed by confining residents to remain indoors to ensure their 
safety. Instead, strategies were developed to react positively to the resident’s situations and 
still continue to keep the main entrance open to avoid feelings of being in jail or locked up.

In home one, while staff tried to maintain the resident’s prior lifestyle of allowing them to 
keep hold of money and make decisions about small purchases, staff in home two did not 
fully facilitate this practice, although they welcomed appropriate purchases by the family 
provided there was minimal interference to the running of the home. Although some resi-
dents could keep a little money they had to negotiate help from families if they wished to pur-
chase anything, and staff did not help to make any purchases. For residents with no relatives, 
money matters were handled by the resident until their health deteriorated and a guardian 
would be appointed.

The data highlighted that the type of decisions families made were guided by the expressed 
needs of the resident. Families would react in the best interest of these residents, who were 
less able to express personal preferences and tended to fit in with the majority. Families were 
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Some found themselves trying to reduce residents’ dissatisfaction when they were prohibited 
from doing things. In the course of incorporating residents’ preferences and exploring the 
best option to address their needs, the data revealed that families and staff had to first agree 
and, if necessary, compromise their own expectations before deciding on the best action to 
take to meet the residents’ interests. For example dealing with residents’ concerns such as 
returning home for a few days and purchasing accessories highlighted that an agreement 
between families-staff could be negotiated based on the resident’s capabilities and provided 
that it did not unduly disrupt the home’s routines. Indeed, only a minority got to go home to 
stay during the weekends, with the majority perhaps going home for a few hours. For others, 
going home to stay a few days was never discussed for fear that the elder would refuse to 
come back.

3.3. Constrained patterns of decision-making

This decision-making pattern was found across all the homes to varying degrees, but largely 
dominated life in home three.

3.3.1. Making the unknown familiar

Like the other two homes, home three shared similar practices in the way that information 
was provided to the residents and families during the early days of admission. Some staff 
believed that residents should be fully involved in decision-making. In reality, they tended to 
closely supervise elders and not allow them to take risks:

When residents have health problems, will their decisions bring maximum benefit? It’ll be difficult to 
ask them to make a correct decision. I’ll consider the requests of those in good physical and psychological 
health. Why ‘consider’? They might have done it in a certain way for many years, does it mean it’s free 
of risk? Yes, we should respect them, but we should provide adequate supervision. (NSH, RN, S10).

As in home two, a key message disseminated to residents and families was the need to com-
ply with the routines that dominated communal living. The processes of ‘being accompa-
nied and supervised’ rather than ‘being told and observing’ was more evident in this home. 
Although the other two homes used these processes to enable newly-admitted residents to 
know how to ‘behave’ in the new home, and to acquire knowledge about the routines, home 
three continued to use these processes from admission and thereafter to strictly supervise 
residents, allowing far less involvement in the decision-making processes.

Close surveillance was welcomed by residents whose reason for admission was to have staff 
around to call them for help. However, for many, the level of supervision went too far. For 
instance, getting up from a chair to fetch a cane to try walking to the toilet was immediately 
supervised by a staff, who sat them on the toilet, only to return to help as soon as they had 
finished. Indeed, residents generally understood that close surveillance by staff was part of 
their training and way of doing things:

It’s their responsibility. They are taught not to allow residents to walk alone. They hold my arms, hold 
my clothes and go into the toilet with me. (NSH, elder, E5A).
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Although the efforts of staff to get to know and listen to new residents were noted, generally 
residents soon learned to accept and conform to the norm:

Care staff walk around to see if we are eating safely, and collect feedback about the meals. As the social 
care staff is responsible for the kitchen, she’ll keep walking around the tables to see residents’ eating 
condition – how much is eaten and tastes of foods. When they complain about the dry and tasteless 
meat, we explain that meals are healthier and low salt, of course, it’s tasteless (laughs). (NSH, RN, S1).

However, very little effort was made to get to know the residents as individuals and commu-
nication with families was limited and often superficial:

I rarely speak to the staff. I seldom have any problems. When I come, I greet them. They do not tell me 
about his condition. They are not fussy. I do not expect them to tell me. I have nothing to say. What else 
is there to talk about? (NSH, wife, R1).

Consequently, the process of settling-in at home three involved far less open exchange of 
information and was an instrumental process based on informing residents-families about 
what was expected of them, as opposed to exploring their needs.

3.3.2. Finding out what I can do and want

Unlike the other homes, the residents rarely undertook their own physical care as bathing 
alone was totally discouraged, even if they were capable. Only three residents engaged in 
some negotiations about baths after declaring a clear need:

I bath myself. I can do it myself. I do not need to ask for help with bathing if I can do it. If I cannot do 
it, there’s nothing I can do except to ask for help. If I can manage for myself, I do it on my own. I am 
safe. (NSH, elder, E7B).

Another resident made a strong request to bath alone but this was not granted because she 
believed that her independent nature was a threat to staff authority. This elder stayed less 
than 2 months and left because she could not fit in with the home’s expectations. The above 
excerpt highlights the resident’s generally obliging attitude towards fitting in with the con-
straints of communal living and following the schedule. It seemed that only personal requests 
that had no impact on the home were considered:

They cannot completely make their own decisions. If it’s dinner time and they want to bath, this cannot 
happen. They need to follow our arrangements. What I can do is to meet their personal requests, if it’s 
not over-exaggerated and is sensible, we let them have their way, like exercising and going to church. 
(NSH, health worker, S9).

Another attempt made by residents to find out their own capabilities was in relation to devel-
oping relationships with residents and learning how to pass the day. Unlike home two which 
had many social activities to draw residents together, in-house group social activities in home 
three (e.g. bingo and beach ball games) were not particularly enjoyable. Whilst these activities 
helped to ‘pass the time’ they did not help to form any meaningful relationships. As opportu-
nities to develop meaningful relationships were limited, residents valued any opportunities 
to engage in activities that would help them to pass the time and the more able residents did 
much to try and encourage more options. Other activities were more therapeutic and enabled 
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Some found themselves trying to reduce residents’ dissatisfaction when they were prohibited 
from doing things. In the course of incorporating residents’ preferences and exploring the 
best option to address their needs, the data revealed that families and staff had to first agree 
and, if necessary, compromise their own expectations before deciding on the best action to 
take to meet the residents’ interests. For example dealing with residents’ concerns such as 
returning home for a few days and purchasing accessories highlighted that an agreement 
between families-staff could be negotiated based on the resident’s capabilities and provided 
that it did not unduly disrupt the home’s routines. Indeed, only a minority got to go home to 
stay during the weekends, with the majority perhaps going home for a few hours. For others, 
going home to stay a few days was never discussed for fear that the elder would refuse to 
come back.

3.3. Constrained patterns of decision-making

This decision-making pattern was found across all the homes to varying degrees, but largely 
dominated life in home three.

3.3.1. Making the unknown familiar

Like the other two homes, home three shared similar practices in the way that information 
was provided to the residents and families during the early days of admission. Some staff 
believed that residents should be fully involved in decision-making. In reality, they tended to 
closely supervise elders and not allow them to take risks:

When residents have health problems, will their decisions bring maximum benefit? It’ll be difficult to 
ask them to make a correct decision. I’ll consider the requests of those in good physical and psychological 
health. Why ‘consider’? They might have done it in a certain way for many years, does it mean it’s free 
of risk? Yes, we should respect them, but we should provide adequate supervision. (NSH, RN, S10).

As in home two, a key message disseminated to residents and families was the need to com-
ply with the routines that dominated communal living. The processes of ‘being accompa-
nied and supervised’ rather than ‘being told and observing’ was more evident in this home. 
Although the other two homes used these processes to enable newly-admitted residents to 
know how to ‘behave’ in the new home, and to acquire knowledge about the routines, home 
three continued to use these processes from admission and thereafter to strictly supervise 
residents, allowing far less involvement in the decision-making processes.

Close surveillance was welcomed by residents whose reason for admission was to have staff 
around to call them for help. However, for many, the level of supervision went too far. For 
instance, getting up from a chair to fetch a cane to try walking to the toilet was immediately 
supervised by a staff, who sat them on the toilet, only to return to help as soon as they had 
finished. Indeed, residents generally understood that close surveillance by staff was part of 
their training and way of doing things:

It’s their responsibility. They are taught not to allow residents to walk alone. They hold my arms, hold 
my clothes and go into the toilet with me. (NSH, elder, E5A).
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Although the efforts of staff to get to know and listen to new residents were noted, generally 
residents soon learned to accept and conform to the norm:

Care staff walk around to see if we are eating safely, and collect feedback about the meals. As the social 
care staff is responsible for the kitchen, she’ll keep walking around the tables to see residents’ eating 
condition – how much is eaten and tastes of foods. When they complain about the dry and tasteless 
meat, we explain that meals are healthier and low salt, of course, it’s tasteless (laughs). (NSH, RN, S1).

However, very little effort was made to get to know the residents as individuals and commu-
nication with families was limited and often superficial:

I rarely speak to the staff. I seldom have any problems. When I come, I greet them. They do not tell me 
about his condition. They are not fussy. I do not expect them to tell me. I have nothing to say. What else 
is there to talk about? (NSH, wife, R1).

Consequently, the process of settling-in at home three involved far less open exchange of 
information and was an instrumental process based on informing residents-families about 
what was expected of them, as opposed to exploring their needs.

3.3.2. Finding out what I can do and want

Unlike the other homes, the residents rarely undertook their own physical care as bathing 
alone was totally discouraged, even if they were capable. Only three residents engaged in 
some negotiations about baths after declaring a clear need:

I bath myself. I can do it myself. I do not need to ask for help with bathing if I can do it. If I cannot do 
it, there’s nothing I can do except to ask for help. If I can manage for myself, I do it on my own. I am 
safe. (NSH, elder, E7B).

Another resident made a strong request to bath alone but this was not granted because she 
believed that her independent nature was a threat to staff authority. This elder stayed less 
than 2 months and left because she could not fit in with the home’s expectations. The above 
excerpt highlights the resident’s generally obliging attitude towards fitting in with the con-
straints of communal living and following the schedule. It seemed that only personal requests 
that had no impact on the home were considered:

They cannot completely make their own decisions. If it’s dinner time and they want to bath, this cannot 
happen. They need to follow our arrangements. What I can do is to meet their personal requests, if it’s 
not over-exaggerated and is sensible, we let them have their way, like exercising and going to church. 
(NSH, health worker, S9).

Another attempt made by residents to find out their own capabilities was in relation to devel-
oping relationships with residents and learning how to pass the day. Unlike home two which 
had many social activities to draw residents together, in-house group social activities in home 
three (e.g. bingo and beach ball games) were not particularly enjoyable. Whilst these activities 
helped to ‘pass the time’ they did not help to form any meaningful relationships. As opportu-
nities to develop meaningful relationships were limited, residents valued any opportunities 
to engage in activities that would help them to pass the time and the more able residents did 
much to try and encourage more options. Other activities were more therapeutic and enabled 

Decision-Making Experiences and Patterns in Residential Care Homes for Older Residents…
http://dx.doi.org/10.5772/intechopen.74267

235



residents to either make the effort to keep in good health or to choose to maintain contacts 
with the outside community. There was a high enrolment in the few in-house exercise ses-
sions available and many of the residents made a conscious decision to include physical ther-
apy sessions into their week to stay in good health.

In the constrained atmosphere of home three, families initiated and supported residents in the 
rehabilitation process and helped them to realize the capabilities by arranging elders to attend 
additional physical/acupuncturist sessions and organized private transport to take them. 
Indeed involvement of the family, whilst valued in all the homes, was especially appreciated 
in home three. As families became well-aware of their duties to visit and take residents out for 
meals, the phone calls lessened as their visit became a weekend activity:

She does not want a lot – only asks when we’ll take her out to have meals and dim sum. It’s reasonable. 
She’s stuck in the home every day and has nothing to do. (NSH, son, R4).

Regardless of their abilities, residents were strictly prohibited from going out alone and mov-
ing beyond the vision of staff. Some families found this reassuring:

They have a door bell and the code to enter the home. I totally agree with this arrangement. If not, they’ll 
escape from the home. (NSH, son, R4).

However such regulations and the general attitude among staff to do things for residents 
made some feel useless and ashamed:

I feel ashamed when others help me to wash my face and brush my teeth. I am not very old. One brings 
me into the toilet on a wheelchair. One twists a towel for me. One holds the mouth wash cup for me. I 
feel useless. Now, I can only pull a blanket over myself. (NSH, elder, E6A).

3.3.3. Negotiating-compromising the past to fit the present

Only the able and articulate residents could engage in efforts to negotiate/comprise and even 
then opportunities were limited. Indeed, action was limited even when a group of them 
joined forces and raised shared concerns. This is described below and highlights something 
approaching a sense of relative helplessness in the face of limited action by staff and the 
absence of realistic alternatives:

A naughty resident always disturbs us with a stick when we are sleeping. She does not sleep and walks 
around with her stick. She keeps the five of us awake by playing with the remote control that raises and 
lowers the beds. What can we do? I do not want to change rooms – what if there’s another naughtier 
resident? Staff have done nothing, only told her not to disturb us. What can they do? This is an aged 
home. If we are healthy, we will not be here. (NSH, elder, E6A).

Another issue that elicited suggestions from residents related to food choices. Some com-
ments about what to eat were sought in a resident meeting, which enabled the few ‘smart 
and well-spoken’ residents the liberty to express their food preferences and tastes. But the 
existence of structures to seek views at this home did not mean that action followed and the 
need for safety and conformity seemed to prevail.

Do you think they have the right to choose what they eat here? Meals are set in advance. They suggest 
food they cannot eat. It’s only their desires. We think of safety, difficulties eating it, and can others eat 
it, too. (NSH, health worker, S2).
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The monthly resident meeting (with low attendance) was a regular activity bringing together 
superintendent, social worker, nurses and families. But these were largely symbolic rather 
than actively managed to ensure optimal attendance and a contribution from all. Over time, 
families learned to recognize and approach individual staff with whom residents had forged 
relationships on a one-to-one level to get updates about the resident’s daily care. While staff 
believed that families must be told of the resident’s current lifestyle and condition, there was 
a perception among staff that building relationships with families was difficult because they 
were very busy people with little time to spend wanting to know about the home. In fact, to 
the contrary, some families were highly interested in what went on at the home, and took the 
limited opportunities to interact with the staff:

I want to know what’s happening here and its development, whether it’ll build 10 more floors or cut the 
manpower. There’s no channel to converse with them. (NSH, son, R2).

Generally families were in agreement that residents should make their own decisions with the 
families’ role being to present opinions and offer different choices to them:

You must rely on yourself and make your own decision. The decisions are still made by the elders. Apart 
from meal times, things like resting, getting up, brushing teeth and washing face can be decided by him. 
(NSH, wife, R1).

Overall, and despite the obvious limitations, especially in home three it was felt that the resi-
dent should still be given choice to make decisions:

He can make many decisions and do things for himself. It’s just the physical functioning of his upper 
and lower limbs are degenerating. There’s no problem with his ability to be reason and think logically. 
When you give him choices, he can still make a decision on what choice he wants. (NSH, son, R2).

In reality, there were few opportunities for discretionary choice in home three and despite 
the constrained-rigid leadership style that enforced staff to regularly report the resident’s 
progress to families blunders did occur that affected family-staff relationships and impacted 
the families’ level of confidence in staffs’ decision-making. Unlike the other two homes which 
were praised for providing families with reassurance, unsatisfactory blunders in handling 
the residents’ health and medical concerns, including mismanagement of follow-up appoint-
ments and communication breakdown among staff, were beginning to surface at home three 
and resulted in families becoming dissatisfied. Misunderstanding often arose when messages 
about the resident’s care were not always correctly conveyed. Moreover, as families were not 
formally informed about different staff members’ roles, they formed their own perceptions of 
staff’s job responsibilities that were not always correct. This could result in further confusion 
and misunderstanding.

4. Discussion: decision-making processes and patterns of residents

The findings generated served to provide an in-depth understanding of the decision-making 
experiences of older people residing in residential care homes in HK, and the roles and level 
of involvement family members and care providers in supporting them, or not, to meet their 
wishes and preferences. Based on the vivid accounts of experiences that were described by 
the participants, the patterns of decision-making in the homes were shaped by three processes 
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residents to either make the effort to keep in good health or to choose to maintain contacts 
with the outside community. There was a high enrolment in the few in-house exercise ses-
sions available and many of the residents made a conscious decision to include physical ther-
apy sessions into their week to stay in good health.

In the constrained atmosphere of home three, families initiated and supported residents in the 
rehabilitation process and helped them to realize the capabilities by arranging elders to attend 
additional physical/acupuncturist sessions and organized private transport to take them. 
Indeed involvement of the family, whilst valued in all the homes, was especially appreciated 
in home three. As families became well-aware of their duties to visit and take residents out for 
meals, the phone calls lessened as their visit became a weekend activity:

She does not want a lot – only asks when we’ll take her out to have meals and dim sum. It’s reasonable. 
She’s stuck in the home every day and has nothing to do. (NSH, son, R4).

Regardless of their abilities, residents were strictly prohibited from going out alone and mov-
ing beyond the vision of staff. Some families found this reassuring:

They have a door bell and the code to enter the home. I totally agree with this arrangement. If not, they’ll 
escape from the home. (NSH, son, R4).

However such regulations and the general attitude among staff to do things for residents 
made some feel useless and ashamed:

I feel ashamed when others help me to wash my face and brush my teeth. I am not very old. One brings 
me into the toilet on a wheelchair. One twists a towel for me. One holds the mouth wash cup for me. I 
feel useless. Now, I can only pull a blanket over myself. (NSH, elder, E6A).

3.3.3. Negotiating-compromising the past to fit the present

Only the able and articulate residents could engage in efforts to negotiate/comprise and even 
then opportunities were limited. Indeed, action was limited even when a group of them 
joined forces and raised shared concerns. This is described below and highlights something 
approaching a sense of relative helplessness in the face of limited action by staff and the 
absence of realistic alternatives:

A naughty resident always disturbs us with a stick when we are sleeping. She does not sleep and walks 
around with her stick. She keeps the five of us awake by playing with the remote control that raises and 
lowers the beds. What can we do? I do not want to change rooms – what if there’s another naughtier 
resident? Staff have done nothing, only told her not to disturb us. What can they do? This is an aged 
home. If we are healthy, we will not be here. (NSH, elder, E6A).

Another issue that elicited suggestions from residents related to food choices. Some com-
ments about what to eat were sought in a resident meeting, which enabled the few ‘smart 
and well-spoken’ residents the liberty to express their food preferences and tastes. But the 
existence of structures to seek views at this home did not mean that action followed and the 
need for safety and conformity seemed to prevail.

Do you think they have the right to choose what they eat here? Meals are set in advance. They suggest 
food they cannot eat. It’s only their desires. We think of safety, difficulties eating it, and can others eat 
it, too. (NSH, health worker, S2).
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The monthly resident meeting (with low attendance) was a regular activity bringing together 
superintendent, social worker, nurses and families. But these were largely symbolic rather 
than actively managed to ensure optimal attendance and a contribution from all. Over time, 
families learned to recognize and approach individual staff with whom residents had forged 
relationships on a one-to-one level to get updates about the resident’s daily care. While staff 
believed that families must be told of the resident’s current lifestyle and condition, there was 
a perception among staff that building relationships with families was difficult because they 
were very busy people with little time to spend wanting to know about the home. In fact, to 
the contrary, some families were highly interested in what went on at the home, and took the 
limited opportunities to interact with the staff:

I want to know what’s happening here and its development, whether it’ll build 10 more floors or cut the 
manpower. There’s no channel to converse with them. (NSH, son, R2).

Generally families were in agreement that residents should make their own decisions with the 
families’ role being to present opinions and offer different choices to them:

You must rely on yourself and make your own decision. The decisions are still made by the elders. Apart 
from meal times, things like resting, getting up, brushing teeth and washing face can be decided by him. 
(NSH, wife, R1).

Overall, and despite the obvious limitations, especially in home three it was felt that the resi-
dent should still be given choice to make decisions:

He can make many decisions and do things for himself. It’s just the physical functioning of his upper 
and lower limbs are degenerating. There’s no problem with his ability to be reason and think logically. 
When you give him choices, he can still make a decision on what choice he wants. (NSH, son, R2).

In reality, there were few opportunities for discretionary choice in home three and despite 
the constrained-rigid leadership style that enforced staff to regularly report the resident’s 
progress to families blunders did occur that affected family-staff relationships and impacted 
the families’ level of confidence in staffs’ decision-making. Unlike the other two homes which 
were praised for providing families with reassurance, unsatisfactory blunders in handling 
the residents’ health and medical concerns, including mismanagement of follow-up appoint-
ments and communication breakdown among staff, were beginning to surface at home three 
and resulted in families becoming dissatisfied. Misunderstanding often arose when messages 
about the resident’s care were not always correctly conveyed. Moreover, as families were not 
formally informed about different staff members’ roles, they formed their own perceptions of 
staff’s job responsibilities that were not always correct. This could result in further confusion 
and misunderstanding.

4. Discussion: decision-making processes and patterns of residents

The findings generated served to provide an in-depth understanding of the decision-making 
experiences of older people residing in residential care homes in HK, and the roles and level 
of involvement family members and care providers in supporting them, or not, to meet their 
wishes and preferences. Based on the vivid accounts of experiences that were described by 
the participants, the patterns of decision-making in the homes were shaped by three processes 
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and six elements. This provided an understanding of how daily life decisions were made, 
from entry into the home to continuing to be involved in decision-making after becoming 
familiar with the homes. At the heart of the findings lies the extent to which residents were 
able to negotiate daily decisions in their life or whether they were required to compromise 
their needs and accept the routines of the home itself.

Across the homes the decision-making processes and related patterns of Chinese residents 
revealed the influence of staff and family members, as opposed to residents solely making 
autonomous decisions. This supports the definition of Circielli [17], who defined decision-
making as ‘a process where individuals … make them (decisions) with others in dyads or 
groups’ (p. 33). This was true for most of the residents in this study. Residents proceeded 
through three decision-making processes: ‘making the unknown familiar’, ‘finding out what I 
can do and want’, and ‘negotiating-compromising the past to fit the present’ to become famil-
iar with the home first before becoming involved in daily life decisions.

‘Making the unknown familiar’ was the first process concerned with assisting residents and 
families to settle in by using strategies to accompany, supervise, tell and observe. It marks 
the process of learning from staff to become familiar with the routines, rules and policies of 
what was possible and allowed. While this provided limited opportunities for residents to 
participate in decision-making, it was important in laying the grounds for different decision-
making patterns that developed when residents were engaged in later decision-making. 
Practices across the homes were in place to facilitate the processes of telling and observing 
the residents. Whilst they varied somewhat across the homes, these systems were intended 
to enable more staff to know about the residents’ health condition, personality, preferences, 
and desires to be involved, and thereby begin to form judgments of the resident’s decision-
making ability and potential, and the degree of supervision/help to provide. These systems 
emphasized interaction with the residents to get to know their needs. However, especially 
in the early period discussion and information exchange tended to be brief and superfi-
cial as both staff and residents described the challenges of finding time to talk in the busy 
regime. Indeed rather than focusing on individual needs processes served to reinforce the 
importance of group living and forming reciprocal relationships with everyone to maintain 
harmony and cooperation. It was in this interaction that the balance between negotiation, 
partial and total compromise emerged. It was not surprising for residents, especially in home 
three and to a lesser in extent in home two, to perceive that decision-making was primarily 
made by staff and there was no longer a need to make major decisions now that they were 
institutionalized. As families were new to the setting, like the residents they had to settle in, 
and relied on staff to tell them the ‘rules’.

There is relatively more literature concerning the process of ‘making the unknown familiar’ 
compared with the other two processes, with literature highlighting the need to ease the tran-
sition to a care home for newly-admitted residents [36–39]. These studies emphasize that the 
pressure and losses surrounding the move into the home should be offset by providing appro-
priate information and support to enable residents and families to play a full and active role 
in the life of the home. In easing the transition, O’May [38] mentions being able to ‘maintain 
ownership of decisions about the future’, although says little about what these decisions can 
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include. She suggests that residents and families should be involved in initiatives to consider 
the homes as a positive choice, such as facilitating trial visits. Clearly this did not happen in 
the present study.

Of some resonance to this current study, but taking a different approach to ‘familiarity’ is the 
work by Reed and Payton [40] which described ‘constructing familiarity’ as an active process 
undertaken by residents to adapt to the new home environment over a six-month period. 
Based on the sparse information that was usually obtained on arrival, residents were found 
to actively create their own knowledge of the home and focused their efforts on constructing 
relationships with fellow residents in order to make the home less strange. The authors sug-
gest that ‘constructing familiarity’ is a potential useful strategy for dealing positively with a 
major disruption in a person’s life; in this case, moving into the homes. The findings were 
limited to a consideration of residents’ knowledge of the physical locality of the home and 
residents who lived there, with other aspects of adjustment to daily life such as physical 
needs not being considered. In contrast to this study, gaining familiarity in the homes was 
primarily concerned with an overall understanding of their daily operation and its influence 
on all aspects of the resident’s life, from which residents could begin to examine their own 
decision-making potential.

Clearly ‘familiarity’ is a potentially important concept that needs more careful elucidation as 
to its meaning and how this unfolds over time. This study focused on the period immediately 
following admission up until 3 months. The process of gaining familiarity may, as already 
noted, begins before entry and continues beyond 3 months. The literature would suggest that 
familiarity is important in a time period varying from a few weeks prior to a move to up to 
6 months post-move [41–42]. There are benefits in involving residents earlier and becoming 
familiar with the home before becoming a resident.

‘Finding out what I can do and want’ was the second process in exploring residents’ capabil-
ities, expectations, and preferences in making some decisions through the processes of ‘trial 
and error testing’ and ‘asking and questioning’. The processes of trial and error marked 
the onset of negotiation. While residents were still settling into the home, negotiating and 
compromising did not feature in the earlier processes of ‘observing’, ‘being told’ and ‘trial 
and error testing’. Therefore, the key processes of negotiating-compromising emerged when 
they began ‘asking and questioning’. An interesting finding was that not all residents had 
expectations to make changes, but they all aspired to find out their capabilities and when 
would they be able to perform activities alone, and when supervised assistance was needed. 
This suggested that it was less important for residents to make decisions solely on their own, 
but rather by knowing the possibilities they could make a choice about whether to pursue 
independent action or to let staff do things for them. The main activities residents liked 
was the opportunity to perform alone or with minimal supervision related to physical care, 
and making personal possessions/purchases. Only when residents had a chance to trial an 
activity and were absolutely sure of their competence, would they consider proceeding to 
negotiate with staff. In situations when they were less competent to go it alone or did not 
think that they would be allowed to do so, they allowed staff to intervene and compromises 
were made. Little is known in the existing literature about how these negotiations occur and 
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and six elements. This provided an understanding of how daily life decisions were made, 
from entry into the home to continuing to be involved in decision-making after becoming 
familiar with the homes. At the heart of the findings lies the extent to which residents were 
able to negotiate daily decisions in their life or whether they were required to compromise 
their needs and accept the routines of the home itself.

Across the homes the decision-making processes and related patterns of Chinese residents 
revealed the influence of staff and family members, as opposed to residents solely making 
autonomous decisions. This supports the definition of Circielli [17], who defined decision-
making as ‘a process where individuals … make them (decisions) with others in dyads or 
groups’ (p. 33). This was true for most of the residents in this study. Residents proceeded 
through three decision-making processes: ‘making the unknown familiar’, ‘finding out what I 
can do and want’, and ‘negotiating-compromising the past to fit the present’ to become famil-
iar with the home first before becoming involved in daily life decisions.

‘Making the unknown familiar’ was the first process concerned with assisting residents and 
families to settle in by using strategies to accompany, supervise, tell and observe. It marks 
the process of learning from staff to become familiar with the routines, rules and policies of 
what was possible and allowed. While this provided limited opportunities for residents to 
participate in decision-making, it was important in laying the grounds for different decision-
making patterns that developed when residents were engaged in later decision-making. 
Practices across the homes were in place to facilitate the processes of telling and observing 
the residents. Whilst they varied somewhat across the homes, these systems were intended 
to enable more staff to know about the residents’ health condition, personality, preferences, 
and desires to be involved, and thereby begin to form judgments of the resident’s decision-
making ability and potential, and the degree of supervision/help to provide. These systems 
emphasized interaction with the residents to get to know their needs. However, especially 
in the early period discussion and information exchange tended to be brief and superfi-
cial as both staff and residents described the challenges of finding time to talk in the busy 
regime. Indeed rather than focusing on individual needs processes served to reinforce the 
importance of group living and forming reciprocal relationships with everyone to maintain 
harmony and cooperation. It was in this interaction that the balance between negotiation, 
partial and total compromise emerged. It was not surprising for residents, especially in home 
three and to a lesser in extent in home two, to perceive that decision-making was primarily 
made by staff and there was no longer a need to make major decisions now that they were 
institutionalized. As families were new to the setting, like the residents they had to settle in, 
and relied on staff to tell them the ‘rules’.

There is relatively more literature concerning the process of ‘making the unknown familiar’ 
compared with the other two processes, with literature highlighting the need to ease the tran-
sition to a care home for newly-admitted residents [36–39]. These studies emphasize that the 
pressure and losses surrounding the move into the home should be offset by providing appro-
priate information and support to enable residents and families to play a full and active role 
in the life of the home. In easing the transition, O’May [38] mentions being able to ‘maintain 
ownership of decisions about the future’, although says little about what these decisions can 
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include. She suggests that residents and families should be involved in initiatives to consider 
the homes as a positive choice, such as facilitating trial visits. Clearly this did not happen in 
the present study.

Of some resonance to this current study, but taking a different approach to ‘familiarity’ is the 
work by Reed and Payton [40] which described ‘constructing familiarity’ as an active process 
undertaken by residents to adapt to the new home environment over a six-month period. 
Based on the sparse information that was usually obtained on arrival, residents were found 
to actively create their own knowledge of the home and focused their efforts on constructing 
relationships with fellow residents in order to make the home less strange. The authors sug-
gest that ‘constructing familiarity’ is a potential useful strategy for dealing positively with a 
major disruption in a person’s life; in this case, moving into the homes. The findings were 
limited to a consideration of residents’ knowledge of the physical locality of the home and 
residents who lived there, with other aspects of adjustment to daily life such as physical 
needs not being considered. In contrast to this study, gaining familiarity in the homes was 
primarily concerned with an overall understanding of their daily operation and its influence 
on all aspects of the resident’s life, from which residents could begin to examine their own 
decision-making potential.

Clearly ‘familiarity’ is a potentially important concept that needs more careful elucidation as 
to its meaning and how this unfolds over time. This study focused on the period immediately 
following admission up until 3 months. The process of gaining familiarity may, as already 
noted, begins before entry and continues beyond 3 months. The literature would suggest that 
familiarity is important in a time period varying from a few weeks prior to a move to up to 
6 months post-move [41–42]. There are benefits in involving residents earlier and becoming 
familiar with the home before becoming a resident.

‘Finding out what I can do and want’ was the second process in exploring residents’ capabil-
ities, expectations, and preferences in making some decisions through the processes of ‘trial 
and error testing’ and ‘asking and questioning’. The processes of trial and error marked 
the onset of negotiation. While residents were still settling into the home, negotiating and 
compromising did not feature in the earlier processes of ‘observing’, ‘being told’ and ‘trial 
and error testing’. Therefore, the key processes of negotiating-compromising emerged when 
they began ‘asking and questioning’. An interesting finding was that not all residents had 
expectations to make changes, but they all aspired to find out their capabilities and when 
would they be able to perform activities alone, and when supervised assistance was needed. 
This suggested that it was less important for residents to make decisions solely on their own, 
but rather by knowing the possibilities they could make a choice about whether to pursue 
independent action or to let staff do things for them. The main activities residents liked 
was the opportunity to perform alone or with minimal supervision related to physical care, 
and making personal possessions/purchases. Only when residents had a chance to trial an 
activity and were absolutely sure of their competence, would they consider proceeding to 
negotiate with staff. In situations when they were less competent to go it alone or did not 
think that they would be allowed to do so, they allowed staff to intervene and compromises 
were made. Little is known in the existing literature about how these negotiations occur and 
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the findings from this study have important implications for those involved in determining 
resident’s decision-making abilities and potential following entry to residential care homes. 
These findings challenge beliefs from other studies in HK that all residents are willing to 
accept help from staff, and are happy being passive recipients of care, and to conform to 
the dependent role [43]. This perception is in consistent with Confucian ethics and moral 
obligations to assist and take good care of chronically ill Chinese older people in old age 
[44–45]. This did not seem appropriate to many residents in this study. Indeed, only those 
residents in home three were seen to be less active in seeking to perform personal tasks and 
apparently wanted to be cared for. But this may primarily have been the result of their early 
learning about the strict ‘regime’ implemented in this home. An exploratory study by Low 
et al. [46] had already indicated that many Chinese residents were using their own efforts to 
support themselves in the homes. Yet, there is again a tension here between residents want-
ing to maintain privacy in their lives and the Chinese cultural belief in maintaining balance 
and harmony in relationships. Such findings shed new insights into the creation of social 
identity and acceptable behaviors for older people in care homes within a Chinese cultural 
context.

In understanding resident’s decision-making potential and abilities, findings of this current 
study demonstrate the delicate processes of negotiation and compromise necessary in order 
to successfully ‘negotiate-compromise the past to fit the present’ so as to create a way of life 
that would be familiar and comfortable for the residents. The actions of the resident, family 
and staff enacted within the dominant pattern of decision-making in the home shaped the 
extent to which the resident’s wishes were either accommodated or compromised. Residents 
challenged boundaries of the rules and policies of the home to enable them to make judg-
ments about how much flexibility and control they could have over aspects of their lives. In 
many circumstances, efforts were abandoned as they complied with the prevailing practice of 
the home. This often followed a process of negotiating and compromising with their requests 
until an agreed decision was reached. Findings from this current study revealed that when 
homes operated a rigid-constrained regime, discussions and negotiations were minimal and 
after experiencing early failure no more efforts were made by the residents to suggest further 
changes to their lifestyle. This raises important questions about the extent to which residents 
can operate with a degree of independence or whether in reality the needs of the ‘home’ will 
largely always hold sway.

A number of studies have explored the experiences and well-being of the resilient older per-
son who is relatively active in retaining their unique identity when faced with major threats in 
later life [47–50]. Among older people receiving long-term community care, Janssen et al. [49] 
identified sources of strengths to buffer against stressful situations. These are:

• Individual domain: refers to a person’s qualities (e.g. beliefs about own competence, efforts 
to exert control, capacity to understand own situation),

• Interactional domain: refers to an older person’s cooperation and interaction with others to 
achieve personal goals, and.

• Contextual domain: refers to political-societal level (e.g. accessibility to care and available 
material resources).
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The first two domains are of particular relevance to residents in the homes as they capture the 
dynamic interaction between individual and interactional elements of negotiation/compro-
mise found in this study. An important consideration is the implicit dilemma of when to hold 
on and retain control of the situation and when to relinquish that control to others. Paying 
sensitive attention to understanding an individual person’s personal qualities and attributes 
may be necessary to help assess resilience capabilities and enable residents to continue main-
taining a degree of independence [49]. Home staff could learn much from this.

Similar to the results from this study Cook [47] concludes that ‘participants (are) engaged in 
deliberate decision-making and careful planning to influence their life in the home’ (p. 271); 
for example, modifying their own space, and introducing personal items. Whilst continuing 
to participate in the daily life in care homes, she revealed how frail residents tried to actively 
reconstruct their life to do the things that were important to them in order to retain their 
unique identity to ‘live meaningful, purposeful and enjoyable lives’ (p. 270). In the process of 
reconstructing a new home life, they implemented three resident-led strategies:

• Resident-initiated/resident implemented strategies: the person identifies what is needed to 
influence their life and takes action to achieve them.

• Resident initiated/other executed strategies: the person identifies what needs to take place 
and seeks support from staff, family and friends.

• Resident negotiation to identify possibilities for living in the home and ways to achieve 
these: the person participates in decision-making processes such as care planning and resi-
dent committees with staff to influence their home life.

These strategies above resonate with the decision-making patterns emerging from this study 
but in the Hong Kong context there appeared to be more emphasis on the second set of strate-
gies. Cook [47] mentions that residents may know their needs, but their influence in meeting 
them may be reduced, and therefore there is a reliance on others to help them to follow up on 
the negotiated issue or to compromise their decisions. Conversely, in situations where residents 
were less competent to go it alone, they allowed staff to intervene and compromises were made.

5. Conclusion

The wider literature on decision-making highlights the analytical deductive or the intuitive 
decision-making approaches to reaching decisions [51]. While the intuitive approach is a 
quicker, relies on non-analytical reasoning, and makes association with prior learning/mem-
ory of similar situations that is context based, the analytical deductive approach is in contrast 
slower, rule based, systematic logical thinking and context-free [52]. Findings of this study 
identified that daily lifestyle decisions were residents’ main concerns and that in reality deci-
sions involved a combination of both approaches. Residents have to learn the new ‘context’, 
compare it with similar experiences (usually often limited) as well as becoming familiar with 
the rules, both implicit and explicit operating in the homes. If things are to improve there is 
a need for far greater awareness among families and staff of the delicate processes at play. It 
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the findings from this study have important implications for those involved in determining 
resident’s decision-making abilities and potential following entry to residential care homes. 
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the home. This often followed a process of negotiating and compromising with their requests 
until an agreed decision was reached. Findings from this current study revealed that when 
homes operated a rigid-constrained regime, discussions and negotiations were minimal and 
after experiencing early failure no more efforts were made by the residents to suggest further 
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to exert control, capacity to understand own situation),

• Interactional domain: refers to an older person’s cooperation and interaction with others to 
achieve personal goals, and.

• Contextual domain: refers to political-societal level (e.g. accessibility to care and available 
material resources).
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These strategies above resonate with the decision-making patterns emerging from this study 
but in the Hong Kong context there appeared to be more emphasis on the second set of strate-
gies. Cook [47] mentions that residents may know their needs, but their influence in meeting 
them may be reduced, and therefore there is a reliance on others to help them to follow up on 
the negotiated issue or to compromise their decisions. Conversely, in situations where residents 
were less competent to go it alone, they allowed staff to intervene and compromises were made.
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The wider literature on decision-making highlights the analytical deductive or the intuitive 
decision-making approaches to reaching decisions [51]. While the intuitive approach is a 
quicker, relies on non-analytical reasoning, and makes association with prior learning/mem-
ory of similar situations that is context based, the analytical deductive approach is in contrast 
slower, rule based, systematic logical thinking and context-free [52]. Findings of this study 
identified that daily lifestyle decisions were residents’ main concerns and that in reality deci-
sions involved a combination of both approaches. Residents have to learn the new ‘context’, 
compare it with similar experiences (usually often limited) as well as becoming familiar with 
the rules, both implicit and explicit operating in the homes. If things are to improve there is 
a need for far greater awareness among families and staff of the delicate processes at play. It 
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is to be hoped that this study has begun to provide just some insights for instigating future 
improvements in residential care homes for older people.
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Abstract

A rather new and somewhat unusual concept connects brain functions to gut microbiota. 
It is called “gut-brain axis” (or “microbiota-gut-brain axis”) and states that probiotics 
consumption and a healthy gut microbiota positively influence brain functions related 
to behavior and cognition. Synergistic with a low chronic grade peripheral inflamma-
tion, this faulty barrier exposes the aged brain to negative extra-cerebral signals. Given 
the quasi-constant failure of pharmacological treatments in neurodegenerative diseases, 
increased interest is directed toward allopathic medicine, including dietary supplements. 
Interplay between gut microbiota and central nervous system by immune, neural and 
metabolic pathways is being explored as a possible modulator of cognitive impairment 
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1. Introduction

In recent years, great progress has been made in characterizing bidirectional interactions 
between central nervous system (CNS), enteric nervous system and gastrointestinal tract. 
Dr Michael Gershon has defined the gut as “the second brain” [1] for several reasons: the 
enteric nervous system may function autonomously (it is capable of reflexes in the absence of 
CNS input), it can communicate with CNS through the parasympathetic (via vagal nerve) and 
sympathetic (via paravertebral ganglia) nervous system and is susceptible to neurotrophic 
and neuromodulators signaling.

The term gut-brain axis is often extended to include the role of intestinal flora in the system, 
in which case the axis is called microbiota-gut-brain axis. The microbiota is not limited to bac-
teria but also includes protozoa, fungi, nematodes and viruses, so that in the intestinal tract 
there are over 1000 species of bacteria out of a total of approximately 100 trillion organisms 
[2]. To maintain the homeostasis of such complex system, permanent correlation between the 
gut and the brain is essential.

The gastrointestinal microbiota has a symbiotic relationship with enteric cells and contributes 
to basic physiological processes such as digestion, growth and immune defense. The com-
position of an individual’s microbiota depends on the mode of delivery at birth, genetic pre-
disposition, age, nutrition, physical activity, environmental factors, stress, infections, other 
diseases and the use of antibiotics [3].

Gut microbiota can influence the functioning of the CNS by the ability to synthesize 
or mimic some molecules such as host-signaling neuroactive molecules, for example, 
acetylcholine, catecholamine, g-aminobutyric acid (GABA), histamine, melatonin and 
serotonin [4]. Conversely, the composition of the microbiota is influenced by emotional 
and psychological stress [5], resulting, for example, in the decrease in Lactobacilli spe-
cies or the increase of Clostridium species [6, 7]. Although communication between the 
components of the microbiota-gut-brain axis has been well established by preclinical 
and clinical studies (excellently reviewed in [8–11]), the exact mechanisms by which 
this communication is made remains largely unknown. The interest in this research area 
began to consistently grow since the early 2000s, when one of the first papers to be pub-
lished showed that germ-free (GF) mice exhibit an exaggerated hypothalamus-pituitary 
axis (HPA) response to stress compared to a normal mouse [12]. These results were later 
on confirmed by other studies on rodents grown in a germ-free (GF) environment that 
showed how gut microbiota influences the development of emotional behavior, stress 
and pain systems modulation, and the functioning of neurotransmitter systems in the 
brain [13, 14]. This communication between gut and brain was proven to be dependent 
on at least two elements such as vagus nerve signaling and specific bacterial species 
[15–18]. Further on, the influence of gut microbiota composition on high cognitive pro-
cesses and brain chemistry [19] was demonstrated by its modulation with probiotics and 
antibiotics [10, 20].
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Studies on GF mice also highlighted another surprising relationship between gut microbiota 
and aging and in the occurrence of aging-related-diseases. It has been shown that GF mice 
live significantly longer than normal animals, probably due to the reduction of pathological 
infections, with a first report back in the mid 1960s [21], followed by others in mice [22, 23] 
Drosophila melanogaster [24], Caernohabditis elegans [25].

We shall further detail some topics related to the gut-brain axis in the elderly, like gut-brain 
alterations observed in preclinical and clinical studies, some data about neuro-nutraceu-
ticals with a focus on mechanisms and gut-brain axis modulation with a final reference to 
clinical trials.

2. Evidence-based data of gut-brain axis alteration in aged laboratory 
animals

Aging is (so far) an irreversible process which impacts on all cell populations, with several 
common denominators such as genomic instability, epigenetic alterations and oxidative stress 
[26]. It equally affects gut lining and brain cells, but it also changes the gut microbiota com-
position [27, 28] which in turn is associated with behavioral and physiological modifications. 
An anxious behavioral phenotype was observed while transferring fecal microbiota between 
two strains of mice [10]. Also, fecal microbiota transplantation from depressed patients to 
microbiota-depleted rats may have the potential to provoke behavioral and physiological 
features specific to depression, including anhedonia, anxiety-like behaviors, as well as modi-
fications in tryptophan metabolism, suggesting that gut microbiota could be an important 
player in neurobehavioral changes in the rat [29]. Reduced anxiety and depression-related 
comportment in mice were connected to dysregulated GABA signaling by metabolizing 
dietary glutamate through certain strains of Lactobacillus and Bifidobacteria [30]. Another study 
focused on the analysis of microbiota of aged mice. It is reported that, although composition 
differed significantly, there was only an insignificant overall increase in bacterial taxa, from 
that of young mice. At phylum level, the most common microbial taxa were Bacteroidetes 
and Firmicutes. A few statistically significant differences in bacterial groups were noticed 
in aged mice. At the phylum level, TM7 was significantly higher, while at family level abun-
dance less than 1%, significant increases in Porphyromondaceae, TM7 uncultured, Clostridiaceae, 
Thermoanaerobacteraceae, Desulfovibrionaceae and Oxalobacteraceae were seen in aged mice com-
pared to young. Genera Odoribacter was much higher in the aged group whereas, other bacte-
rial genera, including Butyricimonas, TM7 uncultured, Gelria, Anaerosporobacter, Clostridium 
and Oxalobacter had significant increases in aged mice. The Chao 1 index (which estimates 
species richness), the number of observed species and the phylogenetic diversity, the Shannon 
Index (alpha diversity) and beta diversity were higher in the aged compared with young 
groups. Also, gut permeability in young and aged mice prior to and after 1 h of restraint stress 
was assessed, proved that aged mice had significantly greater basal intestinal permeability 
than young mice [31].
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3. Evidence of gut-brain axis alteration in old patients

Each human organism hosts a widely diverse population of microbes that form a “metaorgan-
ism” (comprising 10 bacterial cells for every one of our own) [32]. This metaorganism, which is 
now studied thoroughly in major scientific endeavors such as Human Microbiome Project [33], 
impacts on its host as much as the human host changes it back throughout different life stages. 
Microbial diversity and intestinal microflora stability decrease with age [27, 28] and are accom-
panied by a reduction in brain function and a decrease in cognitive abilities [34, 35]. Furthermore, 
alteration of gut microbiota homeostasis, through dietary or environmental factors, can lead to 
an imbalance between symbionts and pathobionts, resulting in reduced intestinal barrier func-
tion such as a dysbiosis state can be related to subsequent metabolic and inflammatory disor-
ders, visceral pain and even alterations in brain functioning [36]. Other studies have shown 
that while the microbial composition of the gut changes with age, it is not a linear process. The 
two dominant phyla in younger persons, Bacteroides and Firmicutes, remain prominent at older 
ages, but there are supposed to be changes in the percentage of these phyla, a fact still under 
discussion. Other studies support the prevalence of potentially pathogenic bacteria (e.g. proteo-
bacteria) that are detrimental for symbiotic beneficial bacteria (e.g. species of Bifidobacteria) [37]. 
In this regard, there is an increased interest in the putative role of microbial gut in the fragility 
and vulnerability associated with the aging process.

Gut microbiota and extreme longevity are the main topics of several interesting studies. There 
are evidence that extreme aging might be supported by subdominant gut microbiota spe-
cies, along with pro-inflammatory species and health-associated taxa [38]. Another study 
was focused on long-lived Chinese people and gut microbiota, with a special reference to 
the above-mentioned study. Significant differences in community membership and structures 
between the Italian and Chinese long-living groups were observed, attributed to many factors 
such as geography, genetics, diets and DNA-extraction methods [39].

These findings emphasize the importance of sampling a healthy population, both in terms 
of age, geographic and cultural traditions in order to identify features of gut microbiomes 
signatures related to age [40].

Age-associated alterations in gut microbiota are associated with subsequent decline with 
age in the functionality of the immune system (immunosenescence) and a chronic low-
grade inflammatory status, partially due to increased intestinal permeability and increased 
colonic cytokine expression (inflammaging) [41]. The inflammaging process can undermine 
the homeostatic equilibrium and accelerate the changes in gut microbiota structure and 
composition that could be related to the progression of diseases and frailty in the elderly 
population [42].

Mabbott et al. in 2015 [43] provided an important advance in our understanding on the effects 
of aging on intestinal permeability and innate mucosal immune responsiveness in elderly 
patients. Using human terminal ileal biopsy tissues, they demonstrated that intestinal permea-
bility to solutes, but not macromolecules, was significantly increased in the intestines of elderly 
humans. Tran and Greenwood-Van Meerveld in 2013 [44] showed for the first time a pivotal 
contributing factor to geriatric vulnerability to gastrointestinal dysfunction may increase colonic 
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 permeability via age-associated remodeling of intestinal epithelial tight  junction  proteins. 
On the opposite side is a recent report by Valentini et al. that found no correlation between 
aging and increased intestinal permeability (or altered intestinal barrier), but mentioned low-
grade inflammation as a possible favoring factor [45].

Age-related physiological modifications in the gastrointestinal tract undoubtedly affect the 
gut microbiota and high susceptibility to infections becomes an inevitable consequence. The 
gut microbiota homeostasis seem to play a crucial role for the gut well-being during the aging 
process and, in this perspective, dietary control of the gut microbiota of the elderly could be 
an important target for preserving a healthy gut microbiota community [42].

4. Neuro-nutraceuticals: definition, examples and mechanisms of 
action

Nutraceuticals are defined as “food or food product that provides medical or health benefits includ-
ing the prevention and treatment of diseases” [46]. This concept is partially overlapping with 
the term “bioactive compounds” – “secondary plant metabolites eliciting pharmacological 
or toxicological effects in man and animals” [47]. Neuro-nutraceuticals are, by extrapolation, 
active compounds, obtained from food products or plants that exert effects on the CNS. They 
can be represented by vitamins, amino acids, minerals, trace elements, etc., with presumed 
health-promoting or disease-preventing effects. Oxidative stress, dysregulation of redox met-
als homeostasis and inflammation represent the main leading causes of brain aging and there-
fore the administration of antioxidant and anti-inflammatory molecules can be an important 
strategy for preventing brain aging and several brain age-related diseases such as Parkinson’s 
disease, Alzheimer’s disease, dementia and depression [48, 49].

However, the evaluation of nutraceutical efficacy and safety represents a big challenge due to 
the complex chemical compositions and multiple mode of actions [50]. Starting from chemi-
cal classification of bioactive compounds [47], several classes have been repeatedly associated 
with beneficial neurological effects. Flavonoids consist of a central three-ring structure and may 
occur as oligomers -proanthocyanidins. All compounds contain phenol groups with antioxi-
dant effect. Many different polyphenols have been reported to retard age-related declines in 
CNS function, cognition and behavior. A polyphenol with the ability to modulate a multitude 
of signaling molecules and with antibacterial, anti-inflammatory and neuroprotective proper-
ties is curcumin, the active ingredient in the spice turmeric. Curcumin acting as an antioxidant, 
anti-inflammatory and lipophilic agent can improve the cognitive functions in animal models 
and patients with Alzheimer’s disease by several mechanisms. Short-term supplementation of 
curcumin to aged rats enhanced the frequency of polysialylated cells in the dentate infragran-
ular zone and significantly improved both spatial learning and memory in adult and aged 
rats [51]. The long-term curcumin-supplemented diet had a important effects on hippocampal 
cellular proliferation, cognitive function and transcriptional responses in aged rats and this 
response is dependent of the length of curcumin treatment [52]. Curcumin administration 
supported the immune system to reduce beta-amyloid plaques, ensures the delayed degrada-
tion of neurons and decreased microglia activation resulting in the improvement of overall 
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memory [53]. Curcumin treatment could also improve the outcome of patients with traumatic 
brain injury by reducing acute activation of microglia/macrophages and neuronal apoptosis, 
demonstrated by in vivo experiments [54]. Eugenol (4-allyl-2-methoxyphenol), an antioxidant 
and anti-inflammatory molecule, found in various plants such as basil, cinnamon and other 
herbs is another nutraceutical with demonstrated roles in brain physiology. In the Drosophila 
model, eugenol manifests neuroprotective effects in acrylamide-induced neuropathy models. 
In vitro studies showed that eugenol enhanced the viability of neuroblastoma cell lines by 
reducing oxidative stress in experimental hyperglycemia. Moreover in diabetic rats, eugenol 
administration results in reduction of oxidative markers in brain with restoration of activi-
ties of mitochondrial complexes I, II and III [55, 56]. Other polyphenols (anthocyanin extract, 
pomegranate or resveratrol), exerted their anti-inflammatory effects by reducing TNF-a brain 
level and microgliosis or sirtuin activation in correlation with improving brain plasticity in 
non-transgenic AD animal models [57, 58]. Resveratrol positive effects were also related to 
the activation of AMP-activated kinase (AMPK) and the antioxidant transcription factorNrf2 
(nuclear factor (erythroid derived 2)-like 2) [59]. In a randomized, double-blind, placebo-
controlled, phase II trial of resveratrol for patients with Alzheimer’s disease, resveratrol was 
detected in cerebrospinal fluid with beneficial effects such as the alteration of Alzheimer’s dis-
ease biomarker trajectories, the preservation of blood-brain barrier integrity and the modula-
tion of the central nervous system immune response [60].

Methylxanthine alkaloids (found in coffee and cocoa) elicit stimulating neurological effects. Some 
tropane alkaloids are analgesics [61]. Aromatic compounds, terpenes/terpenoids and aliphatic mol-
ecules, particularly with low molecular weights, found in plant essential oils, were mentioned as 
free radicals scavengers and acetylcholine esterase inhibitors [62]. Some volatile oils were associ-
ated with anxiolytic and antidepressant effects, along with strong antioxidant effects [63].

Creatine is a nitrogenous organic acid found in animal tissues being involved in several crit-
ical processes in the brain such as the sustaining of energy supply, antioxidant processes 
and neuroprotection. Increased dietary intake of creatine can elevate brain creatine levels 
which can sustain cognitive function under oxidative and nitrosative stress. Several in vitro 
or even preclinical studies showed that creatine directly preserves mitochondrial function in 
adult neurodegenerative conditions [64, 65]. Clearly, mitochondrial impairment contributes 
directly and/or indirectly to the pathogenesis of numerous neurodegenerative disorders [66]. 
Exogenous creatine supplementation reduced neuronal cell loss in acute and chronic neuro-
logical diseases and promoted differentiation of neuronal precursor cells [67]. In vivo studies 
showed that maternal creatine supplementation during pregnancy protects the brain against 
the effects of severe birth asphyxia [68, 69].

A special class of food derivatives or food ingredients includes prebiotics and probiotics.

Prebiotics are defined as “nondigestible food ingredients that beneficially affect the host by 
selectively stimulating the growth or the activity of one or a limited number of bacteria 
(Bifidobacteria and Lactobacilli) in the colon” [70]. From chemical perspective, they are fruc-
tooligosaccharides, enzymatically processed in the colon with positive impact on commensal 
flora. Fermentation of prebiotics generates short-chain fatty acids [71], which exert positive 
effects on integrity of epithelial barrier, but also on brain metabolism, as discussed later.
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Probiotics are “viable microorganisms, sufficient amounts of which reach the intestine in an 
active state and thus exert positive health effects” [72]. The most commonly used probiotics 
are bacterial species (frequently, Lactobacillus and Bifidobacterium, but also some E. coli and 
Bacillus species), but the yeast Saccharomyces cerevisiae and can also be employed [73].

Both types of nutraceuticals exert positive effects beyond local, intestinal environment. 
Prebiotics were demonstrated to exhibit triglycerides and cholesterol-lowering effects [70], 
with beneficial effect on blood-brain barrier integrity and brain lipid metabolism. Among 
many local effects, it is worth mentioning that, related to gut-brain axis, probiotics modify the 
gut microbiota, which is the main determinant of tryptophan levels, the serotonin precursor, 
hence the documented effect of these food supplements as anxiety alleviators.

Throughout the next sections, some evidence of modulation of gut-brain axis with nutraceuti-
cals in the elderly will be discussed, in relationship with experimental results from preclinical 
and clinical studies.

5. Modulation of gut-brain axis with nutraceuticals in the elderly: 
evidence-based benefits in animal models

Diet and altered gut physiology, together with age-related changes in intestinal microbiome and 
a weakened immune system [74, 75] result in low-grade inflammation in the gut, that is associ-
ated with systemic release of pro-inflammatory metabolites. Finally, the inflammatory process is 
related to glial cells activation, neuroinflammation and to cognitive decline in the elderly [37, 41].

A useful model for the study of gut-brain axis is the germ-free (GF) mouse. GF mice have socially 
impaired behavior [12] and present an exaggerated stress response [76] that can be directly cor-
related with changes occurring in different regions of the brain [13], depressed neurogenesis 
[77] and prefrontal cortical hypermyelination [78]. However, preclinical studies reveal that oral 
administration of probiotics and/or nutraceuticals is sufficient to reduce anxiety-like and depres-
sive-like behaviors and to induce changes in brain chemistry [10, 79]. For example, the impaired 
microglial function in GF animals was rescued by the oral treatment with short-chain fatty acids 
[80]. Also, Distrutti et al. [81], showed that a probiotic mixture (VSL#3) induced a significant 
change in the composition of gut microbiota of aged rats and increased brain tissue expression 
of genes associated with inflammation and neural plasticity such as BDNF and synapsin.

The gut microbiome is also essential to the bioavailability of polyphenols, unsaturated fats and 
antioxidants, all of which may help protect against neuronal and cell aging under normal cir-
cumstances [82]. For example, the diet supplemented with blueberries (rich in anthocyanin 
and flavanols) improved spatial working memory in aged animals [83]. This process is accom-
panied by increases in neural stem cells proliferation, extracellular receptor kinase activation 
and increase of insulin-like growth factor-1 (IGF-1) level, the key modulator of hippocampal 
neurogenesis [84]. Also, aged rats consuming berry diets exhibited enhanced motor perfor-
mance and improved cognition, correlated with increased hippocampal neurogenesis and 
expression of IGF-1 [85].
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memory [53]. Curcumin treatment could also improve the outcome of patients with traumatic 
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selectively stimulating the growth or the activity of one or a limited number of bacteria 
(Bifidobacteria and Lactobacilli) in the colon” [70]. From chemical perspective, they are fruc-
tooligosaccharides, enzymatically processed in the colon with positive impact on commensal 
flora. Fermentation of prebiotics generates short-chain fatty acids [71], which exert positive 
effects on integrity of epithelial barrier, but also on brain metabolism, as discussed later.
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Since short-chain fatty acids (SCFA) seem to play an important role in shaping the gut micro-
biota metabolism, it was necessary to study the effect of omega-3 polyunsaturated acids (n-3 
PUFA) on cognitive decline in aging. Animal studies have shed light on their neuroprotec-
tive roles through pathways of synaptic plasticity, neuroinflammation and oxidative stress, 
evidencing also positive correlations between peripheral n-3 PUFA levels and regional gray 
matter [86]. Supplementation of n-3 PUFA increased hippocampal neurogenesis and the fatty 
acid docosahexaenoic acid (DHA—an intermediate molecule in the metabolism of eicosapen-
taenoic acid) was able to down regulate microglial activation [87]. Furthermore, age-related 
decline in c-Fos expression, that reflects neuronal response to extracellular signals such as 
growth factors and is triggered during action potentials, is attenuated by n-3 PUFA diet [88]. 
The protective role of n-3 PUFA supplementation in counteracting cognitive decline, emo-
tional dysfunctions and brain atrophy is governed by antioxidant and anti-inflammatory 
mechanisms [86, 89]. Some evidence in animal models suggested that long-term consumption 
of fish oil (rich in n-3 PUFA) may predispose the brain to lipid oxidation. The enrichment of 
fish oil with quercetin significantly attenuated behavioral impairments, restored the ROT-
induced oxidative markers, depleted dopamine levels in striatum and reduced mitochondrial 
dysfunction, offering a higher neuroprotection in animal model [90].

Phytosterols, a class of nutraceuticals derivated from plant foods, have been demonstrated to 
possess cholesterol-lowering, antioxidant effects and recently neuroprotective role on cogni-
tive deficit induced by a cholesterol-enriched diet in aged rats. The phytosterol ester (PSE) 
treatment maintained the body weight balance, reduced serum lipid levels and improved the 
cognitive performance of aged rats in the Morris water maze test. Importantly, histological 
and immunohistochemical results in the brain showed that PSE supplementation alleviates 
neuroinflammation by significantly increasing the number of pyramidal cells and decreas-
ing the number of astrocytes. Furthermore, PSE improved cholinergic activities by restoring 
the acetylcholine (ACh) content and decreasing acetylcholinesterase (AChE) activity in the 
cerebral cortex, as well as by elevating choline acetyl transferase (ChAT) activity in the hip-
pocampus and the cerebral cortex [91].

In conclusion, preclinical studies support the rationale of further clinical testing of nutritional 
strategies to improve aged brain function, including the use of bioactive compounds with 
antioxidant, anti-inflammatory or neuroprotective properties in the diet of the elderly.

6. Neuro-nutraceuticals/gut-brain axis targeting in clinical trials

The direct modulation of gut microbiome by targeted dietary and probiotic uptake seem to 
have a positive impact in treating particular age-related disorders and represent a promising 
therapeutic option for the aging process itself [28]. Well supported evidence came from find-
ings from ELDERMET, a research consortium (http://eldermet.ucc.ie) which studied and char-
acterized the gut microbiota in an Irish elderly population anti its relationship to mental health 
in aging [92]. As a consequence of a growing body of evidence regarding a positive correlation 
between the health of gut microbiota and brain health, funding for clinical research is also spent 
for study of modulation of gut-brain axis with impact on healthy aging and mental health.
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No. Clinical trial Main objective Status Reference

1 Microbiome and the gut-brain axis To examine the relationship 
between digestive tract microbes 
and mental health

Completed https://clinicaltrials.gov/
ct2/show/NCT02693327

2 Microbiome and dementia To study the role of gut 
microbiome composition and gut 
permeability in the progression of 
dementia

Recruiting https://clinicaltrials.gov/
ct2/show/NCT03167983

3 Full4Health: understanding 
food-gut-brain axis across the life 
course

To examine how dietary 
manipulation influences the 
relationship between hunger/
satiety/food preference and gut 
hormones, neural activation and 
energy metabolism

Completed https://clinicaltrials.gov/
ct2/show/NCT01597024

4 Oral fecal transplant in cirrhosis To evaluate the safety and 
tolerability of oral fecal transplant 
in patients with cirrhosis and 
hepatic encephalopathy

Recruiting https://clinicaltrials.gov/
ct2/show/NCT03152188

5 Reduced appetite in Crohn’s 
disease: the role of the brain in the 
control of food intake

To investigate the changes in 
activity in areas of the brain that 
control food intake

Recruiting https://clinicaltrials.gov/
ct2/show/NCT02772458

6 FMT treating constipation patients 
with depression and/or anxiety 
symptoms - clinical efficacy and 
potential mechanisms

To observe the clinical efficiency 
of fecal microbiota transplant and 
the role of the gut microbiome in 
treating patients with constipation, 
depression and/or anxiety

Recruiting https://clinicaltrials.gov/
ct2/show/NCT03233100

7 Prebiotic intake reduces the 
waking cortisol response

and alters emotional bias in 
healthy volunteers

To investigate the effects of two 
prebiotics on the secretion of 
cortisol and emotional response in 
healthy individuals

Completed [93]

8 A randomized, double-blind, 
placebo-controlled pilot study of a 
probiotic in emotional symptoms 
of chronic fatigue syndrome

To study how the administration 
of Lactobacillus casei strain Shirota 
affects the mood of patients with 
chronic fatigue syndrome

Completed [94]

9 Assessment of psychotropic-
like properties of a probiotic 
formulation (Lactobacillus helveticus 
R0052 and Bifidobacterium longum 
R0175) in rats and human subjects

To study the effects of probiotic 
formulations on stress, anxiety, 
depression and coping strategies 
in healthy volunteers

Completed [95]

10 A randomized controlled trial 
to test the effect of multispecies 
probiotics on cognitive reactivity 
to sad mood

To evaluate whether a multispecies 
probiotic formulation can reduce 
cognitive reactivity in non-
depressed individuals

Completed [96]

11 Metabolic effect of new foods 
through gut-brain axis

To measure the effectiveness 
of coffee melanoidins, bread 
melanoidins, beta-glucans and 
a Gentiana lutea L. extract in 
decreasing energy intake and 
modifying the physiological 
markers of satiety in the short term

Recruiting https://clinicaltrialbase.
com/study/NCT01851304/
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tional dysfunctions and brain atrophy is governed by antioxidant and anti-inflammatory 
mechanisms [86, 89]. Some evidence in animal models suggested that long-term consumption 
of fish oil (rich in n-3 PUFA) may predispose the brain to lipid oxidation. The enrichment of 
fish oil with quercetin significantly attenuated behavioral impairments, restored the ROT-
induced oxidative markers, depleted dopamine levels in striatum and reduced mitochondrial 
dysfunction, offering a higher neuroprotection in animal model [90].

Phytosterols, a class of nutraceuticals derivated from plant foods, have been demonstrated to 
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tive deficit induced by a cholesterol-enriched diet in aged rats. The phytosterol ester (PSE) 
treatment maintained the body weight balance, reduced serum lipid levels and improved the 
cognitive performance of aged rats in the Morris water maze test. Importantly, histological 
and immunohistochemical results in the brain showed that PSE supplementation alleviates 
neuroinflammation by significantly increasing the number of pyramidal cells and decreas-
ing the number of astrocytes. Furthermore, PSE improved cholinergic activities by restoring 
the acetylcholine (ACh) content and decreasing acetylcholinesterase (AChE) activity in the 
cerebral cortex, as well as by elevating choline acetyl transferase (ChAT) activity in the hip-
pocampus and the cerebral cortex [91].

In conclusion, preclinical studies support the rationale of further clinical testing of nutritional 
strategies to improve aged brain function, including the use of bioactive compounds with 
antioxidant, anti-inflammatory or neuroprotective properties in the diet of the elderly.

6. Neuro-nutraceuticals/gut-brain axis targeting in clinical trials

The direct modulation of gut microbiome by targeted dietary and probiotic uptake seem to 
have a positive impact in treating particular age-related disorders and represent a promising 
therapeutic option for the aging process itself [28]. Well supported evidence came from find-
ings from ELDERMET, a research consortium (http://eldermet.ucc.ie) which studied and char-
acterized the gut microbiota in an Irish elderly population anti its relationship to mental health 
in aging [92]. As a consequence of a growing body of evidence regarding a positive correlation 
between the health of gut microbiota and brain health, funding for clinical research is also spent 
for study of modulation of gut-brain axis with impact on healthy aging and mental health.
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Clinical trials targeting not only the cross-talk between the gut microbiota and the central 
nervous system focus on its association with various neuropsychiatric and neurodegenerative 
disorders (anxiety, depression, dementia, etc.), but also on its involvement in the regulation 
of hunger/satiety and in pathologies affecting the digestive tract (Table 1). The therapeutic 
solutions investigated these clinical trials involve the use of prebiotics and probiotics, dietary 
changes and fecal microbiota transplant.

Reports of already completed trials support the findings of preclinical trials, demonstrating 
that modulation of gut microbiota results in anxiolytic effect without a direct intervention 
on neurotransmitter circuitries. For example, the reported results of Schmidt et al. [93], after 
completion of trial, supported previous evidence that fructooligosaccharides, or Bimuno®-
galactooligosaccharides supplementation lowered neuroendocrine stress response, measured 
by cortisol awakening response. Rao et al. [94] reported that supplementation with specific 
lactic acid probiotic bacteria for 8 weeks improved the anxiety scores of patients with chronic 
fatigue syndrome. A complex report by Messaoudi et al. [95], involving both laboratory rats 
as well as healthy human volunteers showed that supplementation with a combination of 
Lactobacillus helveticus and Bifidobacterium longum displayed beneficial psychological effect. 
Finally, a recent publication regarding the effect of “4-week multispecies probiotics interven-
tion showed a significantly reduced overall cognitive reactivity to sad mood”, [96]. These 
results open a promising avenue not only for age-related mental disorders, but also for selected 
cases of psychiatric pathologies.

7. Conclusions

Gut-brain axis is a bidirectional chemical network sending information between the intestine and 
the brain via soluble, chemical messages as well as nervous sympathetic and  parasympathetic 

No. Clinical trial Main objective Status Reference

12 FMT for patients with IBS with 
fecal and mucosal microbiota 
assessment

To assess the efficiency of fecal 
microbiota transplant in treating 
irritable bowel syndrome

Recruiting https://clinicaltrialbase.
com/study/NCT03125564/

13 Effects of green-MED diet via the 
gut-fat-brain axis

To investigate the effect of 
a Mediterranean diet low in 
processed meat on the gut 
microbiota and age-related 
declines (changes in adiposity, 
cognitive function and 
cardiometabolic risk)

Recruiting https://clinicaltrialbase.
com/study/NCT03020186/

14 The clinical research on the 
relationship between circadian 
rhythm and gut microbiota in TBI 
patients

To examine whether the gut 
microbiota is involved in the 
modulation of sleep disorders 
in patients with brain traumatic 
injury

Recruiting https://clinicaltrialbase.
com/study/NCT02849028/

Table 1. Clinical trials related to investigation of gut-brain axis in relationship with mental health.
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inputs. A third player with a determinant role in the health of both systems is the gut micro-
biota. Aging affects all players of the microbiota-gut-brain axis, leading to modified com-
position of bacterial taxa, chronic low-grade inflammation, modified intestinal metabolism, 
resulting in diminished availability of neurotransmitters or neurotransmitter precursors and 
short-chain fatty acids. Along with synaptic impairment, oxidative stress and neuroinflam-
mation, aging leads to behavior alterations, anxiety and cognitive impairment. Interventions 
on gut-brain axis with nutraceuticals (food or food-derived products that have putative bene-
ficial effects) alleviate some age-associated behavioral and cognitive alterations, as repeatedly 
demonstrated in animal models. Recently, clinical trials have begun to explore the beneficial 
effect of gut-brain axis modulation, in mood or cognition-associated disorders. Upon reports 
of positive results, gut-brain axis emerges as an important, easy to access target for promoting 
a healthy brain aging.
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nervous system focus on its association with various neuropsychiatric and neurodegenerative 
disorders (anxiety, depression, dementia, etc.), but also on its involvement in the regulation 
of hunger/satiety and in pathologies affecting the digestive tract (Table 1). The therapeutic 
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of positive results, gut-brain axis emerges as an important, easy to access target for promoting 
a healthy brain aging.
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