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Preface

Geriatrics is a topic of great interest in medicine and among the general public. In 
several countries, the increase in life expectancy has made the elderly the fastest-
growing segment of the population. The numbers of geriatric persons are increasing 
worldwide, which means there will also be an increase in their health needs as well. 
The geriatric population experiences significant alterations of numerous organ 
systems as a result of the aging process. They also have several co-morbidities 
including hypertension, cardiac disease, diabetes, cerebrovascular disease, and 
renal dysfunction, to name a few.

The geriatric population is quickly growing and living longer, and thus surgical 
demand for both elective and emergent cases is estimated to increase significantly. 
Caring for geriatric patients is complicated, requiring a balance between physiologi-
cal and psychological alterations. Geriatric patients are vulnerable and especially 
sensitive to the stress of trauma, surgery, and anesthesia.

Written by experts in the field, this book presents practical knowledge of geriatrics 
from multiple points of view. I would like to thank these experts for their contri-
butions. I am also grateful to IntechOpen and Mr. Mateo Pulko for their help in 
publishing this book.

Somchai Amornyotin MD, FRCAT
Professor,

Department of Anesthesiology,
Faculty of Medicine Siriraj Hospital,

Mahidol University,
Bangkok, Thailand
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Chapter 1

The Centenarians: An Emerging 
Population
Hassan M. Heshmati

Abstract

Long life is a topic of great interest in medicine and among the general public. 
The “successful aging” which is a high priority for individuals and societies, 
is aging without any disabilities and severe diseases. In several countries, the 
increase in life expectancy has led the very old to become the fastest growing seg-
ment of the population. Centenarians are subjects living 100 years or older. The 
majority of centenarians are females (female to male ratio around 3.6/1). A very 
small fraction of centenarians (up to 0.5%) will live 110 years or older (supercen-
tenarians). Most centenarians have managed to avoid, postpone, or overcome the 
important age-related and life-threatening diseases and disabilities (e.g., ischemic 
heart disease, stroke, chronic obstructive pulmonary disease, cancer, respiratory 
infection, type 2 diabetes, osteoporosis, and dementia). Some forecasts suggest 
that most babies born in developed countries since 2000 will become centenari-
ans. In 2020, the number of centenarians in the world was approximately 573,000, 
mainly from the United States of America (USA). This number could reach 
approximately 3,676,000 by 2050. In the absence of the genetic predisposition 
to become centenarian, there are several ways to extend longevity (e.g., lifestyle, 
reduction of several life-threatening diseases and disabilities, hormonal replace-
ment or blockade, antioxidants, maintenance of a proper autophagic activity, 
stem cell therapy, and gene therapy). The continuous increase of the number of 
centenarians has worldwide practical implications including profound impact on 
intergenerational interactions and significant financial challenges for any society, 
especially in relation to medical expenses.

Keywords: centenarians, supercentenarians, longevity, genetics, emerging 
population

1. Introduction

Long life is a topic of great interest in medicine and among the general public. In 
several countries, the increase in life expectancy has led the very old to become the 
fastest growing segment of the population [1–4]. Centenarians are subjects living 
100 years or older. Most centenarians have managed to avoid, postpone, or over-
come the important age-related and life-threatening diseases [3, 5, 6].

The continuous increase of the number of centenarians has worldwide practi-
cal implications including profound impact on intergenerational interactions and 
significant financial challenges for any society, especially in relation to medical 
expenses.
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2. Aging and lifespan

Aging is a natural universal phenomenon affecting all living organisms (e.g., 
plants, animals, and humans). It is a progressive deterioration of the cell and 
organ functioning due to damage accumulation over time. The exact underlying 
mechanisms of aging at the cellular level are not fully understood. The most popular 
theory is the free radical theory [7].

Lifespan is a biological characteristic of every species. However, it can be 
modified by mutations or by a variety of interventions (e.g., lifestyle, pharmaco-
logical, stem cell, and genetic interventions) [8–24].

Lifespan of living organisms ranges from few hours (animals) to few thousand 
years (plants). Phenotypic plasticity can affect the long lifespan of both plants and 
animals [25].

2.1 Plants

The lifespan in plants ranges from few weeks to few thousand years. Bristlecone 
pine (Pinus longaeva), a tree found in the higher mountains of California (USA), is 
among the plants with the longest lifespan (around 5,000 years) (Figure 1).

2.2 Animals

The lifespan in animals is between few hours to few hundred years. The shortest 
lifespan is seen with mayfly (up to 24 hours). The longest lifespan is observed with clam 
(more than 400 years). Ming the clam was the oldest clams ever discovered (507 years 
old). Ming was accidentally killed in 2006 during a fact-finding mission (Figure 2).

Figure 1. 
Bristlecone pine (Pinus longaeva) can live around 5,000 years (Picture downloaded from the internet “Google 
Images”).

Figure 2. 
Ming the clam lived 507 years (Picture downloaded from the internet “Google Images”).
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2.3 Humans

The theoretical lifespan in humans is around 120 years. However, very few 
individuals reach this theoretical age since several events can impact longevity 
(e.g., diseases, suicide, accident, and war).

Human aging results from accumulation of genetic, molecular, and cellular 
damages. It is a multifactorial process. There are several theories explaining the 
aging phenomenon. The most wildly accepted theory of aging is the free radical 
theory [7]. According to this theory, continuous, unrepaired oxidative damage of 
macromolecules constitutes the molecular basis of aging.

Aging and lifespan are influenced by multiple factors including genetic, 
epigenetic, lifestyle, environmental, metabolic, and endocrine factors  
[3, 8–14, 21, 26–41].

Extending longevity while keeping health and vitality has been a dream for 
mankind since ancient times. The “successful aging” which is a high priority for 
individuals and societies, is aging without any disabilities and severe diseases [42, 43]. 
The fountain of youth is a mythical spring capable of restoring the youth of anyone 
who drinks or bathes in its water (Figure 3).

2.3.1 Physiological changes associated with aging

With aging, there is a gradual, time-dependent, and heterogeneous decline 
of physiological functions (Figure 4). The human body goes through multiple 
physiological changes including an overall decrease in the size of organs (e.g., brain 
shrinkage), endothelial pro-atherosclerotic changes, ovarian atrophy, osteopenia 
(predominantly in women), sarcopenia (mainly in the lower body), adipose 
tissue enlargement (mostly visceral fat), and skin atrophy (especially in women) 
(non-exhaustive list) [9, 10, 32, 41]. Some changes are very subtle (within normal 
ranges) with no or unknown clinical consequences. Lifestyle conditions (e.g., diet, 
exercise, and medications) and environmental factors (e.g., noise, temperature, 
and air quality) can delay or potentiate these changes.

Autophagy (“self-eating”) is a major protein turnover pathway where cellular 
components are delivered into the lysosomes for degradation and recycling. It 
maintains cellular homeostasis under stress conditions. The autophagic activity 
decreases in aging individuals [21].

Figure 3. 
The fountain of youth (from Erhard Schön, 1525) is a mythical remedy to aging (Picture downloaded from the 
internet “Google Images”).
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Mitochondria are major contributors to the maintenance of energy homeostasis. 
They are important sources of reactive oxygen species (ROS) generation. ROS can 
cause oxidation of macromolecules including DNA. Aging subjects have progressive 
mitochondrial decline [10, 11, 39, 44].

Aging is associated with a mild inflammatory state that is sometimes referred 
to as “inflammaging”. This inflammatory state is characterized by increased blood 
levels of several adipokines (e.g., interleukin 6 and tumor necrosis factor alpha). 
Environmental factors can further modify the inflammatory state of aging [32].

Multiple endocrine changes occur with aging, affecting the body functions  
[9, 10, 12, 31, 35–37, 39–41, 45–49]. The hypothalamus, an endocrine structure 
located in the brain that is a master regulator of multiple hormonal secretion, plays 
a central role in aging. With aging, the sensitivity of the hypothalamus to different 
feedback signals decreases [36]. Growth hormone (GH) and insulin-like growth 
factor-1 (IGF-1) levels decline during aging [37]. According to most studies, free 
triiodothyronine (T3) levels decrease while reverse T3 (rT3) and thyroid-stimu-
lating hormone (TSH) levels increase [45–47] with aging. Significant hormonal 
change occurs in women at menopause with important reduction in estrogen (E) 
levels [48]. In men, testosterone (T) levels decrease gradually with age [40]. There 
is an important decrease in dehydroepiandrosterone (DHEA) levels in aging indi-
viduals [49]. Adipose tissue, which is the largest endocrine gland, secretes several 
adipokines. With aging, there is an increase in the levels of most adipokines (e.g., 
leptin, resistin, interleukin 6, tumor necrosis factor alpha, and adiponectin) [41].

The relevant metabolic/hormonal changes during normal aging are reported in 
Table 1.

Figure 4. 
Aging is associated with a gradual decline of different functions and performances (Picture downloaded from 
the internet “Google Images”).

Parameter Change

Mitochondrial activity Decrease (gradual)

Autophagic activity Decrease (gradual)

Inflammatory state Increase (gradual)

GH Decrease (gradual)

IGF-1 Decrease (gradual)

T3 Decrease (gradual)

rT3 Increase (gradual)

TSH Increase (subtle, at old age)

E (females) Decrease (abrupt, at menopause)

T (males) Decrease (gradual)

DHEA Decrease (gradual)

Adipokines Increase (gradual)

Insulin resistance Increase (gradual)

Table 1. 
Relevant metabolic/hormonal changes during normal aging.
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2.3.2 Genetic and epigenetic factors affecting aging and lifespan

Genes play an important role in the regulation of aging and lifespan [3, 8, 10, 
27–29, 31, 50]. Extensive number of genes (between 300 to over 700 genes) have 
been listed [28, 29]. Genes include APOE1, ATM, BCL, CETP, FOXO3A, HSPA, and 
TERC (non-exhaustive list). Genetic factors that are associated with longevity are 
heritable [27]. Several endocrine and metabolic pathways are linked genetically 
with aging and contribute to different phenotypes [31]. Multiple gene mutations 
leading to delayed aging and increased lifespan have been discovered over the last 
three decades. Many of the affected genes are components of endocrine-signaling 
pathways (e.g., GH and IGF-1 pathways).

A dramatic example of genetic impact on aging and lifespan is observed with 
Hutchinson-Gilford progeria syndrome, a rare sporadic, autosomal  
dominant syndrome that causes premature aging. In most cases, the disorder  
is due to a mutation characterized by a change from glycine GGC to glycine GGT 
in codon 608 of exon 11 of the lamin A (LMNA) gene causing the production of 
an abnormal lamin A (progerin). Progerin accumulates in cells’ nuclei and exerts 
multiple toxic effects [50]. The affected individuals generally die from myocardial 
infarction or stroke around a mean age of 15 years (Figure 5).

Epigenetic processes also influence aging and lifespan [8, 9, 11, 26, 30].

2.3.3 Lifestyle and environmental factors affecting aging and lifespan

Lifestyle (e.g., diet, sleep, smoking, exercise, stress, and medications) and 
the environment (e.g., household, social condition, noise, temperature, and  
air quality) play an important role in the aging process and lifespan (Figure 6) 
[8, 9, 26, 51].

Caloric restriction, physical fitness, and good air quality can delay aging and 
increase lifespan. Conversely, excessive food consumption, sedentary lifestyle, and 
air pollution will have a negative impact on aging and lifespan.

Figure 5. 
Subject with premature aging due to Hutchinson-Gilford progeria syndrome (Picture downloaded from the 
internet “Google Images”).
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2.3.4 Metabolic factors affecting aging and lifespan

Metabolic factors play an important role in the aging process and lifespan 
(Figure 7) [10, 11, 21, 33, 34, 39, 41, 44].

The decrease in autophagic activity observed with aging contributes to accumu-
lation of damaged macromolecules and organelles. It can aggravate age-associated 
diseases and, therefore, shorten lifespan [21].

Mitochondria play a key role in several theories of aging. The reduction in 
mitochondrial activity with aging can impact lifespan [10, 11, 39, 44].

The inflammatory state associated with aging is responsible for insulin resis-
tance. Insulin resistance is a risk factor for the development of several chronic 
disorders (e.g., obesity, type 2 diabetes, and ischemic heart disease) that are 
influencing aging and lifespan [10, 14, 42].

The amount of body fat influences health and lifespan. Both insufficient or excess 
body fat as observed in subjects with underweight or overweight/obesity have been 
reported to be associated with increased mortality and reduced lifespan [33, 34, 41].

2.3.5 Endocrine factors affecting aging and lifespan

Hormones influence the aging process and lifespan (Figure 8) [9, 10, 12, 13, 31, 
35–41, 45–49, 52–54]. Several endocrine-signaling changes occur during normal 

Figure 6. 
Lifestyle and environmental factors can affect aging and lifespan (Picture downloaded from the internet 
“Google Images”).

Figure 7. 
Metabolic factors impact aging and lifespan (Picture downloaded from the internet “Google Images”).
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aging. Some hormonal changes may be beneficial while others can be harmful. The 
role of GH in aging and lifespan has been reported in several studies [37, 38, 52]. 
Reduced GH may lead to delay aging and increased lifespan while excess GH can have 
the opposite effects. GH secretion rate in offspring of long-lived families is lower than 
controls. Thyroid hormones play an important role in aging and  lifespan. There is a 
negative correlation between thyroid hormone levels and  lifespan [39]. The timing of 
menopause, a physiological condition occurring in women around the age of 50 years 
and associated with important decrease in E levels, may affect lifespan [48]. Indeed, E 
replacement therapy can reduce mortality (increase of lifespan) in post-menopausal 
women younger than 60 years [13]. In men, low T levels are associated with increased 
mortality [40]. Treatment with DHEA decreases insulin resistance and inflammatory 
adipokines and may positively impact lifespan [53]. The elevated levels of pro-inflam-
matory adipokines (e.g., interleukin 6 and tumor necrosis factor alpha) can negatively 
impact aging and lifespan. Elevated levels of adiponectin (anti-inflammatory adipo-
kine) may be beneficial and associated with increased lifespan [41, 54].

2.3.6 Disease occurrence with aging

The “successful aging” is aging without any disabilities and severe diseases 
(extension of healthspan) [42, 43]. It is more important to promote healthier aging 
than better treat age-related diseases.

Figure 8. 
Endocrine factors influence aging and lifespan (Picture downloaded from the internet “Google Images”).

Figure 9. 
Multiple organs can be affected in aging subjects (Picture downloaded from the internet “Google Images”).
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Several geriatric syndromes (e.g., frailty) and diseases (e.g., cardiovascular dis-
ease) occur with aging and affect quality of life and longevity [19, 42]. The incidence 
of adult diseases increases with age. In subjects older than 60 years, the most common 
age-related and life-threatening diseases and disabilities are ischemic heart disease, 
stroke, chronic obstructive pulmonary disease, cancer, respiratory infection, type 
2 diabetes, osteoporosis, and dementia (non-exhaustive list) [14, 42]. The majority 
of older people may have more than one disorder. The incidence of multimorbidity 
(e.g., three or more diseases) increases exponentially with aging (Figure 9) [15]. For 
several of these conditions, the burden is greater in low-income and middle-income 
countries [42]. Some diseases (e.g., thyroid diseases) may have subtle symptoms that 
can be attributed to normal aging [55].

2.3.7 Life expectancy

At the beginning of the 20th century, life expectancy in most developed coun-
tries was between 45 and 50 years. Over the last several decades, there has been a 
gradual increase in life expectancy in most countries [27, 56]. The study of mortality 
and life expectancy in 195 countries and territories showed that globally, between 
1950 and 2017, life expectancy increased from 48.1 years to 70.5 years for men and 
from 52.9 years to 75.6 years for women [56].

In less developed countries, the increase in life expectancy is mainly the result 
of reduced mortality at younger ages. In high-income countries, the increase in life 
expectancy is mainly due to rising life expectancy in subjects who are 60 years or older.

The increase in life expectancy together with the decrease in fertility rates are 
leading to the rapid aging of populations around the world. This has important 
demographic and socio-economic consequences worldwide.

3. Centenarians

Centenarians are subjects living 100 years or older. They represent a model of 
successful aging [3, 5, 6]. Semi-supercentenarians are those who reach an age of 
105–109 years. A very small fraction of centenarians (up to 0.5%) will live 110 years 
or older (supercentenarians) [5, 30].

3.1 Prevalence

The total world population is currently around 7.8 billion and is projected to 
reach 9.9 billion by 2050. In several countries, the increase in life expectancy has 
led the very old to become the fastest growing segment of the population [1–4]. 
Some forecasts suggest that most babies born in developed countries since 2000 
will become centenarians.

Estimates of the centenarian population can be difficult since some centenar-
ians do not have birth records to confirm their age. According to United Nations 
estimates, in 2020, the number of centenarians in the world was approximately 
573,000. This number was approximately 34,000 in 1950 and could reach 
approximately 3,676,000 by 2050.

3.1.1 Prevalence by gender

The majority of centenarians are females. The female to male ratio is currently 
around 3.6/1 and is expected to be approximately 2.9/1 by 2050 (Figure 10).
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3.1.2 Prevalence by country

Currently, USA has the highest number of centenarians, followed by Japan, 
China, India, and Italy. Japan and Italy have the highest proportion of centenarians 
to the total population. By 2050, China is expected to have the largest centenarian 
population, followed by Japan, USA, Italy, and India (Table 2).

The oldest supercentenarian with well-documented age was Jeanne Louise 
Calment (1875–1997) from Arles, France who lived 122 years (Figure 11). She married 
at the age of 21 years, had one pregnancy (gave birth to a girl), and never worked. 
With the exception of migraines and bilateral cataracts, she was quite healthy and 
remained mentally sharp until the end of her life. She did daily gymnastics and was 
socially active. She never took any medication apart from aspirin for migraines. She 
enjoyed chocolate, drank a small daily amount of wine, smoke a cigarette after each 
meal, and took a nap in the afternoon. She also had a good sense of humor. To the 
question “Why do you live so long?”, she replied “Because God has forgotten me”.

Figure 10. 
Centenarians are mainly females but the female to male ratio is gradually decreasing (Picture downloaded 
from the internet “Google Images”).

Country Last Reported Number (Year) Expected Number by 2050

World 573,000 (2020) 3,676,000

USA 97,000 (2020) 378,000

Japan 80,000 (2020) 441,000

China 48,000 (2015) 620,000

India 27,000 (2015) 207,000

Italy 25,000 (2015) 216,000

Table 2. 
Number of centenarians worldwide and in top five countries (United Nations and national sources).

Figure 11. 
Jeanne Louise Calment from Arles, France (1875–1997), the oldest confirmed supercentenarian who lived 
122 years (Picture downloaded from the internet “Google Images”).
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3.2 Physiological profile

Maintenance of a proper autophagic activity may contribute to extended 
longevity. Healthy centenarians have autophagy augmentation as reflected by 
increased levels of beclin-1, a key regulator of autophagy [57].

Lower thyroid hormone levels and higher TSH levels have been reported to be 
associated with increased longevity [31, 39, 45–47]. Centenarians have higher TSH 
levels compared to controls, partly due to a genetic background [31].

Adiponectin levels are elevated in centenarians and associated with a favorable 
metabolic phenotype. They may contribute to extended longevity [41, 54].

Frailty plays an important role in health outcomes and mortality. A study of 
Chinese centenarians demonstrated that centenarians are frailer than younger 
elders. Management of frailty can help achieving healthy longevity [58]. A study of 
centenarians living in New York City (USA) showed that despite reduced levels of 
physical functioning and social resources, centenarians were in good mental health 
suggesting high resilience and ability to adapt to age-associated challenges [59].

3.3 Genetic/epigenetic profile

There is a strong genetic influence in subjects with extreme longevity  
(Figure 12) [3, 8, 10, 27, 31]. Genetic component may include several genetic 
modifiers each with modest effects, but as a group, they can have a strong impact 
[27]. Several genotypes known to influence longevity are enriched in centenar-
ians (e.g., CETP-VV and FOXO3A-T) [10]. Homozygosity in the 405VV variant 
of CETP (cholesterol ester transfer protein) gene is associated with lower con-
centrations of CETP, higher concentrations of high-density lipoprotein (HDL) 
cholesterol, and larger HDL particle size, all associated with protection against 
ischemic heart disease and Alzheimer disease. FOXO3A (forkhead box O3A) gene 
is a member of a family of transcription factors mediating insulin action and 
stress resistance. Several gene mutations responsible of extended longevity are 
components of endocrine-signaling pathways. For example, centenarians have a 
variety of genetic alterations in the GH/IGF-1 pathway causing reduced function 
of GH/IGF-1 pathway that is associated with protection from aging.

Epigenetic processes might also play a role in extreme longevity [8, 9, 11, 26, 30].

3.4 Lifestyle and environmental characteristics

Lifestyle is an important signature of healthy aging and extreme longevity [26]. 
There are significant lifestyle (e.g., diet) and cultural (e.g., social life) differences 
between the native of the top five countries (e.g., USA, Japan, China, India, and 
Italy) that have the highest numbers of centenarians. However, centenarians share 

Figure 12. 
Several longevity genes are enriched in centenarians (Picture downloaded from the internet “Google Images”).
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similarities for several lifestyle characteristics (Figure 13). The global calorie ingestion 
is reduced in centenarians in comparison to younger elders. Most centenarians have a 
plant-based diet, rich in vegetables, fruits, and oils, and usually a restricted intake of 
dairy products, red meat, and poultry [60]. A study of lifestyle of centenarians living 
in Zhejiang Province (China) showed significantly higher consumption of fruits, 
coarse cereals, and pasta, and lower percentage of smoking and engagement in daily 
recreational activities (watching television, listening to radio) compared to non-
centenarians [61].

Additional important lifestyle and environmental characteristics of centenarians 
are the presence of physical and mental activities (with daily objectives), psycho-
logical resilience, optimism, flexibility, and life in small towns with little pollution 
and significant social relationships. A study of health and functional status of 
Japanese centenarians suggested that maintenance of physical independence is a key 
factor of survival into extreme old age [62].

3.5 Disease occurrence and mortality

Centenarians have variable clinical conditions. Some may have multimorbidity 
while others have no significant diseases. However, some of the “healthy” centenar-
ians have signs of advanced aging (e.g., visual disorder, hearing loss, and limited 
locomotor capacity). Centenarian men tend to have better cognitive and physical 
functional status than centenarian women [3].

Most centenarians have managed to avoid (“escapers”), postpone, or over-
come (“survivors”) the important age-related and life-threatening diseases and 
disabilities (e.g., ischemic heart disease, stroke, chronic obstructive pulmonary 
disease, cancer, respiratory infection, type 2 diabetes, osteoporosis, and demen-
tia) [3, 5, 6]. Supercentenarians can compress morbidity and disability to the 
very ends of their lives.

A study assessing the place and cause of death of centenarians in England showed 
that centenarians more likely die of old age/frailty and respiratory infection and 
less likely of ischemic heart disease and cancer compared to younger elders [4]. 
Centenarians are relatively protected from cancers (lower incidence, lower metastatic 
rate, lower mortality). It has been hypothesized that the tumor suppressor gene p53 is 
a key element in protecting centenarians from cancers [6]. In Spanish centenarians, 
the likelihood of having the wild-type genotype of GSTT1, which is associated with 
lower cancer risk, was found to be higher than control, young subjects [63]. The top 
cancers in centenarians are breast, colorectal, prostate, and lung cancers [64].

The main causes of mortality in centenarians compared to younger elders are 
reported in Table 3.

Figure 13. 
Centenarians have several common lifestyle characteristics (Picture downloaded from the internet “Google 
Images”).
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4. Interventions to extend longevity

In the absence of the genetic predisposition to become centenarian, there are 
several potential ways to extend longevity and eventually surpass 100 years. The 
potential tools that can be proposed to extend longevity include lifestyle, reduc-
tion of several life-threatening diseases and disabilities, hormonal replacement or 
blockade, antioxidants, autophagy inducers, senolytic drugs, stem cell therapy, and 
gene therapy [8–24, 26, 33–35, 39, 41, 42, 51, 53, 65, 66].

4.1 Lifestyle

Diet rich in vegetables, fruits, fibers, and poor in saturated fat and red 
meat, even if associated with sarcopenia, may extend longevity [26, 65]. Anti-
inflammatory diets like Mediterranean diet are associated with reduced mortality 
from cardiovascular disease. Drinks containing sugar and alcohol consumption 
should be limited, and smoking avoided.

Based on animal data, it has been proposed that even in normal weight individu-
als, caloric restriction (cutting approximately 500 calories/day) without causing 
malnutrition and subsequent sarcopenia and osteopenia may improve health and 
extend longevity [8–11, 21, 26, 33, 35, 39, 66]. However, long-term prospective 
studies in humans are needed to confirm the benefits of this approach. Hypocaloric 
diet should be implemented in case of overweight or obesity.

Regular exercise can add few more years to life expectancy. Physical fitness is an 
important predictor of mortality and being able to live an independent life at old 
age. Potentiation of physical fitness is a valuable anti-aging therapy [11, 51].

In addition, living in a clean and stress-free environment, being mentally active 
with positive attitude, having daily objectives, and involved in social interactions 
further contribute to extended longevity.

4.2 Reduction of life-threatening diseases and disabilities

Overweight and obesity should be prevented or managed with appropriate tools 
(e.g., diet, exercise, drugs, medical devices, and surgery) to decrease comorbidities 
and mortality [33, 34, 41].

Reduction of other life-threatening diseases and disabilities that can affect longev-
ity (e.g., ischemic heart disease, stroke, chronic obstructive pulmonary disease, can-
cer, respiratory infection, type 2 diabetes, osteoporosis, and dementia) with lifestyle, 
drugs, and surgery can improve the quality of life and extend longevity [14, 15, 42].

Condition Mortality Rate

Younger Elders Centenarians

Old age/frailty 1% 28%

Respiratory infection 6% 18%

Ischemic heart disease 19% 9%

Cancer 25% 4%

Table 3. 
Main causes of mortality in centenarians compared to younger elders.
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4.3 Hormonal replacement or blockade

Considering that some hormonal changes during aging are beneficial while 
others are harmful, it is tempting to use hormonal replacement or blockade to 
extend longevity [12, 13, 53].

GH represents an interesting and intriguing example in this regard. Although 
GH promotes health and vitality in young subjects and it is well established that 
its levels decrease with aging, several studies suggest that reduced GH can be 
more beneficial for overall health and longevity than excess GH [37, 38, 52]. This 
discourages the use of GH as an anti-aging treatment. However, additional clini-
cal studies are needed for a definitive conclusion on the role of GH/IGF-1 axis in 
aging [10].

E replacement therapy in post-menopausal women younger than 60 years has 
been reported to reduce mortality (extension of longevity) [13].

Treatment with DHEA has beneficial effects on insulin sensitivity (increase) 
and inflammatory adipokines (decrease) [53]. This can potentially reduce morbid-
ity and mortality.

4.4 Antioxidants

Free radical theory is an important theory of aging [7]. Oxidative stress signifi-
cantly influence the aging process and longevity. The use of antioxidants to combat 
aging has received considerable interest [16]. Several antioxidants (e.g., resveratrol 
and curcumin) are currently under investigation.

4.5 Autophagy inducers

Defects in autophagy have been linked to several diseases that can impact aging 
and lifespan. Maintenance of a proper autophagic activity with autophagy inducers 
has the potential to extent longevity [16, 20, 21]. Autophagy inducers include non-
pharmacologic tools (e.g., caloric restriction and exercise) and several nutritional 
supplements and approved drugs (e.g., vitamin D, resveratrol, metformin, and 
rapamycin) (non-exhaustive list). Novel and more specific autophagy-inducing 
drugs are under investigation.

4.6 Senolytic drugs

Senescence is a common feature occurring in several tissues and organs dur-
ing the aging process. Senotherapy represents a promising new therapeutic area  
[16, 19, 22, 23]. Senolytics are a class of drugs (e.g., dasatinib, quercetin, fisetin, 
and navitoclax) that selectively clear senescent cells. Several clinical studies 
are currently planned or ongoing. Results from early pilot studies suggest that 
senolytic drugs can decrease senescent cells, reduce inflammation, and alleviate 
frailty.

4.7 Stem cell therapy

Stem cell therapy represents a new emerging era in medicine (Figure 14) 
[16–18]. It has the potential to delay the aging process and, therefore, extend 
longevity, by better treating chronic diseases and degenerative conditions that 
impact lifespan.
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4.8 Gene therapy

Genes are promising research targets to delay the aging process and extend lon-
gevity (Figure 15) [24]. Gene therapy allows the modulation of the genome architec-
ture using both direct (by gene editing) and indirect (by viral or non-viral vectors) 
approaches. However, these genetic interventions may be difficult to implement in 
humans without knowing all the potential health consequences during an entire life.

5. Consequences of extended longevity

Over the past three decades, the number of very old individuals, especially 
centenarians, has increased significantly. This has created (and will continue to 
create) challenges at the individual, family, and societal levels.

5.1 Individual aspects

With the availability of many extra years to live and if health permits, subjects 
may want to delay retirement age, continue education, undertake a new career, or 
pursue a passion (Figure 16).

Figure 14. 
Stem cell therapy has the potential to delay the aging process and extend longevity (Picture downloaded from 
the internet “Google Images”).

Figure 15. 
Genes can be targeted to delay the aging process and extend longevity (Picture downloaded from the internet 
“Google Images”).

Figure 16. 
Healthy elderly can benefit from additional education and job opportunities (Picture downloaded from the 
internet “Google Images”).
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5.2 Family aspects

Some centenarians have extended family over multiple generations. These 
individuals can enjoy interactions with their children, grandchildren, and great-
grandchildren at different stages of their life (Figure 17).

5.3 Societal aspects

There is an urgent need to assess the key characteristics of very old individuals, 
especially centenarians, across countries to better serve these populations and ensure 
a high quality of life in their remaining years [1, 2]. There is a requirement for nursing 
care at home or hospital. Increasing care home bed capacity could reduce dependence 
on hospital care at the end of life [4, 59].

The payment of pension and social security benefits to a growing number of 
very old subjects for several decades is a heavy financial challenge for any society. 
With extended longevity, there is an increasing number of subjects treated for at 
least three different diseases with at least three different treatments [15]. This will 
have a significant financial impact for the society (Figure 18). However, this situ-
ation may not be applicable to all centenarians since some have managed to avoid, 
postpone, or overcome several important age-related diseases and disabilities.

6. Conclusions

Long life is a topic of great interest in medicine and among the general public. 
The increase in life expectancy has led the very old to become the fastest growing 
segment of the population in several countries.

Figure 17. 
Centenarians can enjoy multigenerational family interactions (Picture downloaded from the internet “Google 
Images”).

Figure 18. 
Centenarians expose societies to financial challenges (Picture downloaded from the internet “Google Images”).
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Chapter 2

A Comprehensive Overview of 
Mobility and Aging in the Year 
2020 (and beyond)
Melissa Lunsman O’Connor

Abstract

Mobility can be defined as the ability to move effectively and purposefully 
though the environment in order to accomplish goals. Mobility can be conceptual-
ized and measured in four broad ways. First, the speed, success, and quality of 
specific movements can be measured, such as gait and balance. Second, one can 
assess a person’s ability to complete activities of daily living (ADLs) and instrumen-
tal activities of daily living (IADLs) that involve movement. Third, the occurrence 
of adverse events, such as falls and motor vehicle crashes, can be measured. Finally, 
the range of a person’s movement inside and outside the home can be assessed. 
Regardless of how it is conceptualized, mobility is one of the most important 
determinants of quality of life and independence in adulthood. Unfortunately, 
the prevalence of mobility limitations increases with age. This book chapter will 
provide a comprehensive overview of mobility among older adults.

Keywords: mobility, aging, older adults, elderly, quality of life

1. Introduction

In broad terms, mobility can be defined as the ability to move effectively and 
purposefully though the environment in order to accomplish tasks or achieve goals 
[1]. Mobility is impacted by personal, socio-economic, and environmental factors 
and, in turn, influences qualify of life, autonomy, independence, and everyday 
functioning [1, 2]. Verbrugge, Gruber-Baldini, and Fozard [3] characterized mobil-
ity as the most important functional domain for older adults, and current research 
has continued to support that assertion [4, 5]. Unfortunately, the prevalence of 
mobility limitations increases with age [1, 2]. Thus, mobility is a salient research 
area. This chapter will provide a comprehensive overview of mobility among older 
adults, including different aspects of mobility, factors that influence mobility, and 
future directions for study.

2. Aspects of mobility

Mobility is a broad construct. It can refer to the physical ability to move, or the 
extent of movement in time and space [6]. Ball and Owsley [7] described four gen-
eral ways in which mobility can be measured. First, the speed, success, and quality 
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of specific movements can be measured, such as gait and balance. Second, mobility 
can be assessed by indicators of everyday functioning, including activities of daily 
living (ADLs), instrumental activities of daily living (IADLs), and driving. Third, 
mobility can be measured by the occurrence of adverse events, such as falls or motor 
vehicle crashes. Finally, the range of a person’s movement inside and outside the 
home can be assessed. These four interrelated aspects of mobility, and how they are 
measured, are summarized below.

2.1 Specific movements

Researchers use many performance-based and self-report measures to quantify 
physical mobility among older adults. Studies often assess a participant’s unassisted 
walking speed, chair-rise time, ability to maintain different standing positions, and 
stair climbing ability [7, 8]. Two widely-used performance-based tests are the Turn 
360° Test, which assesses the number of steps an examinee takes to turn in a com-
plete circle [9], and the Timed Up and Go Test (TUG), which measures the number 
of seconds required for an examinee to rise from a chair, walk 3 meters, return to 
the chair, and resume sitting [10]. There are numerous batteries that incorporate 
several performance-based tests, such as the Short Physical Performance Battery 
[11]. Gait mats and body sensors can be used to measure specific components of 
physical performance, such as gait velocity, stride length, and foot trajectory [12]. 
Self-report questionnaires are also available for assessing older adults’ perceptions 
of their physical mobility (e.g., [13]).

Physical mobility is often the first area in which older adults experience dif-
ficulties. Risk factors for poor physical performance include a sedentary lifestyle, 
co-morbid diseases, depressive symptoms, and metabolic syndrome [8, 14]. Studies 
have also found positive relationships between physical mobility and cognitive 
abilities like memory, attention, and speed of processing [12, 15]. Independent of 
health and demographic variables, impaired physical mobility is associated with 
institutionalization, morbidity, mortality, functional disability, and declines in 
other domains of mobility, including everyday functioning [16, 17].

2.2 Everyday functioning

2.2.1 ADLs and IADLs

ADLs that involve mobility include dressing, toileting, and transferring, and 
mobility-related IADLs include shopping, cooking, housework, and driving. These 
everyday tasks are critical for independent living and health maintenance [18]. There 
are numerous informant-based instruments for assessing ADL and IADL perfor-
mance, including the Katz Index [19] and the Older Adults Resources Scale [20]. 
Most of these scales ask respondents (or their proxies) to rate the level of indepen-
dence at which they can perform different activities, or to provide difficulty ratings 
for the activities. ADLs and IADLs can also be measured via performance-based 
tasks, although some tests (e.g., the Timed IADL) are not mobility-oriented [21, 22].

The consideration of ADLs and IADLs places mobility within a larger context. 
According to the Disablement Process theory [23], ADL and IADL behaviors are 
socially defined, so impaired performance on these tasks indicates disability as well 
as reduced functional capacity. Older adults may have reduced physical capabili-
ties but experience little-to-no disability that affects quality of life, partly due to 
compensatory strategies and the use of assistive technology [24]. When impaired 
performance on ADLs or IADLs does reach the level of disability, it is linked to 
institutionalization, increased health care costs, mortality, and falls [25].
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Other predictors of ADL/IADL disability include co-morbid diseases, sensory 
impairments, depressive symptoms, and cognitive decline [26, 27]. Wadley and 
colleagues [28] examined 5-year changes in self-reported IADL functioning among 
older adults with mild cognitive impairment (MCI). Participants with MCI showed 
faster rates of decline than participants without MCI. Performance on cognitively 
demanding IADLs, such as counting money, is associated with performance on 
mobility-related IADLs [29]. The ability to utilize transportation is an important 
mobility-related IADL. In countries without widespread public transportation 
systems, like the United States, transportation often involves driving. Driving will 
be given a special focus below, given its importance for many older adults.

2.2.2 Driving

In the United States, O’Neill [30] found that 77% of adults aged 55 or older 
characterized driving as “very essential” or “essential” for daily life. It is often 
necessary for maintaining social connections and accessing employment, shopping, 
entertainment, and health care services. A driver’s license also represents autonomy, 
status, and independence [18, 31]. Thus, older adults tend to maintain their driving 
status with age. Jette and Branch [32] found that about 75% of older individuals who 
were self-reliant drivers in 1974 continued to be self-reliant ten years later. Using 
data from a national longitudinal study, Foley, Heimovitz, Guralnik, and Brock [33] 
found a driving life expectancy of 11 years for male and female drivers aged 70–74. 
Even older adults with physical frailty [34] and dementia [35] may continue to 
drive.

Studies of driving often use self-report measures that assess how often one 
drives and in what situations one drives [36]. Driving behaviors can also be assessed 
objectively by on-road tests, simulators, or GPS tracking technology [37, 38]. There 
are significant positive correlations between self-reported and objectively measured 
driving patterns [37]. However, respondents tend to underestimate the number of 
trips they take and to provide inaccurate estimates of their mileage [38, 39].

Studies of objective driving performance have found that older drivers had the 
most trouble with lane positioning, yielding, merging, and blind spot monitoring 
[40, 41]. Age-related declines in vision, hearing, physical abilities, health, and 
cognition can make driving more difficult and riskier for older individuals [42–44]. 
Older adults often compensate for these deficits by self-regulating their driving, or 
adjusting their driving to avoid particularly hazardous situations. This may include 
driving less frequently, restricting distance, driving more slowly, driving with a 
companion, or avoiding night driving, bad weather, and busy traffic [43, 45–47]. 
These behaviors can allow older drivers to maintain a desirable level of mobility 
without compromising safety [48]. Self-reported reasons for restricting driving, 
and stopping driving altogether, include vision problems, health co-morbidities, 
depressive symptoms, and lower cognitive performance [44, 49, 50]. Adverse events 
such as falls and crashes may also lead to restricted driving, and restricted mobility 
in general [50].

2.3 Adverse events

2.3.1 Falls

Mobility difficulties may be indicated by the occurrence, frequency, and/or 
severity of adverse events, such as injuries, falls, and motor vehicle crashes. Falls 
are usually assessed via self-report items that ask how often a respondent fell 
within the preceding few months/years, whether any falls resulted in injury, and 
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whether particular factors contributed to the falls [44, 51]. Daily calendars can 
also be used to track falls over time [52].

Each year, about one-third of community-dwelling older adults experience a 
fall in the United States, and 5–15% of these individuals require medical attention 
[53, 54]. Seventy percent of all fall-related deaths occur in adults over age 65 [55]. 
In addition to causing injuries, morbidity, and mortality, falls can have devastating 
psychological consequences. Fear of falling is associated with loss of confidence and 
avoidance of physical activities, leading to further functional declines [54].

Falls have both extrinsic (i.e., environmental hazards) and intrinsic precipitat-
ing factors [56]. The majority of older adults who fall are indoors and alone at the 
time [57]. Gait and balance abnormalities are strongly associated with falls, and 
interventions to improve these abilities can significantly decrease the risk of falls 
[58, 59]. Other risk factors for falls may include poor vision, medication use, poor 
health, and cognitive impairment [44, 60, 61]. Vance et al. [44] noted that these 
same factors are also associated with motor vehicle crashes. Indeed, individuals 
with a history of falls are also more likely to sustain a motor vehicle crash [62].

2.3.2 Motor vehicle crashes

Studies of older driver safety commonly use crashes as outcome measures, which 
may be quantified by self-reports or state records. Self-reports are practical and 
have been found to correlate with on-road driving performance [41]. State records 
are standardized and objective, but only provide information on crashes reported 
to the police [63]. Many studies have specifically focused on at-fault crashes (e.g., 
[62]), crashes resulting in injuries and/or fatalities [64], or state-recorded traffic 
violations (e.g., [40]).

Some studies have shown that, compared to middle-aged drivers, drivers aged 75 
and older have higher crash rates per driver per mile driven [65, 66]. However, older 
drivers typically drive shorter distances than younger drivers, which may result in 
exaggerated crash rate estimates, or “low mileage bias” [67, 68]. Despite this, older 
drivers have a greater risk of dying or sustaining serious injuries in a crash because 
of their increased fragility (e.g., [64, 65]). Compared to young and middle-aged 
drivers, older drivers are also more likely to experience multi-vehicle crashes at 
intersections, are more often considered at-fault, and may be more likely to injure 
other road users [66, 69, 70].

Risk factors for crashes include age-related declines in physical abilities, health, 
vision, and cognitive abilities (e.g., [48, 62]), as well as previous accidents [71]. 
Visual attention and speed of processing are particularly important for safe driving 
[48, 72]. For example, the Useful Field of View Test (UFOV), a computerized speed 
of processing and visual attention measure, can predict crash involvement as well as 
other driving outcomes (e.g., [72–74]).

2.4 Spatial mobility

Measures of physical movements, ADLs/IADLs, and adverse events like crashes 
fail to consider an important aspect of mobility—the extent of one’s movement 
within the environment. Spatial mobility can be characterized by the concept of 
life space. The term “life space” was first proposed by May, Nayak, and Isaacs [75], 
who defined it as a series of zones ranging from the bedroom to outside the home. 
According to Parker, Baker, and Allman [76], life space captures person-environ-
ment interactions that other measures of mobility do not.

Stalvey and colleagues [51] developed a commonly used, self-report measure 
of life space, the Life Space Questionnaire (LSQ ). The LSQ measures how far a 
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respondent traveled from home in the weeks and months prior to the assessment, 
and it is reliable and validated for use with older adults. A similar questionnaire 
is the Life-Space Assessment, which measures the extent, frequency, and inde-
pendence of a person’s mobility [77]. Life space can also be measured via modern 
tracking technologies [78].

Studies have found that most older adults travel regularly outside their towns, 
but 11–34% of older adults have life space confined to their homes [79, 80]. Using 
a modified version of the LSQ , Lochner and colleagues [80] found that 12% of 
Caucasians and 22% of African Americans had life space limited to their bedroom. 
Restricted life space is associated with social isolation, cognitive impairment, 
visual impairment, fear of falling, and impairments in other aspects of mobility, 
including gait speed [81–84]. Restrictions in life space have been found to precede 
 impairments in IADL performance [77].

It is clear that, while the different aspects of mobility may be regarded as distinct 
variables, they are interconnected in complex ways. They all predict quality of life 
and independence, and there are common risk factors for reductions in mobility. The 
topic of safe mobility for older adults will become increasingly salient over the next 
few decades as the older population grows. Currently, the pool of literature on mobil-
ity and aging is large and growing. However, there are still a number of areas that 
merit further exploration. Some potential future directions are summarized below.

3. Future directions

First, future research on mobility and aging should include more samples from 
underrepresented groups. Research involving minority groups and developing 
countries is lacking. In addition, studies have tended to focus on healthy, com-
munity-dwelling older adults. More research with clinically impaired populations 
should be conducted, especially with regard to interventions.

Second, several large-scale longitudinal studies have been conducted with 
mobility-related variables and multiple waves of data. More studies should use these 
data to test complex models, such as structural equation models with mediators 
and moderators, or time-varying relationships between variables. It is likely that 
declines in cognition, health, and other variables precede restrictions in mobility, 
which in turn exacerbates the previous declines. Cohort effects on mobility should 
also be examined, because this may account for cross-sectional differences between 
age groups, as well as gender differences.

Third, researchers should continue utilizing technology to obtain objective 
measurements of mobility. This should steadily become more feasible, as technol-
ogy becomes more affordable and user-friendly. With regard to driving and life 
space, for example, data from tracking devices can be combined with self-report 
assessments to yield a comprehensive picture.

Finally, research on interventions that can preserve mobility in older age is increas-
ingly important. Promising interventions include fall prevention programs, assistive 
devices, and cognitive training programs. There are numerous products and services 
being marketed to older adults, but not all of them have been tested scientifically. 
Additionally, it is important to know which interventions are the most effective.

4. Conclusions

Mobility is a broad construct that can be defined and quantified in many ways. 
Whether it is measured in terms of physical movements, the ability to carry out 
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ADLs and IADLs, adverse events, or life space, the loss of mobility negatively 
affects autonomy, health, and quality of life. Mobility is a particularly salient issue 
for older adults, because age-related declines in sensory, cognitive, and physical 
abilities are risk factors for mobility limitations.

Author details

Melissa Lunsman O’Connor
North Dakota State University, Fargo, ND, USA

*Address all correspondence to: melissa.oconnor@ndsu.edu

© 2020 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. 



31

A Comprehensive Overview of Mobility and Aging in the Year 2020 (and beyond)
DOI: http://dx.doi.org/10.5772/intechopen.93939

References

[1] Webber, S.C., M.M. Porter, and 
V.H. Menec, Mobility in older adults: 
A comprehensive framework. The 
Gerontologist, 2010. 50(4): p. 443-450.

[2] Dickerson, A.E., et al., Transportation 
and Aging: An Updated Research Agenda 
to Advance Safe Mobility among Older 
Adults Transitioning from Driving to 
Non-driving. The Gerontologist, 2019. 
59(2): p. 215-221.

[3] Verbrugge, L., A. Gruber-Baldini, 
and J. Fozard, Age differences and 
age changes in activities: Baltimore 
longitudinal study of aging. The 
Journals of Gerontology. Series B, 
Psychological and Social Sciences., 
1996. 51(1): p. 30-41.

[4] Mulry, C., et al., The relationship 
between community mobility, health 
status, and quality of life (QOL) in 
older adults. American Journal of 
Occupational Therapy, 2019. 73: p. 
7311505078.

[5] McInnes, L., et al., Mobility in 
community dwelling older adults: 
Predicting successful mobility using an 
instrumented battery of novel measures. 
The Journal of Frailty and Aging, 2020. 
9: p. 68-73.

[6] Ball, K.K. and C. Owsley, Increasing 
mobility and reducing accidents of older 
drivers, in Mobilty and transportation 
in the elderly, K.W. Schaie and M. 
Pietrucha, Editors. 2000, Springer: New 
York. p. 213-250.

[7] Lee, J.S., et al., Weight change, 
weight change intention, and the 
incidence of mobility limitation in 
well-functioning community-dwelling 
older adults. Journals of Gerontology. 
Series A, Biological Sciences and 
Medical Sciences, 2005. 60(8):  
p. 1007-1012.

[8] Patel, K.V., et al., Midlife physical 
activity and mobility in older age: The 

InCHANTI study. American Journal of 
Preventative Medicine, 2006. 31(3):  
p. 217-224.

[9] Steinhagen-Thiessen, E. and M. 
Borchelt, Morbidity, medication, and 
functional limitations in very old age, 
in The Berlin Aging Study: Aging from 
70 to 100, P.B. Baltes and K.U. Mayer, 
Editors. 1999, Cambridge University 
Press: New York. p. 131-166.

[10] Podsiadlo, D. and S. Richardson, 
The Timed Up & Go: A test of basic 
functional mobility for frail elderly 
persons. Journal of the American 
Geriatrics Society, 1991(39): p. 141-148.

[11] Ostir, G.V., et al., Reliability and 
sensitivity to change assessed for a 
summary measure of lower body 
function: Results from the Women’s 
Health and Aging Study. Journal of 
Clinical Epidemiology, 2002. 55:  
p. 916-921.

[12] Holtzer, R., et al., Cognitive 
processes related to gait velocity: 
Results from the Einstein Aging Study. 
Neuropsychology, 2006. 20(2): p. 
215-223.

[13] Shumway-Cook, A., et al., Assessing 
environmentally determined mobility 
disability: Self-report versus observed 
community mobility. Journal of the 
American Geriatrics Society, 2005. 53:  
p. 700-704.

[14] Blazer, D.G., C.F. Hybels, 
and G.G. Fillenbaum, Metabolic 
syndrome predicts mobility decline 
in a community-based sample of 
older adults. Journal of the American 
Geriatrics Society, 2006. 54: p. 502-506.

[15] Kimura, N., et al., Memory and 
physical activity in physically and 
cognitively-independent elderly 
people. Geriatrics and Gerontology 
International, 2007. 7: p. 258-265.



Update in Geriatrics

32

[16] Boyle, P.A., et al., Physical activity 
is associated with incident disability in 
community-based older persons. Journal 
of the American Geriatrics Society, 
2007. 55: p. 195-201.

[17] Rolland, Y., et al., Physical 
performance measures as predictors of 
mortality in a cohort of community-
dwelling older French women. European 
Journal of Epidemiology, 2006. 21: p. 
113-122.

[18] Barr, R.A., More road to travel by: 
Implications for mobility and safety in 
late life. Gerotechnology, 2002. 2(1): p. 
50-24.

[19] Katz, S., et al., The index of ADL: A 
standardized measure of biological and 
psychosocial function. Journal of the 
American Geriatrics Society, 1963. 31: p. 
721-727.

[20] Fillenbaum, G.G. and M.A. 
Smyer, The development, validity 
and reliability of the OARS 
multidimensional functional assessment 
questionnaire. Journal of Gerontology, 
1981(36): p. 428-434.

[21] Owsley, C., et al., Timed 
instrumental activities of daily living 
tasks: Relationship to visual function 
in older adults. Optometry and Vision 
Science, 2001. 78(5): p. 350-359.

[22] McDougall, G.J., et al., Predictors 
of instrumental activities of daily living 
in community-dwelling older adults. 
Archives of Psychiatric Nursing, 2019. 
33(5): p. 43-50.

[23] Verbrugge, L.M. and A.M. Jette, The 
disablement process. Social Science and 
Medicine, 1994. 31(1): p. 1-14.

[24] Roelands, M., et al., Awareness 
among community-dwelling elderly 
of assistive devices for mobility and 
self-care and attitudes towards their use. 
Social Science and Medicine, 2002. 54: 
p. 1441-1451.

[25] Schupf, N., et al., Decline in 
cognitive and functional skills increases 
mortality risk in nondemented elderly. 
Neurology, 2005. 65: p. 1218-1226.

[26] Whitson, H.E., et al., The combined 
effect of visual impairment and 
cognitive impairment on disability in 
older people. Journal of the American 
Geriatrics Society, 2007. 55(885-891).

[27] Wood, K.M., et al., Sensory and 
cognitive factors influencing functional 
ability in older adults. Gerontology, 
2005. 51: p. 131-141.

[28] Wadley, V.G., et al., Changes in 
everyday function among individuals 
with psychometrically defined mild 
cognitive impairment. Journal of the 
American Geriatrics Society, 2007. 
55(8): p. 1192-1198.

[29] Ackerman, M.L., et al., Examination 
of cognitive and instrumental 
functional performance as indicators for 
driving cessation risk across 3 years. The 
Gerontologist, 2008. 48(6): p. 802-810.

[30] O’Neill, D., Safe mobility for older 
people. Reviews in Clinical Gerontology, 
2000. 10: p. 181-191.

[31] Shope, J.T., What does giving up 
driving mean to older drivers and why 
is it so difficult? Generations, 2003. 2: p. 
57-59.

[32] Jette, A.M. and L.G. Branch, A 
ten-year follow-up of driving patterns 
among the community-dwelling elderly. 
Human Factors, 1992. 34(1): p. 25-31.

[33] Foley, D.J., et al., Driving life 
expectancy of persons aged 70 years 
and older in the United States. American 
Journal of Public Health and the Nations 
Health, 2002. 92(8): p. 1284-1289.

[34] Carr, D.B., et al., Characteristics of 
frail older adult drivers. Journal of the 
American Geriatrics Society, 2006. 54: 
p. 1125-1129.



33

A Comprehensive Overview of Mobility and Aging in the Year 2020 (and beyond)
DOI: http://dx.doi.org/10.5772/intechopen.93939

[35] Croston, J., et al., Driving retirement 
in older adults with dementia. Topics in 
Geriatric Rehabilitation, 2009. 25(2):  
p. 154-162.

[36] Owsley, C., et al., Older drivers and 
cataract: Driving habits and crash risk. 
The Journals of Gerontology. Series A, 
Biological and Medical Sciences, 1999. 
54: p. 203-211.

[37] Marshall, S.C., et al., Measurement 
of driving patterns of older adults using 
data logging devices with and without 
global positioning system capability. 
Traffic Injury Prevention, 2007. 8(3): p. 
260-266.

[38] Blanchard, R.A., A.M. Myers, and 
M.M. Porter, Correspondence between 
self-reported and objective measures 
of driving exposure and patterns in 
older drivers. Accident Analysis and 
Prevention, 2010. 42: p. 523-529.

[39] Staplin, L., K.W. Gish, and J.J. 
Joyce, Low mileage bias and related 
policy implications - a cautionary note. 
Accident Analysis and Prevention, 2008. 
40: p. 1249-1252.

[40] Classen, S., et al., Traffic violations 
versus driving errors of older adults: 
Informing clinical practice. American 
Journal of Occupational Therapy, 2010. 
64(2): p. 233-241.

[41] Wood, J.M., et al., The on-road 
difficulties of older drivers and their 
relationship with self-reported motor 
vehicle crashes. Journal of the American 
Geriatrics Society, 2009. 57(11): p. 
2062-2069.

[42] Turano, K.A., et al., Poor sense of 
direction is associated with constricted 
driving space in older drivers. Journals 
of Gerontology. Series B, Psychological 
Sciences and Social Sciences, 2009. 
64(3): p. 348-355.

[43] Unsworth, C.A., et al., To continue, 
modify or relinquish driving: Findings 

from a longitudinal study of healthy 
aging. Gerontology, 2007. 53(6): p. 
423-431.

[44] Vance, D.E., et al., Predictors of 
driving exposure and avoidance in a 
field study of older drivers from the 
state of Maryland. Accident Analysis 
and Prevention, 2006. 38: p. 823-831.

[45] Kostyniuk, L.P. and L.J.  
Molnar, Self-regulatory driving 
practices among older adults: Health, 
age, and sex effects. Accident Analysis 
and Prevention, 2008. 40(4): p. 
1576-1580.

[46] Donorfio, L.K., et al., To drive or 
not to drive, that isn’t the question - the 
meaning of self-regulation among older 
drivers. Journal of Safety Research, 
2009. 40(3): p. 221-226.

[47] Charlton, J.L., et al., Characteristics 
of older drivers who adopt self-
regulatory driving behaviours. 
Transportation Research Part F, 2006. 9: 
p. 363-373.

[48] Anstey, K.J., et al., Cognitive, 
sensory, and physical factors enabling 
driving safety in older adults. Clinical 
Psychology Review, 2005. 25: p. 45-65.

[49] West, C.G., et al., Vision and 
driving self-restriction in older adults. 
Journal of the American Geriatrics 
Society, 2003. 51: p. 1348-1355.

[50] Ang, B.H., et al., To reduce or to 
cease: A systematic review and meta-
analysis of quantitative studies on self-
regulation of driving. Journal of Safety 
Research, 2019. 70: p. 243-251.

[51] Stalvey, B.T., et al., The Life Space 
Questionnaire: A measure of the extent 
of mobility of older adults. Journal of 
Applied Gerontology, 1999. 18(4): p. 
460-478.

[52] Hannan, M.T., et al., Optimizing 
the tracking of falls in studies of 



Update in Geriatrics

34

older participants: Comparision of 
quarterly telephone recall with monthly 
falls calendars in the MOBILIZE 
Boston Study. American Journal 
of Epidemiology, 2010. 171(9): p. 
1031-1036.

[53] Akyol, A.D., Falls in the elderly: 
What can be done? International 
Nursing Review, 2007. 54: p. 191-196.

[54] Ganz, D.A. and N.K. Latham, 
Prevention of Falls in Community-
Dwelling Older Adults. New England 
Journal of Medicine, 2020. 382: p. 
734-743.

[55] Edelberg, H.K., How to prevent falls 
and injuries in patients with impaired 
mobility. Geriatrics, 2001. 56(3): p. 
41-45.

[56] Morley, J.E., Falls – where do we 
stand? Missouri Medicine, 2007. 104(1): 
p. 63-67.

[57] Roe, B., et al., Older people and 
falls: Health status, quality of life, 
care networks, prevention and views 
on service use following a recent fall. 
Journal of Clinical Nursing, 2009. 
18(16): p. 2261-2272.

[58] Muir, S.W., et al., Balance 
impairment as a risk factor for falls in 
community-dwelling older adults who 
are high-functioning: A prospective 
study. Physical Therapy, 2010. 90(3): p. 
338-347.

[59] Pfortmueller, C.A., G. Lindner, 
and A.K. Exadaktylos, Reducing fall 
risk in the elderly: Risk factors and 
fall prevention, a systematic review. 
Minerva Medica, 2014. 105(4): p. 
275-281.

[60] Faulkner, K.A., et al., Lifestyle 
predicts falls independent of physical 
risk factors. Osteoporosis International, 
2009. 20(12): p. 2025-2034.

[61] Enderlin, C., et al., Summary of 
factors contributing to falls in older 

adults and nursing implications. 
Geriatric Nursing, 2015. 36(5): p. 
397-406.

[62] Cross, J.M., et al., Visual and medical 
risk factors for motor vehicle collison 
involvement among older drivers. British 
Journal of Ophthalmology, 2009. 93(3): 
p. 400-404.

[63] Owsley, C., Clinical and research 
issues on older drivers: Future 
directions. Alzheimer Disease and 
Associated Disorders, 1997. 11(Suppl. 1): 
p. 3-7.

[64] Hanrahan, R.B., et al., The 
association of driver age with traffic 
injury severity in Wisconsin. Traffic 
Injury Prevention, 2009. 10(4): p. 
361-370.

[65] Eberhard, J., Older drivers’ “high 
per-mile crash involvement”: The 
implications for licensing authorities. 
Traffic Injury Prevention, 2008. 9(4): p. 
284-290.

[66] McGwin, G.J., Jr. and D.B. Brown, 
Characteristics of traffic crashes among 
young, middle-aged, and older drivers. 
Accident Analysis and Prevention, 1999. 
31: p. 181-198.

[67] Hakamies-Blomqvist, L., T. 
Raitanen, and D. O’Neill, Driver ageing 
does not cause higher accident rates per 
km. Transportation Research Part F, 
2002: p. 271-274.

[68] Langford, J., et al., Determining 
older driver crash responsibility from 
police and insurance data. Traffic Injury 
Prevention, 2006. 7(4): p. 343-351.

[69] Palumbo, A.J., et al., Driver 
licensing, motor-vehicle crashes, and 
moving violations among older adults. 
Journal of Safety Research, 2019. 71: p. 
87-93.

[70] Koppel, S., et al., Older drivers, 
crashes and injuries. Traffic Injury 
Prevention, 2011. 12(5): p. 459-467.



35

A Comprehensive Overview of Mobility and Aging in the Year 2020 (and beyond)
DOI: http://dx.doi.org/10.5772/intechopen.93939

[71] Daigneault, G., P. Joly, and J.Y. 
Frigon, Previous convictions or 
accidents and the risk of subsequent 
accidents of older drivers. Accident 
Analysis and Prevention, 2002. 34: p. 
257-261.

[72] Ball, K.K., et al., Can high-risk 
older drivers be identified through 
performance-based measures in a 
Department of Motor Vehicles setting? 
Journal of the American Geriatrics 
Society, 2006. 54: p. 77-84.

[73] Clay, O.J., et al., Cumulative meta-
analysis of the relationship between 
useful field of view and driving 
performance in older adults: Current 
and future implications. Optometry and 
Vision Science, 2005. 82(8): p. 724-731.

[74] Owsley, C., et al., Visual processing 
impairment and risk of motor vehicle 
crash among older adults. Journal of the 
American Medical Association, 1998. 
279: p. 1083-1088.

[75] May, D., U.S.L. Nayak, and B. 
Isaacs, The life space diary: A measure 
of mobility in old people at home. 
International Rehabilitation Medicine, 
1985. 7: p. 182-186.

[76] Parker, M., P.S. Baker, and R.M. 
Allman, A life-space approach to 
functional assessment of mobility in the 
elderly. Journal of Gerontological Social 
Work, 2001. 35(4): p. 35-55.

[77] Baker, P.S., E.V. Bodner, and R.M. 
Allman, Measuring life-space mobility 
in community-dwelling older adults. 
Journal of the American Geriatrics 
Society, 2003. 51(11): p. 1610-1614.

[78] Shoval, N., et al., The use of 
advanced tracking technologies for 
the analysis of mobility in Alzheimer’s 
disease and related cognitive diseases. 
BMC Geriatrics, 2008. 26(8): p. 7.

[79] Barberger-Gateau, P. and C. 
Fabriguole, Disability and cognitive 

impairment in the elderly. Disability and 
Rehabilitation, 1997. 19(5): p. 175-193.

[80] Lochner, J.L., et al., Social isolation, 
support, and capital and nutritional 
risk in a older sample: Ethnic and 
gender differences. Social Science and 
Medicine, 2005. 60: p. 747-761.

[81] Barnes, L.L., et al., Correlates of 
life space in a volunteer cohort of older 
adults. Experimental Aging Research, 
2007. 33(1): p. 77-93.

[82] Rantakokko, M., et al., Changes 
in life-space mobility and quality of 
life among community-dwelling older 
people: A 2-year follow-up study. 
Quality of Life Research, 2016. 25(5): p. 
1189-1197.

[83] Crowe, M., et al., Life-space and 
cognitive decline in a community-
based sample of African American 
and Caucasian older adults. Journals 
of Gerontology. Series A, Biological 
Sciences and Medical Sciences, 2008. 
63(11): p. 1241-1245.

[84] Poranen-Clark, T., et al., Executive 
function and life-space mobility in old 
age. Aging Clinical and Experimental 
Research, 2018. 30(2): p. 145-151.





37

Chapter 3

Metabolic Syndrome as the First 
Stage of Eldership; the Beginning 
of Real Aging
Alexander V. Panov, Marina A. Darenskaya, 
Sergey I. Dikalov and Sergey I. Kolesnikov

Abstract

The history of active worldwide scientific research on mechanisms of aging and 
the age-associated diseases counts more than five decades. Of these, among the 
numerous theories of aging, at least 50 years dominated the free radical theory of 
aging. Since mitochondria were found to be the major producers of free radicals, 
the research on aging became largely centered on mitochondria. At the end of 80s 
of the 20th century, physicians have established a new nosological entity named 
“Metabolic syndrome” comprising several simultaneously existing symptoms 
and risk factors, which increase with age to 47% in men and 64% for women. The 
diagnosis of metabolic syndrome (MetS) requires simultaneous presence of at least 
three out of five medical conditions: visceral obesity, hypertension, high blood 
sugar, insulin resistance, low serum high-density lipoprotein accompanied with high 
serum triglycerides. However, from the beginning of the definition of MetS there 
was, and still is, a rather lovely debate, which of the symptoms must be considered 
as the main one. In spite of the enormous number of publications on both mecha-
nisms of aging and MetS, there was relatively small progress in understanding 
the fundamental processes in these closely related problems. On the contrary, the 
mitochondrial free radical theory was found to be wrong in its current paradigms. 
In this Chapter we will discuss recent discoveries and hypotheses which open new 
perspectives in both theoretical and practical approaches to the problems of aging 
and MetS. We will show how aging and development of MetS are closely related to 
each other and the normal ontogenesis of human beings. Why men and women have 
different rates of aging and mechanisms of transition to MetS. We state that MetS 
is not just a cluster of symptoms, but one of the last steps of individual ontogenesis, 
namely the first step of eldership when the aging rate may increase manifold.

Keywords: aging, eldership, energy metabolism, fatty acid oxidation, isoprostane 
lipid peroxidation, mitochondrial DNA, metabolic syndrome, obesity, ontogenesis, 
oxidative stress, perhydroxyl radical, reactive oxygen species, ROS, superoxide 
radical, type 2 diabetes

1. Introduction

Everybody wants to live a long and healthy life. However, the universal laws of the 
Irreversible Thermodynamics drive changes in our bodies from the moment of birth, 
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when a human baby has maximum information in his genes and minimum entropy 
in his body, through a series of consecutive changes to the last stage, when a human 
body has much less information left in the remaining old genes and maximum 
entropy in his body, which finally fails and the person dies.

We intentionally started our Chapter by mentioning the genetically predeter-
mined stages of development of the human organism because, as it happened, 
the concept of ontogeny was somehow lost during the decades of research on 
mechanisms of aging and metabolic syndrome. As we will see, this approach gives 
completely different perspectives on the problems from the point of view of normal 
postembryonic ontogenesis.

The problems of aging and life longevity are not just medical problems, but are 
complex of fundamental biological problems, which comprise evolution, ontogen-
esis, genetics, epigenetics, and interactions with the environment. For this reasons, 
researchers studied aging and longevity starting from simple organisms like yeast and 
worms, then more complex laboratory animals, and even species like crocodiles and 
birds. Humans are, probably, much less studied in this respect than, say, mice and rats. 
To this day there are dozens of aging theories, which reflect the complexity of the prob-
lem. We mention only few of the relatively recent theories of aging: The heterochroma-
tin loss model [1, 2]; adult stem cell and mesenchymal progenitor theory [3]; hormonal 
regulation of longevity in mammals [4]; telomere hypothesis of aging [5, 6]; epigenetic 
theory [7], and finally, currently the most popular and experimentally developed the 
free radical hypothesis of aging [8–21]. All theories of aging and longevity are interre-
lated, but so far, there is no generalizing theory. Therefore, we will start our discussions 
on human aging mechanisms from the currently most important theory of aging: the 
mitochondrial free radical theory.

2. The mitochondrial free radical theory of aging (MFRTA)

Initially proposed by Harman [8], the “Free Radical Hypothesis of Aging” 
was later transformed to the “Mitochondrial Free Radical Theory of Aging” 
(MFRTA), because mitochondria were found to be the main source of free 
radicals [9–14, 19, 22]. Collectively, the free radicals derived from oxygen were 
named “reactive oxygen species” (ROS).

In order to understand the logic of the worldwide research on aging develop-
ment, it would be useful to look back on the intellectual and scientific background 
existing 40–50 years ago. After discovery that mitochondria generate oxygen radi-
cals [23, 24], there was an excitement in finding the “universal mechanism” of all 
diseases. Therefore, for a long-time research on biological effects of ROS was titled 
“oxidative stress”, of which aging was only one of many damaging effects of ROS. 
For some time, it was not realized that organs and tissues age at different pace, and 
that environmental conditions, such as radiation, air contamination or industrial 
pollutants may contribute to the aging process.

Importantly, for a long time any clear-cut specific markers of systemic aging 
were not known, except mutations of mitochondrial DNA (mtDNA). There is a 
strong parallelism between production of ROS and mutations of mtDNA  
[13, 14, 25]. Until recently, this parallelism was explained by a belief that hundreds 
of “naked” circular mtDNA molecules lie in the mitochondrial matrix and thus 
mtDNA is an easy target for free radicals. The accumulation in cells of mtDNA 
damaged by ROS progressively inactivates the DNA templates necessary to repair 
damaged mitochondria. As a result, the accumulation of mtDNA mutations acts as 
the aging clock [25].



39

Metabolic Syndrome as the First Stage of Eldership; the Beginning of Real Aging
DOI: http://dx.doi.org/10.5772/intechopen.95464

Understandably, mutations of mtDNA became one of the most important 
factors in explaining mechanisms of aging, age-associated diseases and practically 
most major human diseases [25–29]. Only recently it was discovered that mtDNA 
are protected by the proteinaceous “shield”, nucleoids, and that there is no proof for 
the free radical direct effects on mtDNA [30–33].

Production of ROS occurs not only in organs and tissues, but also in blood 
cells where radicals evidently have functions different from those in parenchymal 
cells. The “respiratory burst” of phagocytic cells, when they come in contact with 
bacteria or immune complexes, is important source of superoxide radicals (O2

•). 
Phagocytic cells include neutrophils, monocytes, macrophages and eosinophils 
known to produce large amounts of O2

• [34].
In some cells, particularly in hepatocytes, the major source of ROS may be of 

extramitochondrial origin [35]. In the liver, both O2
• and H2O2 are produced dur-

ing metabolism of xenobiotics by the microsomal P-450-monoxygenases [36], 
and in the course of catabolism of purine nucleotides and nucleosides by xanthine 
oxidoreductase [37]. Liver peroxisomes also produce large amounts of hydrogen 
peroxide during catabolism of very long chain fatty acids and polyunsaturated 
fatty acids [38]. However, in the liver both mitochondria and peroxisomes possess 
high catalase activity, which neutralizes hydrogen peroxide [38, 39]. In addition to 
catalase and superoxide dismutase (isoforms 1 and 2) high activities, liver has high 
activities of glutathione S-transferase (GST) and glutathione peroxidase [40, 41], 
and Prohibitin-1 [42], which enhance the liver’s antioxidant system. For this reason, 
liver is relatively protected from deleterious effects of ROS, has high regenera-
tive capacity [43] and, therefore, the rate of aging of this organ is much slower, as 
compared with other organs [44, 45]. Kidneys also rarely create problems for elderly 
people because they work constantly at a relatively even pace. In the actively work-
ing organs production of ROS is minimal [21]. The fastest rates of aging occur in 
those organs, which have a wide range of workloads, such as skeletal muscles, brain 
and heart. These organs have very high capacities in respiratory activity and ATP 
production to satisfy the organ’s energy demands at high workloads. These organs 
usually have increased ROS production at lower workloads or at rest [21].

Thus, aging is not an evenly distributed over the body process. In addition, 
mechanisms of aging are distinct in different organs and tissues, and the causing 
aging oxidants in various organs and tissues can also be different. In order to clarify 
the last statement and for the sake of the following discussion on the shortcuts 
of the current paradigm of the MFRTA, we give a brief description of the major 
biological and environmental radicals and biologically active molecules.

2.1 Superoxide radical (O2
•) and hydrogen peroxide (H2O2)

Superoxide radical (O2
•) and hydrogen peroxide (H2O2) are quantitatively the 

main species of ROS that are produced constantly by the mitochondrial respiratory 
chain [21, 22]. Superoxide radicals serve also as a source for other ROS: hydroperoxyl 
radical, peroxynitrite, lipid radicals. The proportion of H2O2, produced at the sites 
of the respiratory chain is small [21], but the superoxide in many tissues rapidly 
dismutate to hydrogen peroxide by very high activities of superoxide dismutases in 
the cytosol (Cu,Zn-SOD1) and mitochondrial matrix (Mn-SOD2) [22, 46]. At the 
beginning of the mitochondrial free radical theory, superoxide radical was regarded 
as very dangerous [34]. However, soon it was realized that after O2

• leaves the mem-
brane’s lipid phase, small and negatively charged superoxide anion instantly acquires 
the hydration shell and thus loses most of its chemical activity [47]. In addition, due 
to the high activities of SOD1 and SOD2, present at micromolar concentrations, the 
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superoxide radical half-life is very short (milliseconds) [22]. For this reason attention 
was shifted to other radicals, which can be formed from the superoxide and hydro-
gen peroxide. Nevertheless, O2

• can directly damage enzymes, which contain 4Fe-4S 
clusters by knocking out one Fe2+ atom and turning the 4Fe-4S cluster to inactive 
3Fe-4S. A typical enzyme is aconitase, which is sensitive to inhibition by superoxide.

2.2 Hydroxyl radical (•OH)

Hydrogen peroxide (H2O2), which by itself is a rather harmless chemical, in the 
presence of transition metal ions Fe2+ and Cu1+ produces highly aggressive hydroxyl 
radical (•OH) [34]. However, •OH is so active that it instantly reacts with any mol-
ecule it encounters (except water). For this reason •OH half-life is only 10−9 sec [48] 
and under normal conditions it is not as harmful as initially believed. This radical is 
dangerous when formed in very large quantities, such as after exposure to radiation, 
or high concentration of H2O2 and transition metal poisoning. The latter situation 
is often observed in the experiments in vitro, but hardly takes place in vivo, since 
transition metals in the cells are always chelated.

2.3 Nitric oxide (•NO) and peroxynitrite (OONO−)

Tissues, such as blood vessels endothelium, neurons and others, which possess 
tissue-specific nitric oxide synthases (eNOS), produce a free radical nitric oxide 
(•NO), an important cellular signaling molecule involved in many physiological and 
pathological processes. Formation of one molecule of •NO requires two molecules 
of O2, and since the •NO half-life in vivo is about 7 sec., for the maintenance of 
a steady-state concentration of •NO at 1 μM, the consumption of oxygen is very 
high, about 120 nanomol O2 per 1 gram of tissue per1 minute [49]. For this reason, 
the physiologically sufficient steady state levels of •NO can be formed only in the 
oxygen rich cells, like vascular endothelium, or well vascularized organs like brain. 
•NO is a powerful vasodilator. The biological effects of •NO can be inhibited due to 
its fast reaction with superoxide radical yielding a rather toxic product peroxynitrite 
(OONO−) [50]. Peroxynitrite is a strong oxidant and nitrating agent, it interacts 
with lipids, DNA, and proteins via direct oxidative reactions or via indirect, radical-
mediated mechanisms. In vivo, peroxynitrite generation represents an important 
pathogenic mechanism in conditions such as stroke, myocardial infarction, chronic 
heart failure, diabetes, circulatory shock, chronic inflammatory diseases, cancer, 
and neurodegenerative disorders [49, 51]. Peroxynitrite plays an important role in 
pathologies and aging of some organs and tissues, such as blood vessels and neu-
rons, but being a rather strong anion, it hardly contributes to the systemic mecha-
nism of aging, which we will discuss a little later. Nitric oxide is hydrophobic, but 
chemically weak radical, and, thus, also can be excluded from the systemic aging 
mechanism, which occur in the lipid phase of the inner mitochondrial membrane.

At this point, we have not discussed the protonated form of superoxide radical 
(O2

•), namely hydroperoxyl radical (•HO2) because it will be done in conjunctions 
with the description of polyunsaturated fatty acids (PUFA) autoxidation, named 
“Isoprostane Pathway of Lipid Peroxidation” (IPLP), which we propose as the main 
mechanism of aging in people with Metabolic syndrome.

2.4 Environmental biologically active molecules and radicals

Unlike the above described ROS, which are formed in the body and relatively 
well-studied, the biological effects of sun radiation and air pollutants involving 
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singlet oxygen and ozone are less known. However, they are the major causes of 
accelerated aging of skin and lung epithelium. For this reason, we provide a brief 
description of toxic effects of these ROS.

2.4.1 Singlet oxygen

Singlet oxygen is the common name for the two metastable states of molecu-
lar oxygen, but the singlet O2

1Δg is the most active in biological systems. It has 
no unpaired electrons and therefore is not a radical, but upon excitation, one of 
the O2 electrons shifts to a higher and unstable orbit, which makes it chemically 
more active than regular triplet O2. In vivo O2 to O2

1Δg excitation occurs when 
the sunlight fells on human skin containing several biological pigments, such 
as porphyrins or flavins. This is the reason of early skin aging and skin damages 
in people with abnormal porphyrin metabolism. Formation of singlet O2 by 
sunlight occurs also in vivo in both lens and retina of the mammalian eye, which 
causes cataract and loss of vision [52]. Thus, wearing dark glasses and a hat, even 
in not very bright weather, will protect eyes from cataracts early development 
and skin from early aging. Studies of plants suggested that in photosynthetic 
systems one of the functions of polyenes and carotenoids is to protect plants 
from damages caused by singlet oxygen. Therefore, a carrot salad dressed with 
vegetable oil may have protective effect against complications caused by bright 
sunlight.

2.4.2 Ozone (O3)

Ozone (O3) is an allotrope of oxygen and is much less stable than normal O2. 
It forms under the influence of ultraviolet light and during atmospheric electri-
cal discharges (lightning). Even at low concentrations ozone causes damages to 
respiratory tracts of experimental animals and organic materials, such as latex and 
various types of plastic. The ozone’s half-life depends on temperature, humidity 
and air circulation. In a closed room with running fan, ozone’s half-life is about 
24 hours [53]. That is, in a laboratory room, an instrument, like spectrophotometer 
or spectrophluorometer without special device for burning ozone (for example, 
instruments from Perkin Elmer), after several hours of work may create a concen-
tration of ozone high enough to cause a headache and errors in experimental results 
due to accumulation of peroxides in water solutions.

2.4.3 Nitrogen dioxide (•NO2)

For the human’s health it is important that in industrial areas with chemical 
factories and coal power stations the air may be polluted with nitrogen dioxide that 
may damage skin and respiratory organs. •NO2 induces oxidation, as well as cell’s 
membrane proteins nitration. Nitrated biological products, for example, tyrosine-
containing proteins and nitrolipids are often found in the body. It is likely, that •NO2 
has been involved in the formation of these products [54].

2.4.4 Peroxynitrates

Nitrogen dioxide quickly reacts with other radicals. This is one of nitrotyrosines 
formation important mechanisms. During reaction •NO2 + O2

• → O2NOO• very 
rapidly forms peroxynitrate: It contributes to skin and lung damage mechanisms 
during their contact with air polluted with nitrogen dioxide [54].
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3. Crisis of the mitochondrial free radical theory of aging (MFRTA)

From the described above different free radicals and environmental pollut-
ants, we see that all of them have the potential ability to cause damages to cellular 
and mitochondrial functions, although by different mechanisms. Some of the 
biologically active molecules and radicals show clear tissue and organ specifici-
ties. For example, singlet oxygen damages predominantly skin and eyes; ozone 
and nitrogen dioxide - lung epithelium, nitric oxide and peroxynitrite - vascular 
endothelium and neuronal cells. However, none of the above ROS is directly 
related, with the exception of the superoxide radical, to the inevitable aging 
mechanism [55].

After decades of research a vast amount of accumulated knowledge revealed 
serious inconsistencies between the data obtained and the MFRTA, which call into 
question the correctness of the free radical theory in its current paradigms. We refer 
the reader to excellent reviews on this topic [16, 18, 56–58]. Taking into consider-
ation the controversies regarding various species, in this Chapter we will focus only 
on those inconsistencies that directly relate to the topic of humans and mammalians 
aging mechanism. Animals are often used for modeling of aging mechanisms 
[59–62]. We shall discuss the following most important for MFRTA facts, which 
undermine this theory.

3.1 MtDNA are protected from the direct effects of reactive oxygen species

Recently, it has been established that neither of the above listed ROS and 
biologically active molecules are capable to cause directly mutations of mtDNA, 
which was and still is for many researchers the main hallmark of the aging process 
and it is considered as the main pathogenic mechanism of many diseases [30–33]. 
From the beginning of free radical theory of aging, mutations of mtDNA were the 
only reliable markers of oxidative stress. As a matter of fact, the MFRTA itself arose 
on the basis that changes in the production of ROS were always accompanied by 
parallel changes in the number of mtDNA mutations [13, 14, 25]. Recently, however, 
it was concluded that there was no reliable evidence for the direct involvement of 
ROS in mtDNA mutations [31, 57]. There are two main reasons for this conclusion. 
First, the commonly studied radicals are not active enough to cause mutations [55]. 
Secondly, mtDNA are encased into a protein coating of nucleoid, which prevents 
direct contact of mtDNA and radicals [31].

3.2 Antioxidant supplementation interventions do not increase longevity

Antioxidant supplementation interventions do not increase longevity, as would 
be predicted by the MFRTA. This Antioxidant Paradox is considered as the strongest 
evidence against the MFRTA; it comes from studies that manipulate antioxidant 
levels. Many studies have shown that administration of low-molecular weight anti-
oxidants failed to extend longevity [reviewed in 16, 56, 57, 63]. Barja (2014) sug-
gested that the lack of antioxidants to exert effects on longevity could be explained 
by the spatial separation: a free radical, which causes aging, acts in the lipid phase 
of membranes, while antioxidants exerts their effects mostly in the water phase of 
cells [16]. Barja (2014) also summarized the numerous studies of life longevities on 
various species: “Only two parameters currently correlate with species longevity 
in the right sense: the mitochondrial rate of reactive oxygen species (mitoROS) 
production and the degree of fatty acid unsaturation of tissue membranes” [16]. As 
we will see, these are very correct suggestions.
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3.3 The rate of O2
• production controls lifespan independently of SOD

Muller (2000) has stressed that SOD activity interspecies variation is not 
correlated with the maximal life span (MLSP) in mammals and the activity of 
other antioxidant enzymes negatively correlates with MLSP. However, there is a 
strong negative correlation between longevity and the O2

• and H2O2 production 
rates by isolated mitochondria from diverse mammalian species. The longev-
ity depends not on the amount of superoxide in a cell, but on the rate of its 
production [18]. To explain this unexpected observation, Muller suggested that 
a significant fraction (between 10% and 50%) of O2

• is not produced as aque-
ous O2

• but instead is produced as lipid-phase HO2
• in the inner mitochondrial 

membrane. In other words, Muller has proposed that it is not the O2
• in the water 

phase, but its protonated form - hydroperoxyl radical (HO2
•) in the membrane 

lipid phase exerts damaging effects on longevity, where the radical cannot be 
affected by a superoxide dismutase. Muller suggested that hydroperoxyl radical 
may initiate lipid peroxidation and the formation of peroxynitrous acid [18]. 
Unfortunately, the proposal that the hydroperoxyl radical is the aging main 
cause remained unnoticed for the next two decades, as well as the earlier similar 
attempts of other researchers before Muller [48, 63].

4. Hydroperoxyl radical HO2
• as the systemic aging cause

Here we present in brief our current views on the mechanisms of the hydroper-
oxyl radical formation and its damaging effects, which we consider as the systemic 
aging main mechanism. The details of the mechanism are presented in recent 
publications [55, 64–67].

5. Properties of the hydroperoxyl radical or perhydroxyl radical (•HО2)

Lipid phase of the mitochondrial membrane has 4–5 fold higher concentra-
tion of oxygen than the cells’ water in the cytosol. When O2 acquires an electron 
from the respiratory chain and becomes O2

•, it must quickly leave the lipid phase 
of the membrane. However, before O2

• riches the bulk of the matrix or cytosol, 
it crosses the thing layer of the structured water near the charged surfaces of 
the membrane. The inner leaflet of the inner mitochondrial membrane contains 
approximately 80–90% of total cardiolipin (CL), which, together with phosphati-
dylethanolamine (PEA), accommodate respiratory complexes and ATP-synthase 
into the mitochondrial cristae sharp curves [67]. Since CL bears strong negative 
charge, at some arears of the inner membrane aggregates of CL form areas with 
strong negative charge, called antennae, which attract protons [reviewed in 66, 
68]. For this reason, the thin layer of structured water near the charged surfaces 
of the inner mitochondrial membrane has up to three units more acid pH than 
the bulk of a compartment. This is a very important issue, because 1000 times 
higher concentration of H+ increases the probability of the hydroperoxyl radical 
formation in the O2

• + H+ ↔ •HО2 reversible reaction (pKα of the reaction is 4.8) 
[68]. Highly hydrophobic •HО2 returns back into the membrane’s lipid phase. The 
described mechanism explains why the aging process depends only on the rate 
of superoxide formation, but not on the concentration of O2

• and the activities of 
SODs. Hydroperoxyl radical is a much stronger oxidizing agent than superoxide 
radical, and has a specific propensity to abstract H atoms from α-tocopherol and, 
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particularly, from the polyunsaturated fatty acids, such as arachidonic acid (C20:4 
n6) and docosahexaenoic acid (C22:6 n3) [69].

For unknown reason, the perhydroxyl radical for a long time was almost 
completely excluded from the oxidative stress literature [61, 70]. Mitchell (2000) 
proposed perhydroxyl radical damaging mechanism through formation of per-
oxynitrite radical in the membrane [18]. This possible situation has been discussed 
by Gebicki and Bielski [69]. These authors indicated that although both •NO and 
•HО2 аre hydrophobic radicals, the radicals are spatially separated since •NO is 
normally present in the blood vessel endothelium, and thus the mitochondrial 
hydroperoxyl radicals have little chance to meet nitric oxide, and even if this might 
happen, the negatively charged ONOO− hardly could be a systemic damaging factor 
because it is immediately excluded from the membrane’s lipid phase [69]. Bielski 
et al. (1983) studied reactions of •HО2 with linoleic (C18:2), linolenic (C18:3) and 
arachidonic acids (C20:4) in water/ethanol solutions [68]. The obtained kinetic 
parameters of the reactions indicate that •HО2 reacts with the double allyl hydrogens 
of polyunsaturated fatty acids, and the more double bonds was present in a PUFA, 
the more active was the reaction. The abstraction of H atoms by •HО2 was exother-
mic, which indicates that it is irreversible and highly probable, when •HО2 encoun-
ters a PUFA. Since the reactions were performed in the water/ethanol solution, H2O2 
formed cleaved heterolytically (2H2O2 → H2O + O2), and the final products of the 
fatty acids with •HО2 reactions were stable hydroperoxides without much variation 
in their structure [68].

6. The isoprostane pathway of lipid peroxidation (IPLP)

When •HО2 reacts inside the lipid phase of the membrane with a PUFA, which 
is still part of a phospholipid, the products are a racemic mixture of a very large 
number of various stereo- and positional isomers [71]. Many of these products are 
similar to enzymatically produced prostaglandins, and were named Isoprostanes 
(IsoPs). For this reason, this type of PUFA autoxidation was named the Isoprostane 
Pathway of Lipid Peroxidation (IPLP) [71–73]. IsoPs possess potent biological activ-
ity and thus may convey abnormal cellular signaling and inflammation [71, 74]. 
Furthermore, many products of IPLP are very toxic, such as γ-ketoaldehydes. They 
form adducts with primary amines of the lysine-containing proteins and phospha-
tidylethanolamine (PEA). The most active among γ-ketoaldehydes are isolevug-
landins (IsoLG) produced from arachidonic acid can be only detected as adducts 
with proteins or ethanolamine of PEA [74]. In addition to arachidonic acid the most 
common PUFA among phospholipids, other PUFA such as eicosapentaenoic acid 
(20:5 n3) and docosahexaenoic acid (22:6 n3), have been found as substrates for 
the IPLP [75]. Because docosahexaenoic acid (DHA) is present in a larger quantity 
in neurons, the products of IPLP were correspondingly named neuroprostanes and 
neuroketals. From arachidonic acid, which has four double bonds, the racemic mix-
ture may contain up to eight hundreds of different products, whereas the products 
number from the containing 6 double bonds docosahexaenoic acid may be more 
than one thousand [71–73].

IsoPs and the cyclooxygenase derived prostaglandins (PGs) have a number 
of distinctions in their origin and properties, which have been discussed in a 
number of publications [65, 71, 76, 77]. Here we briefly list the most important 
distinctions: 1) The side chains of normal PGs are almost always oriented trans 
to the prostane ring whereas the products of IPLP have mostly the side chains 
with cis orientation [71, 76]; 2) The IsoPs are formed in situ from PUFA, which 
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are esterified to phospholipids, while PGs are generated exclusively from the free 
AA and DHA [77]. 3) The products of IPLP are the racemic mixture of molecules 
with a very large number of possible stereo- and positional isomers, whereas the 
products of the enzymatically produced prostaglandins have mainly one optical 
isomer [71, 76].

Figure 1A very schematically presents the pathways of arachidonic acid oxida-
tion, and Figure 1B illustrates the suggested mechanism of AA oxidation by •HО2 
[65]. The key event after abstraction of the first H atom is that H2O2 formed under 
hydrophobic condition undergoes homolytic cleavage with formation of two 
molecules of the hydroxyl radicals H2O2 → 2 •OH, which instantly subtract another 
two H atoms from the same PUFA with formation of two molecules of H2O. The 
remaining molecule of the AA has completely disarranged double bonds, becomes 
extremely unstable and quickly attaches randomly two O2 molecules, and undergoes 
intramolecular transitions with formation of one out of many possible positional 
and stereoisomers. Thus •HO2 converts into 2 H2O and AA loses two out of 4 double 
bonds, and becomes one of hundreds isoprostanes. The differences between IPLP 
and the “classical” lipid peroxidation have been discussed in [65, 79].

Figure 1. 
Autoxidation of arachidonic acid with transformation of the molecule into various ring structures.  
(A) this part of the figure was adapted from the article [78] and shows different intermediary metabolites 
during autoxidation of arachidonic acid (AA). HO2

• is the only candidate for initiation of the isoprostane 
autoxidation of PUFA [65]. (B) the suggested sequence of transformations of HO2

• and AA in the course of 
isoprostane lipid peroxidation (IPLP) [65]. After abstraction of the first H atom from a molecule of AA, HO2

• 
turns into H2O2, which in the hydrophobic milieu undergoes homolytic cleavage into two molecules of •OH 
radicals, which instantly subtract the next two H atoms from the AA with formation of two molecules of H2O 
and the remains of the AA has completely disarranged double bonds. A very fast abstraction of three H atoms 
from any of the four double bonds leads to the fact that the residue of the AA becomes extremely unstable and 
quickly attaches two O2 molecules in a random way and undergoes intramolecular transitions with formation 
of one out of many possible positional and stereoisomers. The more PUFA has double bonds, the more possible 
isomers for the end product of the reaction. Abbreviations: F2-IsoP, E2-IsoP, D2-IsoP – Isoprostanes with, 
correspondingly, prostane rings F2, E2, D2 or A2 and J2; IsoTxA2 and IsoTxB2 – Isothromboxanes with rings  
A2 и B2, correspondingly, which were formed from prostaglandins H2 (PGH2); E2-IsoK и D2-IsoK – Isoketals 
with rings E2 и D2.



Update in Geriatrics

46

7. IPLP as the mechanism of aging

It has been demonstrated by researchers from the Vanderbilt University that 
IsoPs are the most early and reliable markers of lipid peroxidation in vivo, and 
recent studies provided valuable information about participation of IPLP in patho-
genesis of numerous human diseases [80–82]. According to our model of IPLP 
initiation by HO2

•, the hydroperoxyl radical upon encounter with a PUFA produces 
one of many variants of isoPG, γ-ketoaldehyde or isolevuglandins. When reacting 
with fatty acids with two unsaturated bonds, such as linoleic acids of cardiolipin, 
HO2

• produces corresponding hydroperoxides.
The different toxic products of the IPLP evidently cause numerous and differ-

ent lesions to mitochondria gradually causing wear and tear of mitochondrial and 
cellular functions. We distinguish two types of direct lesions to mitochondria: one 
dysfunctions type is caused by oxidation of CL and PEA, which result in structural 
changes of respirosomes and ATP-synthase complexes. The second dysfunctions 
type is caused by direct damages by toxic products, like isolevuglandins, which 
directly form adducts with PEA and lysine of proteins. This type of damages may 
explain mtDNA replication damages [33, 34, 83]. Anderson et al. [83] have shown 
that mtDNA replicase exo domain, Pol gamma, is far more sensitive to oxidation 
than pol domain. The authors suggested that under oxidative conditions, exonucle-
ase activity therefore declines more rapidly than polymerase. The oxidized Pol 
gamma becomes editing-deficient, displaying a 20-fold elevated mutations than 
the unoxidized enzyme [83]. PEA may be damaged by both pathways: via PUFA 
at C2 autoxidation, and via formation of adducts of ethanolamine with IsoLG 
produced upon activation if IPLP by HO2

•. Of note, most of the ROS have very 
short lifetime (seconds) but IsoLG produce rather stable adducts (lifetime days), 
which can accumulate with age and, therefore, contribute to the development of 
age-associated conditions.

8.  The importance of fatty acids oxidation for increased rate of ROS 
production

Mammalian tissues mitochondria generate superoxide and hydrogen peroxide 
(ROS) from 11 different sites depending on substrates used and the redox state 
of the electron transport chain [21]. All mitochondrial ROS production sites have 
distinct properties [21, 84]. They can be divided into two groups: six sites operate 
at the redox potential of the NADH/NAD+ isopotential pool, about −280 mV, and 
five sites operate at the redox potential of the ubiquinol/ubiquinone (QH2/Q ) 
isopotential pool, about +20 mV [21, 84].

Much of the published literature on contribution of separate respiratory com-
plexes in generation of ROS have potential problems for several reasons: first, the 
authors often used inhibitors of the respiratory chain, which is far from situation 
in situ, secondly, most authors used a single substrate, whereas in situ mitochondria 
metabolize several substrates simultaneously [85–88]. Most importantly and, with 
few exceptions, authors never used fatty acids as substrates for mitochondrial 
respiration. Brandt and colleagues provided evidence that the highest rates of ROS 
production (O2

• + H2O2) are observed during β-oxidation of fatty acids [21, 84, 89]. 
During β-oxidation of fatty acids the membrane’s pool of CoQ becomes fully reduced 
to CoQH2 and this may reverse the transport of reducing equivalents at the level of 
succinate dehydrogenase (SDH), also known as Complex II, and thus activate the 
reverse electron transport and involve the sites of respiratory Complexes I and III, 
and SDH (Complex II) in production of ROS [21, 89].
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It has been recently shown that active oxidation of palmitoyl-carnitine by 
mitochondria in all metabolic states absolutely requires the simultaneous presence 
of any of the other mitochondrial metabolites such as: pyruvate, succinate, malate 
or glutamate, which were designated as “fatty acid oxidation supporting substrates” 
[87, 88]. In the presence of supporting substrates, fatty acids are actively oxidized 
not only by the isolated heart mitochondria [88], but also by the brain synaptic 
mitochondria [87], which breaks the old myth that the brain’s energy metabolism is 
supported almost exclusively by glucose [reviewed in 87].

Most importantly, active oxidation of fatty acids in the presence of supporting 
substrates results in a manifold increase in ROS production in resting mitochondria 
(Figure 2). Earlier, we have proposed that oxidative damages and thus accelerated 
aging, are more common for organs, which have a wide range of physiological 
activities, such as heart, skeletal muscles and brain [65, 88]. When these organs are 
at low workloads or at rest, the very efficient oxidation of fatty acids may redirect 
excessive electrons to generation of ROS.

9. OK, MRFTA is valid, but what is aging?

In the sections above, we presented evidence that in spite of complications of the 
MFRTA based on old paradigms, the latest discoveries clearly support the essence 
of this theory, and the introduction of the perhydroxyl radical as a new mediator of 
oxidative stress resolve most of the contradictions. However, MFRTA still requires 
further consideration and we have to find answers to simple questions: what is aging 
and when the aging begins?

From the beginning, researchers working on MFRTA held the point of view that 
aging is a pathological process caused by oxidative stress that affects our health, and 
over time, we succumb to a myriad of age-related pathologies and eventually die 
[12, 58]. But is aging simply the process of errors accumulation? The Dictionary of 
Science and Technology designates aging as “the process of growing older or chang-
ing over time” [90]. In other words, a person after birth goes through a series of 
genetically controlled transitions, which are called postembryonic ontogenesis [91]. 
From the point of view of a human ontogeny, we can roughly divide a person’s indi-
vidual life into five periods: infancy, childhood, adolescence, reproductive period 
and post-reproductive, or aging period. For several reasons, we hardly expect that 
during infancy, childhood and adolescence “a myriad of age-related pathologies” 

Figure 2. 
Production of superoxide radicals by rat heart mitochondria oxidizing palmitoyl-carnitine. Designations: 
1. Supporting substrate only; 2. Palmitoyl-carnitine only, and 3. Palmitoyl-carnitine + supporting substrate. 
Substrates: Figure 2A - pyruvate 2.5 mM + malate 2 mM, Figure 2B - glutamate 5 mM + malate 2 mM, 
and Figure 2C. – Succinate 5 mM. Experimental conditions are described in [88]. The incubation medium 
contained: Amplex red 2 μM, horse radish peroxidase 2 units, substrates as indicated above, volume 1 ml. The 
reaction was initiated by addition of 50 μg of mitochondria. Initial rates were measured for 3 minutes. Numbers 
at the traces are the rates of H2O2 production in picomol H2O2/min/mg protein RHM. The rates were corrected 
for the time control rate with RHM incubated without added substrates. The figure was taken from [88].
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might be accumulated [58]. We will consider the last two periods: “reproductive”, 
which comprises the ages from 20 to 50, and the “aging period”, which begins after 
the age of 50 [92].

Among recent definitions of aging there were few in more general terms: “Aging 
is characterized by a gradual decline in various health parameters across multiple 
biochemical, physiological and behavioral systems” [93]. Correspondingly, some 
researchers started looking for a subset of aging individuals with lack of resilience 
within these general physiological systems, a condition termed frailty. Frailty 
has been defined in broad terms as an age-associated syndrome characterized by 
increased vulnerability to external influences, a diminished capacity to respond 
correctly to stressors and as an overall loss of fitness. In general, frail individuals are 
at a greater risk of falls, dependency, disability, institutionalization, hospitaliza-
tion and mortality [94]. Frailty can be measured in relation to the accumulation 
of deficits using a frailty index. A frailty index can be developed from most aging 
databases [95, 96].

In another parallel world of Science, a large group of researchers study the meta-
bolic syndrome, a nosological entity established at the end of 80s of the last century. 
The metabolic syndrome (MetS) was defined as a condition of simultaneous 
existence of several risk factors, including obesity, insulin resistance, atherogenic 
dyslipidemia and hypertension, which are interrelated, age-dependent, and share 
underlying mediators and metabolic pathways [97]. Undoubtedly, both concepts 
of frailty and metabolic syndrome are important from a medical perspective, but 
apparently did little for understanding the mechanisms of aging. Due to intensive 
research on both concepts, however, there has been made a great discovery: the rates 
of aging and energy metabolism are sex-specific. In our opinion, these discoveries 
are crucial for understanding the mechanisms of aging as the process of transition 
of an individual from the reproduction period to the last stage of ontogeny – aging.

10. Sex-specific differences in the rates of aging and longevity

Most animals and plants are sexual, in spite of the reproductive advantages 
experienced by asexual variants. Evidently there where selective forces that gave 
an advantage to sexuality and genetic recombination at either the population or 
individual level. The effect of sex and recombination increases the efficiency of 
natural selection, which is a major factor favoring evolution [98, 99]. It has been 
experimentally shown that sex increases the rate of adaptation to a new harsh 
environment, but has no measurable effect on fitness in a new benign environment 
where there is little selection [100]. Nonetheless, we are still far from a definitive 
answer to the question of why sexual reproduction is so common [99]. Recently, 
the hypothesis has been put forward that the internal production of ROS 2 billion 
years ago started the eukaryotic sex (re)evolution [101]. It has also been stressed 
that earlier theoretical works on sexual reproduction ignored important complexi-
ties that face natural populations, such as genetic drift and the spatial structure of 
populations [102].

The data accumulated show that in many species, including humans, females 
have slower rate of aging and longer life span than males [99, 103–105]. We suggest 
that this observation has important general biological goals for a female: bear-
ing and raising a new generation despite any external difficulties and metabolic 
restrictions. These goals demand that females have to be efficient enough, but not 
superefficient from the metabolic (thermodynamic) point of view, resilient to 
harsh environmental conditions, and, in accord with the MFRTA, have lower rate of 
oxidative stress. Numerous studies of various species showed that in general females 
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have slower production of ROS than males [99]. As always, there are some exclu-
sions from the general rule, but again they hold the same conclusion: the longer 
living gender produces less ROS [106].

In the next sections we will discuss possible mechanisms underlying the slower 
aging and slower rates of ROS production in the longer living females.

11.  Sex-specific differences in the rates of fat utilization for the sake of 
energy metabolism

Laboratory animals are indispensable part of biomedical research and widely 
used for modeling physiological and pathological situations in humans [107]. 
For ethical and technical restrictions, it is impossible to study many biomedical 
problems on humans, whereas animal research provides a degree of experimental 
control and precision not usually feasible in studies using human subjects [108]. 
Meanwhile, the animals used in most experiments were males, because researchers 
usually avoid using females for the reason of their reproductive cycles and hormone 
fluctuations that may affect the results of their studies [109]. For these reasons 
research on sex differences has begun relatively recently, but today the related 
literature is enormous. Human studies on metabolic differences between men and 
women were stimulated largely due to the progress of the sport medicine. Here, 
we will discuss only those works, which have direct relation to our subject under 
discussion: what sex metabolic differences underlie the fact that females live longer 
than males in many species, including humans [108].

Evidently, the sex differences in the body structure and metabolism depend on 
the stage of a person’s ontogeny. Vijay et al. (2015) studied sexual differences in the 
expression of mitochondria-related genes in rat heart at different ages that corre-
spond to different stages of the rat’s reproductive capacities [110]. The authors stud-
ied the whole genome expression profiling in the hearts of young (8-week), adult 
(21-week), and old (78-week) male and female Fischer 344 rats, and the expression 
of 670 unique genes related to various mitochondrial functions was analyzed. A 
significant (p < 0.05) sexual dimorphism in expression was observed in young ani-
mals for 46, adult for 114 and old rats for 41 genes, respectively [110]. Importantly, 
in young and adult hearts, sexual dimorphism was not noted in genes encoding 
oxidative phosphorylation. Adult males showed higher expression of genes associ-
ated with the pyruvate dehydrogenase complex as compared to females. In old rats 
a majority of genes involved in oxidative phosphorylation had higher expression in 
females. This clearly shows that sexual dimorphism largely depends on the stage of 
ontogeny. Other studies demonstrated better preservation of myocardial mass and 
a greater cardiac contractility in women than men during aging [111]. The better 
heart health in aged women might be the result of either genetically predetermined 
factors or less oxidative damages and slower aging as compared to men.

It is a well-known observation that women generally have a higher amount of 
body fat than men. Distribution of fat is also different: women store more fat in the 
gluteal-femoral region, whereas men have more body fat in the abdominal (vis-
ceral) region [112, 113]. Importantly, that visceral fat accumulation is accompanied 
with multiple endocrine perturbations, including elevated cortisol and androgens 
in women, as well as low growth hormone and, in men, testosterone secretion. The 
consequences of the hormones effects will be more expressed in visceral than sub-
cutaneous adipose tissues, because omental fat has higher cellularity, innervation 
and blood flow. Furthermore, the density of cortisol and androgen receptors seems 
to be higher in visceral fat than in other regions of adipose tissue [114]. In addition, 
there are epidemiological and metabolic associations between centralized (visceral) 
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fat accumulation and disease [114]. This is an important fact because visceral 
obesity is a common symptom for men and women with metabolic syndrome.

Physiological experiments with oral administration of triglycerides, labeled with 
a small amount of oleic acid, revealed the following regional differences in the order 
of lipid uptake: omental = retroperitoneal > subcutaneous abdominal > subcutane-
ous femoral adipose tissues in men, with a similar rank order for half-life of the 
triglyceride, indicating also a turn-over of triglycerides in that order. Testosterone 
amplifies these differences in men. In premenopausal women, the visceral fat 
accumulation is smaller than in men, and subcutaneous abdominal has a higher 
turnover than femoral adipose tissue [114]. Among regional gender differences of 
fat metabolism, there is an interesting evidence that in vivo, catecholamine medi-
ated leg free fatty acid release is lower in women than in men, whereas free fatty 
acid release from the upper body depots is comparable [112].

These experiments in vivo indicate that sex variations in fat metabolism are 
controlled by sex-specific hormones. This presumes that in the post-reproductive 
stage of ontogenesis, the sexual dimorphism in fat metabolism should be weaker 
or absent. Results of studies in vitro also indicate that this difference is diminished 
at the menopause, and may be restored by estrogen therapy. This suggest that the 
functional effects of estrogens in women are similar to those of testosterone in 
men. As we will show in the next section, the effects of both hormones are targeted 
on substrate oxidations by mitochondria, and, thus, on the rates of ROS produc-
tion. However, the mechanism of estrogen on fat metabolism might be indirect 
because human adipose tissue does not possess specific estrogen and progesterone 
receptors [114].

As regards protein metabolism, no gender differences in the basal level net muscle 
protein balance have been found [115]. In general, testosterone increases muscle pro-
tein synthesis and net muscle protein balance, resulting in increased muscle mass. At 
young age, boys and girls have similar amounts of testosterone. At puberty testosterone 
levels increase much more dramatically in males, as does muscle mass. Furthermore, 
although no evidence exists in humans, the in-vitro and rat data suggest that ovarian 
hormones inhibit muscle protein synthesis [115].

12. Sex differences in substrate utilization during physical activities

The indirect effect of the sex hormones on fat metabolism is supported by the 
data on sexual dimorphism in utilization of fatty acids during physical activities, 
which demonstrate that the proportion of energy derived from fat during exercise is 
higher in women than in men [112, 116]. Carter et al. (2001) investigated the effect 
of endurance training on whole body substrate, glucose, and glycerol utilization 
during 90 min of exercise in males and females [116]. First, during submaximal 
physical loads females show a lower respiratory exchange ratio (RER) than males, 
which indicates on a proportionately lower carbohydrate and higher fat oxidation 
[116, 117]. In comparison with females, exercising males had a greater increase in 
leucine oxidation but not lysine levels, which indicated that during intensive physi-
cal activity males increase their need for amino acids to fuel energy needs. Under 
the same conditions, females responded by increased mobilization of fat, thereby 
requiring less alternative fuels such as carbohydrate and amino acids [116–118]. 
The overall conclusion of these experiments was that females oxidize a greater 
proportion of fat and less carbohydrates and amino acids as compared with males. 
Thus physiologists support our finding that fatty acids oxidation requires simulta-
neous presence of other mitochondrial metabolites derived from carbohydrates or 
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proteins [88]. Because women have lesser consumption of supporting substrates, 
the rate of fatty acids oxidation should be also diminished. This might explain why, 
in general, women demonstrate lower levels of physical performance during endur-
ance sports and produce less ROS [119–121].

Knowing the fact that mitochondria oxidize fatty acids only in the pres-
ence of supporting substrates [87, 88], the data presented above suggest that 
females require less or different supporting substrates for effective oxidation of 
fatty acids. We can, therefore, predict that the isolated skeletal muscle or heart 
mitochondria from females must be different from males in terms of the type 
and requirement of supporting substrates, and also produce ROS at a slower 
rate. Unfortunately, until now we have been the only ones who have studied the 
oxidation of fatty acids in the presence of various supporting substrates, but we 
used male rats only in our experiments [87, 88]. Figure 3 illustrates that the rates 
of ROS production strongly depend on the type of supporting substrates, namely 
pyruvate, glutamate and succinate, and their various mixtures [55, 87, 88]. Thus 
the in vitro experiments with the isolated mitochondria from different organs 
require further investigation in order to elucidate molecular mechanisms of the 
sex diversity at the mitochondrial level. Since males showed higher expression 
of genes associated with the pyruvate dehydrogenase complex, as compared to 
females [111], and consume more carbohydrates and amino acids during endur-
ance training [116–118] we can suggest that women’s higher longevity and slower 
rate of aging is associated with the less efficient oxidation of fatty acids and 
thus slower rates of oxidative stress. However, this conclusion evidently regards 
only women at the reproductive stage, when, according to Ventura-Clapier et al. 
(2020), women are “protected” [122]. These authors also stated that “apart from 
comparisons between males and females, there is a crucial need for studying 
the female physiology and woman pathology. In particular the biological step 
that constitutes menopause in women appears to be the border between “female 
protection” and “female susceptibility” to cardiovascular diseases, which needs to 
be deciphered further”.

Figure 3. 
Effect of substrate mixtures on production of ROS by isolated rat heart mitochondria oxidizing  
palmitoyl-carnitine. The incubation medium contained: Amplex red 2 μM, horse radish peroxidase 2 units, 
volume 1 ml. The reaction was initiated by addition of 50 μg of mitochondria. Initial rates were measured 
for 3 minutes. Substrates: 1. Succinate 5 mM; 2. Succinate + pyruvate 2.5 mM + glutamate 5 mM + malate 
2 mM; 3. Palmitoyl-carnitine 50 μM + succinate; 4. Palmitoyl-carnitine + succinate + pyruvate + glutamate + 
malate. Numbers at the traces are the rates of H2O2 production in picomol H2O2/min/mg protein RHM. The 
rates were corrected for the time control rate with RHM incubated without added substrates. The figure was 
taken from [55].
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13.  Metabolic syndrome (MetS) as the post-reproductive stage of 
ontogenesis

Long time ago physicians noticed that many patients have common features 
of external appearances and biochemical indices of abnormal metabolism, which 
included insulin resistance, obesity, atherogenic dyslipidemia and hypertension. 
By the end of 80s of the 20th century the term “Metabolic syndrome” has been 
accepted and its own diagnostic code: 277.7 has been assigned by the International 
Classification, 9th Division, Clinical Modification (ICD-9-CM). However, the 
current definitions of the metabolic syndrome (MetS) give no clues to the essence 
of MetS and are mostly just listings of symptoms, for example: “The metabolic 
syndrome is a constellation of metabolic disorders including obesity, hypertension, 
and insulin resistance, components, which are risk factors for the development 
of diabetes, hypertension, cardiovascular, and renal disease” [123, 124]. This 
“clustering” or “constellation” of risk factors were considered to share underlying 
causes, mechanisms and features. The diagnosis of MetS is accepted only when 
at least three out of five symptoms are present in a patient [125, 126]. It was early 
recognized that people with isolated components, but who do not fit the defini-
tion of metabolic syndrome, are not at as high a risk for type 2 diabetes (T2D) or 
cardiovascular diseases (CVD). For example, people with isolated hypertension or 
isolated hyperlipidemia are at risk of CVD, or people with isolated obesity are at risk 
for T2D, but less so than people who meet multiple criteria of MetS [123].

It was expected that a comprehensive definition for the metabolic syndrome and 
its key features will facilitate research into its causes and lead to pharmacologic and 
lifestyle treatment approaches [127]. However, analysis of the tremendous amount 
of publications regarding MetS revealed that more than 30 years after defining 
MetS, there is still no deep understanding how and why MetS develops. Much of 
the literature can be roughly divided into supporters and opponents of considering 
insulin resistance as the primary symptom for the diagnosing MetS [123, 128–130]. 
These discrepancies were reflected in the criteria for diagnosing MetS provided 
by several Institutions, which were thoroughly reviewed in [123]. The discussions 
become heated by publications that ethnic and racial factors may greatly affect the 
criteria for diagnosis of MetS [127, 131].

14. The origin of MetS

The results of genetics studies on the potential hereditary predisposition to MetS 
were analyzed by Stančakova and Laakso [132]. They concluded that there is only a 
limited evidence for common genetic background explaining the clustering of the 
metabolic trait. Instead, the existing evidence suggests the importance of epigenetic 
mechanisms [132]. This conclusion supports our earlier suggestion [55, 66, 67] that 
the external appearances and metabolic features of MetS reflect the genetic proper-
ties of our distant ancestors. So far, however, aging and MetS have been commonly 
regarded as the result of accumulation of different kinds of damages caused by 
oxidative stress and/or improper life style [8–11, 133–135].

As we have stressed earlier, all human beings after birth undergo changes 
during postembryonic ontogenesis. One of the theories of aging suggests that with 
the advanced age, the loss of heterochromatin results in altered gene expression 
[1, 2]. The epigenetic alterations resulting from global heterochromatin loss may 
be at the root of the various molecular events associated with aging and may tie 
together the various models of aging [2]. However, the process of ontogenesis in 
humans suggests that each transition to a new stage switches conversion of a new 
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portion of heterochromatin into euchromatin, and new genes begin to work, and 
then during transition to a the next stage, the “previous” portion of euchromatin 
does not turn back into heterochromatin, but becomes lost. Therefore, the so 
called “general loss” of the heterochromatin with advancing age simply reflects 
the advancement of individual ontogeny. Evidently, when men and women enter 
the post-reproductive stage of ontogenesis, they have lost much of the hetero-
chromatin that was present in a newborn baby. The genes that govern the post-
reproductive stage were not the subject for natural selection, and therefore they 
are the same, or almost the same, genes that our distant ancestors had. This can be 
proved by many qualities in our bodies that appear after the age of 55: bulky body 
structure, dark spots of myelin in the skin, hair distribution, etc. Evidently, after 
transition to the post-reproductive stage many metabolic features also become 
distinct from the previous stages. There is a lot of evidence that elderly people of 
the northern Europe and Siberia acquire external and metabolic features common 
to the people living in the Northern Polar Regions. Inhabitants of the North, for 
example Eskimos, Dolgans, Innuits, do not consume a lot of plant foods rich in 
carbohydrates. Their diet is based on meat, animal fat and fish.

Again, the clue to understanding the nature of MetS, we can find in the sex asso-
ciated differences in the energy metabolism and the transition of men and women 
from reproductive to the post-reproductive stage of ontogenesis, which is com-
monly regarded as the stage of aging [92]. This usually occurs between the ages of 
50 and 55, when women go through menopause. The sharp changes in appearance 
and metabolism are particularly evident in women during and after the menopause, 
which increases the risk of MetS by 60% [136]. It is important, that the occurrence 
of MetS in the post-menopause period does not depend on the body mass index 
(BMD) and physical activity [137], but may depend in women on the dynamics of 
estrogen decline with age [138]. Interestingly, studies on sex hormone replacement 
in animals have shown that males receiving testosterone showed MetS deteriora-
tion, while females with estrogen replacement showed improvement in their MetS 
symptoms such as decreased hypertension [139]. This agrees with the suggestion 
that the genetically predetermined transition to the post-reproductive stage during 
normal ontogenesis, which is accompanied by changes in the hormone status, is 
the major natural cause of MetS. Thus some features of MetS, namely insensitivity 
to insulin and gain of fat, particularly visceral obesity, simply reflect a new type of 
metabolism. From this point of view, T2D may result from the excessive consump-
tion of unnecessary carbohydrates at the post-reproductive stage.

15.  Sex differences in the transition from reproductive to  
post-reproductive stage

In one of the previous sections we provided evidence that women oxidize fatty 
acids, which are the predominant energy source at all ages, at a slower rate in 
comparison with men, and thus probably produce ROS at a slower rate [116–118]. 
Olivetty et all. [111] studied changes in mononucleated and binucleated myocytes 
with age in enzymatically dissociated cells. The age interval examined varied from 
17 to 95 years. The authors have found that in the course of aging women’s hearts 
preserved the ventricular myocardial mass, aggregate number of mononucleated 
and binucleated myocytes, average cell diameter and volume. In contrast, in the 
men’s hearts the authors observed nearly 1 g/year loss of myocardium, and this 
phenomenon accounted for the loss of approximately 64 million cells. These detri-
mental events involved the whole male’s heart. In the remaining cells, myocyte cell 
volume increased at a rate of 158 microns3/year in the left and 167 microns3/year 
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in the right ventricle. And these changes in the men’s hearts were linear from the 
age of 17 to 95, whereas in women the structural properties of the heart remained 
unchanged [111]. Thus, it seems that women enter the post-reproductive stage 
with relatively “young” heart, whereas in men the aged heart lost many cells and 
the remaining cells increased their volume, which is a disadvantage for the heart’s 
energy metabolism.

16.  Features of fatty acids metabolism that increase MetS symptoms and 
accelerate aging

Among mammalians the human females have a unique duration of post-
reproductive longevity [140], which is probably to a large degree associated with the 
metabolic “protection” that caused slower rate of aging at the reproductive period 
[122]. There are several reasons to argue that both the accelerated rate of aging 
of men and the relatively slow aging of women, as well as other sex differences in 
metabolism and physical performance, are based on the sex differences in fatty 
acids metabolism. Regardless of age and gender, fats are the major source of energy, 
carbon and hydrogen for the anaplerotic reactions. Table 1 shows the relative 
amounts and times of consumption of the three main sources of mitochondrial 
substrates for obtaining energy and intermediary metabolites for the growth and 
maintenance of the body.

Table 1 shows that carbohydrates stores are small and must be constantly 
replenished by gluconeogenesis in the liver. Amino acids reserves are practically 
absent and they are constantly formed due to the digestion of food proteins, as 
well as in anaplerotic reactions in mitochondria. Carbohydrates are too precious 
to be used for obtaining energy. Much of glucose, particularly at young age, is 
used for the synthesis of RNA and DNA, purine and pyrimidine nucleotides. Only 
erythrocytes, which have no mitochondria utilize glucose for obtaining ATP by 
glycolysis and NADPH for reducing glutathione. There is an old myth that brain 
consumes only glucose for supporting its energy needs. However, most of the 
lactate and neuromediators glutamate and γ-aminobutyric acid, which are also used 
by synaptic mitochondria as energy substrates, are synthesized by the astrocytes 
from the carbon atoms of fatty acids and for the expense of energy derived during 

Source of Energy (Caloric value– kcal/g) Storage amount (time of consumption)

Carbohydrates:
Blood glucose &
Glycogen (CV = 3.81)
Amino acids
(CV = 3.12)
Acyl Fatty Acids
(CV = 9.3)

Total 4–5 grams (20–30 min)
100–120 gram (1–3 hrs.)

Released during catabolism of food, damaged tissue proteins 
and anaplerotic reactions. The content is highly dynamic.

Fat (Kilograms) days

Table 1. 
It is shown that carbohydrates stores are small and must be constantly replenished by gluconeogenesis in the 
liver. Amino acids reserves are practically absent and they are constantly formed due to the digestion of food 
proteins, as well as in anaplerotic reactions in mitochondria. Carbohydrates are too precious to be used for 
obtaining energy. Much of glucose, particularly at young age, is used for the synthesis of RNA and DNA, purine 
and pyrimidine nucleotides. Only erythrocytes, which have no mitochondria utilize glucose for obtaining ATP 
by glycolysis and NADPH for reducing glutathione. There is an old myth that brain consumes only glucose for 
supporting its energy needs. However, most of the lactate and neuromediators glutamate and γ-aminobutyric 
acid, which are also used by synaptic mitochondria as energy substrates, are synthesized by the astrocytes from 
the carbon atoms of fatty acids and for expense of energy derived during β-oxidation of fatty acids. Synaptic 
mitochondria also gladly oxidize fatty acids in the presence of supporting substrates [85, 87].
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β-oxidation of fatty acids. Synaptic mitochondria also gladly oxidize fatty acids in 
the presence of supporting substrates [85, 87].

The energetic efficiency of β-oxidation of fatty acids in the presence of support-
ing substrates is the only combination of substrates capable to support the highest 
rates of oxidative phosphorylation in the heart during maximal physical loads. The 
efficiency is achieved by the reduction of not only NADH/NAD+ system in mito-
chondria, but also by reduction of the membrane pool of ubiquinol/ubiquinone. 
Therefore, during β-oxidation of fatty acids, electrons enter the respiratory chain 
not only from Complex I, but mainly through complexes II and III. However, when 
the energy demands by the organ’s functions diminish, the excess of energy in mito-
chondria may redirect electrons for production of the superoxide radicals, and thus 
HO2

• [66, 88]. Oxidation by mitochondria of the NAD-dependent substrates cannot 
provide high rates of ATP and ROS production because NADH-dehydrogenase 
activity of Complex I is the rate limiting step [141].

Brandt [21] observed that the rate of ROS production may be increased, when 
mitochondria have abundant supply of substrates and low level of ATP consump-
tion (low functional load), and diminish when consumption of energy is high, or 
the substrate supply is limiting. This explains why the symptoms of MetS strongly 
depend on the life style. This is probably the main reason why men start aging faster 
and earlier then women. At the age of 45–50, many men reduce physical activity, eat 
too much and abuse alcohol, which dramatically accelerates ROS production.

After menopause, the women’s hormonal status becomes closer to that of men, 
and therefore they also must utilize fatty acids as the main substrates for energy 
production. At the post-reproductive stage of ontogenesis, we can assume that both 
men and women have metabolic pattern similar to their distant ancestors, who did 
not consume a lot of carbohydrates. This may explain the origin of the insulin resis-
tance at MetS. This is not a pathology rather than a new physiological reality due to 
metabolic reprogramming at the post-reproductive stage. With low insulin sensitiv-
ity, most consumed carbohydrates are directed to the synthesis of lipids, which 
accelerates obesity, first of all visceral obesity. Excessive food consumption plus 
lower physical and mental activities accelerate production of superoxide radicals, 
and, thus, perhydroxyl radicals. This accelerates IPLP yielding harmful products, 
which have proinflammatory activities, cause damages to proteins, cardiolipin and 
PEA resulting in mitochondrial dysfunctions and accelerating aging.

For a long time, these gradually accumulating various functional disorders and 
structural damages are not accompanied by specific clinical manifestations. In 
people predisposed to an earlier aging, the clinical symptoms may be unspecific and 
look like frailty. With time, the accumulated wear and tear will cause development 
of clinical symptoms, like acute heart failure, Alzheimer’s disease, or something 
else, and finally death.

Literature show diminished fatty acids oxidation and developments of MetS 
symptoms in the females without estrogen that can be normalized by administra-
tion of estrogen [142, 143]. We do not think that those publications contradict to 
our conclusions presented in this Chapter, because those experiments have been 
done on young animals 7–8 weeks old.

17. Conclusions

In this Chapter we have presented evidence that activation of IPLP by hydro-
peroxyl radical, protonated form of superoxide radical, provides explanation to 
the slow and inevitable mechanism of aging and resolves many objections against 
MFRTA in the current paradigms. We also have shown that focusing only on the 
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damages, which accompany aging, is not very helpful, because it gives no answers 
on why and when aging actually starts, and why women age slower and live longer 
than men. We have explained the idea that aging is, first of all, the process of 
development in time, when men and women go through a number of genetically 
predetermined stages. Because men and women have different biological roles, 
they also have different metabolic strategies. Fatty acids at all stages of ontogeny 
are the main substrates for provision of energy and intermediate metabolites for 
the growth and maintenance. The energetic efficiency of β-oxidation of fatty acids 
is controlled by the type of mitochondrial metabolites that oxidize simultaneously 
with fatty acids. However, this results in a significant increase in oxidative stress. 
We suggest that sex hormones determine the type and quantity of supporting 
substrates, which result in different rates of energy production and oxidative stress. 
Women consume more fatty acids with lower efficiency, and thus age at a slower 
pace. When men and women enter the post-reproductive stage of the ontogeny, the 
type of metabolism also changes because this last stage of ontogeny is controlled by 
ancient genes of our distant predecessors. In Figure 4 we summarized the available 
information as a scheme, which shows the approximate differences between men 
and women in ROS production during ontogeny. The metabolic syndrome, which 
usually begin developing after the age of 45 in men and 55 in women, reflects two 
main events: the transition to the post-reproductive stage of ontogeny, and the new 
type of metabolism. Because fatty acids become the major substrates for the energy 
production in all organs, the rate of ROS production, and, consequently, the rate of 
aging may increase dramatically. The specific symptoms of the MetS prevailing in 
particular individuals will depend on the genetic background of their ancestors and 
the life style.
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Anesthetic Consideration for 
Geriatric Patients
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Abstract

The geriatric population experiences significant alterations of numerous organ 
systems as a result of the aging process. They also have several co-morbidities 
including hypertension, cardiac disease, diabetes, cerebrovascular disease and renal 
dysfunction. Geriatric patients are considerably vulnerable and especially sensitive 
to the stress of trauma, surgery and anesthesia. A high incidence of postoperative 
complications in this population is observed. Appropriate perioperative care was 
required for geriatric patients. To date, development in anesthesia and surgical tech-
niques has substantially reduced morbidity and mortality in the geriatric patients. 
Several anesthetic techniques have been utilized for these patients. However, 
anesthesia-related mortality in geriatric patients is quiet high. All geriatric patients 
undergoing surgical procedures require a preprocedural evaluation and prepara-
tion, monitoring patients during intraprocedural and postprocedural periods as 
well as postprocedural management. This chapter highlights the physiological 
changes, preprocedure assessment and preparation, anesthetic techniques, intra-
procedural and postprocedural management in geriatric population.

Keywords: anesthesia, analgesia, geriatric, elderly, management

1. Introduction

The geriatric population is quickly growing and living longer, and this development is 
estimated to significantly increase surgical demand for both elective and emergent cases. 
Normally, functional reserve and organ functions are declined in the geriatric patients. 
Perioperative management of geriatric patients is clearly different and commonly 
more complex than in younger patients. The consequence of surgery and anesthesia in 
geriatric patients is directly related to the care they receive during the perioperative prac-
tice. However, morbidity and mortality rates after surgery in the geriatric patients are 
significantly higher than the younger patients. Furthermore, inhospital adverse events 
and prolonged duration of hospital stay are frequently observed in these patients [1, 2]. 
Although, age itself is not a disease process but instead serves as a chance for developing 
age-related diseases. The adverse events could be lessened by appropriate preoperative 
assessment, proper anesthetic technique and careful postoperative management.

2. Cardiovascular system

Physiologic changes of the vascular system include atherosclerosis and increased 
arterial wall thickness. In addition, aging leads to decrements in the extent of 
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autonomic control of the cardiovascular system. Aging patients have a reduced 
cardiac output. Systolic function could be remarkably conserved. However, car-
diac responsiveness to adrenergic stimulation is declined. Maximal heart rate and 
cardiac output also decrease with age [3]. Consequently, baroreflex responses could 
not completely maintain hemodynamic stability in stressful conditions such as 
orthostatic hypotension and administration of vasoactive drugs. The functional 
capability of organs declines and co-existing diseases further contribute to this 
deterioration. Ischemic heart disease, hypertension, diabetes mellitus and hyper-
cholesterolemia are common in the geriatric patients. Subsequently, autoregulation 
of blood flow to kidney and brain is reduced. The physiological stress response 
may be impaired because of decreased autonomic function. The cardiac muscle 
hypertrophy that develops secondary to the increased late systolic afterload leads 
to myocardial thickening and diastolic dysfunction. Atrial fibrillation is also 
common in the geriatric patients. Importantly, age changes both pharmacokinetic 
and pharmacodynamic aspects of anesthetic agents. Response to induction agents 
results in exaggerated effect on blood pressure. There is also a reduced response 
to atropine. Moreover, diminished responses to hypovolemia are supplementary 
confounded by volatile anesthetics and the sedative drugs that impair baroreflex 
control mechanisms [1, 3].

3. Respiratory system

Functional capacities of the respiratory system are all reduced in the geriatric  
patients. Decrease in chest wall compliance and the strength of respiratory 
muscles, making the lungs more difficult to ventilate and declining in maximum 
inpiratory and expiratory force. Increased alveolar compliance with collapse of 
small airways and subsequent alveolar hypoventilation, air trapping leading to 
ventilation perfusion mismatch. Additionally, collapse of small airways, conse-
quent alveolar hypoventilation, and air trapping may lead to ventilation perfusion 
mismatch. The residual volume is also increased. Ventilatory response to hypox-
emia and hypercapnia are deteriorated in the geriatric patients. Hypoxemia can 
develop easily. Moreover, the prevalence of chronic obstructive pulmonary disease 
intensely increases with age [4]. Atelectasis and pulmonary infections are more 
common in these patients. Administration of premedication could increase the 
patient’s risk for aspiration. Combination of residual effects of anesthetic agents, 
prolonged effect of neuromuscular blocking drugs and postoperative pain, could 
significantly contribute to the respiratory complications.

4. Renal system

Aging is accompanying with a steady deterioration in renal function. Reduction 
of glomerular filtration rate, capability to concentrate urine, and reservation 
of renal function are noted. Monitoring of urine output during and after major 
surgery would be regularly performed. Geriatric patients do not require a specific 
fluid regimen. However, they are less able to achieve hypovolemia or hypervolemia. 
Though, postoperative renal failure is rare, reduced renal blood flow and decreased 
nephron mass may increase the risk [5]. Risk factors for acute postoperative renal 
failure include advanced age, diabetes mellitus, preexisting renal insufficiency, 
major vascular surgery, and recent exposure to nephrotoxins. Sympathetic stimula-
tion, pain, surgical stress, and the use of vasoconstrictive drugs may induce sub-
clinical renal insufficiency.
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5. Nervous system

Aging results in a reduction in nervous tissue mass, neuronal density and con-
centration of neurotransmitters. A reduction of central nervous system function 
in the geriatric patients is observed. Autonomic dysfunction is related with impair-
ment of cardiovascular reflexes, hypotension, arrhythmias and delayed gastric 
emptying. Temperature regulation is abnormally seen with increasing age. There 
is an increase in disorders of cognitive function, memory loss, and degenerative 
diseases such as Parkinson’s disease in these patients. Dose requirements of local 
and anesthetic agents are reduced. Postoperative cognitive dysfunction increases 
with aging. Geriatric patients are sensitive to centrally acting anticholinergic 
drugs. Regional anesthesia or combined general and regional anesthesia could be 
favorable [6].

5.1 Pharmacology

The reduction of hepatic and renal functions impacts pharmacokinetic and 
pharmacodynamic of anesthetic drugs. This might be increased the sensitivity to 
these drugs. In addition, the decrease in total body water leads to a reduction in 
the central compartment and increased serum concentration after a bolus admin-
istration of a drug. Minimal alveolar concentration declines with age. Geriatric 
patients are more sensitive to anesthetic agents and normally require smaller doses 
for the same clinical effect. Long-acting drugs would be continued through out 
the hospital stay. This effect of aging on pharmacokinetic depends upon the drug 
is used.

5.2 Nutrition

Poor nutrition status is common in the geriatric patients. A meta-analysis pre-
sented that perioperative oral nutritional supplementation had a positive effect on 
serum total protein and led to fewer complications, but did not have a positive effect 
on postoperative mortality [7]. Prolonged preoperative fasting should be avoided in 
this population. The recent study has confirmed that preoperative complete geriat-
ric assessment increases ability to predict patients at a greater risk for morbidity and 
mortality among the geriatric patients with advanced age or multiple comorbidities.

5.3 Musculoskeletal

All types of degenerative diseases encompass the geriatric patients. This may 
limit exercise tolerance and makes it difficult to assess their fitness. Epidural and 
spinal blocks are technically difficult. In addition, the geriatric patients are suscep-
tible to fractures and dislocation. Positioning and pressure points should be well 
taken before and during the procedure.

6. Preoperative preparation

6.1 Assessment

Preoperative geriatric assessment includes functional physical status, neurocog-
nitive function, systematic evaluation of comorbidities, substance abuse, frailty, 
nutrition, and medication. A complete history and clinical assessment as well as 
appropriate laboratory testing is required. However, preoperative evaluation of 
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geriatric patients characteristically is more complex than that of younger patients. 
Moreover, perioperative functional status could be difficult to evaluate. Aging 
results in the alterations in physiology that are linked to reduce the functional 
reserve and ability to compensate for the physiological stress.

Assessment of preoperative mental status is critical as it typically reflects on the 
postoperative cognitive status. Subsequently, the consumption of multiple medica-
tions so classic of the geriatric patients can change homeostatic mechanisms. All 
geriatric patients must have a preoperative anesthetic evaluation and preparation 
as well as relevant consultations. The geriatric patient is greater risk for long-term 
functional compromise after the stress of surgery than the younger patient. In 
general, geriatric patients with complex medical histories are best appreciated 
before the surgery to ensure that an appropriate preparation. Multidimensional 
assessments may help redefine standards for accomplishment of surgery [8].

6.2 Preoperative testing

Generally, routine preoperative testing of geriatric patients is not recommended 
unless coexisting medical sicknesses are identified or suspected. However, in the 
geriatric patients, our knowledge is somewhat more limited. Recent studies on 
routine preoperative testing in geriatric patients are observed. To date, it is not clear 
whether certain preoperative screening tests have a different profit in the geriatric 
age group. Routine screening in the geriatric patients does not significantly enhance 
information obtained from the patient’s history. Generally, electrocardiogram is 
compulsory. A chest film would be decided for patients with acknowledged respira-
tory diseases and patients with symptomatic cardiorespiratory diseases.

According to guidelines of the American College of Cardiology and the 
American Heart Association for preoperative cardiac assessment, the patient’s 
activity level is a primary element of the necessity for further evaluation [9]. 
Major predictors of cardiac risk are unstable coronary diseases, decompensated 
heart failure, significant arrhythmias and severe valvular disease. In patients with 
intermediate clinical predictors, the type of surgery and functional status of the 
patients will have major parts in defining the nature and magnitude of preoperative 
testing. However, no preoperative cardiovascular testing should be implemented 
if the results will not change perioperative management. In day case surgery, 
geriatric patients needed careful planning and proper preoperative assessment and 
preparation.

7. Anesthetic techniques

The determination of the planned anesthetic technique for surgery in geriatric 
patients should occur in a multidisciplinary approach. Irrespective of the type of 
anesthetic techniques, anesthesia should be performed by experienced anesthesi-
ologists who are qualified to accomplish the perioperative care of geriatric patients 
[10]. Generally, all anesthetic techniques may be applied. The choice of anesthesia 
is prejudiced by numerous factors such as the patient’s medical condition, type and 
duration of surgery, as well as skill of anesthesiologist and surgeon. To date, there is 
inadequate evidence to support a single best anesthetic plan for geriatric patients. In 
a recent review, there might be benefits to selecting regional versus general anesthe-
sia as a primary anesthetic modality in certain patient groups. However, this issue 
remains controversial due to the quality of the studies and the lack of consideration 
of the risks of neuraxial blockade in several reports [11, 12]. No differences were 
detected in postoperative morbidity and mortality, rate of readmission as well as 
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hospitalization costs in geriatric patients undergoing regional anesthesia or general 
anesthesia (GA) for hip surgery [13].

8. General anesthesia

The judgment to use a general anesthesia in geriatric patients is determined 
by the type of surgery, and anesthesiologist and surgeon preference. Anesthesia 
preparation time, start time of surgery, length of surgery, time to sit, and time to 
walk were shorter in GA. Most general anesthetic agents depress cardiovascular 
and respiratory function as well as change consciousness. There are several adverse 
effects that happen in unpredictable, varying proportions of geriatric patients, 
while the cardiorespiratory adverse effects are dose-related. Oxygen desatura-
tion and hypoxemia happens faster in the geriatric patients. Hence, appropriate 
preoxygenation is critical.

Alterations in pharmacokinetics and pharmacodynamics in geriatric patients 
affect considerably with the final action of anesthetic drugs and increase the 
adverse effects. Advanced age is undoubtedly related with a reduction in median 
effective dose requirements for all anesthetic agents. In geriatric patients, an 
induction dose of anesthetic agent is substantially reduced. The titration of 
admistered drugs is extremely recommended. Ketamine should not be used in 
the patient with cardiac disease or hypertension. GA might be better in geriatric 
patients with severe cardiorespiratory diseases. Moreover, dementia increases with 
age. When GA is applied, the time required for clinical recovery from neuromus-
cular blockade is obviously increased in geriatric patients for nondepolarizing 
muscle relaxants. A short or intermediate-acting muscle relaxant is planned when 
tracheal extubation is needed. Once paralysis is not compulsory, laryngeal mask 
airway could be performed in the geriatric patients with a low risk of aspira-
tion. Careful perioperative fluid balance is required in the geriatric patients. 
Consequently, GA in geriatric patients is associated with hypothermia, leading to 
increased morbidity.

9. Regional anesthesia

Regional anesthesia (RA) may have some benefits over general anesthesia, 
including less thromboembolic events, confusion and respiratory problems post-
operatively. Regional techniques could be utilized as a primary anesthetic modality 
for surgical anesthesia or could be combined with GA as an adjunctive modality to 
augment intraoperative and postoperative pain relief. Additionally, RA may dimin-
ish the requirement for sedative and analgesic drugs. This technique also preserves 
spontaneous ventilation and probable decreases postoperative complication follow-
ing pelvic and orthopedic surgery [14]. However, age-related cardiovascular and 
sympathetic changes as well as the reduction of cardiovascular reserve may create 
possibly hazardous consequences. Moreover, the risk of nerve palsies, paresthesias, 
and other complications are increased in the geriatric population.

Peripheral blocks in the geriatric patients demonstrate satisfactory outcomes 
without compromising the safety of the airway or risking major hemodynamic 
effects. However, there are some anatomical changes including weakening of spine 
and intervertebral disks, fibrosis of intervertebral foramina, and reduction in fat 
in epidural space in these patients. Local anesthetic spread could enhance in the 
spinal column, and the dose of epidural medications should be decreased and given 
more slowly in the geriatric patients. Consequently, metabolism and clearance of 
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local anesthetic agents are also delayed with advanced age. The dose of local anes-
thetic agents would be decreased for both neuraxial and peripheral nerve blocks. 
Moreover, geriatric patients are more sensitive to the central effects of opioids and 
are at enlarged risk of apnea following neuraxial opioid administration. In addi-
tion, neuraxial anesthesia-induced hypotension usually occurs in geriatric patients. 
Antiplatelet medications require several days or weeks to wear off. Therefore, 
ticlopidine should be stopped for 14 days and clopidogrel for 7 days before neur-
axial anesthesia. However, nonsteroidal anti-inflammatory drugs and aspirin could 
be continued.

10. Intravenous sedation

Intravenous sedation for geriatric patients is a safe and effective technique. 
Normally, it is utilized for mild and moderate surgical procedures especially in the 
rediology department and endoscopy unit [15–18]. These procedures are typically 
short duration and do not create severe pain. The aim of intravenous sedation for 
geriatric patients is to endorse the patient’s safety, to minimize physical distress or 
pain, to provide analgesia and procedural amnesia as well as to return the patients to 
their baseline level of consciousness. Usually, geriatric patients are sicker with more 
co-morbid situations than in the younger patients. All these factors make sedation 
in this group a challenging task. Old age does not describe the complete indications 
for giving general anesthesia more habitually.

Geriatric patients have increased response to sedoanalgesic drugs with higher 
risks for hypoxia, respiratory depression, and apnea. Accurate assessment of the 
depth of anesthesia contributes to titrating drug administration to the individual 
patient [19]. Sedoanalgesic drugs including midazolam, fentanyl and propofol are 
generally used. In my sedation practice, fentanyl, midazolam and/or propofol are 
frequently used in a combination technique in the geriatric patients [16, 17, 20]. To 
date, propofol has been shown to be safe and is extensively performed for sedation 
and anesthesia outside the operating room. Compared to younger patients, geriatric 
patients may require dose reduction of midazolam and/or propofol. My previous 
report also confirmed that all adult patients could be discharged to the ward within 
60 minutes from the end of endoscopic procedure, and the discharge time was not 
associated with age, American Society of Anesthesiologists physical status, and the 
total dose of sedative drugs [21].

11. Monitored anesthesia care

Monitored anesthesia care (MAC) is one of the most common anesthetic tech-
niques. To date, technologic advances in the diagnostic procedures have produced 
an increased demand for MAC technique. Usually, MAC is suggested for geriatric 
patients who fear or deny general anesthesia or who are at increased risk because 
of age or certain concomitant medical situations. Preoperative, intraoperative and 
postoperative management should be performed as geriatric patients receiving 
general or regional anesthesia. Importantly, geriatric patients should be monitored 
properly by experienced personnel who are knowledgeable about pharmacokinetics 
and pharmacodynamics as well as qualified in airway management and resuscita-
tion. MAC is classically selected for geriatric patients who require supervision of 
vital signs and administration of sedoanalgesic drugs to supplement local infiltra-
tion or regional anesthesia. Moreover, oxygen supplementation is recommended in 
all geriatric patients.
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Medications normally used for MAC include midazolam, propofol, fentanyl, and 
remifentanil. However, interpatient unpredictability is noticeable with midazolam, 
and some geriatric patients might be delicately sensitive to its pharmacologic 
effects. Midazolam reduces the slope of the carbon dioxide response curve, and 
decreases the ventilatory response to hypoxia. Propofol retains a short context-
sensitive half-life and a high plasma clearance that produce a quick awakening when 
utilized as the sole agent even after a sustained continuous infusion. However, 
propofol creates a dose-dependent effect in cardiorespiratory system [22]. To avoid 
undesirable effects, it is critical to decrease the initial doses in the geriatric patients. 
Remifentanil is an ultrashort-acting drug. Its peak effect occurs within 1-2 minutes 
after bolus administration [20]. Distribution and metabolism of remifentanil per-
mit for early offset and return of spontaneous ventilation. The dose of remifentanil 
should be calculated to lean body mass and that geriatric patients require as much as 
50%-70% dosage reduction.

12. Intraoperative care

12.1 Fluid management

Generally, fluid management should provide into account the combined effects 
of aging, anesthetics, analgesics, and anxiolytics on physiology. Appropriate use of 
intravenous fluids in geriatric patients is essential to avoid unpleasant effects of fluid 
administration. Insufficient hydration may often quickly deteriorate in organ func-
tions. In high-risk geriatric patients, numerous studies have proven that goal-directed 
hemodynamic therapy significantly reduced postoperative morbidity and mortality 
[23, 24]. However, perioperative fluid monitoring is essential. The surgical patients 
will have been fluid depleted for at least 4-6 hours before. An anesthesiologist must 
be concerned of the volume status. In addition, fluid balance should be maintained 
during the procedure.

12.2 Pain management

A proper analgesic plan should be conducted in every geriatric patient before 
an operation. Many geriatric patients hurt from acute or chronic pain and 
increasingly apply management for their condition. Depression is common in the 
geriatric patients and is probable to be faced in the geriatric patient with chronic 
pain. Therefore, the overall proportion of chronic pain management applications 
increased in this population. Epidural anesthesia should be intensely considered 
in geriatric patients, as they offer improved function after abdominal surgery. The 
overwhelming majority of pain lawsuit in the claims database contained invasive 
procedures such as blocks and injections. An anesthesiologist should concern any 
unpredicted motor and/or sensory findings, and should cautiously monitor the 
geriatric patients for a prolonged time after the neuraxial blockade.

13. Postoperative care

13.1 Oxygen therapy

The geriatric patients are less able to increase and preserve ventilation at 
high levels. In addition, the responsiveness of central nervous system to hypoxia 
and hypercarbia is reduced. The reduction of protective reflexes, coughing and 
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swallowing with age can cause recurrent aspirations and pulmonary damage. The 
greatest incidence of myocardial ischemia is on day 2 or 3 postoperatively. Owing 
to the abnormalities in gas exchange characteristic of the geriatric patients, it is 
suggested that they should be transported to the postanesthesia care unit with 
2-4 L/min of oxygen via nasal cannula, even after minor ambulatory surgery. 
Importantly, oxygen therapy and closed monitoring in a high dependancy unit 
might be required for geriatric patients.

14. Postoperative respiratory complications

The remaining effects of anesthesia could all meaningfully cause to respiratory 
complications [25]. Postoperative hypoxemia may happen in 20%-60% of geriatric 
surgical patients. As emphasized previously, geriatric patient has an increased 
alveolar-arterial gradient, decreased respiratory muscle strength, and diminished 
hypoxic and hypercarbic drives at baseline. Consequently, there is advanced loss 
of airway reflexes with age. Apnea and interrupted breathing after administration 
of narcotics are more common. Risk factors for respiratory complications include 
atelectasis, pneumonia, and pulmonary thromboembolism, advanced age, poor 
general health status, current infections, pre-existing cardiorespiratory diseases, 
hypoalbuminemia, and renal impairment. Supine position during recovery 
increases transpulmonary shunt [6]. Upper abdomen and intrathoracic procedures 
in geriatric patients have an independent factor in worsening postoperative hypox-
emia and other respiratory complications.

Postoperative pulmonary aspiration in geriatric surgical patients is also an 
essential issue. Decreased respiratory muscle strength, together with reduced cough 
and swallowing reflexes may lessen clearance of secretions and increase the risk of 
pulmonary aspiration in the geriatric patients. This hazard is compounded by the 
effects of anesthetics, sedatives, and narcotics as well as by interventions such as 
tracheal intubation, nasogastric tube placement, and upper abdominal or head and 
neck surgery. An anesthesiologist should to be informed the geriatric patient and 
family members to this impending hazard and to adjust oral intake postoperatively. 
Geriatric patients also have a higher incidence of postoperative sleep apnea events. 
In some geriatric patients, intensive care management is neded.

14.1 Hypothermia

Geriatric patients are more at a higher risk of becoming hypothermic owing 
to anesthetic induced altered thermoregulatory mechanisms and their low basal 
metabolic rate. Adverse effects of postoperative hypothermia contain cardiac 
ischemia, arrhythmias, decreased drug metabolism, increased blood loss, wound 
infection, and prolonged hospital stay. In geriatric patients, every effort should be 
done to prevent heat losses. Numerous studies have been revealed that maintaining 
normothermia decreases cardiac morbidity. Several studies have been accomplished 
to evaluate the effects of many active or passive warming devices and methods 
including a forced-air warming blanket or heated humidifier circuit on periopera-
tive hypothermia or shivering in geriatric patients [26, 27].

15. Postoperative pain

Geriatric patients are frequently undertreated for pain. Postoperative pain 
increases the risk of complications in the geriatric patients. However, pain 
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assessment in this population might be difficult due to cognitive impairment, 
dementia and aphasia. Insufficient postoperative analgesia may be associated with 
myocardial ischemia and respiratory failure [6]. However, the geriatric patient is 
enormously vulnerable to drug interactions and has an enhanced probability of 
undesirable effects. There is a correlation between postoperative pain and cognitive 
impairment. Postoperative pain might impair cognition and cognitive impairment 
could affect with the communication of postoperative pain. Multimodal drug ther-
apy and perioperative regional analgesia could be very effective for perioperative 
pain management in geriatric patients. In addition, a balanced analgesic technique 
combining opioids, nonopioids and local anesthetic agents is also suggested.

16. Postoperative cognitive impairment

To identify postoperative cognitive impairment, clinician must be aware of the 
patient’s habitual cognitive status to decide a reasonable assessment of alterations 
from their individual baseline status. Anesthesia had been concerned as a donating 
cause of postoperative cognitive impairment in the geriatric patients. Impairments 
are perceived in mood, memory, behavior, judgment, learning, language and motor 
function. The previous studies revealed that reduced brain functional reserve 
made the geriatric patients more likely to develop postoperative cognitive impair-
ment [28]. The contributing factors might be narcotics, sedatives, anticholinergic, 
infection, anesthetic techniques, pain, sleep deprivation and hospitalization. 
Postoperative cognitive impairment could be categorized into two main groups: 
postoperative delirium (POD) and postoperative cognitive dysfunction (POCD). 
POD and or POCD affects 5-50% of geriatric patients.

Delirium is well-defined as an acute alteration in cognitive function that 
progresses over a brief period of time lasting for a few days to a few weeks. An 
incidence of POD is dependent on the type of surgery, patient’s preoperative 
physical and cognitive status, and age of the patient. The overall prevalence of 
POD in geriatric patients after surgery has been appraised to be 10% [29]. The 
etiology of delirium is probably multifactorial and may include drug intoxication 
or withdrawal, drug interaction, anticholinergic agents, metabolic disturbances, 
hypoxia, abnormal carbon dioxide levels, sepsis, inadequate analgesia, and organic 
brain diseases. The incidence of POD may be less in outpatients than in hospitalized 
patients because of ambulatory patients return home postoperatively where suitable 
stimuli and support are obtainable. A previous systematic review for prevention of 
POD in geriatric patients scheduled for elective surgery presented that multicompo-
nent interventions, antipsychotics, bispectral index-guidance, and dexmedetomi-
dine treatment could successfully decrease an incidence of POD in geriatric patients 
undergoing elective non-cardiac surgery [30].

POCD is a syndrome well-defined by a deterioration from baseline in cogni-
tive neuropsychological functioning which could last for months up to 1 year and 
possibly longer. POCD happens at rates as high as 79% at 7 days, 12.7% at 3 months 
in non-cardiac surgery patients [31]. The risk factors of POCD are multifactorial 
and may contain lower preoperative cognitive score, less educated, alcohol abuse, 
electrolyte abnormalities, type of surgical procedure, drug interactions, hypnotic 
or alcohol withdrawal, intraoperative events related to the surgical procedures as 
well as anesthetic agents and depth of anesthesia. Furthermore, physiological and 
sociological consequences of hospitalization and surgery might have a role. The 
only risk factor for late POCD was age. No differences between regional and general 
anesthesia in the incidence of postoperative cognitive impairment are noticed [32]. 
Interestingly, outpatients may have a superior cognitive outcome than inpatients.
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17. Other considerations

Generally, postoperative nausea and vomiting (PONV) and pain are the two 
most common causes for unpredicted admission after scheduled outpatient surgery. 
Risk factors for PONV are female gender, previous PONV or motion sickness, 
nonsmoking status, and opioid use. In addition, geriatric patients experience an 
increased incidence of conduction abnormalities and bradyarrhythmias includ-
ing atrial arrhythmias and atrial fibrillation. Transient, subclinical hearing loss is 
not uncommon after spinal anesthesia [33]. The pathophysiology is supposed to 
encompass movement of perilymph from the ear into the subarachnoid space as 
cerebrospinal fluid leaks out. The prevalence rate of mild hearing loss after spinal 
anesthesia differs inversely with the patient’s age. Moreover, geriatric patients are at 
higher risk for drowsiness, confusion, urinary retention, and adverse drug interac-
tions than the younger patiens. For geriatric outpatients, an escort should stay with 
the patient for at least 24 hours postoperatively.

18. Conclusion

Geriatric patients are exclusively vulnerable and particularly sensitive to the 
stresses of hospitalization, anesthesia and surgical procedure. However, age alone 
does not serve as deterrent for surgical procedures. The care of geriatric patients can 
be complex and will be a growing task. A balance between physiological and psy-
chological alterations is required in these patients. No anesthetic agent or technique 
is clearly superior for all conditions or settings. Suitable preoperative, intraopera-
tive and postoperative management is needed of geriatric patients. Additionally, 
anesthesiologists must have a knowledge of the physiological, pharmocokinetic and 
pharmacodynamic differences before they utilize their anesthetic techniques.
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Chapter 5

Pain Management in Older Persons
Dabota Yvonne Buowari

Abstract

Pain is a common symptom in the elderly and it is problematic and distressful 
especially if the polder person is dependent on a caregiver. Pain keeps the sufferer 
uncomfortable and can affect the person from carrying out daily activities and 
tasks especially activities of daily living. Pain in the older person may be acute or 
chronic. Some of the causes of pain in the elderly are neuralgia, musculoskeletal 
dysfunction especially osteoarthritis, emotional and mental problems, cancer and 
several other causes. The assessment of pain in the elderly is done using validated 
pain assessment tools such as the visual analogue scale, verbal rating scales, 
numeric rating scales, McGill pain assessment questionnaire, pain attitudes, brief 
pain inventory, and geriatric pain measure. Management of pain in older persons 
involves non-pharmacological and pharmacological methods. There are some 
barriers and challenges of pain management in the elderly and also consequences 
when pain is not properly managed or not managed at all in an older person.

Keywords: older person, pain, non-pharmacological management, opioids,  
nursing home

1. Introduction

The numbers of older persons are increasing worldwide; which means there will 
also be an increase in their health needs [1–13]. Sometimes health issues concerning 
older persons are neglected [14]. The aging process affected by several factors. Older 
persons may have more than one disease leading to comorbidities as well as chronic 
pain [14–18]. Generally pain is a common complaint in senior citizens but it is not 
part of the aging process as pain in the elderly is underreported and under treated 
[9, 13, 15, 17, 19]. Pain management in older persons is problematic due to the 
various changes associated with the aging process that occur in the different body 
organs and systems [10]. The perception of pain is beneficial for survival [15]. Pain 
management is an important aspect of healthcare [20]. The rudiments of effective 
pain management includes close monitoring for adverse effects, regular assessment 
of the pain using various validated pain assessment tools and adjustment of the dose 
of analgesics administered to the corresponding response. Any pain causing physical 
and psychosocial functionality problems should be regarded as a significant health 
problem [15]. Pain is the most common reason why an older person will consult a 
physician [21].
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2. What is pain?

Everyone feels pain though some researchers argue that neonates do not feel 
pain. The word pain is derived from the Greek word, which means penalty in 
Greek [20]. The taxonomy of the International Association for the Study of Pain 
(IASP) defines pain as ‘an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage or described in terms of such dam-
age [20, 22–24]. Pain is a complex phenomenon characterized by a sensory and 
emotional experience that is unpleasant [25–27] and it is also distressing [28]. 
Pain is the most common symptom complained by the elderly [29]. Older people 
tend to underreport pain due to several barriers and challenges such as cultural 
beliefs and ageism [29]. Pain management is generally under diagnosed, over-
looked and undertreated in older adults [15, 27, 30]. Pain is a subjective personal 
experience known only by the sufferer [30].

3. Prevalence of pain in older persons

The prevalence of pain in the older persons varies, pain is prevalent in older 
persons and this increases with age [9, 31, 32]. The knowledge of the prevalence of 
pain in the oldest old is scarce [33]. Several studies have been conducted on pain in 
older persons. Many reports suggest that the incidence of pain in senior citizens is 
about 50% in older adults living in the community and about 80% in older persons 
who are resident in nursing homes [17, 21, 25]. The pain is of significant intensity in 
19% of older persons.

4. Types of pain

Pain can be classified as acute or chronic pain depending on its duration. It can 
also be classified depending on the cause of the pain if it is nociceptive pain that is 
visceral or somatic origin or neuropathic pain. The prevalence of acute pain in the 
elderly does not change with aging while that of chronic pain increases with aging 
[29]. Acute pain is usually a symptom of an illness or injury while chronic pain may 
be a pointer to specific health problems, as the factors leading to chronic pain may 
not be identified or eradicated all the time [29].

Chronic pain is now also known as recurrent or persistent pain. Chronic pain 
occurs for a prolong period of time usually more than three months [21] which 
may or may not be associated with a well-defined disease process [34], and it is an 
important health problem in the elderly [24, 34, 35]. Chronic pain is prevalent in the 
elderly [36, 37]. The clinical manifestations of persistent pain the older persons are 
often complex and multifactorial [26].

Acute pain can be defined as pain that is of distinct onset, there is an obvious 
cause and also of a short duration, it indicates acute injury or disease [21]. Persistent 
pain is common among residents of nursing homes.

5. Causes of pain in older persons

There are several causes of pain in older persons.

1. Pain in the lower extremities for instance can be caused by osteoarthritis which 
could lead to falls [10, 21, 38]. Osteoarthritis is one of the commonest causes 
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of joint pain and disability in the elderly hence the goal of its treatment is to 
reduce its symptoms and prevent disability [21].

2. Low back pain, this may be caused by arthritis, muscular and neurological 
changes associated with aging [10, 24, 29, 31, 39].

3. Joint arthrosis

4. Depression

5. Intestinal diverticulosis

6. Night time leg pain [26]

7. Spinal cord stenosis [29]

8. Myofascial pain [29]

9. Fibromyalgia [29]

10. Post herpetic neuralgia [29]

11. Post stroke pain syndrome [29]

12. Diabetic peripheral neuropathy [29]

13. Cancer [29]

14. Complications related to gait abnormalities, accidents and polypharmacy [9].

6. Assessment of pain in older persons

There are various ways of assessing pain in older persons and this is challenging for 
various reasons such as those with diminished cognitive ability, dementia, disorders 
in communication, and cultural barriers [13, 19, 21, 30, 31, 36, 40, 41]. The first step 
in an effective pain management is assessment of the pain [31]. Assessment of pain in 
older persons should include the assessment of the older person functional abilities 
[10, 42] and it requires a multidisciplinary approach for making a diagnosis. This 
includes understanding the atypical presentations of pain in older persons including 
its pathophysiology, the physiological changes associated with aging, common pain 
presentations and the use of validated pain assessment tools [11, 19, 36]. Self-reporting 
is the best method of assessing pain and there is a wide range of self-report scales as it 
provides the most accurate and reliable information [36, 43].

There are many validated pain assessment tools that can be used in the assess-
ment of pain in older persons while each of the tools have its merits and demerits as 
no single tool will be useful for every patient [39, 43]. Commonly used scales in the 
assessment of pain in older persons are the visual analogue scales, verbal rating scales, 
numeric rating scales, McGill pain assessment questionnaire, pain attitudes, brief 
pain inventory and geriatric pain measure [33, 40, 43]. There may be other medical 
signs and symptoms that can make the pain assessment difficult [13]. Polypharmacy 
increases sensitivity to analgesics [35]. Sometimes elderly persons find it difficult 
using self – report pain scales correctly [38, 43].
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7. Treatment of pain in older persons

The management of pain in the elderly can be challenging [14, 15, 35, 42], 
proper assessment of the pain is very important for its management [44]. Pain 
management in older persons requires a multidisciplinary approach with the use 
of non-pharmacological techniques and pharmacological agents that is analgesics 
and adjuvants [9, 13, 15, 19, 21, 37, 45]. The approach to pain management in older 
persons differs from that of younger person’s [26, 31, 37]. The multidisciplinary 
approach to pain management in the elderly addresses both the medical and psy-
chosocial requirements of the older person and this involves pharmacotherapy, 
psychological support and sometimes physical rehabilitation [9, 10, 31] all aimed 
at the reduction of the pain and improvement of the quality of life [15, 45]. History 
taking is done; if there is cognitive impairment history may be taken from the 
caregiver [42]. Older persons cope with pain better than younger people as some 
people believe that pain is part of the aging process [39].

7.1 Non-pharmacological treatment of pain in older persons

There are many forms of non-pharmacological mode of pain management in 
older persons, this includes:

1. Exercise, this helps to maintain movement hence it helps the older persons to 
be active, retain muscle tone and have a greater social interaction [15, 21, 38].

2. Weight reduction [15]

3. Massage [45]

4. Electrotherapy for example transcutaneous electrical nerve stimulation 
(TENS) [21].

5. Acupuncture, this involves the insertion of special acupuncture needles into 
designated acupuncture points that are then stimulated with either electrical 
current or manual manipulation [21].

7.2 Pharmacological treatment of pain older persons

The pharmacological management of pain in the elderly involves the use of 
the three step World Health Organization analgesics ladder, which is an accepted 
pain plan universally [21, 36, 46]. The pharmacological management of pain in 
older persons also involves taking into consideration any existent comorbidity 
and medications taken for other illnesses to avoid drug-drug interactions and 
side effects [13, 29, 31, 34]. As in the use or administration of any therapeutic 
agent, older persons are at risk of adverse reactions [13, 15, 31, 38]. Effective 
pharmacological treatment of pain involves proper assessment of the pain [26]. 
The physiologic changes associated with aging affect the pharmacokinetics and 
pharmacodynamics of drugs in the elderly [36]. Multimodality is required which 
involves the use of different drugs [13, 47]. Traditionally, analgesics are classified 
into three groups’ namely peripheral analgesics such as acetaminophen; non-
steroidal anti-inflammatory drugs (NSAIDs) and opioids.

1. Acetaminophen: The pharmacological management of pain in the elderly 
involves the use of acetaminophen marketed in most countries as paracetamol. 
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Acetaminophen is the commonly used analgesic [10, 36, 44]. It is used in the 
first step of the pain management ladder of the World Health Organization 
[10]. The general approach in pain management in the elderly is to start with a 
non-opioid such as acetaminophen and non-steroidal anti-inflammatory drugs 
and then use opioids for severe pain [13].

2. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs): These are non-opioid 
analgesic agents example of NSAIDs are ibuprofen, piroxicam, diclofenac, 
ketoprofen, etc. One of the adverse effects of NSAIDs is irritation of the 
lining of the gastrointestinal tract which can lead to hemorrhage therefore 
it is not taken in an empty stomach and it is administered with caution in 
patients with peptic ulcer disease. Prolong use of NSAID generally should 
be avoided in older persons due to association with gastrointestinal bleeding 
and renal dysfunction [13].

3. Opioids: Opioids is used in the management of severe pain both acute and 
chronic pain, also used in the management of different types of pain such as 
nociceptic and neuropathic pain [13, 32]. Several factors affect the pharma-
cokinetics and pharmacodynamics of opioids such as changes associated with 
the normal aging process as there is a natural decline in the functions of organs 
and comorbidities are common in older persons [38, 47]. One of the side effects 
of opioids especially in senior citizens is respiratory depression [48]. Adverse 
effects on the central nervous system and others are the same for the general 
population. There is greater risk of side effects in older persons [36]; one of the 
feared adverse effects of the use of opioids in the elderly is the risk of falls [38]. 
Therefore management of pain in older persons should include the physician’s 
experience as fear of the adverse effects frequently hinders prescribing analgesics 
for older persons [26, 38].

4. Adjuvants Therapy: Adjuvants used in the treatment of pain in older persons 
are tricyclic anti-depressants, topical local anesthetics such as topical ligno-
caine (lignocaine patch), anti-epileptics hypnotics, anxiolytics and anti-
psychotics [33, 44].

7.3 Barriers and challenges of pain management in older persons

There are many barriers and challenges to the management of pain in older 
persons [9, 14, 37, 48]. Pain poses a challenge for both senior citizens and their 
caregivers [13, 37, 38, 42].

1. Older persons sometimes may be reluctant to report pain hence the pain is not 
assessed at all and not treated properly or sometimes the pain is diagnosed and 
treated late [9–11, 13, 15, 16, 19, 31, 35–37, 40, 42, 48, 49].

2. Older persons generally under report pain and therefore it is under treated 
[13, 15, 19, 21, 26, 31, 33, 36, 42–44].

3. Changes associated with aging such as the pharmacokinetics and pharma-
codynamics of drugs and other physiologic changes of the aging process  
[9, 13, 31, 32, 37].

4. Cultural and religious beliefs that pain is part of the aging process  
[9, 10, 13, 21, 32, 35, 40].
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5. Fear of the manifestation of side effects of opiates which is common in the 
older persons especially as the older persons is prone to comorbidity  
[13, 21, 25, 26, 32, 36, 37].

6. Changes in the perception of pain in older persons such as when there is cogni-
tive impairment, dementia, sensory impairment, inability to communicate 
well, depression, functional impairment, delirium [9, 14, 15, 19, 21, 25, 26, 30, 
31, 33, 36, 38, 40, 41, 43, 44]. Depression can alter the perception of pain and 
also the ability to cope with it [36].

7. Fear of falls and addiction from the administration of opioids [38].

8. Polypharmacy [13, 37].

9. Ageism.

8. Consequences of untreated pain in older persons

There are several effects if pain is not adequately or improperly treated in the 
older persons, these include:

1. Problems with sleep such as inability to initiate or maintain sleep [49].

2. Problems with mood with the risk of depression and social isolation  
[19, 43, 49].

3. Interference with the activities of daily living [35].

4. Untreated pain in older persons interferes with all aspects of the older person’s 
life, physical, psychological, social and this can lead to poor quality of life  
[10, 19, 21, 31, 35, 37, 39].

9. Post-operative pain management in older persons

There has been an increase in the incidence of older persons requiring 
surgical interventions which it requires proper and adequate pain management 
after the surgery [38]. Adequate perioperative and post-operative pain manage-
ment in older persons reduces the risk of post-operative delirium [38]. Use of 
regional anesthesia reduces postoperative complications and improves post-
operative pain control [41, 50]. Multimodal drug therapy should be instituted 
as it has the advantage of minimizing both the dosages and side effects of any 
single agent [38, 41, 50].

10. Pain management in nursing homes

Pain is common among residents of institutionalized homes [21, 48]; this 
presents multifaceted challenges for healthcare practitioners [27]. It provokes a 
significant challenge to the nursing home caregivers in terms of their ability to 
provide adequate treatment [48]. Generally patients residing in nursing homes are 
more frail that other older persons living in the community [48].
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11. Conclusion

Pain is common in older persons and may be caused by a variety of disease 
states. There are many challenges in managing pain in older persons when the pain 
is not adequately or properly treated, it can lead to some consequences such as sleep 
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Chapter 6

Importance of Geriatric Health 
Care in India during Covid 19 
Pandemic
Kaushik Nag, Nabarun Karmakar and Anjan Datta

Abstract

World is facing a dual challenge of deadly Covid 19 pandemic and economic 
instability with its best health care facility and advanced science & technology. We 
need to support and protect our physically and economically vulnerable popula-
tion like geriatric or elderly people during this difficult time. India has nearly 
120 million elderly people with various physical, mental, social, economic, and 
spiritual problems. Ministry of health has created geriatric centers and geriatric 
clinics in most of the states. Routine care clinics cannot handle the burden of 
geriatric population to address their co-morbidities. Rapid training of healthcare 
professionals of various disciplines in geriatric care, home nursing is now of 
utmost importance. Government must provide financial support to nongovern-
mental organizations (NGOs) and other agencies for helping geriatric population 
by providing affordable health care.

Keywords: Health care, aged, Covid 19, pandemic, India, Geriatric, vulnerable 
population

1. Introduction

India has developed tremendously in providing health care delivery to the 
beneficiaries in many folds but not sufficient enough to fulfill the need of its huge 
population of more than 130 crores. Still we are lacking behind in meeting the 
health needs of our vulnerable population like elderly, pregnant mother etc. It may 
be due to lack of adequate number of manpower like doctors, nurses, paramedics, 
laboratory technician etc., sufficient fund allocated for health in budget and proper 
health infrastructure development.

Population aging is an inevitable and irreversible process due to improvements 
in health and medical care. With advancement in medical science and increased life 
expectancy, elderly population (60 years and above) is growing faster than young 
population globally [1].

The corona virus disease (COVID-19) pandemic has brought about unprec-
edented fear and uncertainty, especially among elderly population. The elderly 
population depends on social connection more than other generations and they 
are deprived of this socialism due to sudden pandemic and subsequent lock-
down in the world. India is also practicing nation-wide lock down and advising 
social distancing measures to prevent the spread of this infectious disease among 
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vulnerable populations like children, pregnant women and older people (more 
than 65 years). It has been seen, with aging immune system becomes weak and thus 
elderly are more prone to develop infectious diseases compared to younger genera-
tion. Geriatric populations are more affected with non communicable diseases like 
diabetes mellitus, hypertension, heart diseases, kidney diseases, chronic obstructive 
pulmonary diseases (COPD), cancer etc. Recoveries are usually slower and com-
plication arises rapidly in older people compared to adults. They face anxiety and 
depression simultaneously due to their loneliness and burden of household expen-
ditures, routine health checkups. For millions of elderly, COVID-19 has amplified 
their already-existing anxieties and turns them into panic mood [2].

The elderly constitutes about 11.5% of the total population of seven billion 
globally. This proportion of elderly is projected to be double (22%) by 2050 and it 
will be more than children below fifteen years of age. The proportion of the elderly 
will increase from 22.4% (as on 2012) to 31.9% in 2050 in developed countries. The 
proportion of the elderly is projected to be below 11% in least developed countries 
by 2050. The rapid aging of developing countries is not followed by the increase 
in personal incomes of that country. The proportion of the elderly is expected to 
double up from 10.5% to 22.4% in Asia during 2012–2050. Three countries in Asia, 
Japan (41.5%), South Korea (38.9%), China (34%) predicted to have the high-
est proportions of the elderly population in the region by 2050. The South Asian 
Association for Regional Cooperation (SAARC) countries, are likely to have only 
about 21% elderly population by 2050. The proportion of the elderly in India has 
been increasing at an increasing rate in recent years and the trend is likely to con-
tinue in the coming decades. The elderly population accounted for 7.4% of the total 
population in 2001, 8.6% in 2011 and has been projected to increase to 19% by the 
year 2050 in India. It is predicted that, the elderly will constitute about 34% of the 
total population in the country by the end of the 21st century. Therefore, relatively 
young India today will turn into a rapidly progressing aging society in near future. 
The sex ratio of the elderly has increased from 938 women to 1,000 men in 1971 to 
1,033 in 2011 and is projected to increase to 1,060 by 2026 given the insignificant 
decline in mortality among males particularly during adult and older years [1, 3, 4].

2. Geriatric problems in India

2.1 Health problems of elderly

In India, the elderly people suffer from dual medical problems, i.e. both com-
municable as well as non-communicable diseases. It is estimated that one out of 
two elderly in India suffers from at least one chronic disease like diabetes mellitus, 
dyslipidemia, hypertension, COPD, thyroid disorders, heart diseases which requires 
life-long medication. This is further complicated by impairment of special sensory 
functions like vision and hearing. A decline in immunity as well as age-related 
physiologic changes leads to an increased burden of communicable diseases or 
infectious diseases like influenza, pneumonia, tuberculosis (TB) in the elderly 
population. Most common disabilities among the aged were locomotor and visual, 
almost half of the elderly disabled population was reported to be suffering from 
these two types of disabilities (2011 census). Cardiovascular disorders account for 
one third of elderly mortality followed by respiratory disorders mortality (10%) 
and infections including TB (10%). It has been reported that a geriatric individual 
takes an average of six prescription drugs concurrently and often suffers from 
adverse drug reactions [1, 3, 5, 6].
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A key clinical issue in geriatric mental health is the heterogeneity in clinical 
presentations that confounds diagnosis and treatment of these problems. Patients 
usually deny the presence of mental health problems and are reluctant to seek help. 
Geriatric patients have multiple co-morbidities including psychological problems 
like depression. Few factors contributing to geriatric depression are female sex, 
widowed status, nuclear families, and stressful life events. Research indicates com-
paratively higher prevalence of geriatric depression in India, with a median preva-
lence rate of 21.9%. Symptoms of geriatric depression affect behavioral, physical, 
and cognitive domains of an individual, while many elderly do not seek help as a 
stereotype myth prevails that geriatric depression is normal in old age. Dementia is 
the most common neuropsychiatric illness besides depression as the major con-
tributor to disability in people above 60 years of age, accounting for one quarter 
of all disability adjusted life years (DALY). It has been shown in different studies 
that, many environmental factors as well as caregiver approach towards elderly 
population with dementia are responsible for development of various psychiatric 
behaviors in elderly like agitation, irritability, restlessness, emotional distress and 
sleep disturbance. There is urgent need of sufficient number of dementia care 
homes, rehabilitation centers along with dementia daycare centers to manage the 
huge number of dementia patients in India [7–12].

2.2 Socioeconomic challenges for the elderly

Elderly or geriatric populations have different socioeconomic problems in 
their life in the forms of loss of spouse, economic insecurity, social isolation, 
not getting pension timely etc. Elderly people in India not only work to support 
themselves but also make economic contributions to their households. Nearly 
66% of those over 60 years of age are currently married, 32% are widowed and 
nearly 3% are separated or divorced (2011 Census). The proportion of those who 
have lost their spouse is much higher among women compared to men with 48% 
of older women and only 15% of the older men being widowed. Since women 
are more likely to be dependent on men for financial security, women face more 
adversities due to loss of spouse compared to men. Living arrangements among 
the elderly was not a problem in India till a few years ago because elderly people 
were given special respect and care in their family. Majority of the elderly are still 
living with their children in India, about one fifth either live alone or only with 
the spouse and hence have to manage their material and physical needs on their 
own. Financial dependency also increases with age. Around 50% of the elderly 
have some type of personal income after their retirement in the form of social 
security measures like pension scheme, provident fund, life insurance policies, 
post office deposits, savings bank interests and non service people of rural as well 
as urban India get some amount of incentives as part of different national health 
programs, schemes for elderly population; which will be discussed in subsequent 
sections. This income earned by the elderly is not sufficient sometimes to fulfill 
their basic needs and wishes to buy some gifts for their grandchildren on some 
special occasions. Most of the time, they are seen dependent financially on their 
offspring. Almost three fourth of the elderly are either fully or partially dependent 
on others like relatives, friends and neighbors and such dependency is more for 
elderly women than men. Overall, it appears that elderly still depend greatly on 
their earnings to support themselves and their family. Presently, lower class and 
middle class families are facing a great challenge to take care of elderly population 
due to reduction in economic activities following sudden Covid19 pandemic and 
subsequent lock-down [1, 6].
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3. Covid-19 pandemic situation in India and globally

Corona virus outbreak was first reported in Wuhan city, Hubei province of 
China at the end of December 2019. Then Italy was affected by this infectious 
disease followed by multiple countries due to continuous movement of people 
across the globe by international air travel. The World Health Organization 
(WHO) declared this Covid outbreak to be a Public Health Emergency of 
International Concern (PHEIC) on 30th January, 2020. It was declared a pan-
demic subsequently on 11th March, 2020 when it affected more than hundred 
(113) countries world-wide [13].

Globally, there have been near about 3 crores (28918900) confirmed cases of 
COVID-19, with more than 9 lakh (922,252) deaths, reported by WHO with case 
fatality rate of 3.18% as on, 14 September 2020. Presently, the United States of 
Americas is at number one position in terms of number of Covid 19 cases, hav-
ing more than one fifth of total confirmed cases (22.2%) of Covid 19 followed by 
South-East Asia (18.9%), European region (16.7%), Eastern Mediterranean region 
(7.3%), African region (3.9%) and Western Pacific (1.9%), being the least affected 
region globally as on 14th September, 2020. There were more than 1.8 million new 
cases of COVID-19, with over forty thousand (40,600) deaths reported in the 
second week of September, 2020.The African Region also showed a decline in Covid 
19 cases this week and was the only region to report a decline in deaths due to Covid 
19. The European region has reported the third highest number of new cases in 
this week, accounting for about 16% of global cases and 25% of the deaths, with 
the second-highest cumulative number of Covid 19 cases per million populations 
(5,172 cases per million populations). In the South-East Asia Region, three countries 
namely; India, Indonesia and Bangladesh continue to report the highest number of 
Covid-19 cases, with the Maldives accounting for the highest number of cumulative 
cases (16,746 per million populations) in the second week of September, 2020. This 
region suffered 22% of all new deaths but retains low cumulative deaths in terms of 
population (46 per million populations). Myanmar is continuing to show increasing 
number of cases with mortality of less than 1 per million populations. Presently 
India has the highest number of Covid 19 cases (88.4%) in South-East Asia Region 
as on 14th September 2020. Indonesia has the highest case fatality rate (4.02%) 
followed by Thailand (1.67%), India (1.65%), Bangladesh (1.39%), Nepal (0.63%), 
Myanmar (0.57%), Srilanka (0.37%) and Maldives (0.34%) in South-East Asia 
Region. Currently, two countries from this region, Bhutan and Timor-Leste have 
not reported any death due to Covid 19. India has a very good recovery rate of more 
than 78% till now which is better than many countries compared to huge number of 
populations affected by Covid 19 [14].

4. Geriatric health care service -need and present scenario in India

Many programmes targeting geriatric population came to act in our country in 
last few decades but still we do not have the sufficient number of geriatric health 
clinics, geriatric physicians and caregivers to take care of our elderly. It’s high time 
to look forward in a positive way to deal with these problems of deficiency during 
this challenging time of Covid 19 pandemic. Geriatrics is relatively a new branch in 
India with most practicing young physicians having limited knowledge of the clini-
cal and functional implications of aging. India’s old, their caregivers and healthcare 
providers admit ill health as part of senility. Geriatric care is not only concerned 
with the physiological phenomenon, but also with the medical health problems and 
specific diseases of an elderly [5].
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Increasing elderly population in India together with enhanced awareness on 
health issues is expected to put considerable pressure on the health care system 
in general and geriatric care in particular. The United Nations Population Fund 
(UNFPA) conducted a survey across seven states (Himachal Pradesh, Kerala, 
Maharashtra, Odisha, Punjab, Tamil Nadu and West Bengal) in India in 2011 to 
build a knowledge base on the socio-economic and health implications of aging and 
the ability of the elderly to access and use various welfare initiatives of the govern-
ment. The survey showed that about 7.6% of the elderly in India (approximately 7.9 
million persons) had difficulty in accomplishing activities of daily living (ADLs) 
and were in need of assistance. In general, elderly women have greater difficulty in 
performing ADLs than elderly men [1].

Aging of population affects economic development of society as economic pro-
ductivity is usually carried out by youths and adults - the productive forces. Aging 
problems vary across different geographical regions depending on demographic 
diversity, socioeconomic status, cultural and traditional practices. India is a country 
of demographic heterogeneity and geographical diversity, still one thing is common 
among its population i.e.; love and respect for each other especially for their elderly 
population. The family provides social and economic support to individuals at 
various stages of life. Family transition from joint to nuclear structure affected not 
only the status of elderly but also the family’s capability to care for elderly. Family 
structure changes were brought out by increased mobility for job opportunity, 
urbanization, capitalism, division of labor and industrialization. Community 
based voluntary support and viable formal support systems for elderly with chronic 
diseases and disabilities might address this issue. Creating provisions for elderly 
housing, domiciliary care systems, communication technologies might bridge the 
gap between young and old generations. Demographic factors like very old, women, 
those living alone and unmarried are more likely to enter long term care institu-
tions. Predictors of social placement of an elderly to an institution are mainly social 
selection and allocation processes in health delivery systems (theoretical perspec-
tive) and risk factors that delay nursing home placement (policy perspective). 
Important reasons for entry into institutions are unavailability and unwillingness of 
family members to take care of geriatric population as well as availability of care-
taker in private as well as government institution. Conditions viz., living arrange-
ment, perception that institutions are good alternatives and persons involved in 
decision making in family influence institutionalization of elderly. Institutionalized 
elderly are heterogeneous in terms of demographic characteristics, physical and 
mental conditions, service utilization patterns, prognosis and life expectancy. Few 
factors facilitating entry of elderly people in institution are status of elderly within 
the family, social issues, existence of nursing home, heterogeneity of nursing 
homes, behavioral ethnography of nursing home life and resident outcomes and 
attitude and behavior of nursing home personnel [15].

Over the years, government has launched various schemes with the intention 
of providing health, care, and independence of the elderly around the country. In 
the domain of public systems, there are two overarching initiatives that are large in 
coverage, more comprehensive or integrated in design and backed by financial and 
administrative resources. These are National programme for Health Care for Elderly 
(NPHCE) and Integrated Programme for Older Persons (IPOP). They facilitate 
and create an environment for different kinds of elder services. NPHCE is meant 
to be implemented in convergence with the National Health Mission, Ministry of 
AYUSH (Ayurveda, Yoga, Unani, Siddhi and Homeopathy) and the Ministry of 
Social Justice and Empowerment (MOSJE). The Government of India launched 
National Policy on Older Persons (NPOP) in 1999 with the primary goal of 
 overall wellbeing of the elderly, ensuring them a legitimate position in the society. 
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The same Year 1999 was observed as the International year for older persons by the 
United Nations general assembly. The MOSJE has started the Integrated Programme 
for Older Persons (IPOP) since 1992, with the aim of improving the quality of life 
of elderly people by providing basic amenities like food, shelter, medical care and 
entertainment opportunities. The IPOP provides financial assistance (up to 90%) to 
Panchayati Raj Institution (PRIs) or local bodies, NGOs, educational institutions, 
charitable hospitals or nursing homes etc. for initiation of different facilities for 
elderly like old age homes, mobile medical units for older persons living in rural and 
isolated areas, day care centers, physiotherapy clinics, provision of disability aids, 
running help lines and counseling centers and sensitization of school and college 
students to aging issues [1, 16].

5. National Programme for health Care for Elderly (NPHCE)

Ministry of Health and Family Welfare (MOHFW) is responsible for imple-
menting the National Programme for Health Care of Elderly (NPHCE) through 
primary, secondary and tertiary services, dedicated for older persons. NPHCE 
functions under the control, coordination and monitoring and supervision of 
the national, state and district cells for non-communicable diseases (NCD). 
NPHCE was launched to provide referral services through district hospitals and 
regional medical colleges for elderly population and to promote a community 
based approach for integration of existing primary health centers and capacity 
building [1, 15, 17].

The Vision of the NPHCE are: (1) Provision of accessible, affordable, and high 
quality long-term, comprehensive and dedicated care services to elderly popula-
tion (2) Creation of a new “architecture” for Aging (3) Building a framework for 
creation of an comfortable environment for “a Society for all Ages;” (4) Promotion 
of the concept of Active and Healthy Aging.

Specific objectives of the programme are: (1) Provision of an easy access to 
promotional, preventive, curative and rehabilitative services through community 
based primary health-care (PHC) approach. (2) Identification of health problems 
in the elderly and provide appropriate health interventions in the community with a 
strong referral backup support. (3) Capacity building of the medical and paramedi-
cal professionals as well as the caregivers within the family for providing health care 
to the elderly (4) Provide referral services to the elderly patients through district 
hospital and regional medical institutions cum colleges.

Few strategies to achieve the above mentioned objectives of the NPHCE are 
given as mentioned below:

1. Community based PHC approach including domiciliary visits by trained 
health-care workers (2) Dedicated services at PHC/Community Health 
Center (CHC) level including provision of machinery, equipment, training, 
additional human resources, Information, Education and Communication 
(IEC), etc.

2. Dedicated facilities at the district hospital with 10 bedded wards, additional 
human resources, machinery and equipment, consumables and drugs, training 
and IEC

3. Strengthening of Eight Regional Medical Institutes to provide dedicated tertiary 
level medical facilities for the elderly, introducing PG courses in geriatric medi-
cine, and in-service training of health personnel at all levels
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4. Increase use of Information Education Communication (IEC) activities using 
mass media, folk media and other communication channels to reach out to the 
vulnerable population

5. Continuous monitoring and independent evaluation of the Program and  
research in geriatrics and implementation of NPHCE

6. Promotion of public private partnerships in geriatric health-care

7. Mainstreaming AYUSH (Ayurveda, Yoga, Unani, Siddhi and Homeopathy) 
by revitalization of local health traditions and convergence with programs of 
Ministry of Social Justice and Empowerment in the field of geriatrics

8. Reorienting traditional medical education to competency based medical  
education to deal with the problems of geriatric health

Expected outcomes of NPHCE are given as mentioned below:

1. Initiation of Regional geriatric centers (RGC) in eight Regional Medical 
Institutions by setting up RGCs with a dedicated geriatric out-patient depart-
ment (OPD) and thirty (30) bedded geriatric ward for management of specific 
diseases of the elderly, training of health personnel in geriatric health-care and 
conducting research

2. Generation of Post-graduates in geriatric medicine from the eight regional 
medical institutions

3. Starting Video Conferencing Units in the eight (8) Regional Medical Institu-
tions to be utilized for capacity building and mentoring

4. Provision of District geriatric units with dedicated geriatric OPD and ten (10) 
bedded geriatric ward in 80–100 District Hospitals

5. Starting Geriatric clinics or rehabilitation units set up for domiciliary visits in 
community or primary health centers in the selected districts

6. Strengthening Sub Centers by provision of appropriate logistics like medicines, 
vaccine carrier etc. and adequate infrastructure like provision for safe drinking 
water, clean toilet facility, electricity etc.

7. Training of Human Resources in the Public Health-Care System in geriatric 
care.

8. NPHCE is expected to provide preventive, promotional, curative and rehabili-
tative services in an integrated manner for the elderly in various Government 
health facilities. Districts will be linked to Regional Geriatric Centers (RGCs) 
for providing tertiary level care. Package of services for elderly in different 
levels of health care delivery system under NPHCE are given in Table 1.

5.1 Geriatric health care services in private sector

There are four essential features of an integrated package of elder services in 
private sector as given below [1]:
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1. Affordable medical care at home

2. Improved access to institutional health care while linking home-based care 
with institution-based services

3. Training staff and family in home-based rehabilitation services

4. Greater participation of the elderly into the society, increasing the level of  
acceptance by fighting against ageism and continued enjoyment of home life.

While NPHCE and IPOP address aspects related to institutional health care, 
the rest of the aspects are facilitated by NGOs all over the country with public and 
private funding. Few NGO initiatives to deal with the health and social problems of 
elderly in India are as mentioned below:

i. Agewell Foundation

ii. Alzheimer’s and Related Disorders Society of India

iii. Calcutta Metropolitan Institute of Gerontology

iv. Ekal Nari Shakti Sangathan (ENSS)

v. Guild for Services

vi. HelpAge India

vii. Heritage Foundation

viii. The International Longevity Centre-India (ILC-I) Elder Care Services

ix. Janaseva Foundation

x. Nightingale Medical Trust

xi. Silver Innings Foundation

xii. Sulabh International services for Widows in Ashrams

6. Conclusion

India is fighting strongly to mitigate the Covid 19 pandemic situation with its 
limited manpower and economy. Many government programmes and initiatives 
were launched and coming forward to develop to meet the needs of its vulnerable 
population like pregnant mother, adolescent, children and elderly since its indepen-
dence. Public Health Foundation of India has recently launched another programme 
for training primary health care professionals in Geriatric health care among this 
most challenging time of Covid 19 pandemic which shows the distant vision of 
decision makers of health care delivery system in our country. We need to motivate 
and encourage our young medical graduates to enhance their knowledge and skills 
in geriatric health to decrease mortality and morbidity in elderly with such types of 
pandemic in future.
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Health facility level Package of services

Sub-Center (SC) • Health Education related to healthy ageing

• Domiciliary visits for attention and care to home bound/bedridden elderly 
persons and provide training to the family care providers in looking after the 
disabled elderly persons

• Arrange for suitable calipers and supportive devices from the PHC to the elderly 
disabled persons to make them ambulatory

• Linkage with other support groups and day care centers etc., operational in the 
area

Primary Health 
Center (PHC)

• Weekly geriatric clinic run by a trained Medical Officer

• Maintain a record of the elderly using the standard format during their first 
visit

• Conducting a routine health assessment of the elderly persons based on simple 
clinical examination relating to eye, blood pressure, blood sugar, etc.

• Provision of medicines and proper advice on chronic ailments

• Public awareness on promotional, preventive and rehabilitative aspects of 
geriatrics during health and village sanitation day/camps

• Referral for diseases needing further investigation and treatment, to CHC or 
the District Hospital as per need

Community Health 
Centers (CHC)

• First Referral Unit for the elderly from PHCs and below

• Geriatric clinic for the elderly persons twice a week

• Rehabilitation Unit for physiotherapy and counseling

• Domiciliary visits by the rehabilitation worker for bed ridden elderly and 
counseling of the family members on their home-based care

• Health promotion and prevention

• Referral of difficult cases to District Hospital/higher health-care facility

District hospitals 
(DH)

• Geriatric clinic for regular dedicated Out Patient Department (OPD) services to 
the elderly

• Facilities for laboratory investigations for diagnosis and provision of medicines 
for geriatric medical and health problems

• Ten bedded Geriatric Ward for in-patient care of the elderly

• Existing specialties like General Medicine; Orthopedics, Ophthalmology; ENT 
services etc., will provide services needed by elderly patients

• Provide services for the elderly patients referred by the CHCs/PHCs, etc.

• Conducting camps for Geriatric Services in PHCs/CHCs and other sites

• Referral services for severe cases to tertiary level hospitals

Regional Geriatric 
Centers (RGC)

• Geriatric clinic (Specialized OPD for the elderly)

• Thirty bedded Geriatric Ward for in-patient care and dedicated beds for the 
elderly patients in the various specialties viz. Surgery, Orthopedics, Psychiatry, 
Urology, Ophthalmology and Neurology etc.

• Laboratory investigation required for elderly with a special sample collection 
center in the OPD block

• Tertiary health care to the cases referred from medical colleges, district 
hospitals and below

Table 1. 
Package of services for elderly in different levels of health care delivery system under NPHCE are given below.
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Chapter 7

Geriatric Anemia
Manjit Kaur Rana and Amrit Pal Singh Rana

Abstract

Anemia is growing in importance as a public health issue and a biomedical 
research priority in the geriatric age group but data on the causes and prevalence is 
not substantial. World health organization (WHO) has defined anemia as hemo-
globin concentration (Hb %) below 12 g/dL in women and below 13 g/dL in men. 
Although it was previously believed that decline in Hb levels might be a normal con-
sequence of aging, later suggested that anemia does reflect underlying poor health 
and makes elders vulnerable to adverse outcomes. Geriatric anemia has been found 
to be prevalent in up to 21.1% of patients in Europe and 11.0% of men and 10.2% 
of women of 65 years and older in the US. There is little literature that explores the 
various causes of anemia and its association with socio-demographic profile with 
underlying diseases, hence lesser research has led anemia to go undiagnosed and 
untreated.

Keywords: geriatric, generalized weakness, unexplained anemia

1. Introduction

Anemia is rising in importance as a biomedical research priority and a public 
health issue in the old age group. World health organization (WHO) has defined 
anemia as hemoglobin concentration (Hb %) below 12 g/dL in women and below 
13 g/dL in men [1]. Hb declines slightly with more advancing age with frequency 
of anemia being more pronounced in men. The geriatric anemia is related with 
mortality and inferior health associated quality of life [2, 3]. This is important area 
to be explored as there is little literature that explains the association of anemia with 
old age and lesser research has led anemia to go undiagnosed and untreated. In the 
shade of absent obvious ailment, complaints of generalized weakness left ignored 
[4–9]. The incidence of anemia increases comorbidities resulting in increased fre-
quency of hospitalizations hence leading on to adverse impact on survival [10, 11]. 
So a better outlook is needed to define the optimal Hb levels and to diagnose out the 
cause of anemia in old age group [12, 13].

2. Definition of anemia and epidemiology

The definition of anemia in the elderly in the literature is controversial. The 
WHO criteria were established in the 1960s in a cohort lacking individuals >65 years 
of age [14]. According to WHO criteria anemia was defined as hemoglobin <12 g/dL 
in women and <13 g/dL in men and absolute iron deficiency was defined as a serum 
ferritin <30 ng/mL [15, 16]. The National Health and Nutrition Examination Survey 
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III classifies anemia into four categories as per underlying cause such as anemia 
from nutritional deficiency, anemia due to renal diseases, anemia of chronic disease 
and unexplained anemia, in the absence of other specific causes. Worldwide both 
the number and ratio of older adults growing and there are nearly 500 million (7%) 
adults, 65 years and older in the world and by 2030 will double to 1 billion (12%). 
It was predicted that 164 million elderly people who constitute 23.9% of geriatric 
population were suffering from anemia globally and death risk was elevated to 49% 
[3, 17]. As per a systematic review the prevalence of anemia was found to be 3–50%. 
Out of that 3–25% constituted from community-based studies, 31–50% from 
nursing homes studies and 40–72% hospital admissions [18]. The prevalence of 
anemia in the institutional studies was observed to be 24%, 31.4%, 46.8%, 54.5%, 
66.3%, 67% and 74% in Belgium, Israel, Pakistan, Ethiopia, German, China and 
US Arespectively [1, 19–23]. Whereas the prevalence of anemia was observed to be 
7.3%, 17.7%, 19% and 38% in Turkey, rural India, Iran and urban India respectively 
in population-based studies [24–27].

3. Clinical features

In elderly, anemia is ignored frequently in spite of obvious evidence that due to 
decreased Hb levels physiologic functions may worsen in the patients [28]. It has 
been noticed that there are 75% chances of negligence of symptoms by the patients 
[29, 30]. Also no related positive finding could be recognized on general physi-
cal examinations as there are insufficient signs on physical examination that are 
specific for mild to moderate anemia [3, 31, 32]. However signs and symptoms vary 
from weakness, irritability, alopecia, xerostomia and depression especially in iron 
deficiency anemia (IDA). The restless leg syndrome seen in elderly is also com-
monly take place with iron deficiency [33–35]. Many studies searched in literature 
verified that anemia is an independent risk factor for rise in morbidity and mortal-
ity along with decreased quality of life in older persons [18, 28, 36–38].

4. Etiopathogenesis

Geriatric anemia to a certain extent may be due to unrevealed underlying 
diseases or due to reduced bone marrow functional reserve or adaptation to reduced 
lean body mass with diminished oxygen requirements or escaped erythropoietin 
secretions. There is plenty of substantiation that hematopoietic stem cells undergo 
some qualitative changes with age hence resulting in reduced proliferative and 
regenerative capacity. It has been realized that anemia at older age is rising with 
the possibly of changes in diagnostics and demographics. Though this also have 
been emphasized by authors that anemia in the elderly do has a treatable cause 
[18, 39, 40]. The etiopathogenesis of anemia in geriatric age group is multifaceted 
and varying from nutritional deficiencies to inflammatory progressions resulting 
in immunodeficiency. Other causes may be from bone marrow failure syndromes 
to chronic kidney disease. In general causes of anemia were found to be anemia of 
chronic disease (ACD) associated with co morbidities, deficiency anemia consti-
tuting iron deficiency, vit B 12 deficiency, folate deficiency and others and unex-
plained anemia. While considering the underlying diseases, anemia in elderly is also 
seen associated with H. pylori and twice prevalent in people with chronic kidney 
disease (CKD), withprevalence of anemia increasing with stage of CKD [22, 33, 
41, 42]. Under normal circumstances, increased plasma and stored iron levels 
activate Hepcidin production, a hormone released by liver which in turn inhibits 
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dietary iron absorption. Anemia due to iron deficiencies can occur due to low iron 
content in diet, decreased iron uptake by intestine or excessive bleeding, and com-
pensated by increased erythropoiesis. IDA seemed to be associated with obesity, 
gastritis and peptic ulcer, esophagitis, Crohn’s disease, celiac disease etc. Although, 
polymedication was considered independent risk factor for anemia, a 12–35% 
higher chance of anemia was seen in aspirin users alone. Other drugs like cortico-
steroids and anti-acids were also seen associated with IDA [43, 44]. Screening for 
under nutrition should be included in assessment of anemia in geriatric patients 
as low serum albumin levels are found as independent risk factors for anemia in 
geriatric patients [44, 45]. The association of deficient serum vitamin D levels 
with anemia is not considered significant as hypoalbuminemia is measured likely 
to be confounding factor. At the same time as considering the sociodemographic 
profile as a causative factor, geriatric anemia was significantly seen associated with 
high socioeconomic status followed by employment and chronic diseases [45, 46]. 
Another aspect discussed by Freedman ML and associate suggested that low values 
in elderly especially in men is a physiologic phenomenon or values of anemia need 
to be revised in this age group is not known [31, 47].

5. Types of anemia

As per National Health and Nutrition Examination Survey III anemia has 
been classified into four categories as per underlying cause such as anemia from 
nutritional deficiency, anemia due to renal diseases, anemia of chronic disease and 
unexplained anemia, in the absence of other specific causes.

Anemia of chronic disease (ACD) is found to be the most common cause of 
anemia. The prevalence of ACD varies from 33.1–77% in elderly patients (Table 1) 
[1, 37, 48].

The cause of ACD in hospitalized elderly patients is mostly the consequence of 
added chronic underlying diseases and also is an indicator of several reactive and 
clonal conditions.3 Many underlying diseases, like H pylori, renal impairment, 
congestive heart failure, myelodysplastic syndrome (MDS) is seen associated with 
ACD in elderly [19, 42, 51]. Although concentrations of serum ferritin, white blood 
counts (WBC) and C-reactive protein (CRP) levels in ACD patients remains high in 
ACD but high Hepcidin (H) level occurring due to inflammation facilitates develop-
ment of ACD in elderly patients. Wang WJ et al. have emphasized that best thresh-
old value for the diagnosis of ACD is 130.05 μg/L with the sensitivity of 72% and 
the specificity of 96% [51–53]. An analysis done by López-Sierra Metal also favored 
use of serum Transferrin Receptor (sTfR) to check out the state of erythropoiesis in 
patients with chronic disease [54].

Prevalence Author’s name, year

35% Joosten E et al., 1992 [1]

65.6% Chernetsky A et al., 2002 [19]

64% Willems JM et al., 2012 [49]

77% Joosten E et al., 2014 [48]

46% Gowanlock Z et al., 2016 [50]

33.1% Michalak SS et al., 2018 [37]

Table 1. 
Prevalence of anemia of chronic disease in geriatric age group.
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Nutritional deficiency anemia is an important clinical problem with prevalence 
varying from 4% to 22.5% in older patients associated with caloric and protein 
restriction, iron, vitamin B12, folic deficiency [19, 37, 48, 55]. Protein and energy 
malnutrition cause an increase in the production of cytokine, stimulation of inflam-
mationand anemia. Due to decreased macrophages activity and ineffective erythro-
poiesis, reduced red cell mass is seen. In addition, increased cytokines and hepcidin 
serum levels also seen associated with obesity and underweight [56]. Anemia 
patients with protein and energy malnutrition more frequently suffered from hypo-
albunemia [43]. Absolute IDA is well-defined as anemia with absence of total body 
iron. To diagnose IDA although serum ferritin is the most often used parameter, 
but with older age and in the presence of inflammatory diseases concentration of 
serum ferritin increases and losses its significancy.10Iron deficiency anemia (IDA) 
contributes approximately 13–15% of total anemia of geriatric age group, mainly 
associated with underlying diseases.Evidence has been supported by improvement 
of IDAfrom iron rich diet in geriatric patients [1, 37, 48, 55, 57–59]. New insights 
into iron homeostasis lead to new diagnostic assays such as serum baseline hepcidin 
levels could be a useful tool to identify ID in anemic elderly patients. Wang WJ et al. 
have highlighted thatthe best threshold in diagnosis of IDA was 93.31 μg/L with the 
sensitivity of 88% and the specificity of 89% [53, 54, 60, 61]. In addition serum 
transferrin receptor and reticulocyte hemoglobin equivalent is also an emerging 
investigation to diagnose the disease [54].

Anemia due to CKD fall under the category of decreased RBC production and 
prevalence varies from 13.2–27% of geriatric anemia [19, 49]. In a smaller number of 
cases, no clear-cut causes of anemia are identified and when a clear etiopathogenesis 
is ruled-out the anemia is defined as unexplained anemia (UA) term unexplained 
anemia. Although the reasons are still under-explored but common pathophysiolog-
ical mechanisms seems to be associated with an age-related inflammatory process 
[62, 63]. These patients with unidentified causes are referred to as unexplained ane-
mia or idiopathic cytopenia of unknown significance. The erythropoietin genesis in 
the kidney becomes suboptimal due to age related affects or changes. This aspect is 
still underestimated and unexplored while dealing with unexplained anemia. The 
prevalence of UA varies from 5.8% to 43.7% of the cases (Table 2). Many research-
ers have worked on UA, Price EA and fellows have observed mildly increased 
inflammatory markers and low erythropoietin levels in patients with this entity. Roy 
CN and associates have observed that testosterone treatment in case of men 65 years 
or older with UA and low testosterone levels significantly increased the hemoglobin 
levels. In testosterone trials, testosterone treatment increased Hb levels in both 
men who had anemia of a known cause and in men with UA [3, 37, 61, 64–66]. 
However, similar survival was observed in geriatric patients with UA compared with 
non-anemic subjects but mortality risks was increased in patients with deficiency 
anemia compared with non-anemic subjects [49]. The erythropoietin levels seen 

Prevalence (%) Authors name, year

36.8% Ferrucci L et al., 2007 [64]

43.7% Artz AS et al. 2011 [23]

35% Willems JM et al., 2012 [49]

5.8% Wolff F et al., 2018 [61]

28.4% Michalak SS, et al., 2018 [37]

Table 2. 
Prevalence of unexplained anemia.
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inappropriately low in UA indicating that decreased erythropoietin production 
plays an important role in the pathogenesis of anemia of unknown etiology [50]. On 
further cytogenetic analysis of UA, one researcher found myelodysplastic syndrome 
in 4% of the total anemic patients [67]. Whereas in others, present somatic muta-
tions were not found fit as per diagnostic criteria for MDS and condition was termed 
as clonal cytopenia of undetermined significance [68].

6. Microscopic patterns of anemia

Normocytic anemia being the commonest anemiafollowed by microcytic 
hypochromic and macrocytic as studied by Kim HS et al. The most common pattern 
of anemia in a study done by Choi CW has been found to be normocytic anemia 
amounting to 93.5%, and 3.5% of them being microcytic, and 3% were macrocytic 
anemias. Bhasin A et al. study showed that most common pattern of anemia as 
normocytic in 60–90 years age group [69–71].

7. Grade of anemia

WHO classified anemia as public health problem in 2008 into mild, moderate 
and severe category [72]. Most common grade appreciated is mild (57.1%) with mild 
to moderate anemia commonly affecting females.While severe and life-threatening 
anemia is confronted in males predominantly [73]. As greater part of the patients 
are mild anemia only, foremost findings are difficult to observe even pale conjunc-
tiva usually noted when Hb level drops below 9 gm/dL [32]. So this may be the 
reason that patients of this grade go unnoticed. For example in a study conducted on 
1,146 community-dwelling older females it was found that women with Hb levels of 
12 to 13 gm/dL perform worse than women with Hb levels of 13 to 15 gm/dL on tests 
of walking speed, balance and ability to raise from a chair [74]. Across-sectional 
study including 334 elderly persons was conducted by Pathiana A and fellows in old 
age home. The overall prevalence of anemia was found to be 68.7%, 47.4% had mild 
anemia, 47.0% had moderate anemia and 5.6% had severe anemia with 45% of men 
with mild anemia as compared to 24.8% in women [30].

It has been suggested in the literature that a diagnostic algorithm should be fol-
lowed and anemia should be classified with a therapeutic orientation. Supplements 
of iron, micronutrients and erythropoiesis-stimulating agents should constitute the 
treatment [75].

8. Conclusion

Anemia in older people is typically mild so it is likely to be overlooked. All 
elderly persons presenting with health issues should be evaluated for anemia first 
with complete list of parameters. Proportion and pattern of anemia should be con-
firmed so that overall outcome and quality of life in case of old age can be improved 
with specific treatment. Future population-based research is essential for refining 
for diagnostic testing to tackle out the etiology of geriatric anemia and evaluate 
effective therapies to reduce the disease burden on the society.
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Chapter 8

Assessing Anticholinergic Effects 
in Older Adults
Donna M. Lisi

Abstract

Anticholinergic medications are widely used in older adults and are a common 
source of adverse events in this population. Common drug classes include antiar-
rhythmics, antidepressants, antiemetics, first generation antihistamines, urinary 
incontinence antimuscarinic agents, antiparkinsonian agents, antipsychotics, 
antispasmodics, and skeletal muscle relaxants. These drugs have been associated 
with delirium, cognitive impairment, sedation, dizziness, falls, fracture, constipa-
tion, urinary retention, blurred vision, tachycardia and dry mouth. If possible, 
these drugs should be avoided in older adults or less toxic agents within the class 
should be utilized. This chapter will explore the mechanism of action of anticho-
linergic drugs at both the cellular and organ system level; discuss how to assess 
for anticholinergic drug burden; list medications with anticholinergic effects as 
identified in the Beer’s criteria on potentially inappropriate medication use in older 
adults; review anticholinergic drug–drug interactions; describe contraindications 
to the use of anticholinergic agents; and explore practical considerations such as the 
availability of these substances in nonprescription medications, their use at end of 
life and deprescribing.

Keywords: anticholinergic medications, Beer’s criteria, adverse drug events, 
older adults, geriatrics

1. Introduction

1.1 Anticholinergic agents in nature

Anticholinergic agents are substances that antagonize the effects of acetylcholine, 
a neurotransmitter formed by an ester of choline and acetic acid, that facilitates nerve 
impulses in both the central (CNS) and peripheral nervous systems. Acetylcholine 
is the main neurotransmitter of the parasympathetic system. It is also located within 
parts of the autonomic nervous system [1]. Anticholinergic agents are present in both 
pharmaceuticals and in nature. Substances like hyoscyamine and belladonna are nat-
urally occurring anticholinergics which have been used medicinally to control gastric 
secretions, for irritable bowel symptoms, and for urinary spasms [2]. However, 
despite their natural origins, the use of these drugs is not without  consequence and 
should be avoided in older adults.
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2. Anticholinergics physiological effects

2.1 Mechanisms of action

The cholinergic receptors are divided into muscarinic receptors or nicotinic 
receptors. There are five subtypes of muscarinic receptors, M1-M5 and two types 
of nicotinic receptors, NM (skeletal muscle) and NN (neuronal). M1 are found 
in the CNS (i.e., the cerebral cortex, hippocampus, striatum and thalamus), 
autonomic ganglia, gastric and salivary glands and the enteric nerves of the GI 
tract. M2 are located in the CNS (i.e., the hindbrain, thalamus, cerebral cortex, 
hippocampus, striatum, heart, smooth muscle, and autonomic nerve terminals). 
M3 receptors have less of a presence in the CNS although they are found in the 
cerebral cortex and hippocampus. They are abundant in smooth muscle and 
glands and the heart. M4 is preferentially expressed in the CNS (i.e., forebrain, 
striatum, cerebral cortex and hippocampus) while M5 are only expressed in low 
levels in the CNS and periphery and are found primarily in the substantia nigra 
and ventral tegmentum area. NM are located at the neuromuscular junction and 
are involved in muscle contraction. Nn are found in the autonomic ganglia and 
adrenal medulla [3].

At the cellular level, anticholinergic agents act by opposing the effects of acetyl-
choline either at the muscarinic or nicotinic receptors. In the geriatric population, 
most anticholinergic drugs affect the muscarinic receptors. On the organ system 
level, these compounds have varying effects. Although some effects are therapeutic, 
it’s their toxic effects that are most worrisome, especially in geriatric patients.

While M1-M5 receptors are found in the brain, most of the deleterious effects 
on the CNS come from antagonizing M1 receptors. This can lead to delirium, 
cognitive impairment, dizziness, sedation and confusion. The predominant form 
of muscarinic receptors in the eyes are M3 although M1-M5 receptors are also 
present. Blocking these receptors leads to mydriasis and blurred vision. It is for 
this reason that ophthalmic atropine, a potent anticholinergic agent, is used to 
produce pupillary dilation and/or cycloplegia. Blocking of M1 and M3 receptors 
in salivary glands leads to dry mouth and difficulty swallowing whereas oppos-
ing the effects of M3 receptors in sweat glands leads to the inability to dissipate 
heat and can result in overheating, especially during the warmer months. The 
heart is primarily composed of M2 receptors and antagonizing these receptors 
leads to sinus tachycardia and increased contractility. Systemic atropine is used 
in the management of symptomatic sinus bradycardia and atrioventricular nodal 
block. The lungs primarily contain M1-M4 receptors and blocking these recep-
tors results in bronchodilation. The use of long- and short-acting inhalation 
antimuscarinic agents in chronic obstructive pulmonary disease (COPD) takes 
advantage of this beneficial effect. Opposing M2 and M3 receptors in the GI tract 
can lead to gastric stasis and constipation. On the other hand, dicyclomine is an 
anticholinergic drug that is used for abdominal pain associated with irritable 
bowel syndrome. Antagonism of M3 receptors in the bladder inhibits detrusor 
and bladder contractions and is used therapeutically for urinary incontinence. 
This blockade can also lead to urinary retention. The role of cholinergic agents 
in the skin, which contains primarily M3 receptors, is complex resulting in 
increased nitric oxide production and vasodilation and it also involves interplay 
with nicotinic receptors [4].

Nicotinic agents act either as neuromuscular blockers (i.e., atracurium, 
vecuronium, tubocurarine, pancuronium) or ganglionic blockers (i.e., mecamyla-
mine). Succinylcholine is a NM receptor agonist [4].
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3. Assessment of anticholinergic burden

The effects of anticholinergic agents are cumulative and there are various tools 
available to help evaluate the degree of ‘cholinergic burden’ in an older adult’s 
drug regimen. Early work by Tune et al. resulted in the development of the serum 
anticholinergic assay, a biologic measure intended to quantify anticholinergic drug 
burden [5]. Using this assay, it has been shown that many drugs taken by older 
adults have high serum anticholinergic activity Table 1 [6].

Over 600 medications have some degree of anticholinergic activity [7]. One 
drawback of using the serum anticholinergic assay is that it may not be readily avail-
able in clinical settings and even if available, there can be a delay in care pending 
interpretation of results [8].

As a result of these limitations, scales have been developed to easily calculate 
the cumulative anticholinergic burden. The Anticholinergic Cognitive Burden Scale 
(ACBS) rates drugs on a scale of 0 (no anticholinergic effect) to 3 with 1 repre-
senting a possible anticholinergic effect based on laboratory tests but no evidence 
of clinically relevant cognitive effects and scores of 2 or 3 indicating definite 
anticholinergic effects. Higher scores indicate greater anticholinergic burden and 
warrant a re-evaluation of the drug regimen. The presence of a drug scoring 2 or 
3 can increase the risk of cognitive impairment by 46% over 6 years. Further, each 
point increase in the ACBS has been associated with a decrease in the Mini-Mental 
Examination Score of 0.33 points over the course of 2 years. This point increase has 
also been associated with a 26% increase in the risk of death [9].

Another tool is the Anticholinergic Risk Scale (ARS). Similar to ACBS, the ARS 
is also a 3-point scale. The developers of the scale assessed whether the ARS could 
predict the risk of anticholinergic adverse effects in a geriatric evaluation and man-
agement (GEM) group and in a primary care (PC) group. The investigators found 
that in the GEM group, older adults experienced more adverse CNS effects whereas 
in the PC group, more elderly had peripheral adverse effects [10].

The Anticholinergic Drug Scale (ADS), which was previously known as the 
Clinician-Rated Anticholinergic Scale, is another 3-point scale. It includes the 

Medications Anticholinergic Drug Level (ng/mL Atropine)

Cimetidine 0.86

Prednisolone 0.55

Theophylline 0.44

Digoxin 0.25

Furosemide 0.22

Nifedipine 0.22

Ranitidine 0.22

Isosorbide dinitrate 0.15

Warfarin 0.12

Codeine 0.11

Triamterene/HCTZ 0.08

Captopril 0.02

Table 1. 
Anticholinergic drug level of medications commonly used by older adults.



Update in Geriatrics

124

largest number of anticholinergic agents. A score of 0 indicates no known anti-
cholinergic properties; a score of 1 means that the drug has the potential for anti-
cholinergic activity as evidenced by receptor binding sites; a score of 2 represents 
a drug that causes anticholinergic adverse effects at higher doses; and a score of 3 
represents a drug with marked anticholinergic activity [11].

The Anticholinergic Burden Classification (ABC) measures serum anticholin-
ergic activity but takes into account the duration of exposure, adjusts for mode 
of administration (i.e., topical, nasal, oral, etc.), assesses for possible drug–drug 
interactions and for the ability of drugs to cross the blood brain barrier [12].

The Anticholinergic Activity Scale (AAS) is based on in vivo radioreceptor assay 
determinations and ranks drugs on five levels: 0 (no anticholinergic activity); 
0/+ (no or minimal anticholinergic activity); + (low anticholinergic activity), ++ 
(moderate anticholinergic activity), and +++ (high anticholinergic activity) [13].

The Anticholinergic Loading Scale (ALS) is a tool used in the Australian 
Imaging, Biomarkers and Lifestyle (AIBL) study that calculates anticholinergic 
load. Anticholinergic load was found to have an adverse effect on psychomotor 
speed and executive function in healthy controls [14].

The Anticholinergic Effect on Cognition Scale (AECS) is another 3-point scale 
that uses in vitro anticholinergic potency as well as a drug’s ability to cross the blood 
brain barrier [15].

Unlike the previous scales, which only focus on the anticholinergic potential of 
a drug regimen, the Drug Burden Index (DBI) takes into account anticholinergic 
effects, sedative effects of medications, and the total number of medications. It 
measures the effect of cumulative exposure to both anticholinergic and sedative 
medications on physical and cognitive function in older adults. This scale is based 
on the minimum recommended daily doses of each drug. Drugs that have both anti-
cholinergic and sedative properties are classified based on their anticholinergic 
effects [16]. The developers studied this scale in over 3000 healthy community-
dwelling older adults aged 70–79 years. They found that the use of anticholinergic 
and sedative medications was associated with poorer physical performance and 
cognitive performance. Each unit of drug burden on physical function was equal to 
having three additional physical comorbidities whereas each unit of drug burden on 
cognition was similar to having four additional physical comorbidities or about half 
of the effects of anxiety, depression or cognitive impairment [17].

A recent publication compared several of the anticholinergic scales providing a 
description of the tool and listing the number of drugs with anticholinergic activ-
ity that are included in the scale [18]. However, while many of these scales have 
shown a significant correlation between anticholinergic burden assessment and 
serum anticholinergic drug levels, they have limitations. There is currently no ‘gold 
standard’ to identify an anticholinergic drug. Only parent compounds are included in 
these scales, therefore, there is no information on active metabolites that may also 
contribute to the anticholinergic burden. While some scales do take dose into the 
account, this is not consistently done in all tools. These scales also assume that there 
is a linear relationship between anticholinergic levels and toxicity. Lastly, serum 
anticholinergic activity assays do not distinguish between agonist versus antagonist 
binding of the cholinergic receptors [19].

4.  Medication classes with anticholinergic effects- the Beer’s list of 
potentially inappropriate medications in older adults

In 1991, Dr. Mark Beers published explicit criteria for the use of ‘potentially 
inappropriate medications’ or PIMS in older nursing home residents [20]. The 
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Beer’s criteria, which were developed using a two-stage Delphi survey, defined 
inappropriate prescribing as the use of a medication where the potential risks 
outweigh the potential benefits. These initial criteria included 30 therapeutic 
classes/medications that should be avoided in elderly nursing home residents [21]. 
This list is updated every 3 years by the American Geriatrics Society. At the time of 
this writing, the latest Beer’s List was published in 2019. The criteria identifies PIMs, 
drugs that may be PIMS because they may exacerbate disease states or geriatric 
syndromes, drugs that should be used with caution, drugs that should be avoided, 
drugs that should be used in reduced doses (if at all) based on renal function, and 
drugs with strong anticholinergic properties Table 2 [22].

5. Adverse effects of anticholinergics (“Alice in Wonderland”)

As mentioned previously, cholinergic receptors are found in various organ 
systems throughout the body. Blocking these receptors can have both therapeutic 
and toxic effects. The mnemonic “red as a beet, dry as a bone, blind as a bat, mad 
as a hatter, hot as a hare, full as a flask” reflects the classic signs and symptoms of 
anticholinergic poisoning [23]. However, adverse events in older adults may be more 
subtle. These can include drowsiness, sedation, cognitive impairment, confu-
sion, delirium, hallucinations, blurred vision, dizziness, falls/fractures, urinary 
 retention, constipation, tachycardia, and xerostomia [3, 22].

Adverse CNS effects can be particularly burdensome among older adults. A 
recent study examining the effects of PIMs in patients with dementia found that 
almost one-quarter of adults aged ≥65 with cognitive impairment used drugs 
with clinically significant anticholinergic effects. This study measured anti-
cholinergic burden using the ADS [11]. It found that the level 2 drugs that were 
most prescribed were ranitidine and cyclobenzaprine and the most commonly 

Drug Class Specific Drugs

Antiarrhythmics Disopyramide

Antidepressants Amitriptyline, amoxapine, clomipramine, desipramine, doxepin (> 6 mg), 
imipramine, nortriptyline, paroxetine, protriptyline, trimipramine

Antiemetics Prochlorperazine, promethazine

First Generation 
Antihistamines

Brompheniramine, carbinoxamine, chlorpheniramine, clemastine, 
cyproheptadine, dexbrompheniramine, dexchlorpheniramine, dimenhydrinate, 
diphenhydramine (oral), doxylamine, hydroxyzine, meclizine, clidinium-
chlordiazepoxide, dicyclomine, homatropine (except ophthalmic), hyoscyamine, 
methscopolamine, propantheline, promethazine, pyrilamine, triprolidine

Urinary Incontinence 
Antimuscarinics

Darifenacin, fesoterodine, flavoxate, oxybutynin, solifenacin, tolterodine,  
trospium

Antiparkinsonian 
Agents

Benztropine, trihexyphenidyl

Antipsychotics Chlorpromazine, clozapine, loxapine, olanzapine, perphenazine, thioridazine, 
trifluoperazine

Antispasmodics Atropine (except ophthalmic), belladonna alkaloids, scopolamine (except 
ophthalmic)

Skeletal Muscle 
Relaxants

Cyclobenzaprine, orphenadrine

Table 2. 
Beer’s list drugs with strong anticholinergic properties.
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prescribed level 3 drugs were meclizine, tolterodine and oxybutynin [24]. A 
systematic review examining drug-induced delirium found that ARS scores 
were consistently associated with delirium [25]. A recent retrospective analysis 
found that if older hospitalized adults scored 3 or higher on the ACBS, they 
had a 3–6 fold increased risk of developing delirium compared to those who 
score < 3 on this tool [26]. In older adults with mild to moderate Alzheimer’s 
disease who were APOE-ε4 carriers, there was a positive correlation between 
greater progression of dementia severity and continued use of anticholinergic 
 medications [27].

In addition to the CNS effects of anticholinergic agents in older adults, another 
concern is the risk of falls and fracture. After following women with a mean 
age of 55 years for approximately 24 months, the APOS (Aberdeen Prospective 
Osteoporosis Screening Study) found that those with a ACB of ≥2 had a 2.34-fold 
increased odds of having had recurrent falls in ‘later life’ with ‘later life’ referring 
to 12 months prior to follow-up; there was a 2-year follow-up period. They pos-
tulated that anticholinergic agents may contribute to falls by causing vision prob-
lems secondary to pupillary dilation, dizziness, slowed reflexes and/or cognitive 
 impairment [28].

Death, the most significant anticholinergic adverse event, was observed in a 
systematic review of studies examining the association between anticholinergic 
burden and mortality in older adults. Of the 27 studies included in this systematic 
review, 63% of studies found a positive relationship between anticholinergic drug 
burden and mortality in older adults. When solely analyzing those studies that were 
deemed to be of the highest quality, the association between anticholinergic drug use 
and death rose to 80% in the elderly [29].

6. Drug interactions involving anticholinergic agents

Besides the anticholinergic drug–drug interactions that lead to an increased 
anticholinergic burden, anticholinergic agents are involved in other potential drug–
drug interactions.

The use of an anticholinergic agent with an acetylcholinesterase inhibitor (i.e., 
donepezil, galantamine and rivastigmine) results in opposing pharmacodynamic 
effects and can negate any small, positive benefits seen with the Alzheimer’s disease 
agents [30]. Conversely, acetylcholinesterase inhibitors have the potential to 
interfere with the therapeutic effects of anticholinergic agents. Concomitant use is 
not recommended [31–33].

The concomitant administration of an anticholinergic agent and an oral solid 
dosage form of potassium supplement can increase the risk of GI bleeding. A liquid 
formulation of potassium supplement should be utilized instead if concurrent 
therapy is required [34–36].

Anticholinergic agents also interact with carbonic anhydrase inhibitors such as 
topiramate and zonisamide potentiating the risk of oligohidrosis and hyperthermia. 
Patients should be monitored for decreased sweating and increases in body tem-
perature. These combinations should be avoided [37, 38].

Concurrent use of opioids and anticholinergics can lead to severe constipa-
tion (resulting in paralytic ileus), sedation, dizziness, confusion, cognitive 
and psychomotor impairment, dry mouth and urinary retention. Caution is 
advised [39].

‘Moderate’ (i.e., drug–drug interactions for which combination therapy 
should be avoided or used only under special circumstances) anticholinergic 
drug–drug interactions include abobotulinumtoxin A, acebutolol, acetylcholine 
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ophthalmic, aclidinium, acrivastine, alfentanil, aluminum hydroxide, aman-
tadine, ambenonium, amitriptyline, amoxapine, arbutamine, aripiprazole, 
asenapine, atenolol, azatadine, belladonna, benztropine, betaxolol, bethanechol, 
biperiden, bisoprolol, brexanolone, brexpiprazole, brompheniramine, buprenor-
phine, butorphanol, calcium carbonate, carbachol ophthalmic, carbinoxamine, 
cariprazine, carteolol, carvedilol, cevimeline, chlorcyclizine, chlorphenira-
mine, chlorpromazine, cisapride, clemastine, clidinium, clomipramine, clo-
zapine, cyclizine, cyclobenzaprine, cyproheptadine, darifenacin, demecarium 
bromide ophthalmic, desipramine, dexbrompheniramine, dexchlorpheniramine, 
dezocine, dicyclomine, dimenhydrinate, diphenhydramine, disopyramide, 
doxepin, doxylamine, echothiophate iodide ophthalmic, edrophonium, elux-
adoline, ethanol, fesoterodine, flavoxate, flibanserin, fluphenazine, glycopyrro-
late, glycopyrronium topical, guanidine, haloperidol, hydroxyzine, hyoscyamine, 
iloperidone, imipramine, incobotulinumtoxin A, ipratropium, isoflurophate 
ophathalmic, kaolin, ketoconazole, labetalol, lasmiditan, levodopa, loperamide, 
loxapine, lumateperone, lurasidone, macimorelin, magaldrate, magnesium car-
bonate, magnesium hydroxide, maprotiline, meclizine, memantine, mepenzolate, 
mesoridazine, methdilazine, methotrimeprazine, methscopolamine, metoclo-
pramide, metoprolol, molindone, nadolol, nalbuphine, nebivolol, neostigmine, 
nortriptyline, olanzapine, olopatadine nasal, onabotulinumtoxin A, orphen-
adrine, oxybutynin, paliperidone, penbutolol, perphenazine, phenindamine, 
phenylephrine, physostigmine, pilocarpine, pimozide, pindolol, prabotulinum-
toxin A, pramlintide, prochlorperazine, procyclidine, promazine, prometha-
zine, propantheline, propiomazine, propranolol, protriptyline, prucalopride, 
pyridostigmine, pyrilamine, quetiapine, quinapril, remifentanil, revefenacin, 
rimabotulinumtoxin B, risperidone, scopolamine, sodium bicarbonate, solif-
enacin, sotalol, sufentanil, thiethylperazine, thioridazine, thiothixene, timolol, 
tiotropium, tizanidine, tolterodine, trifluoperazine, triflupromazine, trihexy-
phenidyl, trimeprazine, trimipramine, tripelennamine, triprolidine, trospium, 
umeclidinium and ziprasidone [40].

7. Contraindications to the use of anticholinergic agents

Anticholinergic agents cause pupillary dilation, which is detrimental in patients 
with narrow angle or primary angle closure glaucoma. When the pupils dilate, this 
increases pressure within the eye. This increase in pressure prevents drainage of 
aqueous humor from the eye resulting in marked increases in ocular pressure and 
acute pain. If left untreated, this can lead to optic nerve damage and vision loss. The 
use of anticholinergics is contraindicated in patients with this type of glaucoma [41].

In overactive bladder, there are excessive contractions of the detrusor muscle 
producing incomplete emptying of the bladder. By blocking M3 receptors in the 
genitourinary tract, this causes smooth muscle relaxation and detrusor under-
activity, which can lead to urinary retention. In the presence of benign prostate 
hyperplasia, there is compression of the urethra, which blocks the flow of urine. 
Anticholinergic agents are contraindicated in patients with urinary retention and 
bladder neck obstruction caused by prostatic hypertrophy since the use of these 
agents can result in an increased risk of developing an obstructive uropathy [42].

Myasthenia gravis is an autoimmune disorder of the postsynaptic neuromuscular 
junction caused by antibody-mediated blockade of neuromuscular transmission that 
results in skeletal muscle weakness. Autoimmune antibodies form at the neuromuscu-
lar junction against nicotinic acetylcholine postsynaptic receptors. Anticholinergics, 
especially agents that block nicotinic cholinergic receptors, are contraindicated 
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because they exacerbate muscle weakness. Further, acetylcholine esterase inhibi-
tors such as pyridostigmine are considered the mainstay of treatment. The use of 
 anticholinergic agents would antagonize the effects of these drugs [42, 43].

Stimulation of M1 and M2 receptors in the GI tract increases GI motility. 
Anticholinergics block these receptors resulting in slowed GI motility. Ogilive’s 
syndrome or colonic pseudo-obstruction, which is massive dilation of the colon 
without underlying mechanical obstruction or other organic causes, can be due 
to the use of anticholinergic agents. These drugs can lead to an adynamic colon. 
Anticholinergic drugs are contraindicated in patients with achalasia, esophageal 
stricture or stenosis, pyloroduodenal stenosing peptic ulcer disease, pyloric 
obstruction and paralytic ileus [42, 44].

Stimulation of M2 receptors in the heart slow pacemaker activity and atrioven-
tricular (AV) conduction, which decreases contractility. Blocking these receptors 
leads to sinus tachycardia and increased oxygen demand [45]. Analyses of data from 
the EPIC (European Prospective Investigation into Cancer)-Norfolk Population 
Study, which was a longitudinal, observation, community cohort study, found that 
among the 21,000 study participants there was an increase in total anticholinergic 
burden and subsequent risk of all-cause mortality and incident cardiovascular 
disease during the follow up period. ACBS scores of ≥3 were associated with a 
hazard ratio of 2.17 (p < 0.00001) for cardiovascular disease incidence and higher 
mortality. It was thought that this was a dose-dependent, class effect for the anti-
cholinergic agents. Potential mechanisms of this effect could be a pro-arrhythmic 
or pro-ischemic effect, increased hemodynamic lability, cardiac ischemia, cardiac 
dysrhythmias in the presence of ischemia, decrease heart rate variability, or an 
inflammatory response resulting in an increased risk of mortality [46]. Studies of 
the effects of inhalation antimuscarinics on cardiovascular status have been mixed 
[47]. Inhalation anticholinergic agents used in chronic obstructive pulmonary 
disease have been found to aggravate the balance of the autonomic nervous system 
leading to significantly reduced heart rate recovery following maximal cardiopul-
monary exercise [48]. In a longitudinal study of over 3700 nursing home residents 
with coronary artery disease, the use of anticholinergics was associated with an 
increased risk of hospitalization and all-cause mortality (hazard ratio 1.71 if the 
ACB score ≥ 2) [49]. Further, the use of antimuscarinics for urinary incontinence 
may also be associated with drug-dependent cardiovascular risk. Among these 
agents, darifenacin has not been associated with an increase in heart rate or QT 
prolongation because it is M3 selective and it appears to have the best cardiovascular 
safety profile. Tropsium, on the other hand, may have the highest risk of adverse 
cardiovascular events. On the basis of these drugs’ physiological effects and clinical 
trials showing increased cardiovascular risk associated with their use, it is best to 
avoid anticholinergics during the post-myocardial infarction period [50].

8.  Practical considerations for the use of anticholinergic agents in older 
agents

Anticholinergic medications are readily available over-the-counter. First gen-
eration antihistamines are available as single ingredients or in multiple symptom 
cough and cold products. Anticholinergics are marketed as over-the-counter sleep 
aids and for urinary incontinence [51–54]. A recent study examining older adults’ 
medication decision making and behavior in regards to the use of anticholinergic 
over-the-counter medications found that while seniors were concerned about 
adverse drug events, they were not aware of age-related risk associated with the use 
of anticholinergic medications [55].
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Anticholinergic agents are used at end-of-life (EOL) for relief of nausea in those 
with a vestibular component and more commonly, to provide symptomatic relief of 
excessive secretions. However, data is lacking to support the use of these drugs for 
this latter indication [56, 57].

Given the poor risk versus benefit of anticholinergics in older adults, there has 
been a movement to deprescribe these medications in the elderly. The DEFEAT-
polypharmacy was a deprescribing feasibility trial conducted among 46 residential 
care residents in New Zealand that targeted the use of anticholinergic and sedative 
medications in older adults. Utilizing peer-reviewed deprescribing guidelines and 
a collaborative pharmacist-led medication review approach, investigators were 
able to demonstrate a 0.34 decrease in DBI scores at 6 months. The total number of 
medications were reduced by 2.13 medications per patient. There was a statistically 
significant reduction in the number of falls in the past 90 days. There was also a 
significant improvement in frailty scores. A significant decline was also observed 
in psychiatric, neurological, autonomic and other adverse events with a decrease in 
psychiatric adverse events of 1.8 three months after deprescribing and increasing 
to 2.24 after 6 months; other potential adverse events fell by 2.8 at the end of three 
months and 4.24 at 6 months post initiation of the deprescribing intervention. 
Participants also reported lower depression scores after six months. Cognition and 
quality of life were unchanged [58].

Unfortunately, anticholinergics are sometimes prescribed as part of the pre-
scribing cascade to manage urinary incontinence associated with the use of acetyl-
cholinesterase inhibitors. A population-based retrospective cohort study of 44,884 
older adults with dementia conducted in Canada found that there was an increased 
risk (adjusted hazard ratio 1.55) of subsequently receiving an anticholinergic agent 
following the initiation of acetylcholinesterase inhibitors [59]. The Choosing Wisely 
campaign, an initiative of the American Board of Internal Medicine Foundation, 
is designed to promote conversations between clinicians and patients by help-
ing patients choose care that is supported by evidence, not duplicative of other 
tests or procedures already received, free from harm, and truly necessary. Dialog 
has started about the use of anticholinergic agents in older adults. In June 2016, 
the American Academy of Nursing made the following recommendation: “Don’t 
administer “prn” (i.e., as needed) sedative, antipsychotic or hypnotic medications 
to prevent and/or treat delirium without first assessing for, removing and treating 
the underlying causes of delirium and using nonpharmacologic delirium prevention 
and treatment approaches”. Anticholinergics are clearly identified as deliriogenic 
medications [60].

In June 2020, the American Urogynecologic Society (AUS) issued a recom-
mendation stating to “avoid using anticholinergic medication to treat overactive 
bladder in women older than 70”. This recommendation was based on the AUS’s 
concern over the ability of anticholinergic drugs to impair cognition, increase the 
risk of developing dementia and cause drowsiness and constipation, all potentially 
 detrimental adverse effects in older adults [61].

9. Conclusions

Cholinergic receptors are found throughout the body, but most especially in 
the CNS. Substances that block these receptors are available both naturally and 
pharmaceutically. Depending on the location of cholinergic receptors and their 
subtype, use of anticholinergic medications can result in adverse drug effects in 
the CNS, the eyes, the exocrine glands, the heart, the GI tract and genitourinary 
systems and in the skin. Older adults are especially prone to developing adverse 
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Chapter 9

Not All Rehabilitation is Physical 
Therapy
Abel Toledano-González

Abstract

When we are faced with problems that have arisen or are secondary to a 
particular pathology, the first thing that comes to mind is that we should go to the 
psychologist, social worker or physiotherapist, but what about functionality and 
personal autonomy? How can this influence our daily life activities? The occupa-
tional therapist, unfortunately little known or undervalued, plays an essential role 
in this type of situation and especially in work with the elderly.

Keywords: rehabilitation, occupational therapy, personal autonomy, geriatrics, 
functionality, daily life

1. Introduction

During the last few years, Gerontology and Geriatrics have experienced a great 
impulse from both classical research and the growing interest in the processes of 
population ageing in the search for quality of life and personal independence in the 
last phases of life [1].

Cognitive abilities or skills such as memory, evocation or recovery of informa-
tion (sensory, short or long term) or contrary as the loss of efficiency in the per-
formance of the activity, secondary to any of the functions mentioned above, can 
cause further deterioration of the subject that reduces both the quality of life and 
their level of autonomy [2].

Active ageing as we know it today emerged in the sixties and seventies with a 
focus on life satisfaction related to the activity people were carrying out, requiring 
new roles to compensate for those lost and in turn a feeling of being active and 
participating in society [3].

2. Care in geriatrics and gerontology

It is difficult to choose the appropriate care resource for the person, considering 
the intervention process and the level of care based on the factors or means available, 
which can sometimes influence the final treatment and, therefore, the planning, 
methods and techniques key to the treatment goals set.

Regarding rehabilitation, both the functional recovery, extension or time of 
the intervention and the quality of it are based on the patient’s premorbid state, 
the evolution or prognosis of the pathology and the involvement of the social 
environment [4].



Update in Geriatrics

138

Starting with the preparation of a patient profile, gathering as much infor-
mation as possible from family members, the user and other professionals, we 
complete what we call an occupational history. This history provides us with 
information about the patient’s lifestyle, interests and evolution, which allows us 
to identify the activities that are most appropriate for the patient’s condition and 
tastes, with the aim of involving the user during the treatment or operation in 
order to maintain both their attention and their predisposition towards the objec-
tives previously set, whether these objectives are established or agreed upon with 
the patient.

Taking into account that multipathology, common both in this type of popula-
tion either by age or symptoms, usually accompanies the geriatric population, 
achieving greater independence or autonomy prior to the current situation is a diffi-
cult task, since the body’s own systems are not as they were in years or states prior to 
the current one, so in some cases it is only possible to partially recover the systems 
or alleviate this deficit with the use of external tools or support products that allow 
users to bridge the gap with their previous state, allowing them to perform the 
activity in the most standardized way possible [5, 6].

The training and adequacy of an adequate care team is key to offering an optimal 
comprehensive geriatric service, which allows the realization and design of an 
appropriate and personalized intervention plan according to the characteristics of 
the user. The difficulty of intervening in a geriatric patient requires the inclusion of 
different disciplines that can complete all the areas in which the patient may present 
some type of problem (physical, functional, psychological and social).

The fact that the multidisciplinary team is an important part of the user’s 
approach allows us to identify different points of view on the same areas of inter-
vention, being able to exchange information and work towards a common goal [7].

2.1 Occupational therapy and activity

According to the World Federation of Occupational Therapy (WFOT), occu-
pational therapy is defined as a profession that promotes health and well-being 
through the use of occupation as a means. The main objective is to encourage people 
to become independent in their activities in order to improve their participation. 
These activities allow the user to increase the independent functions that he or she 
maintains, enhance development, prevent disability, and improve independence 
and quality of life [8]. Through this objective, it allows the development of perfor-
mance components necessary to carry out the activities without problems based on 
the therapeutic use of the activity with purpose during the intervention process [9].

Therefore, occupational therapy can be understood as the profession that deals 
with through a meaning or directed to a purpose, with the activity as a base, evalu-
ate, facilitate, restore and maintain a function. Depending on the objectives set by 
the occupational therapist, it can provide the means to enhance strength, promote 
social action, stimulate cognitive functions, etc. [10] (Figure 1).

The activity is a set of actions carried out with the aim of meeting the goals of 
an operational program. It consists of the execution of processes and tasks, using 
certain human, economic and material resources assigned to the final activity.

Such action must maintain or contemplate a meaning for the individual or a 
feeling of competence that will be important to engage the user during the thera-
peutic process and thus produce positive feedback.

On the other hand, the activity (meaningful for the user) can be graduated or 
adapted to facilitate or promote the full implementation of the activity [11].
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Depending on the focus or direction you want to take on the type of activity to 
be used, level of demand or qualities needed to carry it out, so during the previous 
design a challenge will be proposed that is sufficiently important to motivate your 
positive participation in the activity.

Associated with the sense and meaning that human activity should carry about 
emotional well-being, Csikszentmihalyi proposes a different way of understanding 
activities adapted to the different capacities of people, providing that sensation of 
flow or letting go, thus giving birth to the “Flow Theory”. This emotional experience 
after carrying out the activity allows to report during the participation a positive 
and pleasant feeling while carrying out [12].

This theory is developed around the search for optimal user experiences 
during the performance of activities, based on previous experience, skills and 
abilities in a balance between the possibility of realization and the ability to act of 
the subject.

This level of challenge or demand for the activity must be appropriate to their 
capacities/skills, encouraging, as mentioned above, their participation, promoting 
positive feedback and a balance between the patient’s demands and skills.

Happiness is defined as the basis of the quality of life of people, but it also 
requires what one does to be happy, developing goals that bring meaning to our 
lives, giving a feeling of satisfaction for something well done through the construc-
tion of one’s own goals, development of potential, intrinsic motivation enjoying 
the performance of the activity and motivation in its completion [13]. On the other 
hand, this lack of time or feeling causes adverse feelings such as stress, increased 
social concerns or even decreased physical and mental health.

Figure 1. 
AOTA Model 2014 [6].
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The Flow Theory cites the conditions in which an activity can be considered 
therapeutic, which are when commitment and concentration are allowed and the 
user has the necessary tools to carry it out.

Another theory related to the application or use of activities is the DOiT Model 
(Dynamic Occupation in Time Model) developed by Larson. This model proposes a 
continuous development of the activity and its skills related to the passing of time 
together with the subjective experience (Well-Being). The dynamic participation of 
the therapists in the selection of the activities allows to suggest different forms and 
strategies of approach, looking for the most positive experience during the time of 
accomplishment (Figure 2) [14].

A greater commitment in developing activities will awaken a feeling of compe-
tence, causing a diversion of your energy towards those things in which you show 
the greatest interest, the greatest need and therefore the search for feedback after 
completion.

This commitment is generated once the patient actively participates in the 
activity, Flaherty [15] proposes that some activities provoke an emotional response 
or interest that leads to commitment, but at the same time these are influenced by 
their capacities and abilities, past experiences, etc.

If we base ourselves on what Flaherty mentions, quality of life is a determining 
factor in the individual’s interest in participating, in the emotional response and in 
the level of commitment to the activity.

Figure 2. 
DOiT Model Interaction. (Extracted from [14]).
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2.2 Activities of daily living

Activities of Daily Living (ADL) are those tasks whose purpose is personal 
self-care with the greatest autonomy and personal independence of the patient. This 
capacity allows the user to choose or decide for him/herself by making effective use 
of the freedom [16].

The term coined by the American Occupational Therapy Association (AOTA) 
brings together all those activities that a person does from the time they get up until 
they get back up the next day such as: self-care, productivity, leisure and free time. 
As specified by Romero-Ayuso [10] “Activities of daily life encompass the most frequent 
activities performed by a subject, they are related to the familiar, daily, every day, human 
needs, independence and use of time. Depending on their cognitive complexity and purpose, 
towards oneself or in relation to the environment, two levels have been established: basic 
activities and instrumental activities of daily life. The origin of this classification already 
refers to the importance and need to contemplate the cognitive processes underlying the 
activity”

If to all the above we add the aging process, some pathology, the difficulties to 
maintain that optimal level of autonomy from that moment on increase, so health 
professionals must focus not only on the disease itself, but also on the repercussions 
associated with the pathology and the forecast, in order to anticipate and maintain 
the quality of life of the elderly [17].

3. Psychosocial aspects associated with ageing

Much research highlights aspects that are often associated with older people who 
are not really older, such as deficits or impairments related to physical or cognitive 
abilities. The concept associated with active aging defends the opposite, allowing 
them to maintain healthy and preventive aspects showing a great quality of life that 
allows them not only to live in their natural environment without problems but to 
develop as people with identity, roles and maintaining the realization of activities 
that they usually do in their day to day [18].

Figure 3. 
Psychological factors associated with the elderly (Own elaboration) [19].
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On the other hand, it is essential to show the people we work with, in this case 
older people, why they should carry out these productive or meaningful activities 
for them, what they can achieve and how it will help them to develop their daily 
activities in an autonomous and independent way (Figure 3).

3.1 The personality

Personality plays a fundamental intrinsic role among the psychological aspects 
that can influence people to a great extent since, depending on the way they 
respond, they will carry out the proposed activity in one way or another.

There is an important relationship between activity and life satisfaction, con-
necting or disconnecting from society as a result of low mood, poor adaptation and 
other similar emotional disturbances [18].

A peculiarity about the García & González studio [20], is the classification of 
two groups of people who were more likely to remain active throughout the end of 
their lives than the other group who showed a tendency to retire early and express a 
desire to disconnect socially and professionally.

The fact of being active as a formula to maintain personal identity allows and 
helps the user to enjoy and value positively the time spent, the performance of 
functions and the promotion of a correct state of mind in this respect.

On the other hand, finding a meaningful activity suitable to one’s tastes and 
personality allows to improve the sense of life, directly affecting the perspective 
of life, bringing happiness and investing that time in those roles in which they 
were happy and improving the adaptation of those who remained committed and 
connected during the last part of their lives [21].

3.2 Psychological well-being

Psychological well-being is defined as the balance between expectations, hope, 
dreams, achieved or possible realities, expressed with satisfaction and the ability to 
face vital events in order to adapt [22].

Ryff defines psychological well-being as a multidimensional construct subjec-
tively perceived by the individual defined by the meaning and significance of life 
for oneself [23].

There are five aspects or areas of psychological well-being:

• Self-acceptance.

• Formation of positive relationships with others.

• Formation of autonomy.

• Mastery of the environment.

• Purpose in life.

Consistent with well-being is self-acceptance, understood by Ryff as the posi-
tive attitude towards oneself and one’s past, positive relationships as the ability to 
maintain close relationships with other people, autonomy as self-determination or 
the ability to make decisions for oneself, mastery of one’s environment as the indi-
vidual’s ability to create or choose favourable environments to satisfy needs, pur-
pose in life to provide life with goals, objectives and meaning, and finally purpose in 
life related to one’s potential and personal growth (Figure 4).
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3.3 General self-efficacy

A term introduced by Bandura that captures the way one feels, thinks and acts 
associated with thoughts or as a set of beliefs in one’s own abilities to organize and 
execute actions required to produce achievements or results [24].

In a study on self-efficacy and self-esteem in the Chilean population, the lack of 
activity was a determining factor in low self-efficacy in young people between 18 and 
25 years of age, between 26 and 64 years of age maintained optimal levels of activity 
and mastery over the performance of roles when they were working, and from 65 
years of age onwards after leaving work, it led to greater vulnerability to negative 
feelings, low social competence and a decrease in personal well-being [19, 25].

Buendia indicated that those older people who unilaterally and voluntarily 
reduce their social activity by accepting less intense roles and focusing on their 
inner self, deprive them of a multitude of emotional, physical and financial sup-
ports important for their continued personal development [26].

Perceived self-efficacy allows the user to obtain the skills necessary to conclude 
the desired results with respect to the activity. However, those with higher motiva-
tion may choose to undertake activities that are more difficult than those with low 
motivation, requiring more effort and requiring a sustained commitment.

3.4 Environment and personal independence

One of the most neglected and fundamental factors in the geriatric population 
is the environment, which can exponentially increase the physical possibilities of 
the user or increase their inability to carry out an activity, reducing their personal 
autonomy, a key factor in this population.

Figure 4. 
Element of Psychological Wellbeing (extracted from Ryff and Singer [23]).
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On many occasions these impossibilities are developed due to the individual’s 
life situation, acting as a barrier to normalized functioning. These excessive inca-
pacities can become real incapacities, weakening the person and accelerating their 
physiological decline.

A study by Summers allows us to know through non-pathological factors how 
the role of a psychologist can be decisive in the intervention of functional impair-
ments in the last part of life [27]. This study concluded that the psychological state 
of the person is a predictor of the degree of disability that the person experiences, 
taking into account [28].

On the other hand, Rodin [29] in a residential care home for older people car-
ried out a randomized working group distribution based on power of choice and 
opportunities at a conference. After the conference they were encouraged to accept 
responsibilities, planning tasks, maintenance of facilities, etc. The other participat-
ing group was encouraged to attend talks on attitude, personal assistance, care and 
personal hygiene.

The results showed that the first group as opposed to the second developed signs 
of happiness, increased activity, responsiveness, stress reduction, as well as more 
commitment to the activities offered at the center itself.

If we look at other types of studies such as the one developed by Cummings 
[30], the passage of age implies a progressive disconnection from the social group, 
distancing oneself from society and coming to see oneself as a natural part of the 
ageing process [31] (Figure 5).

4. Conclusions

If the characteristics of the people are added together with the possibilities that 
the environment implies, it can generate or promote a level of activity over the older 

Figure 5. 
Interaction of Social Participation and Emotional Well-being. (extracted from [16, 32]).
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adult, allowing to give sense to variables or psychological aspects in an intrinsic or 
extrinsic way in a positive or negative way against a stimulus or activity adapted to 
their characteristics [33].

Factors such as psychological well-being as a way of accepting oneself and 
developing one’s own potential for personal growth and capacity to face life events, 
together with self-efficacy as a way of motivating performance, can increase both 
physical and psychological possibilities in the field of geriatrics.

Finally, as the title of the chapter shows, not everything is physical rehabilita-
tion, since other factors associated with the person must be taken into account, 
which can play an important role, not only in the predisposition towards a treat-
ment or intervention, but also in the normal development of his/her day-to-day life.
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Chapter 10

Inappropriate Medication and 
Perception of Quality of Life in 
Hospitalized Elderly Patients
Ana Fajreldines, Marisa Bazzano, Belen Beldarrain, 
Stefanía Barberis and Marcelo Pellizzari

Abstract

Older or elderly adults represent a population exposed to potentially inappropriate 
prescriptions, since medication is the most widely used intervention. The objective of 
this work is to analyze the type of medication schemes of the elderly and the relation-
ship with their states of psychological well-being. It is a cross-sectional study. Results: 
inappropriate prescription is of the order of 16% and the perception of quality of life 
was 56.8, finding an association between inappropriate prescription and perception 
of quality of life. Conclusions: The results showed that inappropriate prescription is 
highly frequent in these patients and that psychological well-being states would be 
related to this inappropriate prescription.

Keywords: elderly, quality of life, inappropriate prescription of medication

1. Introduction

Worldwide, the proportion of people>60 years of age is increasing faster than 
that of any other age group. Gender disparities, structural changes in the family and 
social environment, the number of older people living alone, changes in the burden 
of disease, drug therapy and the risk of disability, among other factors, indicate 
the importance of assessing the global health care and the specific problems of this 
population [1].

There are situations that can cause a worsening of the organic functional capacity 
of the elderly, such as: medications, illnesses, significant life changes, sudden increase 
in physical demands. Medications whose risk of adverse drug events (ADE) in the 
elderly or elderly exceeds expectations of clinical benefits compared to more effective, 
safe and available alternatives are called potentially inappropriate medications [2].

According to the WHO, quality of life is: “the perception that an individual has 
of his place in existence, in the context of the culture and value system in which he 
lives and in relation to his objectives, his expectations, his norms, their concerns. It 
is a very broad concept that is influenced in a complex way by the physical health 
of the subject, their psychological state, their level of independence, their social 
relationships, as well as their relationship with the essential elements of their 
environment “ [3–5]. Due to the aforementioned in this work, the relationship that 
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exists between inappropriate medication and welfare states in the population over 
65 years of age is explored.

2. Objectives

To analyze the inappropriate prescription and quality of life of hospitalized 
elderly according to internationally validated instruments.

3. Materials and methods

Retrospective observational study. The patients included were adults over 
64 years hospitalized in the study center. The study was carried out in a highly 
complex academic hospital in Argentina. The criteria of Screening Tool of Older 
Person’s Prescriptions (STOPP) 2015, [6] of inappropriate prescription of drugs, 
were used. Polypharmacy was considered to be the simultaneous presence of more 
than 4 drugs according to the WHO definition [7]. The investigators who analyzed 
the inappropriate prescriptions were two observers trained in the criteria, both of 
whom reviewed all cases. Concordance between the two reviewers was assessed with 
Cohen’s Kappa test, obtaining a value of: 0.71 (95% CI 0.65–0.76). The burden of 
disease was assessed with the Charlson index [8], which predicts mortality and bur-
den of disease according to preceding pathologies. The EURO-QOL 5d [9] scale was 
used to assess the perception of quality of life that contains 5 dimensions or topics: 
mobility, personal care, daily activities, pain/ discomfort, anxiety /depression. These 
topics have three options: - mild, −moderate and -high presence of each topic ana-
lyzed. The survey was done in person before discharge and to facilitate the analysis 
of the results, the questions were divided into three topics: “no problems”, “moderate 
problems”, and “serious or serious problems” (coinciding with the three options of 
each topical). Variables such as sex, age, family life, active patient with current job or 
in retirement, smoking habit, polypharmacy, among others, were collected. The data 
were loaded into Excel databases and processed with the SPSS 21 package, IBM®.

4. Results

300 hospitalized patients were studied in the 2016–2018 year. The distribu-
tion by sex was: 169 (56.4%) women and 131 (43.6%) men. The mean age was 
73.3 + 18.5 years. Median: 69.12.

In the total sample analyzed, 16% (n = 48) showed inappropriate prescription of 
drugs criteria.

The types of drugs most involved were the following Table 1.
The mean well-being of the patients on the scale of 1–100 was 56.8 (SD 23.4), 

median: 61.7, range: 29–95.
The quality of life scale showed the following Table 2.
Of the 300 patients, 143 (47.7%) lived with their family (spouse, children, 

nephews, grandchildren, etc.), 81 (27%) lived alone or with a non-family caregiver, 
76 (25.3%) lived in geriatric.

In an unadjusted multiple binary regression, the association of different vari-
ables with the perception of quality of life was the one shown in the following table 
(Tables 3 and 4).
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5. Discussion

Overall inappropriate prescribing values are similar by some studies [10, 11].
It is important to note that this study demonstrated a strong association between 

inappropriate medication with positive STOPP criteria and the perception of 

Therapeutical Groups N Percentage (IC95%)

Non esteroidal pain relievers 21 43,8 (43,5-44,1)

Oral anticoagulants 16 33,3 (32,9-33,6)

Psychopfarmaceuticals 9 18,7 (18,2-18,9)

Others 2 4,2 (4,1-4,7)

Table 1. 
Frequencies by drug type.

Global perception of quality of life N Percentage (IC95%)

Without problems 123 41 (40,9-42,3)

With moderate problems 98 32,7 (32,3-32,9)

With serious problems 79 26,3 (26,1-26,8)

Table 2. 
The quality of life scale showed the following.

Variable With
PIM

Without PIM p Value

Without problems 16 (20,25%) 107 (79,75%) 0,001

With moderate problems 38 (38,8%) 60 (61,2%) 0,005

With serius problems 56 (70,8%) 23 (29,2%) 0,002

Table 3. 
Quality of life scales with and without inapprorpiate prescription.

Variable OR (IC 95%)

Inappropriate precsription 1,52 (1,37-2,16)

Active work 1,76(1,16-1,97)

Life in a nursing home 1,89(1,45-2,15)

Female sex 1,98(1,35-2,13)

Polypharmacy 1,11(0,76-1,89)

Age over 80 years 1,13(0,98-2,14)

Severe–moderate pain 1,21(0,96-1,69)

Severe–moderate depression 1,23(0,97-1,34)

Table 4. 
Binary multiple regression of different variables with perception of quality of life.
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Person’s Prescriptions (STOPP) 2015, [6] of inappropriate prescription of drugs, 
were used. Polypharmacy was considered to be the simultaneous presence of more 
than 4 drugs according to the WHO definition [7]. The investigators who analyzed 
the inappropriate prescriptions were two observers trained in the criteria, both of 
whom reviewed all cases. Concordance between the two reviewers was assessed with 
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300 hospitalized patients were studied in the 2016–2018 year. The distribu-
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The types of drugs most involved were the following Table 1.
The mean well-being of the patients on the scale of 1–100 was 56.8 (SD 23.4), 

median: 61.7, range: 29–95.
The quality of life scale showed the following Table 2.
Of the 300 patients, 143 (47.7%) lived with their family (spouse, children, 

nephews, grandchildren, etc.), 81 (27%) lived alone or with a non-family caregiver, 
76 (25.3%) lived in geriatric.

In an unadjusted multiple binary regression, the association of different vari-
ables with the perception of quality of life was the one shown in the following table 
(Tables 3 and 4).
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5. Discussion
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Table 1. 
Frequencies by drug type.

Global perception of quality of life N Percentage (IC95%)
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Table 2. 
The quality of life scale showed the following.

Variable With
PIM

Without PIM p Value
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With moderate problems 38 (38,8%) 60 (61,2%) 0,005

With serius problems 56 (70,8%) 23 (29,2%) 0,002

Table 3. 
Quality of life scales with and without inapprorpiate prescription.

Variable OR (IC 95%)
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Active work 1,76(1,16-1,97)

Life in a nursing home 1,89(1,45-2,15)

Female sex 1,98(1,35-2,13)

Polypharmacy 1,11(0,76-1,89)

Age over 80 years 1,13(0,98-2,14)

Severe–moderate pain 1,21(0,96-1,69)

Severe–moderate depression 1,23(0,97-1,34)

Table 4. 
Binary multiple regression of different variables with perception of quality of life.
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a deterioration in quality of life, because a person who receives inappropriate 
 medication increases 2.3 times the chance of perceiving a deterioration in their 
quality of life.

A systematic review found that the drugs most exclusively included in the inap-
propriate prescription were non-steroidal anti-inflammatory drugs and benzodiaz-
epines [12]. The review of Mahony [12], it states that the application of the STOPP 
criteria improves clinical outcomes in multimorbid older people but does not 
mention the impact it has on quality of life.

Furthermore, it is possible to affirm that there is a relationship between 
the inappropriate prescription of medication and polypharmacy, female sex, 
age over 80 years, presence of comorbidities such as pain, anxiety and/or 
depression.

We have not found studies of quality of life and inappropriate medication. It is 
important to link the states of well-being with the inappropriate use of medications 
to know other impacts on the public health of this population segment.

6. Conclusions

After carrying out this work, it is concluded that aging is characterized 
by a series of extremely individualized physiological, psychological and 
social factors, that older adults represent a risk group with a higher degree of 
vulnerability to drugs. The most commonly used medications are pain relievers, 
oral anticoagulants and psychotropic drugs. We have shown that there is a 
close relationship between the medication administered in the elderly and the 
perception of quality of life. Therefore, it is essential that their prescription be 
carried out individually, taking into account the social and family context of 
the patient.
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Chapter 11

Motivation and Social Support 
Received in Elderly Care: The Case 
of Geriatric Palliative Caregivers
Wilfred Luis Clamor

Abstract

This study describes the experiences on geriatric palliative care of 12 caregivers 
in Metro Manila. This study looks on the variation of experiences on motivation 
and social support in caregiving. This study used a qualitative-descriptive research 
design and involved key informant interviews of caregivers as a research method. 
Informants were selected through a non-probability sampling technique specifically 
through a purposive-convenient sampling. Caregivers cite several of motivations 
for caregiving. Reasons mentioned are identified to be either intrinsic motivation or 
extrinsic motivation. Intrinsic motivation being cited are emphatic reasons which 
include framing patient as family; emotional reasons such as emotional attachment; 
and cognitive reasons which refers to gaining knowledge in caregiving. Extrinsic 
motivations by caregivers are incentive reasons which include monetary gains; and 
negative reinforcements such as institutional punishments. In terms of social sup-
port received, caregivers mentioned different sources and functions of support they 
receive. Caregivers cite two types of social support structure or sources, proximal 
social support and institution based support. For social support function, responses 
are categorized into intangible and tangible support.

Keywords: geriatric healthcare and management, geriatric palliative caregiving, 
motivation, social support structure, social support function

1. Introduction

In the past decade, the caregiving profession is known to continue to increase 
because of the fast growth of the aging population [1]. In that sense, caregivers 
are high in demand because of the present global situation most especially those 
who are formal or professional workers and volunteers under long term facili-
ties. Caregivers are individuals who tend to express caregiving behaviors that are 
required in their job description. Moreover, caregiving is a phenomenon that is 
increasingly studied by the medical and social sciences field [2]. Caregiving is an act 
of tending and caring for other individual with a problematic health condition or 
impairment in a daily basis.

Caregivers experience different situations doing geriatric palliative care. In the 
past literatures, various studies found different factors that may influence doing 
palliative care to elderly individuals. A study by Pearlin and Schooler [3], found that 
personal control and mastery has been a significant factor that shapes the care-
giver’s experience in doing caregiving. With personal mastery, an individual has the 
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capability to manipulate their actions hence overcomes different challenges. In the 
caregiver’s perspective, they may be able to experience more positive experiences 
because they can control and manipulate their actions [4, 5].

In sociology, focuses on the global perspective of the concept of caregiving 
through caregivers, caregiver roles, and characteristics of caregivers as well as 
their motivations and social networks. Also, caregiving is studied through groups 
of caregivers or health care professionals tending to individuals who are in need 
of care. Caregiving in the field of sociology is studied through the experiences of 
caregivers from groups and organizations such as family, neighbors, health care 
institutions, as well as individuals affiliated with religious institutions [6]. All in all, 
sociologists focus on the influences of behaviors such as motivation as well as social 
networks of caregivers.

In recent studies, it is found that motivation plays a vital role among caregivers 
in doing palliative care towards elderly patients. Motivation is defined to be rein-
forcements for an individual to express a certain kind of behavior [7]. In the past, 
motivation is studied in the field of social psychology. Various theories explained 
with certain motivations, individuals manifest a particular behavior. Motivations 
are divided into two types: intrinsic and extrinsic motivation. Intrinsic motivations 
are reinforcements that are internal in nature. One example of intrinsic reinforce-
ment is having altruistic motivation. According to a study by Hyde, Harris, and 
Boaden [8], health care workers manifest altruism in dealing with their patients. 
Altruistic motivation is having a voluntary mindset intended to help and increase 
another’s welfare because the attitude of being concerned for others [9]. Moreover, 
it is a motivation that seeks to overcome the feeling of sympathy towards individu-
als who needs help [10]. According to a study by Bhatti and Qureshi [11], health 
care workers are motivated by the desire to help and take on a useful activity. In 
the case of geriatric palliative caregiving, caregivers feel the sense of helping their 
elderly patients without any compensation in return. This is mostly seen among 
voluntary workers in nursing homes run by religious organizations.

Another theory to explain the intrinsic motivations of doing geriatric palliative 
caregiving is Selective Investment Theory (SIL). This theory talks about social bonds 
or close relationship provides motivation that makes individuals suppress their own 
personal goals if need to prioritize the overall well-being of the other [7]. Moreover, 
the theory gives emphasis on the role of having close relationships in meeting the 
needs of other individuals. In recent literatures, caregivers’ witness their patients’ life 
at nursing homes hence makes them attached. With attachment, caregivers tend to 
care more and give more importance to their patients rather than their personal life.

Emotional motivation is also found to be an effective reinforcement for indi-
viduals. In a study by Carlo and Randall [10], the feeling of empathy triggers an 
individual to act or behave in a certain way because of strong emotions. It evokes 
mostly individuals who are easily affected by people who manifest emotional 
behaviors. For health care workers, a feeling of empathy urges them to work hard to 
do pain management on their elderly patients.

Social desirability is a motivation that evokes individuals to behave in a certain way 
because of social pressure and norms [12]. Individuals are more likely to express care-
giving behavior when being observed by their superiors. Also, caregivers feel pressure 
from their supervisors in order to accomplish their tasks and jobs in doing geriatric 
palliative caregiving. It is a norm that caregivers must do caregiving duties and noth-
ing else. This reinforces caregivers to tend to their task and normal work. Also, health 
care workers are motivated to work harder when it is on the motive of desiring a gain 
of approval and respect from other people most especially their superiors [10].

For extrinsic kinds of motivation, the most frequently used in the health care sector 
is compensation and punishment. It is found that both are effective tools for reinforcing 
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individuals to comply with their job description. However according to Kreps [13], 
“providing extrinsic incentives for workers can be counterproductive, because it may 
destroy the workers’ intrinsic motivation (p. 359).” In that sense, extrinsic motivation 
may not be truly effective in reinforcing individuals because it is found to be inefficient.

Access to social support is also a proximal factor that influences the experiences 
of caregivers in doing geriatric palliative caregiving. Social support is an available 
assistance from other people and it is also a coping resource used by individuals [14]. 
Moreover, it talks about received encouragement and assistance by individuals from 
other people. According to Albrecht and Adelman [15], social support is defined to 
be a “verbal and nonverbal communication between recipients and providers that 
reduces uncertainty about the situation, the self, the other, or the relationship, and 
functions to enhance a perception of personal control in one’s life experience (p. 18)”.

Social support can be a discourse between two entities. This concept is under-
stood to be given or received. On one hand, social support is an act or behavior 
that an individual that is to be given to another individual. On the other hand, it is 
also an act that an individual receives from another individual [16]. Social support 
can be measured in two categories. One category is called structural support or 
social integration. It measures the quantity or the extent of which an individual 
is connected to a social network [17]. This category measures the size, frequency, 
or density of a social network of an individual [18]. Another category is called 
functional social support. This measures the quality or functional aspects of social 
support. It looks on the roles of the social network provides. Functions such as 
emotional support which focuses on the affect and emotional nurture provided by 
sources of social support; esteem support which focuses on bolstering an individual 
to handle a difficult situations; network support which focuses on the affirmation 
of an individual as a part of a social network; informational support which focuses 
on which focuses on a the communication that gives insightful information; and 
tangible support which focuses physical assistance and support [19].

According to Kaufman, Kosberg, Leeper, and Tang [20] having good social sup-
port causes positive behavior in doing health care management specifically in the 
spiritual aspect of geriatric palliative caregiving. Moreover, with good social support, 
the caregiving job becomes less challenging and burdensome because it is known as a 
coping resource used by caregivers [14]. However, the caregiving experience becomes 
challenging and burdensome because of factors such as lack of emotional support from 
colleagues and peers, social isolation, and inadequate social activities about coping [21].

Support also comes from different sources. It may come from colleagues, peers, 
and most especially family. Research found that lack of family support has been 
found to “correlate with high levels of physical as well as psychological exhaustion, 
with many caregivers reporting that their social support decreases over time” [14].

There may be a lot of studies about motivation and social support, however 
very limited studies were seen focusing on the variation of motivations and social 
support structure and functions of geriatric palliative caregivers in the Philippines. 
With that, the objective of this study is to describe various motivations and social 
support experiences of caregivers in geriatric palliative caregiving.

2. Methodology

This study used a qualitative-descriptive research design. This study describes 
the motivation and social support experiences of professional caregivers tending 
to elderly patients under intensive care. This study involved key informant inter-
views of caregivers as a research method. In addition, this involved a face-to-face 
 interview as a research technique.
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The population of this study involved professional caregivers employed in a 
private nursing home in Metro Manila. This study involved 12 key informants 
as sample. This study utilized a non-probability sampling technique. Key infor-
mants are chosen through a purposive-convenient sampling. To be eligible for the 
interview, the sample should fit the specific selection criteria: 1) Must have an 
experience doing geriatric palliative care; and 2) Has at least one to two years of 
experience in the caregiving profession.

The voice-recorded in-depth interviews were transcribed, and the data gathered 
were sorted according to the research problems they addressed. Content analysis 
was used as data evaluation through an evaluation of the interview transcriptions. 
The personal and work characteristics of the caregivers were tabulated to present 
the trends across these phenomena, and similar answers to the interview questions 
are grouped together. The information were analyzed and presented based on 
similarities and differences of the themes.

3. Results and discussions

3.1 Personal characteristics

Caregivers in this study are within the age range of 18–35 years old (See Table 1). 
Majority of the caregivers belong to a younger age cohort of 18–23. In terms of 
educational attainment, most caregivers finished a bachelor’s degree in college while 
other caregivers only finished high school. For religious affiliation, most caregivers 

Characteristics f

Age

  18–23 5

  24–29 3

  30–35 4

Mean 25.83

Educational Attainment

  High School 4

  College 8

Civil Status

  Single 9

  Married 3

Religions Affiliation

  Catholic 9

  Born Again 2

  Iglesia ni Cristo 1

Monthly Income

  Php 5000-10,000 9

  Php 11,000-15,000 3

Mean Php 7417

Table 1. 
Personal characteristics of caregivers.
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are practicing the religion of Catholicism. Caregivers in this study averages to 
earn a salary of Php7, 417 monthly. Most monthly income of caregivers fall under 
the category of 5000–10,000 (75.0%) a month while other caregivers receive 
11,000–15,000 a month.

Caregivers have various jobs before working at the nursing home. Majority of 
the informants come from medical and non-care related jobs before entering the 
career of being a caregiver (See Table 2). Medical related jobs involve nursing and 
pharmacy while non care related jobs pertain to canteen personnel, station person-
nel, receptionist, and farming. Provision of care delivery related jobs pertain to 
being a maid/helper, and being a caregiver. Other caregivers are also seen to have no 
prior work before entering the nursing home.

3.2 Motivations in caregiving

Caregivers have mentioned numerous reasons in doing their jobs. This refers to 
specific reinforcements that push caregivers while working. The identified motiva-
tions for caregiving are classified according to intrinsic motivation and extrinsic 
motivation (See Table 3).

Intrinsic motivation refers to the kind of reinforcements that are internal 
in nature which focuses on the inherent stimulus of caregivers. Majority of the 
caregivers cited emphatic reasons as intrinsic motivation. Emphatic reasons such 
as framing a thought that patients can be family are mentioned. Caregivers stated 
that this kind of reason is a powerful motivational force in caring for their patients. 

Characteristics f

Provision of Care Delivery Related

Maid/Helper 1

Caregiver 1

Medical Related

Nurse 3

Pharmacist 1

Non Care Related

Canteen Personnel 1

Station Personnel 1

Receptionist 1

Farmer 1

No Prior Work 2

Table 2. 
Previous jobs of caregivers.

Intrinsic motivation Extrinsic motivation

Empathic Reasons (e.g. framing a thought that patients 
can be family)

Incentive Reasons (e.g. monetary gains)

Emotional Reasons (e.g. emotional attachment) Negative Reinforcements (e.g. Institutional 
punishments)

Table 3. 
Motivations in caregiving.



Update in Geriatrics

162

Most caregivers claim that they are more motivated to work because they feel that 
they are actually caring for their parents or grandparents. This scenario was pointed 
out by majority of the caregivers.

“I even call them my grandparents. I became very close to them because of that. I 
actually see my grandparents in them. I even treat them as if they are my family”

“I see my parents in them. With that, I more motivated to care for my patients 
because sometimes I treat them as my own parents.”

This finding is reflected on the idea that Filipinos give utmost priority to close 
family ties [22]. Caregivers are seen to treat patients as family as a motivation to care 
for them. Caring for family is a strong motivational force for Filipinos [23]. This 
emphatic reason is also reflected by Selected Investment Theory (SIL). This theory 
talks about how social bonds and close relationships drives motivation in giving 
priority for the betterment of the other [7]. In the case of the result, caregivers 
having patients as a form of a family provides motivation that makes them suppress 
personal goals and preferences to promote and give priority on the well-being of the 
patient.

Emotional reasons are also frequently stated as an intrinsic motivation by most 
caregivers. This refers to the feeling of concern, care, and love among caregivers 
to their patients. Most caregivers are found to be assigned to one to two patients in 
the nursing home. Caring for these patients makes the caregivers attached because 
there are times that the caregivers want to see their patients happy all the time. 
Some informants say that they also become sad if their patients are not satisfied or 
happy. These are true to the majority of the caregivers in the nursing homes.

“I am more motivated to care for my patients when I see them sad and depressed. I 
do not want to see them sick. I feel depressed also when they are not happy.”

Having emotional attachment as a motivation is seen as a protective behavior 
among caregivers. This attachment is seen also to create a strong bond that urges 
the caregivers to help and increase their wellbeing due to their situation [24]. This 
attachment is seen to be a two way relationship between the caregiver and the 
patient. Caregivers feel accomplished when their patients are happy. Emotional 
attachment to patients is indeed effective in pursuing their fulfillment and good 
quality well-being [10].

Another classification for the motivations for caregiving among caregivers is 
extrinsic motivation. This classification of motivation refers to reinforcements 
that can be seen or tangible in nature which are in the form of different incentives. 
Majority of caregivers answer having good salary as an extrinsic motivation. This 
salary is used to help their families to have financial stability.

In some instances, caregivers admitted to have violated some rules and regula-
tions of the institution. With that, sanctions are also an extrinsic motivation for 
caregiving. These punishments refer to a deduction in salary, warnings and scolding 
from their superiors, and even expulsion from the nursing home. In that sense, 
caregivers are expected to have proper decorum and must follow the rules and 
regulations of the institutions in order not to be reprimanded by their superiors. 
Also, some caregivers responded that all must follow their superiors because every 
caregiver in the institution is to be reprimanded. Caregivers are then motivated to 
work because they do not want to experience these kinds of institutional punish-
ments. This is true in some caregivers.
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“Sometimes we experienced being reprimanded by our superiors. If one gets 
scolded, everyone receives a penalty that is why all of us are motivated to work in 
order for us to not experience those punishments.”

Negative reinforcement could lead to counterproductive workplace environment 
among workers according to the study of Kreps [13]. However, based on the results 
mentioned, caregivers are motivated to work harder not to be reprimanded and 
experience negative reinforcement. With that, these institutional punishments can 
be very effective in managing workers in an organization. It is seen as an effective 
tool for workers to comply with their job roles in the company or organization.

3.3 Social support received by caregivers

While tending to their patients, caregivers receive different kinds of encour-
agement from different social actors. Social support ensures that caregivers are 
motivated and satisfied with their current situation. Social support received by 
caregivers is classified into two categories, social support structure and social sup-
port function.

3.3.1 Social support structure

Caregivers receive different kinds of support from different social entities. 
Social support is a coping resource as well as assistance coming from other indi-
viduals [14]. Social support structure refers to the people or social actors supporting 
caregivers in doing their job. According to Wills [17], it measures the quantity or 
the extent of which an individual is connected to a social network. This category 
of social support measures the size, frequency, or density of a social network of an 
individual [18]. The identified social support structure is classified according to 
proximal social support and institution based support (See Table 4).

Caregivers are mentioned to be surrounded by individuals in the nursing 
homes. These individuals are seen to encourage the caregivers in doing their job. 
This refers to proximal social support. Majority of caregivers responded that their 
colleagues are the most proximal in terms of social support. The colleagues of the 
caregivers are seen to be a significant support by means of encouragement and 
provision. Also, caregivers and their colleagues converse about their personal and 
work related problems. This conversation sets as a way of supporting one another 
to resolve certain kinds of personal and work related problems. According a female 
caregiver,

“Most of the time, my colleagues and I talk about our problems. We then help each 
other at the same time.”

Proximal social support Institution based support

Support from colleagues (e.g. co-workers & 
subordinates)

Support from superiors (e.g. owners and supervisors)

Support from patients (e.g. elderly patients) Support from patient’s family (e.g. children of the 
patient)

Support from family (e.g. parents and siblings)

Table 4. 
Social support structure.
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The patients of the caregivers are also seen to give social support. Caregivers 
admitted that their patients also tend to encourage and support them. While 
caregivers are tending to the needs of their patients, it is also seen that these health 
care workers converse with their patients about personal and work problems. 
Additionally, caregivers experienced different kinds of encouragement and support 
from their patients if their caregiver is feeling stressed and problematic. Patients 
tend to talk to their caregivers about their problems and that patients give encourag-
ing advice to their health care providers in facing their problems. It is seen to be 
an effective social support because of the feeling that their patients are mutually 
responsive to certain conversations about their personal and work related problems. 
According to a young caregiver,

“Our patients tend to make us feel very comfortable when we talk to them about 
our problems. Even though they are a bit old, they can still comprehend and con-
nect to our present situations.”

The institution is also seen to be a source of social support. Caregivers tend to 
receive different kinds of help from the institution itself. The institution is seen to 
be required to help their caregivers in terms of work related problem. Moreover, 
superiors are expected to encourage caregivers in their work. This is true to some 
caregivers in the nursing home.

“Our superiors taught us everything that we need to do in this nursing home. They 
serve as our teachers at the same time. They are always there when we need them.”

Having colleagues, family, patients, and other institutional entities as social 
support is beneficial among caregivers. According to a study by Lau et al. [14], 
having support from various sources may lead to better wellbeing and good quality 
of health among individuals. Having different entities as social support systems is 
beneficial on the part of geriatric palliative caregivers.

3.3.2 Social support function

The function of social support refers to the quality or functional aspects of 
social support received by caregivers that looks on the roles of their social network 
provides. The identified social support function received by caregivers are classified 
into two, intangible support and tangible support (See Table 5).

Caregivers receive support that is seen as an encouragement in boosting their 
psychosocial wellbeing. This refers to the intangible support caregivers receive. 
This encouragement pertains to the cognitive kind of support that boosts the moral 
and behavior of caregivers in their personal and work related life. Social support 
functions as a boosting stimulus to encourage caregivers when feeling depressed 
or having personal problem. Majority of the caregivers responded that they are 

Intangible support Tangible support

Emotional Support (e.g. talking about problems, boosting 
self-esteem, etc.)

Monetary support (e.g. lending money, 
giving incentives)

Informational Support (e.g. sharing knowledge about 
caregiving)

In-kind support (e.g. sharing food)

Table 5. 
Social support function.
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mostly encouraged emotionally by the social support they receive. This refers to 
emotional support. This kind of support indicates that caregivers experience a 
boost or encouragement on their emotional well-being from different social actors. 
Conversing with different social actors serves as a way of encouragement for the 
caregivers to solve their personal and work related problems. According to a female 
caregiver,

“We help each other in this nursing home, if there is someone who needs help; we 
opt to help them so that they would not get depressed. Even our patients tend to 
talk to us so that we would not be sad. They would even make us happy. I feel very 
encouraged when our patients are happy because of our work.”

Information support among caregivers is also cited to be a significant social sup-
port function. Different social actors are seen to assist caregivers by giving certain 
kinds of information most especially to the profession of health care. This kind of 
social support refers to informational gain support. Most caregivers answered that 
it is a very important social support they receive. The purpose of informational 
support is to increase the knowledge of caregivers in tending to their patients. 
Caregivers admitted that the institution and their colleagues help one another in 
doing geriatric palliative care to their patients.

“We tend to help each other especially if our colleagues need help with their 
patients. Sometimes, I tend to seek help from them if I do not know what to do. 
Even our superiors teach us if we do not know what to do.”

Another classification of social support function is tangible support. This refers 
to the support that can be seen and used by caregivers. This also serves as an encour-
agement that can be used externally compared to intangible support functions. 
Most caregivers receive monetary support from different social actors as reinforce-
ment. This is mostly seen by the support given by the institution to the caregivers.

In-kind support also is a kind of tangible support received by caregivers. This 
refers to food, supplies, and different tangible encouragement given to caregivers. 
These are mostly given as a sign of appreciation and inspiration from different 
social actors. This kind of social support is mostly given by the family of patients. 
According to a female caregiver,

“We were given food by the family of our patients because they appreciate that 
we are caring for their grandparent. They always tell us to take good care of their 
grandparents.”

All in all, the functions of social support (intangible or tangible) are due to the 
idea that Filipinos value relationships. According to Medina [22], the function of 
Filipino social entities such as family and friends as social networks is to provide 
support to individuals, in this case caregivers, in difficult situations. Caregiving is 
seen as an exhausting work. The main function of social networks is to help care-
givers cope with their current conditions. Caregivers are seen to get through every 
tiring day with the help of their social networks.

4. Conclusion

In summary, this is a descriptive study of the motivation and social support 
experiences on geriatric palliative care among 20 purposely chosen geriatric 
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palliative caregivers in Metro Manila. This study looks on the variation of experi-
ences among geriatric palliative caregivers on motivation and social support. The 
data were analyzed through content analysis by formulating common themes and 
patterns.

Caregivers cite several of motivations for caregiving. Reasons mentioned are 
identified to be either intrinsic motivation or extrinsic motivation. Intrinsic motiva-
tion being cited are emphatic reasons which include altruistic motivations; emo-
tional reasons such as emotional attachment; and cognitive reasons which refers to 
gaining knowledge in caregiving. Extrinsic motivations by caregivers are incentive 
reasons which include monetary gains; and negative reinforcements such as institu-
tional punishments.

In terms of social support received, caregivers mentioned different sources and 
functions of support they receive. Caregivers cite two types of social support struc-
ture or sources, proximal social support and institution based support. For social 
support function, responses are categorized into intangible and tangible support.
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Abstract

The presence of Candida in the gut is normal, but an overproduction may lead 
to serious health problems due to an imbalanced gut, causing gut-related symp-
toms such as bowel movement changes, excessive gas, etc. Some diseases, such as 
Crohn’s disease and ulcerative colitis, are associated with an overgrowth of Candida 
in the gastrointestinal tract. Several recent studies have shown that a prolonged 
candidiasis within the intestines is associated with Candida overgrowth syndrome 
or chronic fatigue syndrome. A healthy digestive system relies on a good balance 
of bacteria that live in the gut, and an important role in maintaining this balance 
is having the ingested type of food. Candida overgrowth can be prevented first of 
all by healthy eating patterns, as susceptibility is increased by a high-sugar diet 
and diabetes or nutritional deficiencies causing a dysregulated immune system. In 
general, Candida-associated conditions have a high impact on performance. Recent 
research has shown an increasing interest in the Candida-related conditions and 
diseases.

Keywords: physiology, gastrointestinal conditions, gut microbiota, elderly, athletes, 
diet therapy

1. Introduction

Everyone has yeasts like Candida spp., mostly Candida albicans, in their intes-
tines, and only seriously ill people will get sick. In contrast, other therapists fear 
life-threatening diseases if these germs are detected [1].

Many patients are completely unsettled. These are very seriously ill patients such 
as cancer or AIDS patients whose defense is extremely weakened [2]. In their cases, 
the internal organs can fail due to a fungal attack. Fungal diseases and intestinal 
mycoses have actually increased in recent years. Gynecologists observe that more 
and more women suffer from vaginal mycoses.
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The reasons for this increase are, for example, nutritional errors such as too 
much sugar and white flour products or nutritional deficiencies causing a dysregu-
lated immune system [3]. However, treatments with cortisone and antibiotics and 
the increase in environmental pollutants are also contributing factors. All of these 
factors weaken our immune system and thus promote the spread of the fungi. If, for 
example, antibiotics have damaged the natural intestinal flora, Candida yeasts can 
spread because important physiological germs are lacking as opponents.

Unfortunately there are only nonspecific symptoms that can have many other 
causes. In the foreground are diarrhea and constipation—often alternating—flatu-
lence, an abdominal distension, and abdominal pain. Affected people reported 
migraines, depression, liver diseases, and skin changes. But symptoms may or may 
not be due to Candida.

When referring to the intestinal yeasts, it is usually of Candida genus. Yeasts can 
be found practically everywhere in nature: they colonize the mucous membranes 
of humans and animals, adhere to objects, and can be found in water and soil. C. 
albicans are commonly found in the intestine. These yeasts were previously found 
in 80% of all intestinal yeast infections. In contrast to other Candida species, C. 
albicans adheres to the mucous membranes of warm-blooded humans and animals. 
Their transmission takes place directly through physical contact. In healthy people, 
however, this is completely unproblematic. But there are also numerous other types 
of Candida that have been on the rise recently. Yeasts find optimal living conditions 
in the intestine as the environment meets their requirements and provides them 
plenty of food [4].

People with weakened immune systems are particularly at risk of contracting 
Candida. Older people (elderly), whose defenses are weakening, are also considered 
a high-risk group [5].

The role of intestinal gut microbiota in health and disease is gaining more 
attention and is increasingly recognized [6]. The philosophy of alimentation might 
give us a clear start to see the patient as a whole again. It cannot only be drugs and 
medicine to treat the diseases [7].

2.  Candida spp. as member of the human gastrointestinal tract 
microbiota

In the normal human gastrointestinal tract microbiota, Candida species are 
part of and can be found in the oropharynx, esophagus, gastrointestinal tract, and 
vagina. When the immune system is compromised from different reasons, a local or 
invasive infection can be developed [5, 8].

Candida species are among the most common yeast, and as fungi in stool 
cultures, the most common germ is C. albicans. C. albicans is one of the optionally 
pathogenic fungi that only trigger a disease under certain conditions [1, 9, 10]. 
However, numerous other types of fungi can also be detected in healthy intestinal 
flora in small numbers of germs using modern methods. With reduced immune 
defense like with HIV disease, but also with diabetes mellitus or cancer and with 
therapies with immune inhibitors (immunosuppressive therapy, e.g., with steroids 
[cortisone]), the amount of Candida in the intestine can increase significantly, so 
that a serious disease becomes possible [2].

Overgrowth of the intestine (over 1,000,000 fungi/g stool) is often accompa-
nied by annoying gas, intestinal cramps, and/or diarrhea. If such symptoms occur 
in patients with a weakened immune system, overgrowth with Candida should also 
be considered [11–13].
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3. Candida hypersensitivity syndrome

Candida hypersensitivity syndrome was first described 20 years ago. For many 
years, C. albicans has been mentioned as the cause of Candida hypersensitivity 
syndrome. This chronic syndrome is also known as chronic candidiasis, Candida-
related complex, and “the yeast connection” [14].

A Candida “infection” or colonization—not proven—is associated with a 
variety of diseases, e.g., cancer, permanent fatigue and exhaustion, depression, and 
headache. In addition, there is always speculation that the irritable bowel may have 
to do with an overgrowth of fungi in the intestine. Still enough scientific evidence is 
lacking [15–17].

Candida is often held responsible for unspecific physical complaints or symp-
toms. As explained above, the simple detection of fungi in the intestinal flora in 
small numbers does not justify the start of a corresponding therapy [18]. Extensive 
and often costly treatment methods such as stool enema, colonic hydrotherapy, 
detoxification, and antifungal diets are particularly special or rejecting self-urine 
therapy as unscientific and unsuccessful [19].

Symptoms such as fatigue general malaise and genitourinary and neuropsychiat-
ric complaints and nonspecific gastrointestinal symptoms are reported.

The syndrome is considered to be caused by vaginal and intestinal fungal 
overgrowth, production of fungal toxins, inflammation, and invasion of mucous 
membranes. In such conditions, the usual therapy will consist of a rigorous long-
term antifungal treatment and “yeast elimination” diet [20–22].

A nutritional imbalance demonstrated by diet analysis could lead to the develop-
ment of further nutritional deficiencies for a prolonged period of time diet [19, 23].

4.  An overview of Candida-related conditions in athletes’ case: impact 
on athlete physiological performance capacity

Exercise has a strong impact in an athlete’s body. In fact, intense exercise, and 
particularly endurance exercise, requires an adaptive regulation of athletes’ body 
in order to fulfill the new physiological and biochemical demands. Under these 
stimuli, the muscle adapts by improving its metabolic, mechanical, contractile, and 
neuromuscular functions [24]. Glycogen storage decreases, mitochondrial biogen-
esis increases, and the balance of electrolytes varies [25]. Moreover, in response to 
the higher demand of oxygen and nutrients by the muscle, cardiac output, ventila-
tion, and gas exchange increase, which finally results in an increased vascular 
dilatation. Exercise increases the risk of dehydration as a result of the increment 
of body temperature. In order to compensate for and reestablish the homeostatic 
equilibrium, the amount of glucocorticoids and adrenaline release should be higher 
[26, 27]. Furthermore, blood flow decreases in the liver, pancreas, and kidneys 
where metabolism activity increases.

Exercise also damages the muscle and highly influences systemic inflam-
mation, intestinal permeability, and an increase in oxidative stress as well as 
immune response, all of them being related with delayed onset muscle soreness 
(DOMS) [28].

DOMS is a muscle pain or discomfort that begins after unaccustomed or high-
intensity exercise [29]. Usually the peak of the pain appears 1–3 days after exercise 
and can last for 5–7 days postexercise [30]. DOMS is recognized as one of the most 
frequent and recurrent forms of sport injury affecting both athletic (including elite 
athletes) and nonathletic population. Its prevalence is higher when exercise activity 
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increases (e.g., beginning of sporting season) or when a new type of activity is 
introduced. Duration and intensity of exercise also influence DOMS. Thereby, 
intense exercise is related to higher degrees of DOMS, immune system suppression, 
inflammation, and oxidative stress, while low-to-moderate exercise is related with 
enhancing the immune system and healthy lifestyle. Despite its high incidence, 
the mechanisms of DOMS remain uncertain, and there are no specific treatment 
strategies. DOMS can negatively affect several factors of athletic performance such 
as muscular pain, reduced joint range of motion, power reduction, altered muscle 
sequencing and recruitment patterns, and muscular strength [29]. Additionally, 
DOMS affects athletic performance by increasing the risk of other muscle injuries 
but also by making athletes more prone to suffer from opportunistic infections 
such as candidiasis. This may be mainly because of the underlying state of chronic 
inflammation due to exercise, altered immune system, and oxidative stress. 
Actually, infectious diseases and particularly fungal infections [31] have been 
identified as the most common and important health problems in athletes [32], 
especially in contact sports. Some studies found that among wrestlers, skin infec-
tions are a common cause of training and match disruption, thus directly affecting 
athletic performance [31]. Also it has been determined that C. albicans, one of the 
most important causative agents of opportunistic infections, was responsible of 
those infections in 5% of the analyzed athletic population [9]. Therefore, it can 
be assumed that the alterations due to the impact of exercise (mainly increase 
of inflammation, affected immune system, and oxidative stress) may alter gut 
microbiota, increasing the risk of opportunistic infections such as Candida infec-
tions. Other studies found that in comparison with controls, athletes used twice as 
frequently oral antibiotics [33]. This supports the hypothesis that specific varia-
tions in gut microbiota may even be the starting point of different diseases develop-
ment [34].

Diet and nutritional or dietary supplements have been identified as the main 
factor affecting gut microbiota (Table 1). In fact, it has been proven that dietetic 
changes can induce up to 57% of gut microbiota [35] variations in terms of com-
position and functioning in 24 hours [36, 37]. On the other hand, several studies 
have demonstrated the influence that gut microbiota have on essential processes 
affecting the individual’s health and performance (e.g., immune response and 
metabolism of nutrients) [34, 38]. Therefore, it could be assumed that diet and 
food supplements (also called nutritional or dietary supplements) may be a critical 
factor through which gut microbiota can be modulated in order to benefit athletes 
in their performance. Actually a recent study has identified several dietetic patterns 
which address this idea [39].

Most studies analyzing the impact of probiotics in athletic performance high-
light their positive impact on the immune function, gut mucosa permeability, and 
oxidative stress resulting from intense exercise but also they increase the risk of 
respiratory diseases that are very common in athletes [40]. Thus, probiotics have 
been proven to improve athletes’ performance.

Up to now, there is no specific information on how diet and food supplements 
directly affect Candida and how Candida further impact athletic performance. 
However, interesting data shown may give a hint regarding Candida behavior 
with respect to probiotic consumption [41]. A study [41] evaluated healthy young 
individuals and analyzed the impact that probiotics consumption has on the pres-
ence of Candida in oral cavity. Results show 46% reduction in Candida prevalence 
after probiotics consumption in oral cavity. C. albicans was the main Candida spp. 
identified followed by C. tropicalis [42].

Finally, evidence supports that also antibiotics influence gut microbiota com-
position. The use of antibiotics increases the risk of opportunistic candidiasis 
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infections. Additionally, it has been also reported that antibiotics may cause fatigue 
and therefore negatively influence athletic performance [41]. Research done to 
analyze the relation between the total use of antibiotics (duration of antibiotic 
courses) and the degree of fatigue has shown that the longer the antibiotic courses, 
the higher the fatigue scores obtained [43, 44].

Lately studies evaluated the ergogenic effect of probiotic supplementation and 
their effect on physical exercises, trying to identify their mechanisms of action and 
on how could they influence the improvement of performance. Due to the fact that 
only few studies were performed and demonstrated the ergogenic effect of probiotics, 
further studies should investigate the subject for better understanding [45–52].

5.  An overview of Candida-related conditions in elderly case: 
physiological alterations

The term “elderly” comprises those individuals aged 60 and older, and they 
represent the fastest growing population group. In fact, in 2017 the global popu-
lation of 60 years old and over totaled 962 million, and it is foreseen to reach 
2.1 billion by 2050 [53]. Already by 2030 it is anticipated that nearly 35% of the 
European population will be over 60 and 11% over 80 years [53]. With age progres-
sion, deficiencies of physiological functions occur, making elderly more vulnerable 
to diseases and infections, particularly from fungal species [54]. Genus Candida 
is considered the most important cause of opportunistic infections affecting 

Nutrient Dose Effect

Carbohydrates 7–12 g/kg/day 
(endurance athletes)

A fatigue reduction and an improved performance and 
mood can be achieved during an intense training by 
consuming high doses of carbohydrates ad libitum

Proteins 1.2–1.6 g/kg/day (elite 
athletes)

The infection incidents increase due to a protein 
deficiency by decreasing the T cell functions which 
affect the immunity system

Fat 15–30% of the diet/day A reduction of the intestinal inflammation, bacterial 
translocation, and gastrointestinal stress can be 
achieved by fat diets with good amount of omega-3 and 
omega-6
However, a high-fat diet may reduce the total gut 
microbiota

Fiber 38 g/day man
25 g/day women

Lower level gut microbiota is associated with low-fiber 
diet and low antipathogenic bacteria and therefore will 
be an increase in gut inflammation and less sympathetic 
nervous system stimulation
However, gastrointestinal stress may be caused by a 
high-fiber diet

Probiotics Highly variable 
depending on the strain, 
microbial composition, 
and metagenome
Because of gut 
microbiota diversity in 
humans, there was not 
established a standard 
dose

Supplementing the diet with fermented food can 
stimulate the expansion of microorganism like 
Bifidobacteria (B.) and Lactobacillus (L.) that have 
beneficial metabolic functions. For example, improving 
short-chain fatty acids results in an increasing immune 
and barrier functions

Table 1. 
Dietary modifications for the improvement of gut microbiota [39].



Update in Geriatrics

174

especially immunocompromised patients and elderly people and the major caus-
ative agent of nosocomial infections [55]. The step from Candida colonization to 
subsequent infection is not yet clear. However it has been proven that the natural 
flora which develops within the gastrointestinal tract can represent the main source 
in the development of severe infections.

Candida infections are very difficult to diagnose in the elderly and have a 
complicated therapeutic management [56]. Signs and symptoms are often nonspe-
cific and can vary depending on the area affected. Thus, diagnosis depends on the 
clinical evaluation supported by biochemical and microbiological analysis. Given 
the difficulty of diagnosing Candida infection, efforts have been focused on the 
development of new strategies and diagnosis methods such as new culture meth-
ods with increased sensitivity. Also novel antigen-based tests are available for the 
detection of mannan levels which is the main component of Candida cell wall and 
1,3-β-D-glucan which is mainly used in critically ill patients as it has high sensitivity 
[54, 57]. Finally, real-time polymerase chain reaction technique is also applied for 
the detection of five different Candida spp. [54].

Regarding the epidemiology, 90% of all Candida infections are caused by C. 
krusei, C. glabrata, C. albicans, C. tropicalis, and C. parapsilosis [58].

Aging-related physiological changes and other factors frequently affecting the 
elderly such as comorbidities, polypharmacy, and high colonization rate result in an 
extremely high mortality rate (from 36 to 63%) [59].

The oral cavity is considered a major physiological importance and experiences 
numerous alterations with aging process. The impaired functioning of the salivary 
gland alters the quality and quantity of saliva (hyposalivation). This impacts the 
equilibrium of the resident oral microbiota and also results in the decrease of defen-
sive proteins (such as salivary peroxidases or myeloperoxidase) as well as other sub-
stances with antimicrobial activity (e.g., lysozymes), facilitating the development of 
oral candidiasis. Using removable dental prostheses and their deficient hygienization 
also contribute to oral candidiasis. C. albicans followed by C. glabrata and C. tropica-
lis have been identified as the most prevalent Candida spp. found in dental prostheses 
[60]. The use of drugs that irritate or damage the oral mucosa, such as long-term 
antibiotic intake, as well as the presence of chronic and/or concurrent diseases may 
also lead to candidiasis. As already mentioned, Candida colonization can lead to 
severe infections. Thus, from oral cavity colonization, Candida may increase the 
colonization index and reach easier other areas such as the respiratory system [61].

Further, oral candidiasis may lead to appetite decline, and this can limit the 
nutrient intake which can directly influence gut microbiota growth. Appetite 
decline can also be a consequence of other age-related physiological alterations 
(Table 2) [62]. The impaired masticatory efficiency produced by poor dental health 
and related pain, loss of teeth and muscle bulk, and lower sensitivity (includ-
ing taste, smell, and sight) have a negative influence on appetite as food remains 
uninteresting [62, 63]. Oropharyngeal and esophageal motility diminished the 
risk of swallowing impairments (e.g., dysphagia) and prevalence of gastroesopha-
geal reflux. Additionally, alterations in the secretion and peripheral action of 
the hormones that regulate the wish to eat, hunger, and satiation can also reduce 
appetite. Besides the reduction of appetite, the nutritional status of the elderly can 
be influenced by the changes in gastrointestinal motility which can lead to reduced 
digestion and absorption, among others. All those result in the changes in the 
availability of nutrients in the gut which influence the abundance of Candida and 
may lead to dysbiosis. For example, it has been proven that a high-fat diet stimu-
lated the increase in Firmicutes and Proteobacteria and a decrease in Bacteroidetes 
[64]. Poor nutrition has been also proven to be associated with the development of 
inflammatory pathologies (e.g. Crohn’s disease) and chronic disease associated with 



175

The Influence of Candida spp. in Intestinal Microbiota; Diet Therapy, the Emerging Conditions…
DOI: http://dx.doi.org/10.5772/intechopen.92791

nutritional status (e.g., diabetes mellitus and cardiovascular diseases). Finally, poor 
nutrition can also derive in malnutrition which is one of the key factors influencing 
the growth of gut microbiota and, thus, may also lead to the dysregulation of the 
immune system and posterior infection.

The immune system is also affected with aging (a process known as immunose-
nescence) [65]. Hence, there have been identified several altered immune parame-
ters as well as adaptive and innate immunity influencing the development of chronic 
inflammatory status. Also the composition of gut microbiota varies with aging [66]. 
It decreases the number and variety of many protective commensal anaerobes such 
as lactobacilli and bifidobacteria. Beside this, phagocytosis is altered as a conse-
quence of the functional insufficiency of monocytes and macrophages. On the other 
hand, “altersinvolution” (referring to age-related involution of the thymus) leads 
in a decline in circulating antigen-presenting cells (e.g., dendritic and T cells) [67]; 
T cells show altered cytokine production and lose their memory capacity as well 
as decrease the number of circulating B cells. Consequently, the immune system 
is compromised, and thus, there is a higher risk for the elderly to develop serious 
fungal infections, especially disseminated candidiasis. The source of this infection is 
often the gastrointestinal tract. The administration of broad-spectrum antimicrobial 
agents to these patients increases their risk of Candida infections by increasing the 
frequency and magnitude of gastrointestinal tract colonization by Candida spp.

Physiological changes associated with aging also affect the metabolism of many 
drugs [68]. As time passes, the hepatic capacity diminishes, affecting drug clear-
ance. Specifically, the microsomal cytochrome P450-dependent monooxygenase 
system is altered, and therefore, the drugs that undergo this pathway cannot be 
cleaned properly. Liver volume and blood flow also decline, impacting drug clear-
ance. In addition renal size and volume are reduced. There are less glomeruli and 
juxtamedullary nephrons, resulting in a decrease in filtration area of the glomerular 
basement membrane and decreased permeability. Thus, the glomerular filtration 
rate (GFR) is decreased [69]. Both liver and renal modifications impact the elderly’s 
pharmacokinetics and pharmacodynamics variables, thus making them at higher 
risk of adverse drug reactions and harmful drug interactions. Together with the 
above information, other common factors such as serious underlying diseases 
and comorbidities, the use of antibiotics and immunosuppressive drugs, living in 
care facilities, or being hospitalized increase the risk of the elderly suffering from 
Candida-induced infections (particularly Candida oral infections) and make them 
more vulnerable.

Natural aging physiological alterations

Alterations in oral cavity (e.g. hyposalivation and impaired masticatory efficiency)

Alterations in the secretion and peripheral action of the hormones that regulate the wish to eat, hunger, and 
satiation

Changes in gastrointestinal motility

Immunosenescence (alterations in immune system such as decreased phagocytosis and age-related involution 
of the thymus or altersinvolution)

Changes in gut microbiota

Altered metabolism of certain drugs

Decreased renal function

Decreased hepatic function

Table 2. 
Natural aging physiological alterations.
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For frail elderly, severe surgeries, the use of central venous catheter, and 
parenteral nutrition are associated with candidemia related to biofilm formation 
and hence persistent colonization and infections [70]. Biofilm formation by an 
irreversible adhesion of a community of microorganisms which attached to each 
other on a surface, inert material, or living tissue, produce extracellular polymers 
that provide a structural matrix. The microorganism in this community behaves 
differently, showing more resistance to antibiotics and lower growth rates. 
Different Candida spp. have been identified to be implicated in biofilm formation. 
Each of them exhibits particularities in terms of biofilm formations (morphology, 
extracellular matrix, antifungal resistance, etc.) and thus complicating treatment. 
C. parapsilosis has been characterized as the most frequently causative agent of 
catheter-related infections through biofilm formation [71]. It is an exogenous 
pathogen found mostly on the skin of healthy hosts which easily spread through 
hand contamination in hospitals and care facilities. C. tropicalis is particularly 
relevant in urinary tract infections [72, 73].

6. Candida elimination diet therapy

An important point is the amount of fungi found in the intestine. Antibiotic 
treatments are damaging the natural intestinal flora, and fungi such as Candida 
spread because important physiological germs are lacking as opponents [74]. 
Treatments such as antibody therapies or enteral nutrition can reduce the inflam-
mation, and gut microbiota is improved.

A dietary formula for 1 week lacking fiber reduced the populations of fungi [75]. 
Therefore, it is believed that the gastrointestinal environment can be restored by a 
proper defined nutrition diet formula [76–78].

Such diets are high in sugar and total carbohydrates which are correlated with 
increased methanogen Methanobrevibacter and fungus Candida and other genera 
from different domains of life that are negatively associated with the consumption 
of fatty acids, protein, and amino acids [79].

Candida is the predominant fungal species capable of colonizing the gut and can 
vary extensively in time in response to recent carbohydrate consumption, antibiotic 
use, and environmental sources. Bacterial population structure primarily associ-
ates with long-term diet [80]. In a recent study, Candida correlated positively with 
long-term intake of total carbohydrates and sugar and had a strong association with 
recent carbohydrate intake.

Short-chain fatty acids (SCFAs) have been shown to exert fungistatic effect. 
Anaerobic intestinal microbiota, such as lactic acid bacteria (LAB) as a member of 
normal flora, produces from dietary fibers via fermentation of beneficial metabo-
lites, and the major end products are SCFAs. Not only for the intestinal microbiota, 
SCFAs represent an energy substrate but for host cells as well. Their important role 
in reducing the development of gastrointestinal disorders, among others, is well-
known, preventing overgrowth of Candida [81].

The probiotic strain L. rhamnosus GG offers benefit human health, and is a 
commonly used probiotic strain with immunomodulatory effect and bears an 
exopolysaccharide interfering with Candida growth and invasion tested in a model 
of gastrointestinal candidiasis, mostly attributed to C. albicans [82]. SCFAs have 
an effect on morphogenesis and therefore may provide a mechanism by which 
LAB could prevent candidal colonization. The growth rates are crucial for fungal 
growth in medium containing the disaccharide maltose as a sole nutrient source 
[74, 81].
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In a clinical study performed in individuals with chronic intestinal Candida 
overgrowth receiving nystatin alone and following a diet therapy (avoiding foods 
high in simple sugars and starch), different cured rates have been achieved during 
the 3 months of tests, 42% compared to 85% [21].

The yeasts metabolize a part of the carbohydrates from food, producing carbon 
dioxide and fusel alcohols. The gas causes an abdominal distension, bloating, 
and abdominal pain. Prolonged exposure to fusel alcohols for weeks and months 
can damage the liver. It was only this spring that a special toxin produced by the 
Candida yeast was found, which is responsible for many of the effects on other parts 
of the body. There is still a lot of research to be done in this area.

Most of the usual antifungal diets are based on the elimination of sugar and 
other carbohydrates and can actually relieve bloating and other irritable bowel 
symptoms in some patients (with or without fungal overgrowth) [83, 84]. 
Practitioners of alternative medicine often claim that candidiasis—the most com-
mon cause of yeast infections (vaginal candidiasis) and oral thrush (oral candidia-
sis)—can be treated or prevented with diet and food supplements [11]. Despite a 
lack of clinical evidence, Candida diets have become incredibly popular in recent 
years, mostly among women with recurrent yeast infections.

The effect is probably based on a combination of different changes at the level of 
bacterial flora, the formation and transport mechanisms of intestinal gas, and the 
osmotic properties of the intestinal contents. The concept of the Candida diet is that 
Candida uses sugar compounds (carbohydrates) to extract energy from them. If 
these sugar compounds are no longer available through the diet, the Candida can be 
“starved” in this way [85].

The Candida yeasts break down carbohydrates from food into carbon dioxide 
and fusel alcohols. The gas causes a bloated stomach, a feeling of fullness, and pain 
in the intestinal area. If the exposure to fusel alcohols lasts longer, they can damage 
the liver. The Candida yeast produces a special toxin that has only recently been 
identified and can trigger symptoms such as migraines or joint illnesses [86].

A consistent antifungal diet of at least 5–6 weeks is also essential. It is important 
to deprive the yeast of their base food. Sugar, sweets, white flour products, and 
alcohol should be strictly avoided. Sweet fruit should also be avoided in the first 
4 weeks. The focus is on a wholesome diet with lots of lettuce, vegetables, and 
whole grain products. The high-fiber diet not only strengthens the immune system 
but also presumably exerts a mechanical cleaning effect by sweeping the fungal 
nests out of the villi through its fibrous structure and at the same time stimulating 
the bowel movement [87, 88]. High-content phytochemicals with an antimicrobial 
effect make the whole-food diet the ideal antifungal diet—however, success is only 
permanent if there is a consequent change in diet.

Whole foods are the best way to prevent yeast infections. The yeasts will not find 
the right breeding ground in the organism of a healthy person. If there is already 
an infection, targeted therapy and a long-term change in eating habits to a healthy, 
natural diet are effective remedies.

In microbiological therapy, the focus is on strengthening the immune system 
[89]. Bacteria are extremely important for an intact immune system. An estimated 
100 trillion bacteria live in the intestine, many of which are not yet known. It is 
now known that these bacteria have important functions for the immune system 
and are not simply there by accident. Experience after lengthy antibiotic admin-
istration speaks about, again and again, weaknesses in the body’s defenses which 
are observed because these active ingredients not only destroy unwanted but also 
desired bacteria. In our environment, which is enlivened by countless germs, the 
animals die of fatal infections after a few days because their defense system is 
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practically inadequate. The contact with bacteria is very important for the develop-
ment of the immune system. This effect is mimicked with microbiological therapy. 
The patients are given probiotics and auto-vaccines for 3–6 months. Probiotics 
are preparations from intestinal germs that regulate the immune system. Several 
studies suggested that certain Lactobacillus probiotic strains enhance the effect of 
antifungal drugs (like fluconazole) used to treat yeast infections. However, there 
was no evidence that the strains could achieve the same effect on their own [90–95].

The use of probiotics in treating yeast infections is controversial. Although 
probiotics work by increasing bacteria beneficial to the vagina and gastrointestinal 
tract, their ability to prevent or treat candidiasis is a subject to debate. While many 
studies suggest that a daily probiotic can “slightly improve” imbalances that lead to 
yeast infections, others do not [96].

With these foods too, some of the bacteria will certainly live in the intestine. 
It is probably not possible to permanently colonize these bacteria in the intestine. 
However, a distinction must be made between probiotic medication and food. Special 
foods, such as yogurt preparations, cannot be used to inject as many bacteria as with 
medication. Patients would have to eat tons of yogurts in order to achieve a therapeu-
tically effective number of bacteria. Then, however, they would have problems with 
the masses of animal protein again.

To permanently eliminate the yeast, a change in eating habits is crucial. The 
yeast must be deprived of their food base. It is very important to avoid sugar. In the 
acute diet phase of 4 weeks, patients even have to do without sweet fruits because 
Candida can also utilize fructose. Only sour apples, lemons, and grapefruit are 
allowed. The focus is on a high-fiber diet, which means a lot of salad and veg-
etables as well as whole grains [97, 98]. Their fiber exerts a mechanical “cleaning 
effect” by sweeping out the fungal nests between the villi, and they stimulate the 
movement of the intestine. In addition, fiber is cheap because it cannot be broken 
down by the yeast in the intestine. We therefore recommend our patients to eat 
whole foods.

The complex carbohydrates and especially the fiber are digested in the lower 
intestinal sections. However, the yeasts mainly colonize the upper sections because 
they require oxygen. Only relatively few yeasts can survive in the colon. Only an 
insignificant part of the yeast uses the complex carbohydrates and fiber [99].

The die-off effects (Candida dies) can be strong, especially at the beginning 
of treatment when a large amount of Candida fungi dies at once. Likely massive 
adrenal fatigue can be experienced during this period. In this case, the recommen-
dation is to take a couple of weeks off not to add any new foods to diet. Die-off is 
usually a problem from the beginning to about the middle of treatment. As healing 
progresses, the die-off symptoms (like the other Candida symptoms) will occur less 
frequently and at greater intervals. Therefore, at the same time with the diet, it is 
highly recommended to start with antifungals and probiotics. The combination of 
these two kills the Candida yeast in the intestine and immediately populates it with 
“good bacteria.”

An antifungal diet always represents an individual nutritional concept, which in 
general is based on the results of laboratory analysis. In the case of a stronger fungal 
attack, an antifungal medication is recommended. The microbiological therapy is 
often useful, since the intestinal flora is usually affected; otherwise the fungi would 
not have been able to multiply.

Candidiasis affecting the whole organism is fatal in about 70% of cases. The 
problem is Candida-induced sepsis, in which the pathogens can be found in large 
numbers in the blood. Around 40,000 people in Germany are affected by this 
invasive Candida infection every year. When it comes to hospital infections, it 
represents number 4 on the list of the most dangerous pathogens [100].
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7. Conclusions

Numerous microorganisms live in our intestines, especially Candida. As long as 
the intestinal flora is in natural balance, Candida does not cause problems.

In people whose immune systems are weakened by disease or medication—the 
elderly population, C. albicans can also cause inflammation. The problem is that a 
Candida infection is often diagnosed late because of its diverse symptoms.

The Candida diet is believed to limit Candida colonization and thus prevent 
such opportunistic infections. The Candida diet’s aim and scope are boosting the 
immunity, reducing inflammation, and improving gut health. The diet is based on 
removing added sugars, focusing on consumption of fermented foods, and avoid-
ing pro-inflammatory triggers. By providing an optimal nutrition, a reduction of 
inflammation and depriving C. albicans will be possible. Antifungal diet is believed 
to greatly reduce the number of microorganisms in the intestine within at least 
4 weeks.

Nevertheless, it is recommended to carry out the diet under medical supervi-
sion, especially if there are problems with the intestinal flora.
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