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Preface

Lifestyle-related diseases, such as type 2 diabetes, heart disease, and hypertension, 
are caused by an unbalanced diet and irregular, undesirable lifestyle. These diseases 
result in a condition called metabolic syndrome, which is caused by insulin resistance 
associated with obesity, and, rather like dominoes falling, they develop one after 
another. The incidence of obesity and metabolic syndrome continues to increase 
owing to changes in dietary habits and work environments in both developed and 
developing countries. Particularly in Asian countries, the problem of obesity and 
metabolic syndrome in people with obesity genes is a serious social issue that needs 
to be solved.

Studies on adipokines and batokines secreted by adipose tissue as paracrine factors 
have revealed the mechanisms underlying the onset of metabolic syndrome and 
the relationship of non-alcoholic hepatitis, cancer, and dementia with metabolic 
syndrome. Recently, the effects of interventions such as lifestyle modification have 
also been investigated.

This book deals with the latest topics related to lifestyle-related diseases and metabolic 
syndrome in three important ways. First, it provides an overview of the pathogenesis of 
metabolic syndrome and its characteristics. Second, the relationship between metabolic 
syndrome and hypertension, brain function, and non-alcoholic hepatitis is discussed. 
Finally, the therapeutic effects of herbs and interventions on lifestyle-related diseases in 
Japan and Africa are addressed. These chapters provide important information for the 
active treatment of metabolic syndrome and lifestyle-related diseases.

I would like to thank Mrs. Maja Bozicevic and the staff of IntechOpen Publishers for 
their invaluable support with the writing and publication of this book.

Naofumi Shiomi
Kobe College,

Nishinomiya, Japan
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Chapter 1

Introductory Chapter: An 
Overview of Metabolic Syndrome 
and Its Prevention
Naofumi Shiomi

1. Introduction

Diseases, including type 2 diabetes, heart disease, hypertension, stroke, chronic 
renal failure, and nonalcoholic hepatitis, are caused by incorrect diet, irregular 
lifestyle, and environmental factors. Hence, these diseases are called “lifestyle-related 
diseases” in Japan. They are characterized by the onset of obesity and the concomitant 
development of one or more other diseases. In the group with diabetes, the risk of 
developing hypertension is twice and that of ischemic heart disease is approximately 
thrice as high. The risk of heart disease augments with an increase in the number 
of diverse risk factors, including obesity, diabetes, hypertension, hyperlipidemia, 
and heart disease, poses about 36 times higher risk when 3–4 risk factors are present 
simultaneously [1]. Furthermore, these diseases are known to enhance the risk of can-
cer, immunodeficiency, aging, and dementia, which are not directly linked to lifestyle-
related diseases [2, 3]. This condition wherein diseases develop one after another, such 
as domino falling, triggered by obesity, is termed “metabolic syndrome (MetS)” [4].

The number of obese and MetS patients continues to rise not only in developed but 
also in developing countries with altering diets and environments, and it is reported 
that 18% of individuals over 19 years of age are obese globally [5]. According to a 
2015–2016 survey in the United States, 39.8% of adults were obese, and diabetes and 
prediabetes rates were 9.4% and 33.9%, respectively [6]. In China, the incidence of 
MetS has increased by 2% in urban areas over the past decade since 1992, reaching 
15.5% in 2017 [7]. According to a study by the Japanese Ministry of Health, Labor, and 
Welfare, one in two men and one in five women over the age of 40 years fall into MetS 
and its pre-groups.

In this introductory chapter of the book, I will outline (1) the mechanism of MetS 
and (2) recent research trends on the effective use of brown and beige adipocytes, 
which have gained attention as an approach for enhancing MetS reserves.

2. Mechanisms triggering MetS

White adipose tissue (WAT) predominantly contains white adipocytes that are 
accountable for triglyceride storage. They also serve as endocrine organs by secret-
ing diverse hormones, including adipokines. More than 10 hormones and miRNAs, 
including TNF-α, PAI-1, leptin, adiponectin, resistin, apelin, and chemelin, are 
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adipokines secreted by white adipocytes [8]. These act as paracrine and perform 
crosstalk with nerves and several organs to help control blood glucose and lipid levels 
[8, 9]. When normal body weight is maintained, the ratio of progenitor cells to white 
adipocytes is balanced and adipokines aid to control them with insulin. However, 
if excessive intake of sugar and fat pursues, progenitor cells differentiate into white 
adipocytes, which then enlarge and attain their fat storage limit. Under such condi-
tions, adipokines are irregularly secreted by white adipocytes, that are unable to 
transmit their signals appropriately [10]. WAT hypertrophy and abnormal adipokine 
secretion, resulting in mild chronic inflammation and insulin resistance, cause MetS 
development.

Insulin resistance is defined as the inhibition of insulin-mediated signaling 
pathways, resulting in a hyperglycemic state. The mechanisms of insulin resistance 
associated with obesity are complex; however, the following are believed to be 
the major factors [8, 11, 12]. Due to tissue hypertrophy in obese subcutaneous fat, 
macrophage infiltration occurs through chemokines, including CCL2, triggering 
inflammation. Macrophages differentiate into M1 macrophages, which activate 
innate immunity and generate inflammatory mediators. Inflammatory adipokine 
secretion from hypertrophic WAT also augments. TNF-α and IL-6, inflammatory 
adipokines, activate inhibitory molecules, including SOCS and JNK, which suppress 
IRS and inhibit insulin signaling causing insulin resistance. Furthermore, PIP3 is 
degraded by phospholipid phosphatases, including PTEN, and stresses the endo-
plasmic reticulum, diminishing its function and inhibiting GLUT-4 migration to the 
plasma membrane.

Insulin resistance augments free fatty acids (FFAs) throughout the body, which 
strongly affect inflammation and insulin resistance [13]. The resulting ectopic deposi-
tion of FFAs in muscles and the liver results in serine phosphorylation in IRS-1, which 
inhibits insulin signaling. FFAs also activate the NF-κB pathway and induce inflam-
mation. Ectopic deposition of FFA also elevates diacylglycerol levels in the liver, 
resulting in reduced hepatic glycogen synthesis. Conversely, white adipocytes secrete 
anti-inflammatory adipokines, including leptin, adiponectin, and apelin. Apelin 
promotes insulin sensitivity, glucose uptake, and lipolysis [14]. Recent studies have 
implied that obese individuals have elevated levels of leptin and apelin, thus causing 
resistance to these adipokines.

Persistent insulin resistance leads to abnormal glucose and lipid metabolism, 
resulting in high blood glucose and lipid concentrations. In the hyperglycemic 
state, ketone bodies are synthesized, causing type II diabetes mellitus (T2DM). 
Additionally, high LDL cholesterol causes adherence of oxidized lipids to blood 
vessels, which are phagocytosed by macrophages activated by chronic inflammation, 
creating plaques, thereby causing atherosclerosis. Hypertrophic WAT increases the 
secretion of PAI-1, an adipokine that augments blood pressure and causes hyperten-
sion. Furthermore, hyperlipidemia, triggered by enhanced FFAs levels, is the source 
of a variety of other diseases. Although FFAs bind to albumin and other blood 
proteins and are not toxic, excess FFAs impair the pancreatic mitochondria, causing 
dysfunction [15] and inability to secrete insulin, resulting in a more advanced form 
of T2DM. Chronic inflammation and disruption of the immune system cause chronic 
renal failure (CDK), cancer, and aging [2, 3]. Thus, MetS initiating with obesity leads 
to a state of insulin resistance and mild chronic inflammation, which in turn triggers 
consecutive development of diverse diseases.
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3. Improvement of pathophysiology in metabolic syndrome

3.1 Brown and beige adipocytes

Once T2DM, atherosclerosis, or chronic renal failure develop, their reversal 
becomes tremendously challenging. Therefore, to prevent MetS, it is imperative to 
eliminate insulin resistance and chronic inflammation during the pre-metabolic 
syndrome stage. Here, we discuss brown and beige adipocytes, which have gained 
prominence as the best approach to improving metabolic syndrome.

Brown adipocytes are so named owing to their brown, muscle-like color; nev-
ertheless, they accumulate and degrade fat rapidly. Beige adipocytes, which mate-
rialize in WAT upon cold stimulation, have an excellent ability like that of brown 
adipocytes but are not as brownish [16]. These adipocytes originate from different 
developmental lineages. Brown adipocytes are derived from Myf5+/Sca1+/Pax7+ cells 
in the dermis muscle layer of skeletal muscle and dermal precursors, whereas beige 
adipocytes are reported to emerge by trans-differentiation of WAT or differentiate 
from beige adipocyte precursors. Recently, it has been proposed that there may be 
numerous beige adipocytes depending on the WAT type [17]. Marker genes specific 
to brown and beige adipocytes have been found, including Cd137 and Cited1, specific 
for beige adipocytes, and Prdm16, Ucp1, and Pgc-1α are common markers for brown 
and beige adipocytes [18, 19].

Brown and beige adipocytes are heat-producing cells that generate nonshivering 
heat through diverse mechanisms [16, 20, 21]. In the mitochondrial inner membrane, 
energy, including NADH, produced by the TCA circuit is employed to pump protons 
outside of the membrane, creating an energy difference inside and outside the mem-
brane for ATP synthesis. Brown and beige adipocytes have numerous mitochondria 
expressing uncoupling protein 1 (UCP1) in their inner membrane. On cold stimula-
tion exposure, UCP1 opens ion channels and conjugates with anions, including 
long-chain fatty acids, to bring protons into the membrane. The energy lost in this 
process is converted to thermal energy, producing nonshivering heat. As mitochon-
dria rush to restore the proton gradient via the TCA circuit, fatty acids are positively 
degraded by β-oxidation to produce acetyl CoA. In this manner, brown and beige 
adipocytes generate heat in response to cold stimuli, causing rapid fatty acid degrada-
tion. Although not deliberated here, mechanisms other than UCP1 that activate heat 
production have recently been identified and several regulators have been determined 
[22, 23]. This may be critical for reducing obesity, especially in the elderly and obese 
populations with few UCP1-positive adipocytes.

3.2 Effectiveness of brown and beige adipocytes on metabolic syndrome

It is well established that nonshivering heat produced by brown adipose tissue 
(BAT) is involved in thermoregulation of body temperature when animals awaken 
from hibernation and in humans in response to alterations in body temperature at 
birth. Thermogenesis by UCP1 in brown adipocytes has been observed to be closely 
related to obesity and T2DM [24]. For example, in mice, UCP1 does not function 
well in individuals prone to obesity, and UCP1 functions well in individuals that are 
not prone to obesity. In humans, BAT, which is abundant in newborns, drastically 
decreases as they grow older or develop MetS, although it plays an imperative role in 
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maintaining health in adults. This decline is one of the reasons for the rapid rise in 
the incidence of MetS in adults over 40 years of age [25]. Therefore, augmenting the 
number of brown and beige adipocytes is expected to be an effective means of obesity 
and MetS [26].

Brown adipocytes not only play a role in fat metabolism through thermogenesis 
but have also been found to secrete cytokines, including FGF-21, follistatin, IL-6, 
CLCX14, or miRNA (batokines), upon thermogenic activation. Batokines work as 
paracrine and endocrine molecules and crosstalk with several organs [27, 28]. For 
example, BMP8 promotes sympathetic innervation and angiogenesis in BAT, whereas 
NRG4 promotes sympathetic axon elongation and secretion. FGF21 is released from 
BAT activated by thermogenesis and the liver, protecting against hyperlipidemia and 
nonalcoholic liver disease. Thermogenesis-activated BAT also secretes IL-6, which 
helps maintain BAT metabolic homeostasis and enhances gluconeogenesis in the liver. 
12,13-dihydroxy-9Z-octadekanoic acid (12,13 diHOMO) improves cardiac function 
and cardiomyocyte respiration. Additionally, CLCX14 induces M2 macrophages and 
myostatin regulates skeletal muscle function. Thus, batokines secreted from BAT and 
beige adipocytes are anticipated to suppress MetS.

3.3 Signals for white adipocytes browning and inducing brown adipocytes

Activation of beige or brown adipocytes is primarily mediated by a pathway 
involving the β3-adrenergic receptor (β3-AR) [29]. Noradrenaline binds to β3-AR 
on adipocytes’ surface and stimulates adenylate cyclase, which in turn activates 
PKA employing cAMP as a second messenger. Activated PKA phosphorylates pJM-
JD1A, CEBP, ATF2, and other proteins via p38 MAPK to enhance the expression of 
PPARγ, PGC1a, PRDM16, NFIA, and others [30]. Enhanced expression of PPARγ 
and PRDM16 induces browning and PGC1a augments the number of mitochondria, 
resulting in the induction of UCP1, CIDEAR, COX8b, CDK5, and others.

The most crucial heat-producing factor in BAT is the transcription factor PRDM16, 
which initiates the brown adipocyte transcriptional program when coexpressed with C/
EBPβ. Experiments in mice in which PRDM16 was disrupted have demonstrated that it 
is vital for brown adipose tissue maintenance and WAT browning [31]. The transcription 
factor Zfp516 also plays a pivotal role in BAT development and cold-induced regulation. 
Deletion of Zfp516 in mice results in BAT development failure, while overexpression 
results in WAT browning and an increase in tissue oxygen consumption by more than 
80% [32]. Additionally, IFR4 ablation in mice drastically decreases thermogenesis and 
energy consumption [33]. This indicated that IRF4 interacts with PGC1α and is involved 
in energy expenditure. It is noteworthy that continuous cold stimulation is essential for 
the differentiation of pre-brown to brown adipocytes and white to beige adipocytes. It 
has been reported that the modification from white to beige adipocytes is trans-differen-
tiation, which returns to its original state once cold stimulation is stopped [34].

However, pathways have been found to activate BAT or induce beige adipocytes 
independent of BAT β3-AR signaling [35]. For example, adenosine A2A receptors bind 
to adenosine released by brown fat cells, and their activation can induce beige adipo-
genesis and suppress obesity [36]. Additionally, beige adipocytes differentiated from 
MyoD+ progenitors (glycolytic beige adipocytes) exhibit thermogenesis and energy 
homeostasis by adapting to cold conditions without β3-AR signaling [37]. It has also 
been demonstrated that UCP1 knockout mice adapt to cold environments by employ-
ing other compensatory pathways [38]. This β3-AR signaling-independent pathway 
will also be an imperative target for enhancing beige adipocytes in the future.



5

Introductory Chapter: An Overview of Metabolic Syndrome and Its Prevention
DOI: http://dx.doi.org/10.5772/intechopen.108025

3.4 Preventive treatment of metabolic syndrome with thermogenic fat

Beige adipocytes in humans have beneficial effects in alleviating insulin resistance 
and weight loss [39] and treating metabolic syndrome by converting into beige 
adipocytes which have been attempted. The most representative approach for WAT 
browning is cold stimulation. Even in humans, cold exposure at 17°C every 2 h for 
6 weeks augments BAT activity and reduces body fat percentage [40]. Additionally, 
cold stimulation for 10 days in type 2 diabetics boosted insulin sensitivity by 43% and 
skeletal muscle glucose uptake [41]. Thus, continuous cold stimulation is a simple and 
effective means to enhance BAT or beige adipocytes.

BAT activation by agonists has also been explored. Because the β3-AR of BAT acts 
on noradrenaline secreted by cold stimulation, β3-AR agonists also induce thermo-
genesis. For example, mirabegron, a β3-AR agonist, induces BAT activity and aug-
ments resting energy expenditure by up to 5.8% [42]. PPARγ receptor agonists, such 
as rosiglitazone, also activate SIRT1-PRDM16 and induce beige adipocyte develop-
ment in mice [43]. However, β3-AR and PPARγ receptors are distributed throughout 
the body, and their side effects are challenging and have not yet been acknowledged 
for the treatment of metabolic disorders. Thus, researchers at Columbia University 
Medical Center are attempting to provide them specifically using a skin patch. The 
skin patch was equipped with several tiny needles. When applied to mice’s abdomen 
with skin patches coated with rosiglitazone, WAT turned into beige adipocytes, 
resulting in a 20% fat reduction [44]. Additionally, cell therapy for direct BAT 
augmentation by transplantation is also being considered, as brown and beige fat 
cells can be produced from iPS cells and diverse other cells [45, 46].

Moreover, there is also a requirement for foods that can reduce fat and promote 
the activation of BAT and WAT beige [47]. Active consumption of these foods will 
help obtain a lean body and prevent metabolic syndrome. Because cold stimuli are 
received by TRP channels on the vagus nerve, compounds that stimulate TRP chan-
nels, including capsaicin, gingerol, and allyl isothiocyanate, are expected to have a 
cold stimuli-like effect. For example, when ingested, capsaicin or capsinoids activates 
the exchange nerve through its TRPV1 channel, and adrenaline is secreted [48]. When 
capsinoids were continuously ingested for 6 weeks, there was an increase in BAT and 
cold-induced heat production [40]. Additionally, EPA and DHA, or intestinal bacte-
rial metabolites of unsaturated fatty acids, also have TRPV1 activating effects and 
have been reported to improve cold-induced heat production in BAT [49].

Food components with noradrenaline-like structures can stimulate β3-AR, and 
their continuous intake may induce brown or beige adipocytes. We reported that 
Kikyo, the constituents of Bofutsushosan (Chinese medicine), contain components that 
transdifferentiate mouse white adipocytes into beige adipocytes [50]. Another group 
reported that p-synephrine extracted from Citrus unshiu Marcow contains a compo-
nent that converts to beige adipocytes [51].

It has also recently been demonstrated that sirtuins are closely involved in 
browning [52], SIRT3 is involved in mitochondrial function maintenance, and 
SIRT5 regulates UCP1. Furthermore, SIRT1 aids in the BAT gene transcription via 
PPARγ and activates PGC-1a [53]. Because SIRT1 is reduced by aging and age-related 
diseases, enhancing SIRT1 activity may prevent metabolic syndrome pathogenesis. 
Intravenous administration of resveratrol-bound nanoparticles targeting adipose 
stromal cells (ASCs) for 5 weeks significantly induced differentiation into beige 
adipocytes, reduction in fat mass by 40%, and enhanced glucose homeostasis and 
inflammation [54].
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Additionally, it has been noted that chitosan, although not differentiating into 
beige adipocytes, acts on adipokines and has an inhibitory effect on obesity [55]. 
Experiments employing an animal model of diet-induced obesity indicated that 
chitosan oligosaccharide capsules activated the JAK2-STAT3 signaling pathway to 
mitigate leptin resistance, inhibit lipogenesis, and reduce lipid accumulation [56].

4. Conclusion

Obesity and MetS are becoming global diseases. The mechanisms by which MetS is 
caused have been elucidated. It is now comprehended that insulin resistance and mild 
chronic inflammation elimination are critical for MetS improvement and prevention 
and that augmenting brown and beige fat cells, which secrete batokines and improve 
insulin resistance, are vital for improving MetS. Furthermore, recent progress in 
research on brown and beige adipocytes has been remarkable, and existence of UCP1-
independent nonshivering heat and signaling pathways that exclude β3-ARs have been 
demonstrated. The significance of using brown and beige adipocytes in metabolic 
syndrome treatment is expected to intensify in the future. We look forward to further 
research on brown and beige adipocytes.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Immune System and Inflammation 
in Hypertension
Mohammed Ibrahim Sadik

Abstract

Hypertension is a widely prevalent and a major modifiable risk factor for  
cardiovascular diseases. Despite the available long list of anti-hypertension drugs and 
lifestyle modification strategies for blood pressure control, a large number of hyper-
tensive patients fail to achieve adequate blood pressure control even when prescribed 
a combination of drugs from three or more classes. Thus, identifying and targeting 
of further mechanisms that underlie hypertension is decisive in alleviating burden of 
this disorder. In recent decades research have shown that perturbed immune system 
and inflammation contribute to hypertension. Experimental studies on animal 
models have shown that immune cells such as dendritic cells, macrophages, and 
lymphocytes contribute for the development and/or sustaining of hypertension. In 
hypertension, inflammatory immune cells that infiltrated the kidney cause retention 
of sodium, renal fibrosis, glomerular injury, and chronic kidney disease, all of them 
contribute for elevated blood pressure. Similarly, immune cells and inflammatory 
cytokines are involved in blood vessels structural and functional changes associ-
ated with hypertension. Perturbed immune system and chronic low-grade systemic 
inflammation enhance SNS activity and this contributes to elevated blood pressure by 
its effect on blood vessels tone, on the kidneys, and on immune system.

Keywords: hypertension, immune system, inflammation

1. Introduction

Hypertension is defined as office or clinic systolic blood pressure (SBP) values >140 
mmHg and/or diastolic blood pressure (DBP) values >90 mmHg in adult population  
[1, 2]. It is one of the major modifiable risk factors for cardiovascular diseases (CVDs) [3]. 
Hypertension is the main risk factor for cardiovascular diseases, especially for coronary 
heart disease, heart failure, arrhythmia, stroke, peripheral vascular disease, and also for 
chronic kidney disease and dementia [4]. Globally, in the year 2017, high systolic blood 
pressure was the leading risk factor of all-cause deaths, accounting for 10.4 million deaths 
and 218 million disability-adjusted life-years (DALYs), followed by smoking, high fasting 
plasma glucose (FPG), high body-mass index (BMI), and short gestation for birth weight. 
Astonishingly, from 1990 to 2017, high SBP was consistently responsible for the largest 
number of all-cause deaths, followed by smoking and high FPG respectively [5]. In 2010, 
31.1% (1.39 billion people) of the world’s adults had hypertension [6]. The number of 
adults with hypertension in 2025 was predicted to be a total of 1.56 billion [7].
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Currently, hypertension treatment drugs such as adrenoceptor antagonists 
(propranolol and prazosin), ACE inhibitors (perindopril), angiotensin receptor 
blockers (irbesartan), mineralocorticoid antagonists (spironolactone), diuretics 
(thiazides and amiloride), and vasodilators (nitrates, calcium channel blockers, and 
hydralazine) are being used to control blood pressure in hypertensive patients [8]. 
Despite, the presence of a plethora of antihypertensive drugs and lifestyle modifica-
tion strategies for blood pressure control a large number of hypertensive patients 
remained undiagnosed or untreated or did not control their blood pressure to target 
level in spite of being treated [6]. The proportion of hypertensive population that got 
treatment (55.6% in high-income countries (HIC), 29.0% in low and middle-income 
countries (LMIC)) and that got their blood pressure controlled (28.4% in HIC, 10.3% 
in LMIC) is astonishingly low [9]. Moreover, up to 40% of patients with hypertension 
fail to achieve adequate blood pressure control, even when prescribed a combination 
of drugs from three or more classes [10]. These observations highlight lack of efficacy 
of the current hypertension prevention and control strategies and also indicate that in 
some patients at least, additional drivers of hypertension must exist, and new targets 
need to be identified and targeted for the treatment of hypertension.

Hypertension is associated with chronic low-grade systemic inflammation [11].  
It is hypothesized that perturbation in immune system and chronic low-grade  
systemic inflammation is one of the contributors in development and/or sustaining 
of hypertension. Accordingly, this book chapter composed existing evidence to show 
the contribution of perturbation in immune system and chronic low-grade systemic 
inflammation to the development and/or sustaining of hypertension.

2. Immune system and inflammation in hypertension

2.1 Inflammation and immunity basics

Inflammation is an immune system response to noxious stimuli entered or 
occurred in a tissue that includes pathogens, damaged cells, toxic compounds, or 
irradiation; and inflammation acts to remove the noxious agent and to initiate healing 
process. At tissue level, inflammation is characterized by swelling, redness, heat, pain, 
and loss of tissue function, which are considered five cardinal signs of inflammation, 
and these signs result due to local immune, vascular, and inflammatory cells response 
to infection or injury [12]. In addition to infection and tissue injury, inflammation can 
be initiated due to disruption of cellular and tissue homeostasis. It has been shown 
that cells with disrupted homeostasis that undergoes senescence release inflamma-
tory mediators known as the senescence associated secretory phenotypes (SASP). 
While excessive cell stress such as ER, mitochondrial or osmotic stress that cannot be 
handled by effector mechanisms within homeostatic regime activates NLRP3 inflam-
masome [13]. Recently, researchers are mentioning inflammation as a spectrum of a 
system (organism, tissues, cells) state; homeostatic state, stress response state, and 
inflammatory state. Indeed, both stress response and inflammation are engaged to 
eliminate the stressor (i.e., the source of perturbation), to promote adaptations to the 
stressor, and ultimately to return the system to the homeostatic state [14]. Deviations 
of regulated variables within a normal range are corrected by the homeostatic circuit 
(including stress responses) while extreme deviations of regulated variables beyond 
the homeostatic range trigger the inflammatory response [13]. At the same time, 
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it is important to notice that even though inflammation brings homeostatic state 
at the end, inflammation and inflammatory mediators are both antagonistic to and 
dominant over homeostatic signals [14].

Thus, inflammation can be induced by extreme deviations in regulated variables 
of cellular and tissue homeostasis or by agents that cause disruption of tissue homeo-
stasis, including pathogens, toxins, and xenobiotics [14]. The inflammation process 
is coordinated by a large range of mediators that form complex regulatory networks. 
Inflammatory pathway is composed of inflammation inducers, inflammation sensors, 
inflammation mediators, and inflammatory effectors [15].

Inflammation is a component of the broader and wider immune system. The 
immune system is composed of a complex network of specialized cells where each 
type has precise roles. The immune system is an interactive network of lymphoid 
organs, cells, humoral factors, and cytokines [16]. The immune system has two lines 
of defense, innate immunity, and adaptive immunity. Innate immunity is nonspe-
cific defense mechanism which is used by the host immediately or within hours of 
encountering an antigen. It comprises four types of defensive barriers: anatomic (skin 
and mucous membrane), physiologic (temperature, low pH, and chemical media-
tors), endocytic and phagocytic, and inflammatory [17]. Innate immunity relies 
upon a repertoire of germline-encoded receptors, the pattern recognition receptors 
(PRRs) that recognize the pathogen-associated molecular patterns (PAMPs) to 
detect microbial structures and the damage-associated molecular patterns (DAMPs) 
to detect immunological danger (molecules released during the cell lysis and tissue 
damage) [18]. Innate immunity rapidly recruits immune cells to sites of infection 
and induces inflammation through the production of cytokines (tumor necrosis 
factor (TNF), interleukin 1 (IL-1) and interleukin 6 (IL-6)) and chemokines [17]. 
Moreover, innate immunity is considered as an ingenious doorbell that awakens the 
adaptive immune response through antigen-presenting cells (APCs) such as dendritic 
cells (DCs) that present antigens to the lymphocytes (with the optimal T cell recep-
tor (TCR) specificity and affinity) and also costimulatory signals, which guarantee 
full proliferation and differentiation of the lymphocytes [19]. Adaptive immunity 
consists of two broad sets of antigen-responsive cells, the B and T lymphocytes. B 
lymphocytes are the precursors of antibody-producing cells, plasma cells. Antibodies 
are capable of recognizing three-dimensional structures and thus can interact with 
and lead to the neutralization of pathogens in extracellular fluid. By contrast, the 
T cell antigen recognition system recognizes a complex consisting of an antigen-
derived peptide bound into a specialized groove in class I and class II major histo-
compatibility complex (MHC) molecules of APCs [20]. CD8+ T cells can interact 
with peptides (9–11 amino acids in length) on almost any cell expressing MHC class I 
while the TCRs of CD4+ T cells engage peptides bearing MHC class II. The activated 
T cells can play direct roles in elimination of pathogens by killing infected target cells, 
they can function by providing cognate (involving direct cellular contact) or cyto-
kine signals to enhance both B- and T-cell responses, as well as causing activation of 
mononuclear phagocytes, and also T cells regulate immune responses, limiting tissue 
damage incurred by means of autoreactive or overly inflammatory immune responses 
[21]. In adaptive immunity, long-lived memory cells (memory lymphocytes) ensure 
that a second encounter with the same invader is dealt with swiftly and effectively 
because of the greater number (for the given antigen), extended lifespan, more 
rapid response rate, superior proliferation capacity, and wider access to tissues of the 
memory lymphocytes [19].
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2.2 Inflammatory cytokines in hypertension

Inflammation plays a vital role in preserving physiological homeostasis of an 
organism, in protection against invading agents such as bacteria and virus, and in 
healing processes of damaged tissue. On the other hand exaggerated inflammation 
or chronic inflammation can cause tissue damage, and contributes for the develop-
ment and/or persistence of many diseases [22]. Acute inflammatory response can be 
initiated during times of infection or in response to physical, chemical, or metabolic 
noxious stimuli through interaction between pattern recognition receptors expressed 
on innate immune cells and PAMPs or DAMPs. On the other hand, chronic low-grade 
systemic inflammation is typically triggered in the absence of an acute infectious 
insult [23].

Chronic low grade systemic inflammation is a low-grade, systemic, unresolved, 
and smoldering chronic inflammation clearly indicated by a 2- to 4-fold increase in 
serum levels of inflammatory mediators, including interleukin-6 (IL-6) and acute 
phase proteins, for example, C-reactive protein (CRP); even though there is no 
numerical cut off values for elevated inflammatory mediators to define chronic low 
grade systemic inflammation at the present time [24]. In chronic low grade systemic 
inflammation, besides CRP and IL-6, a large number of cellular (total leukocytes, 
granulocytes, and activated monocytes) and pro- and anti-inflammatory mediators 
including IL-1, IL-8, IL-13, IL-18, interferon-α and interferon-β, tumor necrosis 
factor, CC chemokine ligands, adhesion molecules, and acute-phase reactants (serum 
amyloid A, and fibrinogen) are involved or are produced as a result of the inflam-
matory processes. Chronic low grade systemic inflammation is associated with many 
chronic disease conditions including CVDs, neurodegenertion and Alzheimer’s 
disease, insulin resistance and type 2 diabetes mellitus, tumorigenesis and cancer, 
osteoporosis, anemia, chronic kidney disease, depression, sarcopenia, and  
disability [25].

Whereas hypertension has predominantly been ascribed to perturbations of the 
vasculature, kidney, and central nervous system, researches have shown that the 
immune system also contributes to this disease. Inflammatory cells that accumulate in 
the kidneys and vasculature of humans and experimental animal models with hyper-
tension likely contribute not only for pathogenesis of hypertension but also contribute 
to end-organ damage [26].

An association between hypertension and inflammation has been clearly dem-
onstrated while it is not clear whether inflammation is predominantly a cause or an 
effect of hypertension [11]. Many studies indicated that an inflammatory marker CRP 
level increases as blood pressure level increases. A prospective follow up study done 
on 15, 215 women found that, in cross-sectional analyses of baseline data of the study, 
increasing categories of blood pressure were significant predictors of CRP levels; 
meaning linear increase in levels of CRP was seen as levels of systolic blood pressure 
or diastolic blood pressure increases [27]. Another case-control study done among 
904 participants, 39–50 years old, found a continuous, independent association 
between serum CRP and elevated blood pressure. The study also reported that, after 
adjustment for sex, obesity, race, serum insulin level and family history of coronary 
heart disease, odds ratios for hypertension increased progressively across CRP 
quintiles; participants in the highest CRP quintile were 2.35 times more likely to have 
hypertension than those in the lowest quintile [28]. Similarly, a case-control study 
done on 1529 subjects (767 hypertensive and 762 non-hypertensive) aged from 30 to 
84 years, reported that the means for BP and CRP in cases (hypertensive subjects) 
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were significantly higher than that in controls (non-hypertensive subjects) [29]. A 
study carried out on 335 non-hypertensive study participants, with mean arterial 
blood pressure of 135/85 mmHg and age of 65 years at base line, indicated that the 
2-year risk for new-onset hypertension was 18% greater for 1 mg/l increment of CRP 
after adjustment for low-density lipoprotein cholesterol and BMI [30]. A prospective 
cohort study done on 20,525 female USA health professionals aged 45 years or above 
found that the adjusted relative risk (RR) of developing hypertension is 1.5 for the 
group with the highest level of CRP at base line compared with the group of the low-
est CRP at the base line. From their cohort study, the study group concluded that CRP 
levels are associated with future development of hypertension [31].

Similar to association trend observed between CRP and blood pressure, higher 
level of other pro-inflammatory cytokines were reported among hypertensive 
population or individuals with higher blood pressure (BP) levels compared with 
non-hypertensive population or individuals with lower BP levels. A study done on 79 
hypertensive and 117 non-hypertensive study subjects showed that plasma Il-6 and 
TNF-α were significantly higher (two to four times higher) in hypertensive subjects 
compared to non-hypertensive subjects [32]. Similarly, another study that assessed 
association of blood pressure level with plasma concentrations of soluble intercellular 
adhesion molecule-1 (sICAM-1) and interleukin-6 (IL-6) among 508 apparently 
healthy men, found increasing levels of SBP, pulse pressure (PP), and mean arterial 
pressure (MAP) were significantly associated with increased levels of sICAM-1 while 
all blood pressure parameters (SBP, DBP, PP, MAP) were significantly associated with 
increasing levels of IL-6 [33]. Two independent studies that compared the serum and 
the peripheral blood mononuclear cells (PBMCs) IL-1β levels among hypertensive 
and non-hypertensive groups found significantly higher level of IL-1β among hyper-
tensive groups [34, 35].

Experimental studies on animals also confirmed association between hyperten-
sion and inflammation. An experimental study that compared blood pressure levels 
among angiotensin II (Ang II) infused mice (wild type mice versus IL-6 deficient 
mice (IL6−/−) found that in wild-type mice systolic blood pressure began to increase 
by day 3, increased significantly by day 7, reached a peak by day 10, and continu-
ously maintained high blood pressure through the end of 2-week Ang II infusion 
while genetic deletion of IL-6 in mice led to a significant reduction of Ang II-induced 
hypertension [36]. Another experimental study showed that RNA interference 
knockdown of IL-6 in Sprague-Dawley rats abolished the cold-induced upregulation 
of IL-6 in kidney and aorta, and also significantly attenuated cold-induced elevation 
of systolic blood pressure [37].

An experimental study that compared effect of Ang II to infusion into wild types 
(WT) mice and TNF-α knockout (KO) (TNF-α−/−) mice found that Ang II infusion 
for 14 days significantly increased mean arterial pressure in WT mice from (115 ± 
1 to 151 ± 3 mmHg) but not in TNF-α−/− mice (113±2 to 123±3 mm Hg). The study 
also showed that, when TNF-α−/− mice are given replacement therapy with human 
recombinant TNF-α, Ang II administration caused an increase in mean arterial 
pressure (109 ± 1 to 153 ± 3 mm Hg) [38]. Another experimental study done on mice, 
which compared blood pressure level among angiotensin II infused WT mice and type 
1 interleukin-1 receptor (IL-1R1)-deficient (KO) mice showed that during chronic 
Ang II infusion, the IL-1R1 KO animals were partially protected from hypertension 
compared to the WT controls (165±6 versus 180±3 mmHg). The study also reported 
administering an IL-1R1 antagonist (anakinra) or vehicle to WT mice for 3 days prior 
to and during chronic Ang II infusion resulted in IL-1R1 blockade with anakinra 
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significantly attenuated the level of blood pressure elevation during chronic Ang II 
infusion (154 ± 4 versus 167 ± 3 mmHg). Both isoforms of IL-1 (IL-1α and IL-1β) 
bind and signal via the IL-1R1 [39].

An experimental study that investigated effect of a proinflammatory cytokine 
interleukin 17 (IL17) reported that initial hypertensive response was similar for wild 
type mice (C57BL/6J mice) and interleukin 17 deficient mice (IL17−/− mice) however 
hypertension was not sustained in IL17−/− mice, reaching levels 30 mmHg lower than 
in wild type mice by 4 weeks of angiotensin II infusion. Moreover, blood vessels from 
IL17−/− mice displayed preserved vascular function, decreased superoxide produc-
tion, and reduced aortic T cell infiltration in response to angiotensin II infusion which 
is indicative for importance of IL17 for the maintenance of angiotensin II-induced 
hypertension and vascular dysfunction [40].

2.3 Innate and adaptive immunity cells in hypertension

In addition to above mentioned human and animal studies that showed association 
between inflammatory cytokines and hypertension, many studies implicated that 
both innate and adaptive immunity cells play roles in hypertension pathophysiology.

Variability, diversity, and joining (V(D)J) recombination is the specialized DNA 
rearrangement used by cells of the immune system to assemble immunoglobulin and 
T-cell receptor genes from the preexisting gene segments. The RAG1 and RAG2 proteins 
are the only lymphoid-specific factors needed for V(D)J recombination that generate 
diverse B-lymphocytes antibodies and T-cell receptors [41]. An experimental study 
on mice showed that in mice with genetic deletion of the recombinase-activating gene 
(RAG-1−/−) mice, mice that lack both T and B lymphocytes, hypertension caused by 
chronic low-dose angiotensin II infusion was markedly blunted. Similar to response 
for angiotensin II infusion, in the experimental study, the increase in blood pressure 
was also blunted in RAG-1−/− mice in desoxycorticosterone acetate (DOCA) – salt 
hypertension model, indicating that lymphocytes likely play a role in different types 
of hypertension. Besides, in the RAG-1−/− mice study, adoptive transfer of B cells into 
RAG-1−/− mice had little effect on the increase in blood pressure while adoptive transfer 
of T cells restored the hypertension response to angiotensin II infusion. This study indi-
cated that the T lymphocyte plays a critical role in the development of hypertension [42].

A study done on mice showed that infusion of angiotensin II for 14 days into wild 
type (WT), CD4−/−, and CD8−/− mice resulted in blunted blood pressure increase 
in CD8−/− mice while WT and CD4−/− mice exhibited increased blood pressure in 
response to angiotensin II. The study also reported that an increase in blood pressure 
in response to deoxycorticosterone acetate (DOCA)-salt challenge was significantly 
reduced in CD8−/− mice compared to either CD4−/− or WT mice, similar to angio-
tensin II-induced hypertension response [43]. It is known that mice lacking CD4 
(CD4−/− mice) also lack regulatory T cells (Tregs) which may predispose to aggra-
vated hypertension in CD4−/− mice in the above mentioned experimental study [43].

Osteopetrotic (Op/Op) mice have no colony-stimulating factor 1 gene and thus 
they lack colony-stimulating factor l (CSF-1), and are functionally deficient in mac-
rophages [44]. In an experimental study done on adult Op/Op, heterozygous (Op/+), 
and wild type (+/+) mice, infusion of Ang II for 14-days resulted in significantly 
increased blood pressure in wild type (+/+) and heterozygous (Op/+) mice while 
blood pressure in Op/Op remained unaffected from base line level [45]. Similarly, in 
a study where Op/Op, heterozygous (Op/+), and wild type (+/+) mice given deoxy-
corticosterone acetate (DOCA)-salt for 14 days, systolic blood pressure (mmHg) was 
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significantly increased (146 +/− 2 and 138 +/− 1; P < 0.001 vs. basal 115 +/− 3 and 115 
+/− 3) in wild-type (+/+) and heterozygous (Op/+) mice respectively, but not in Op/
Op mice (130 +/− 1 vs. basal 125 +/− 3) [46].

In an experimental study which selectively ablated lysozyme M-positive (LysM+) 
myelomonocytic cells by low-dose diphtheria toxin in mice with inducible expression 
of the diphtheria toxin receptor (LysM iDTR), thus the experimental group of mice 
have reduced number of monocytes in the circulation of the mice without affecting 
number neutrophils, showed that attenuated Ang II-induced blood pressure increase 
among experimental group compared to control group [47].

Activation of T cells requires two signals; the first involves interaction of the T 
cell receptor with an antigenic peptide presented in the context of major histocom-
patibility complex on antigen-presenting cells (APCs) while the second, referred 
to as costimulation, involves the simultaneous interaction of receptors in proxim-
ity to the TCR with ligands on the APC. Among several potential costimulatory 
interactions, the binding of T cell CD28 and cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) (CD152) with B7 ligands CD80 and CD86 on APCs is important, 
particularly for activation of naïve T cells [48]. A study done on mice showed that 
blockade of B7-dependent costimulation of T-cells with CTLA4-Igl reduced both 
angiotensin II- and DOCA-salt induced hypertension. Moreover, in mice lacking B7 
ligands (B7−/− mice), due to genetic deletion of both CD80 and CD86, angiotensin 
II caused minimal blood pressure elevation and vascular inflammation, and these 
effects were restored by transplant with wild-type bone marrow. This study indi-
cated that stimulation of T-cells by dendritic cells is important in both angiotensin 
II- and DOCA-salt induced hypertension [49].

A study was done on mice that are genetically deficient of B cells, B-cell–activat-
ing factor receptor-deficient (BAFF-R−/−) mice, showed that while Ang II infusion 
caused a rapid rise in SBP from 117 ± 3 mmHg at baseline to a maximum level of 165 ± 
5 mmHg by day 21 in wild type mice, the pressor response to Ang II was attenuated in 
BAFF-R−/− mice with SBP reaching a maximum of only 149 ± 4 mm Hg at day 21 and 
remaining at this level until day 28 from the base BP level 112 ± 3 mm Hg. Moreover, 
the study showed that the introduction of B cells into BAFF-R−/− mice were suffi-
cient to fully recapitulate the pressor response to Ang II to levels observed in wild-
type mice. This study demonstrated that B cells are crucial for the development of 
Ang II-induced hypertension [50]. Mutations in the BAFF-R are associated with B-cell 
lymphopenia and antibody deficiency.

In an experimental study done on Ang II-induced hypertension mice model, mice 
injected with CD4+CD25+ regulatory T cells (CD4+CD25+ Tregs) and infused with 
hypertension doses of Ang II (400 ng/kg/min) for 2 weeks showed significantly lower 
increment in blood pressure compared with mice that infused only hypertension 
doses of Ang II [51]. Similarly, another study on mice reported that mice injected 
CD4+CD25+ regulatory T cells (CD4+CD25+ Tregs) three times, at two-week 
intervals and then infused with Ang II for 14 days showed blunted increase of SBP 
compared with control group (group that did not receive regulatory T cells) [52]. 
In another experimental study that compared blood pressure change among mice 
received aldosterone infusion and 1% saline in drinking water, mice that infused with 
aldosterone and received Treg cells adoptive transfer did not show significant increase 
in both systolic and diastolic blood pressure when compared with control group mice 
(control mice were similarly injected intravenously with vehicle and received tap 
drinking water); while mice group that was infused with aldosterone and given 1% 
saline in drinking water without receiving Treg cells showed significant increase in 
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both systolic and diastolic blood pressure compared to control group [53]. On con-
trary to the above mentioned study results one experimental study on mice reported 
that mice that received Treg cells and infused with Ang II showed similar incitement 
in blood pressure with group of mice that infused Ang II without receiving transfer 
of Treg cells [54]. The different results of the latter study may be due to differences in 
experiment procedures as all former studies performed Treg cells transfer few weeks 
before infusion of Ang II or aldosterone while the latter study performed Treg cells 
transfer and Ang II infusion simultaneously.

Thus, the existing body of knowledge clearly confirmed existence of association 
between immune system activation and hypertension while ascertaining the cause 
effect relationship between inflammation and hypertension needs further study.

2.4  Mechanisms that underlie association between immune system perturbation 
and chronic inflammation, and hypertension

An individual’s blood pressure is largely determined by the functions of three key 
organs, namely the heart which pumps blood through the circulatory system, the 
blood vessels which regulate blood flow through the organs and the whole body, and 
the kidneys which regulate sodium and water excretion and hence blood volume. 
The maintenance of physiological blood pressure levels involves coordinated control 
and regulation from neurohormonal system which includes the renin-angiotensin-
aldosterone system (RAAS), the natriuretic peptides and the endothelium, the 
sympathetic nervous system (SNS) and the immune system on functions of the heart, 
blood vessels and the kidneys. Perturbation in function of organs or systems that are 
involved in BP control can directly or indirectly lead to increase in blood pressure that 
ultimately ends up in the development of hypertension, and over time results in target 
organ damage such as, left ventricular hypertrophy and chronic kidney disease (CKD) 
and CVD outcomes [55].

Existing observational and experimental studies highlight that in some hyperten-
sive patients at least, additional drivers of hypertension must exist than the already 
known mechanisms involved in pathophysiology of hypertension, and new targets 
must be defined [10]. Inflammation and immune system perturbation are likely con-
tributors in the development and sustaining of hypertension. The current overarching 
hypothesis about inflammation and immune system involvement in pathophysiology 
of hypertension is that immune cells accumulation in blood vessels (in particular, 
in the perivascular fat), kidneys, heart, and brain promote a chronic inflammatory 
response that disrupts the blood pressure-regulating functions of these organs, lead-
ing to hypertension [56]. Accordingly, inflammation and immune system activation 
cause derangement in kidneys, arteries, brain, and heart functions that consequently 
promote hypertension and end-organ damage [57].

In support of the above mentioned hypothesis, current studies indicated that 
known stimuli that raise blood pressure (such as high-salt diet, Ang II, and DOCA-
salt) directly and indirectly activate immune system cells. Elevated blood pres-
sure can stress tissue cells to the level that DAMPs released by tissues. Moreover, 
hypertensive stimuli can directly activate immune cells and also cause formation of 
neoantigens in the tissues. As a result of released DAMPs, neoantigens, and direct 
immune cells activation by hypertension stimuli, activated immune cells are formed, 
target organs infiltrated by activated immune cells, and diverse inflammatory 
cytokines are released by the activated immune cells. Eventually, the affected target 
organs, mainly the kidney, blood vessels, and sympathetic nervous system function 
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are perturbed and this leads to further elevated blood pressure level and finally to 
hypertension. Immune cells such as monocytes, macrophages, and dendritic cells 
(DCs) release pro-hypertensive cytokines that promote the BP elevation via actions 
in the vasculature (augmenting vascular dysfunction), kidney (increasing sodium 
retention), and stimulating sympathetic nervous system outflow [58].

Many studies implicated that in the kidney, inflammatory cells and their products 
contribute to blood pressure elevation at least in part by increasing renal sodium 
transport [59].

Genetic deletion of IL-6 in mice results in blunted hypertension in response to 
angiotensin II infusion [60]. Treating cortical collecting duct cells culture with IL-6 
(100 ng/ml) for 12 h caused increased expression and activity of the epithelial sodium 
channel (ENaC) [61]. Mutations in ENaC that increase sodium reabsorption lead to 
the development of high blood pressure in Liddle’s syndrome (a rare inherited form 
of hypertension) while mutations that inactivate ENaC have also been identified in 
humans, and these mutations lead to low blood pressure [62]. Taken together, these 
studies suggest that IL-6 enhances renal tubule sodium reabsorption and elevates BP 
at least in part through up regulation of renal tubule ENaC.

IL-1 is a pro-inflammatory cytokine that plays a central role in both acute and 
chronic inflammation, acting as a primary inducer of the innate immune response. 
Studies indicated that type 1 IL-1 receptor (IL-1R1) stimulation by IL-1 potentiates 
blood pressure elevation by suppressing nitric oxide (NO)-dependent sodium excre-
tion in the kidney. Nitric oxide is a potent driver of sodium excretion in the kidney 
that acts via cyclic guanosine monophosphate (cGMP) and phosphodiesterase two 
to limit Na-K-2Cl cotransporter (NKCC2) activity in the medullary thick ascending 
limb. Thus, by relieving NO inhibitory effect on NKCC2, IL-1 enhances reabsorption 
of electrolytes by medullary thick ascending limb and enhances retention of sodium 
and water by kidney [39].

Interferon gamma (IFN-γ) is a proinflammatory cytokine produced by innate 
and adaptive immune cells, and T cell production of IFN-γ is increased in Ang 
II-induced hypertension and mice deficient in IFN-γ have a blunted blood pressure 
response to Ang II infusion. Experimental studies indicate that IFN-γ positively 
regulates sodium hydrogen exchanger 3 (NHE3) in the proximal tubule, NKCC2 
in medullary thick ascending limb, and NCC in the distal tubule. Whether IFN-γ 
directly modulates these sodium transporters or acts through downstream mediators 
is unknown [62].

Interleukin 17A (IL-17A) is a pro-inflammatory cytokine produced predominantly 
by CD4+ T helper 17 (Th17) cells as well as gamma delta T cells. An experimental 
study that investigated effect of a proinflammatory cytokine interleukin 17 (IL17) 
reported that initial hypertensive response was similar for wild type mice (C57BL/6J 
mice) and interleukin 17 deficient mice (IL17−/− mice) however hypertension was 
not sustained in IL17−/− mice in Ang II hypertension model [40]. Mice model experi-
mental studies and cell culture model studies showed that interleukin 17A up regulates 
NHE3 (in proximal segment), NCC and ENaC (in distal segment) of renal tubules. 
Moreover, studies implicated that interleukin 17A regulates renal sodium transporters 
through a serum and glucocorticoid regulated kinase 1 (SGK1) dependent pathway 
[63]. Serum and glucocorticoid regulated kinase1 is an important mediator of salt and 
water retention in the kidney through inhibition of neural precursor cell expressed 
developmentally down-regulated 4-2 (Nedd4-2) mediated ubiquitination and 
degradation of NHE3, NCC, and ENaC in the renal tubule, thereby enhancing the 
expression of these transporters on the cell surface [64].
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Besides its effect on electrolyte and water homeostasis regulation function of 
kidney, sustained inflammation results in renal fibrosis, oxidative stress, glomerular 
injury, and chronic kidney disease [59].

Blood vessels are other organs that are affected by activated immune system and 
chronic low grade inflammation associated with hypertension. Elevated blood pres-
sure has an impact on the vasculature as a consequence of both the mechanical effects 
of blood pressure and shear stress [65]. Inflammation can impair blood vessels in two 
ways. Inflammation can cause functional arterial stiffening by impairing the func-
tional relaxation capability of arteries. The other mechanism is structural remodeling 
of arteries due to hypertension-associated inflammation [66]. Likewise, many experi-
mental studies confirmed involvement of immune cells and inflammatory cytokines 
in vascular dysfunction associated with experimental hypertension.

An experimental study done on mice showed that Ang II infusion in mice 
increased immune cell content (T cells, macrophages, and dendritic cells) in perivas-
cular adipose tissue and adventitia [67].

Endothelial cell culture study showed that inflammatory marker, C-reactive 
protein (CRP), caused a marked down regulation of endothelial nitric oxide synthase 
(eNOS) mRNA and protein expression [68]. Similarly, TNF-α mediated inhibition 
of eNOS expression was observed in endothelial cell culture [69]. Acute treatment 
of endothelial cells with IL-17 caused a significant increase in phosphorylation of the 
inhibitory eNOS residue threonine 495 (eNOS Thr495) [70]. All these studies indi-
cate that inflammation decreases bioavailability of endothelial NO and thus impairs 
vascular smooth muscle relaxation and subsequent vasodilatations.

Moreover, involvement of immune cells and inflammatory cytokines in hyperten-
sive vascular remodeling is implicated by many studies. Reduced vascular remodeling 
showed in Ang II or DOCA- salt induced hypertension in osteopetrosis (Op/Op) mice 
[10]. In RAG1−/− mice (mice deficient in T and B lymphocytes) reduced aortic and 
small artery remodeling observed in response to Ang II-induced hypertension [41]. 
Similarly, interleukin 17A deficient (IL-17a−/−) mice are protected against aortic 
collagen deposition and aortic stiffening in response to chronic angiotensin II infusion 
[71]. These studies implicated that immune cells and inflammatory cytokines play 
roles in vascular fibrosis, remodeling of small and large vessels, and vascular rarefac-
tion in hypertension. Nonetheless, this remains to be further investigated.

Other important organ both in development of hypertension and as an end-organ 
target of hypertension is the brain. Regulation of short-term blood pressure level by 
sympathetic nervous system (SNS) is well established. SNS stimulation is associated 
with constriction of blood vessels, increased cardiac output, and augmented sodium 
and fluid retention by the kidneys [72]. Moreover, SNS serves as an integrative 
interface between the brain and the immune system.

Mounting evidence implicate that many forms of essential hypertension are initi-
ated and maintained by an elevated sympathetic tone [73]. The elevated sympathetic 
activity can be initiated by several factors including humoral factors such as angio-
tensin II and by environmental factors such as stress and high salt intake. In view of 
sympathetic nervous system substantial innervation to both primary (thymus, bone 
marrow) and secondary (spleen, lymph nodes, Peyer’s patches) lymphoid tissues, 
and the central nervous system (CNS) powerful influences on the immune system 
and vice versa, it is reasonable to suppose that CNS enhance immune responses 
that lead to hypertension [74]. Pro-inflammatory cytokines (such as TNF-α, IL-1β) 
produced in the periphery can signal to the brain, passing through the BBB at points 
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of increased permeability in the circumventricular organs (CVOs) and/or through 
disrupted blood brain barrier (BBB), and results in increased sympathetic outflow [75].

Observations such as increased splenic sympathetic nerve discharge (SND) and 
consequent increase in splenic cytokine gene expression (IL-1β, IL-6, IL-2, and IL-16) 
due to central Ang II administration (the effect which was abrogated by splenic 
sympathetic denervation), and others led to the hypothesis that central stimuli such 
as angiotensin II cause modest elevations of blood pressure, which leads to activation 
of immune system. Subsequently, the activated immune system leads to severe hyper-
tension [76]. This hypothesis proposed a mechanism that occurs in a two-phase feed 
forward fashion. The initial phase brings a modest elevation in blood pressure (i.e. 
pre-hypertension), giving rise to an inflammatory response, possibly by generating 
“neoantigens” that activate innate and adaptive immune system. In the second phase, 
the activated immune system generates cytokines and other inflammatory mediators 
which work in concert with the direct effects of hypertensive stimuli (such as angio-
tensin II, catecholamines, and salt) to cause vascular and renal dysfunction, promote 
vasoconstriction, vascular remodeling, a shift in the pressure-natriuresis curve and 
sodium retention, and ultimately causes sustained hypertension [74].

3. Conclusion

Hypertension is a widely prevalent public health problem of world adult population. 
It is a major risk factor of cardiovascular diseases, chronic kidney disease, and dementia. 
Despite the availability of a plethora of hypertensive drugs, up to 40% of patients with 
hypertension fail to achieve adequate blood pressure control, even when prescribed a 
combination of drugs from three or more classes. This indicates lack of efficacy of exist-
ing hypertension treatment strategies and existence of additional drivers of hyperten-
sion that must be identified and may be targeted.

One of the proposed pathophysiologic mechanisms that contribute for elevated 
BP and target organ damage among hypertensive patients is activation of the immune 
system and chronic low grade systemic inflammation.

In kidneys, inflammatory cells and their products contribute to blood pressure 
elevation by increasing renal sodium retention and by causing renal fibrosis, oxidative 
stress, and glomerular injury. IL-1, IL-6, IFN-γ, and IL-17 are among pro-inflamma-
tory cytokines that enhance sodium retention by renal tubules.

Activated immune cells and pro-inflammatory cytokines may contribute to 
functional arterial stiffening and structural remodeling of arteries that consequently 
cause elevated blood pressure in hypertension. C-reactive protein, TNF-α, and IL-17 
may hamper synthesis of or inhibit nitric oxide (NO) synthase. Inflammatory cells 
that infiltrate blood vessels such as macrophages and lymphocytes and their pro-
inflammatory products may also contribute for vascular remodeling.

Perturbed immune system and chronic low grade systemic inflammation also 
enhance SNS activity which in turn contributes to elevated blood pressure by its effect 
on blood vessels tone (vasoconstriction), on the kidneys (sodium and water reten-
tion, RAAS activation) and on immune system (activation of immune system and 
enhanced production pro-inflammatory cytokines).

Thus, unraveling the detail pathophysiological mechanisms by which activated 
immune system and inflammation contribute to hypertension paves a way to identify 
target, and to design and develop therapeutic intervention for hypertension.
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Abstract

Metabolic syndrome (MetS) refers to the commonly occurring disorder 
 comprising central obesity, systemic hypertension (HTN), insulin resistance, 
atherogenic dyslipidemia specifically hypertriglyceridemia, and reduced levels of 
high-density lipoprotein cholesterol (HDL). The prevalence of MetS worldwide 
ranges from 20% to 25% in the adult population and 0% to 19.2% in children, but it 
can reach almost 80% in type 2 diabetes patients. Increased blood pressure (BP) is 
considered an important component of MetS. More than 85% of those with MetS, 
even in the absence of diabetes mellitus (DM), have elevated BP or HTN. Dietary pat-
terns, such as Mediterranean-style, dietary approaches to stop hypertension (DASH), 
low-carbohydrate, and low-fat diets, can improve insulin resistance and MetS. Dietary 
patterns high in fruit and vegetable content were generally found to be associated 
with a lower prevalence of MetS. Evidence reinforces that DASH, Nordic diet, and 
Mediterranean diet (MD) significantly lowered systolic BP and diastolic BP by 4.26 
and 2.38 mm Hg, respectively. Therefore, we aim to review the available evidence on 
the effect of dietary patterns on the treatment of HTN in patients with MetS.

Keywords: dietary pattern, diet, hypertension, treatment, control, MetS

1. Introduction

Metabolic syndrome (MetS) is a growing public health problem worldwide, 
which is associated with an increased risk of cardiovascular morbidity and mortal-
ity [1–4]. Although many classifications have been proposed for the diagnosis of 
MetS, the one proposed by the International Diabetes Federation (IDF), which 
defines MetS as the combination of clinical and metabolic factors, including insulin 
resistance, hyperglycemia, hypertension (HTN), dyslipidemia, and abdominal 
obesity, is the most used.
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Many researchers consider MetS as a transitional stage prior to organ dysfunc-
tion and death from many associated diseases, such as diabetes mellitus (DM) and 
cardiovascular disease (CVD) [1]. Dietary pattern is an essential element associated 
with MetS components, such as HTN, dyslipidemia, obesity, diabetes, and conse-
quently CVD [3, 4]. Several studies have reported that an unhealthy diet is associated 
with higher CVD risk factors, and a healthy dietary pattern is associated with lower 
risk [2, 4]. Dietary patterns with processed food and red meat have been linked to 
metabolic factors and CVD, whereas a Mediterranean diet (MD) is beneficial to 
metabolic risk factors [3, 4].

HTN is the main MetS risk factor that leads to increased cardiovascular morbid-
ity and mortality and is additionally an important risk factor for the development 
of chronic kidney disease in the presence of obesity, MetS, and microalbuminuria 
[1]. The association between high BP and MetS is strongly linked to the causative 
pathway of obesity. Blood pressure (BP) control in persons with MetS may prevent 
a significant number of coronary heart disease events. The primary step of treat-
ment is lifestyle intervention with reduced caloric intake and increased physical 
activity. In hypertensive patients, the presence of MetS is associated with higher 
noncontrolled HTN levels [1], while the optimal antihypertensive treatment has 
been debated for years.

The relationship between dietary patterns and MetS risk factors is well-estab-
lished, as indicated by recent meta-analyses [5, 6], and evidence considerably varied 
across populations. While a “healthy” dietary pattern (a diet rich in high vegetables, 
fruits, and fish consumption) was inversely associated with MetS [7], a “western” 
dietary pattern—high consumption of processed food and red meat, refined grains, 
alcohol and fried foods, increased the risk of MetS [8].

Globally, it was estimated that a quarter of the world’s adult population had high 
BP in 2002, and the prevalence is estimated to increase to 29% by 2025 [9]. The 
prevalence of obesity and other MetS components in many low and middle-income 
countries has dramatically increased in the past decade [10]. These include the rising 
prevalence of HTN and obesity which are the main risk factors for cardiovascular 
diseases such as heart diseases and stroke worldwide [11].

Several studies have tried to bring more insight into the dietary determinants of 
MetS [12, 13]. Some of their limitations include a relatively small sample size of the 
studies, [13, 14] lack of diversity of the populations [15], limitations in the generaliz-
ability of the findings [15], and a single-nutrient approach [12, 13], whereas diet by 
definition is complex. Dietary pattern analysis has emerged as an attractive alternative 
approach for examining the effect of overall diet reflecting the eating behaviors of 
the population in the real world, as a result of more recognition of limitations inher-
ent to the single nutrient approach [16]. In the assessment of dietary patterns, using 
instruments such as principal component analysis (PCA) allows to identify groups of 
nutrients through the creation of secondary variables representative of nutrients that 
are often consumed together. These quantitative secondary variables representative of 
different dietary patterns can be used in subsequent analysis to explore the relation-
ship between specific dietary patterns and MetS. However, the latter approach is also 
limited by its inability to detect the predictive power of significant single nutrients, 
which may not be grouped with the other more complex dietary patterns. With this 
study, we aim to review the effect of dietary patterns on HTN treatment in patients 
with MetS.
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2.  Prevalence of metabolic syndrome in the general population  
and hypertensive patients

MetS is a booming global problem, with an increasing prevalence in many 
developing countries mainly in the urban populations [17, 18]. It is estimated that 
approximately one-fourth of the adult European population has MetS, with a similar 
prevalence in Latin America [19]. Likewise, MetS is considered an emerging epidemic 
in developing East Asian countries, including Korea, Japan, and China. In this region, 
the prevalence of MetS is estimated to range from 8% to 13% in men and from 2% to 
18% in women, according to the definitions used.

The prevalence of the MetS is increasing in parallel with the growing epidemic of 
obesity. Almost two-thirds of the population in 2008 were overweight or obese in the 
United States with more than 25% of the population meeting the diagnostic criteria 
for MetS [19]. Comparative survey data from the late 1990s and early 2000s (1999–
2000 data) showed that the age-adjusted prevalence of MetS among US adults aged 
20 years and older increased from 27% (1988–1994 data) to 32% [20]. The 2011–2014 
National Health and Nutrition Examination Survey (NHANES) data showed a crude 
estimated prevalence of 36.5% for adult obesity (32.3% in adults aged 20–39 years, 
40.2% in those aged 40–59 years, and 37.0% in those aged ≥60 years) [21]. These data 
also showed that the overall prevalence of obesity in women was 38.3% and 34.3% in 
men. Among children and adolescents aged 2–19 years old, there was a prevalence of 
obesity of around 17% in the same period (8.9% from 2 to 5 years old, 17.5% from 6 to 
11 years old, and 20.5% from 12 to 19 years old) [21].

Luckily, since this peaked in the early 2000s (2001–2002 data), the overall 
prevalence of MetS in the United States has dropped, mainly because of a decrease 
in the prevalence of hypertriglyceridemia and HTN—and despite the increase in the 
prevalence of hyperglycemia and obesity/waist circumference prevalence [22]. Data 
from the 2009–2010 NHANES reported that the age-adjusted prevalence of MetS had 
decreased to approximately 24% in men and 22% in women [23].

MetS is becoming more common even in African populations where the burden 
of disease was mainly from infectious diseases [24, 25]. Among a group of hyperten-
sive Nigerians, the prevalence of MetS, according to three different definitions, was 
reported to be 34.3% according to the ATP III definition for MetS, 35% according to 
the WHO definition, and 42.9% according to the IDF definition [24, 26]. These rates   
were generally similar to those reported in the Turkish study that included nondiabetic 
adults, where the prevalence rates were as follows: 38% according to the NCEP-ATP 
III definition, 42% according to the American College of Endocrinology (ACE) and 
IDF definition, 20% according to the EGIR definition, and 19% according to the WHO 
definition [26] These values   are comparable with those reported in Canada, where one-
third of adult patients between 40 and 60 years old met the criteria for the MetS [27].

In the United States, African Americans have a higher prevalence of MetS, particu-
larly African American women, and this has been attributed to the higher prevalence 
of obesity, HTN, and diabetes in this subgroup [28]. However, it was in Mexican 
Americans that the highest prevalence of age-adjusted MetS was found, where approxi-
mately one-third (31.9%) of them met the diagnostic criteria for MetS, compared with 
27% of the general population, according to data from a study in 1988–1994 [20].

The prevalence of the MetS is similar in both men (24%) and women (22%), after 
adjusting for age [23]. However, several considerations have to be taken into account 
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in women with MetS, including pregnancy, use of oral contraceptives, and polycystic 
ovarian syndrome [29].

The prevalence of MetS increases as the population ages, with about 40% of 
elderly people over 60 years old meeting the criteria for MetS [20]. However, MetS 
can no longer be considered a disease for adult populations only. Evidence published 
in the last decades indicates that both MetS and DM are increasingly prevalent in the 
pediatric population, and this growth has been recorded in parallel with the increase 
in the prevalence of obesity [30].

The presence of high BP is one of the required criteria for the diagnosis of MetS, 
while evidence also suggests that people with MetS are more likely to have HTN [31]. 
Results from the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) 
study showed that high BP was the most frequent component of MetS in the patients 
who participated in the study, and it was found in more than 80%. Furthermore, 
participants with MetS were more prone to have higher home, office, and ambulatory 
BP values compared to those without MetS. All-cause mortality was also more preva-
lent in the population with MetS [32].

Conversely, a significant number of patients with HTN simultaneously fulfill the 
criteria for the diagnosis of MetS. Results from the Progetto Ipertensione Umbria 
Monitoraggio Ambulatoriale (PIUMA) study reported that about 34% of the hyper-
tensive patients included also had MetS, and these patients were reported to have 
more cardiovascular events than those without MetS [33]. In a population-based 
study with more than 60,000 participants (39,998 men and 20,756 women) with 
no personal history of cardiovascular disease, who had a health check-up at the IPC 
Center (Paris, France) between 1999 and 2002, the prevalence of MetS increased 
proportionally with the increase in BP values [34]. After a 10-year follow-up of 
participants in the PAMELA study without MetS, the masked and sustained HTN 
based on ambulatory measurements were all associated with a higher incidence of 
new-onset MetS [35].

Studies conducted in the African region have consistently reported an increased 
prevalence of MetS in hypertensive patients despite the still high burden of infectious 
diseases. Tadewos et al. [36], in their study carried out in Southern Ethiopia reported 
that the prevalence of MetS was 48.7% and the rate was comparable with the study 
report from Nigeria, which was 45.6% [20]. This prevalence was even higher among 
hypertensive women, 54.1% which was similar to the prevalence reported in Nigeria, 
54% [37].

3. Vascular pathophysiology of hypertension in metabolic syndrome

The pathogenic mechanisms linked to MetS are complex and remain to be fully 
explained. It is still debated whether the individual components of MetS represent 
different pathologies or expressions of the same pathogenic mechanism. Abdominal 
obesity is the main trigger for most of the mechanisms involved in MetS, thus high-
lighting the importance of a high caloric intake as the main causative factor [38]. Of 
all the proposed mechanisms, insulin resistance, neurohormonal activation, and 
chronic inflammation seem to be the leading players in the initiation, progression, 
and transition from MetS to cardiovascular disease.

The excitatory effects of insulin on the sympathetic nervous system seem to 
be centrally mediated, as they are observed only during systemic insulin infusion, 
but not during local infusion [39]. In addition, high insulin levels increase sodium 
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reabsorption [40] favoring the extracellular fluid volume expansion, which may 
increase the risk of arterial HTN [41]. Furthermore, obesity leads to impaired renal-
pressure natriuresis and causes sodium retention. Obese individuals require higher BP 
to preserve sodium balance, indicating impaired renal-pressure natriuresis [42].

The increase of epidemiological studies linking insulin resistance and hyperin-
sulinemia has sustained the idea of the so-called insulin hypothesis of HTN. There 
is no doubt that epidemiological studies have linked insulin resistance to HTN [38, 
43]. The insulin hypothesis of HTN states that the compensatory hyperinsulinemia 
that happens with insulin resistance increases sodium reabsorption and sympathetic 
activity, which combine to raise the BP. Much evidence supporting this hypothesis 
comes from different studies. First, the correlation between insulin resistance and 
high blood pressure [44], is emphasized by the fact that even lean persons with 
essential HTN may have insulin resistance and hyperinsulinemia. Some authors go 
a step further by claiming that essential HTN is by itself a state of insulin resistance 
[45]. Second, insulin has multiple actions on the sympathetic nervous system, 
kidneys, and vasculature bed that may lead to HTN. Third, many drugs that improve 
insulin resistance and decrease hyperinsulinemia are reported to have antihyperten-
sive effects. For instance, Landin et al. reported in their study that hypertensive men 
increased insulin sensitivity and significantly decreased arterial pressure after oral 
administration of metformin to insulin resistant [46]. Another notable example is 
the known BP lowering effects of the insulin sensitizers glitazones [47]. Finally, it is 
known that insulin sensitivity is increased by some antihypertensives drugs, such as 
angiotensin II-converting enzyme inhibitors [48] or angiotensin II receptor antago-
nists [49]. Despite the large body of evidence supporting the insulin hypothesis of 
HTN, there is also important evidence against it. For example, the study by Hall 
and collaborators failed to find a correlation between insulin and HTN in a well-
controlled model in dogs [50].

In addition to insulin, leptin is also associated with the relationship between obe-
sity and increased sympathetic activity. Apart from its effect on appetite and metabo-
lism, leptin has actions on the hypothalamus to increase BP through the sympathetic 
nervous system activation mechanism [51]. Higher circulating levels of leptin are 
reported to explain the increase in the renal sympathetic tone seen in obese patients 
[52]. Evidence indicates that the leptin-induced increases in renal sympathetic activ-
ity and BP are mediated by the ventromedial and dorsomedial hypothalamus [53].

The finding that leptin or obesity receptor is expressed by the endothelium [54], 
transformed endothelial cells, just like those of the hypothalamus, into a target for 
this hormone. The presence of leptin receptors in the vascular endothelium and 
not only in the central nervous system is important because it allows finding a link 
between leptin and impaired vascular function in obese individuals [55]. Leptin is a 
nitric oxide-dependent vasodilator but also increases peripheral vascular resistance 
and sympathetic nerve activity [56]. The concentration of leptin in plasma is cor-
related with adiposity, and hyperleptinemia is indeed considered an independent risk 
factor for cardiovascular disease [57].

Finally, in visceral obese patients, high circulating levels of free fatty acids may 
induce the activation of the sympathetic nervous system. The increases in the release 
of free fatty acids into the portal vein from lipolysis in visceral fat depots may explain 
the association between visceral obesity and increased sympathetic nerve outflow in 
these patients [58].

The discovery of the role of adipose tissue as an endocrine organ has gained 
important implications in the understanding of the pathophysiological relationship 
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between excess body fat and HTN [58]. Nearly all systemic arteries are surrounded 
by a layer of perivascular adipose tissue (PVAT). In myographic studies, PVAT is 
routinely removed, and this custom is based on the assumption that PVAT can prevent 
the diffusion of vasoactive substances. This is perhaps the reason that despite the 
great presence of PVAT, very little is known about its function in vascular physiology.

4. Dietary pattern, nutrients intake, and metabolic syndrome

Diet, as an important part of lifestyle, has been shown to be significantly associated 
with different components of MetS [59]. Dietary patterns high in fruit and vegetable 
content are generally associated with a lower prevalence of MetS. Otherwise, dietary 
patterns with high meat intake are frequently associated with increased components of 
MetS, particularly impaired glucose tolerance [5, 59].

The extent to which the consumption of an individual component in the diet is 
associated with MetS is an issue that still needs to be clarified; however, some studies 
suggest that dietary quality appears to play a more important role.

The Isle of Ely study [60] was a population-based study of type 2 diabetes and 
metabolic disorders in men and women from the Isle of Ely in the United Kingdom. 
Researchers used this cohort to investigate the relationship between dietary patterns 
and components of MetS in 802 adults aged 40–65 years [60]. The study used PCA 
to isolate four dietary patterns from food frequency questionnaire data, and related 
these patterns to components of the MetS. Four diet patterns were derived through 
the calculation of factor loadings for the variance of frequency for each food most 
commonly consumed: (a) Diet 1 (fruit, salad, fish (not fried), other vegetables, 
poultry, green vegetables, pasta/rice, and ice cream), (b) Diet 2 (cakes, sweets, 
root, vegetables, biscuits, puddings/pies, pulses, green vegetables, chocolate, and 
cheese), (c) Diet 3 (chocolate, sweets, crisps, cheese, soda, and fruit), and (d) Diet 4 
(eggs, fried food, sausages, cheese, fried fish, nuts, and other vegetables).

According to the results from this study, both diets 1 and 2 were inversely associ-
ated with each component of the MetS. After adjustment for age, those with a higher 
score for diet 1 had a lower risk for increased waist–hip ratio (WHR), impaired glu-
cose tolerance, increased plasma triglycerides and type 2 diabetes, and lower risk for 
decreased high-density lipoprotein cholesterol (HDL)–cholesterol. Otherwise, diets 3 
and 4 had no significant associations with different components of MetS. In general, 
the Isle of Ely Study suggests that eating patterns characterized by high intake of 
fruit, vegetables, and whole cereals, and low intake of fried foods seemed to be linked 
to a lower risk of MetS components. Bread and milk were not specifically mentioned 
as part of a dietary pattern [60].

The Malmö Diet and Cancer Study [61] examined data from a sample (N = 1122) 
of men and women aged between 45 and 68 years that were analyzed for associations 
between dietary patterns and MetS components [61]. The dietary patterns that were 
used in this study differed significantly from that of the Isle of Ely study, possibly 
due to cultural habits and differences in diet, but also due to study design. Six dietary 
patterns were identified based on the highest proportion of energy intake from food 
groups, unlike the previous Isle of Ely study, which was based on the frequency of 
consumption. Differences in dietary patterns are to be expected, as food groups that 
contribute a high proportion of energy to the diet would not need to be consumed fre-
quently to be rated high in this analysis (e.g., a high-energy chocolate bar compared to 
a low-energy piece of broccoli).
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The relationship between dietary patterns and components of MetS differed 
significantly between men and women. Many foods and drinks patterns, with moder-
ate energy intake from cheese and fat meat, were associated with an increased risk 
of hyperglycemia and central obesity in men. Men who scored highly for this dietary 
pattern had an odds ratio (OR) of 1.64 (95% CI 1.24–2.17) for hyperglycemia, while 
women showed no significant association. The “Fiber bread” dietary pattern with 
high energy intake from fiber-rich bread and fat meat was associated with a decreased 
risk of central obesity in men (OR 0.61, 95% CI 0.42–0.89). For women, the “White 
bread” dietary pattern was associated with an increased risk of hyperinsulinemia (OR 
1.39, 95% CI 1.02–1.89), while the “Milk fat” dietary pattern was associated with a 
reduced risk of hyperinsulinemia (OR 0.58, 95% CI 0.40–0.84).

In the CARDIA study, Pereira et al. [62] investigated associations between food 
groups and MetS as part of the multicenter CARDIA project in the United States. 
The researchers of the CARDIA study did not identify dietary patterns instead, they 
evaluated food groups and nutrients and their influence on the onset of new cases of 
MetS and its components. A strong inverse association was found between consump-
tion of dairy foods and the risk of MetS, particularly in overweight subjects. After 
controlling for demographic features, non-dietary lifestyle factors and common dairy 
components such as saturated fat, magnesium, calcium, and vitamin D, the OR for 
MetS in overweight individuals decreased by 69% for those in the highest quintile 
for dairy intake compared to those in the lowest quintile. Among those who were 
not overweight, the OR for MetS decreased by 28% for those in the highest quintile 
compared to the lowest. Similar relationships were found for both low-fat and high-
fat dairy products. A significant relationship was also found between dietary patterns 
with a high intake of dietary fiber and protein. Fiber intake significantly reduced 
the risk of MetS; for each 3 g/1000 kcal increase in fiber intake, the OR decreased 
by 34%. Dietary protein, however, appeared to increase the risk of MetS with a 12% 
increase in OR for each 1% caloric increase in protein. This relationship was only sig-
nificant for protein from animal sources, no association was found for plant proteins.

The extent to which the consumption of an individual dietary component is asso-
ciated with MetS is a question that still needs to be clarified. However, some studies 
suggest that diet quality seems to play a more important role. Baxter et al. [5] in their 
study concluded that no individual dietary component could be considered wholly 
responsible for the association of diet with MetS. Rather it is the overall quality of the 
diet that appears to offer protection against lifestyle disease, such as MetS [5].

5. Metabolic syndrome and hypertension: therapeutic implications

The reduction of the high cardiometabolic risk in patients with MetS is one of 
the main goals of interventions performed in these patients. Simple actions such as 
lifestyle modification measures may oppose the effect of many risk factors (lack of 
physical activity, overweight/obesity, and atherogenic diet). In addition, hypertensive 
patients usually need stricter BP control, use of antihypertensive drugs that have little 
impact on the metabolic profile, and quite often while taking drugs for the treatment 
of many other metabolic risk factors (dyslipidemia, insulin resistance, pro-throm-
botic and pro-inflammatory states).

Lifestyle modifications are certainly the first measure in reaching cardiometabolic 
risk reduction. The main lifestyle interventions are the promotion of physical activity 
and weight loss with a calorie-restricted diet [63]. Calorie restriction in the range of 
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500–1000 kcal/day with 7–10% weight loss in 12 months and regular aerobic exercise 
of 30–45 minutes daily are the minimal requirements for long-term effectiveness.

Although high caloric restriction diets have not shown long-term benefits in 
patients with MetS, more intense regular physical activity programs have proven 
to offer additional cardiovascular benefits and help maintain weight loss. Lifestyle 
modifications have also favorable effects on BP and lipid profile and decrease the inci-
dence of new-onset diabetes [64]. Furthermore, more recent evidence also suggests a 
long-term effect on reduction in both cardiovascular morbidity and mortality [65].

Additional lifestyle modifications also have been pointed out to have a positive 
effect on specific cardiovascular risk factors and should be encouraged in specific 
patients. Reduction of salt intake and alcohol consumption has a moderate effect on 
BP lowering, which is improved in combination with weight loss and physical activity 
increase [66]. Moreover, a dietary pattern rich in vegetables, fruits, and low-fat dairy 
products (e.g., the dietary approaches to stop hypertension [DASH] diet) substan-
tially lowers BP in comparison with the standard American diet [67]. The MD, which 
is equally rich in fruits, vegetables, fish, and olive oil, also has a favorable impact on 
dyslipidemia in patients with MetS [68].

Maintenance of lifestyle modifications needs counseling and, for many individu-
als, may find it difficult in the long term. For this reason, the gradual introduction of 
drugs for the treatment of BP, dyslipidemia, insulin resistance, and obesity may be 
required to lower their cardiometabolic risk [69].

The appropriate antihypertensive treatment in MetS has not yet been established 
[70]. However, the choice of an antihypertensive class should be made after taking 
into account possible effects on glucose and lipid metabolism, as well as specific 
adverse events or contraindications.

No comparative studies are available on the different antihypertensive drug classes 
in people with HTN and MetS. Taking into account the high risk of developing new-
onset diabetes in these patients as a component of cardiometabolic risk, the choice of 
antihypertensive treatment should not ignore this additional risk. Some international 
guidelines recommend diuretics as the first-choice therapy for hypertensive patients, 
without a compelling indication for other antihypertensive classes. However, it has 
been reported that diuretics increase the risk of new-onset diabetes by 23% [71]. 
Conversely, calcium-channel blockers (CCBs) and, especially, renin-angiotensin 
system blockers (ARBs and ACE inhibitors) lower this risk (33% with ACE inhibitors 
and 43% with ARBs). These differences are probably even more accentuated in the 
specific subgroup of patients with MetS. Therefore, it looks like plausible that primary 
antihypertensive treatment in patients with HTN, MetS, and high cardiometabolic 
risk should focus on inhibition of the renin-angiotensin system with either ACE 
inhibitors or ARBs.

More evidence comes from comparative studies of antihypertensive drugs that 
included an important proportion of diabetic individuals, most of them with MetS. In 
this regard, the Appropriate Blood pressure Control in Diabetes (ABCD) study [72] 
compared antihypertensive treatment based on the ACE inhibitor enalapril or CCB 
nisoldipine in the subgroup of hypertensive patients with diabetes. The study was 
prematurely stopped due to the statistical differences in the number of myocardial 
infarctions that favored the enalapril group in comparison with nisoldipine.

Patients with HTN and MetS, especially those with type 2 diabetes, are often less 
responsive to the effects of antihypertensive drugs and may require drug combina-
tions to achieve BP control. Although some studies have demonstrated the benefits 
of using diuretics in combination with ACE inhibitors [73] or ARBs [74] in patients 
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with diabetes, two comparative studies (Avoiding Cardiovascular Events through 
Combination Therapy in Patients Living with Systolic Hypertension [ACCOMPLISH] 
and Anglo Scandinavian Cardiac Outcome Trial [ASCOT]) suggest that combination 
of ARB with CCB could be a better option for HTN treatment in these patients.

The ASCOT study [75] compared antihypertensive treatment based on the CCB 
amlodipine with the addition of the ACE inhibitor perindopril in most patients 
against the beta-blocker atenolol with the addition of a thiazide diuretic, also in most 
patients. The study was prematurely stopped due to a consistent benefit of the ACE 
inhibitor plus CCB. More than 5,000 patients with diabetes were enrolled in ASCOT, 
and particular analysis of this cohort showed that the benefits of the combination of 
amlodipine and perindopril were also maintained in those patients with diabetes [76].

The ACCOMPLISH study [77] also compared two combinations of antihyper-
tensive drugs in high-risk patients with HTN. Patients were treated with either 
the combination of the ACE inhibitor (benazepril) and CCB (amlodipine) or with 
benazepril plus hydrochlorothiazide. The percentage of diabetic patients in this study 
was around 60%. The main results showed a 20% reduction in the primary end-point 
(composite of death from cardiovascular causes, nonfatal stroke, nonfatal myocardial 
infarction, resuscitation after sudden cardiac arrest, hospitalization for angina, and 
coronary revascularization) in the group of patients treated with benazepril plus 
amlodipine. The subgroup analyses did not find differences in the results in patients 
with or without diabetes.

Evidence to support the preference for ACE inhibitors or ARBs in the treatment 
of patients with MetS is lacking. The ONgoing Telmisartan alone and in combination 
with Ramipril Global Endpoint Trial (ONTARGET) [78] compared the ARBs (telmis-
artan) with ACE inhibitors (ramipril) in patients at high risk of cardiovascular events 
and around 30% of them were diabetic. The study found no difference in rates of 
cardiovascular events between the groups.

Normotensive patients with MetS often have BP levels in the prehypertension 
range (systolic 130–139 mm Hg and/or diastolic 85–89 mm Hg). Particular dietary 
interventions, such as sodium restriction or intake reduction or the adoption of the 
DASH diet, in addition to calorie restriction and increase in physical activity, could be 
useful. For diabetic patients also receiving antihypertensive treatment, ARBs are able 
to prevent the development of microalbuminuria in normoalbuminuric patients [79] 
or overt proteinuria in those with microalbuminuria [80]. For the other patients, there 
is no evidence for antihypertensive treatment, except that the development of HTN is 
prevented [81].

6.  The effect of dietary patterns on blood pressure control  
in hypertensive patients

The benefits of different dietary patterns in reducing BP were best evaluated 
with the DASH diet [82] and the Nordic diet [83]. Both of these dietary patterns 
highlight the importance of ingestion of different combinations of healthy foods for 
lowering BP. Otherwise, there are little data on which types of dietary patterns are 
effective in lowering BP in both normotensive and hypertensive adults.

The current evidence on the beneficial effect of dietary patterns on BP in adults 
has been evaluated in a recent meta-analysis study that included 17 randomized 
controlled trials. A statistically significant reduction in BP (4.26 mm Hg in SBP and 
2.38 mm Hg in DBP, respectively) was observed in this meta-analysis. For the studies 
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that had no weight loss, sodium restrictions, or increased exercise, SBP and DBP 
were reduced by 4.25 and 2.27 mm Hg, respectively. A previous meta-analysis found 
a reduction in SBP and DBP by 6.74 and 3.59 mm Hg, respectively, from the DASH 
diet only [84]. The study also reported the many differences that existed between the 
populations that were included in the randomized controlled trials related to sex, age, 
intervention duration, study methodology, sample size, and difference in the combi-
nation of foods included within the different dietary patterns.

The current evidence supports that healthy dietary patterns are beneficial for BP 
and these include the DASH diet, MD, and Nordic diet [85]. The DASH diet mainly 
includes fruits, vegetables, low-fat dairy, legumes, whole grains, seeds, and low con-
sumption of meat and saturated fat [86]. The DASH diet has been adopted in many 
places according to the cultural aspects such as in Australia [87], Brazil [88], and Iran 
[89]. Analysis of nutrient intakes and BP from the United States showed that reduced 
consumption of dairy products and fruit and vegetable juices was a major predictor 
of HTN [90]. Although the DASH diet shows positive effects from the randomized 
controlled trials, the studies are short-term in nature, and this may limit their gener-
alizability as a long-term intervention.

The Nordic diet consists of foods of Nordic origin such as berries, fruits, whole 
grains, rapeseed oil, nuts, vegetables, fish, and low-fat dairy products. This diet when 
compared to a diet comprising the average nutrient intake in Nordic countries, signifi-
cantly reduced 24-hour ambulatory DBP [83]. The effects of the diet, however, may 
not be attributed to increases in potassium or reductions in sodium because neither of 
these electrolytes differed between the control and intervention groups. One of the 
characteristics of the Nordic diet is its richness in berries.

Experimental studies models have demonstrated that the Nordic diet pattern has 
a beneficial effect on BP reduction [91], and in the same way, randomized controlled 
trials have shown that berries intake decreases BP levels [92]. Flavonoids, a type of 
polyphenols abundant in berries, can be the main contributing factor in the BP reduc-
tion seen with Nordic diets [93].

Further research, however, is needed on the effect of the Nordic diet on BP 
because studies addressing this issue are still scarce. Another dietary pattern, the 
MD, is usually rich in plant-based foods such as whole grains, vegetables, fruits, nuts, 
beans, and seeds [94]. This dietary pattern may include moderate amounts of dairy 
products, poultry, fish, and low amounts of red meat, although food composition 
may vary between different regions. In the Prevention con Dieta Mediterranean 
(PREDIMED) study that was carried out in Spain, the supplementation of the MD 
with extra virgin olive oil and with nuts lowered significantly the DBP in the MD 
group compared with a low-fat diet group [95]. Equally, analysis of ambulatory BP in 
235 individuals of the PREDIMED study after 1 year showed significant reductions 
in ambulatory SBP by 4.0 and 4.3 mm Hg in the MD supplemented with extra virgin 
olive oil and nuts, respectively, and 1.9 mm Hg in DBP for both diets [96]. Similar 
effects were observed in studies of the MD carried out in Italy, where BP was also 
significantly lowered with this dietary pattern [97]. However, in studies from France 
[98] and the United States [99], no effect was found. In addition to possible differ-
ences in food and recipe composition, the study duration for these trials was less 
than 6 months. Because the effects of diet tend to occur over longer periods of time, a 
long-term follow-up may be needed to detect BP-lowering effects.

Research on the Tibetan diet that was carried out in Germany emphasized the con-
sumption of cereals from barley, rice, corn, wheat, rye, oat, and buckwheat, and meat 
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such as beef, mutton, chicken, roast hare, and venison [100]. Compared with the 
regular Western diet, there was no significant difference in BP between the Tibetan 
and Western diets during 12 months follow-up trial. In this regard, studies lying on 
the Tibetan diet are scarce and additional research is needed before conclusions on its 
efficacy could be done.

7. Dietary strategies for metabolic syndrome

Although the most effective dietary pattern for the management of MetS has not 
been established, lifestyle interventions, especially dietary habits, remain the main 
therapeutic strategy for its management [101]. The improvement in the quality of the 
foods or switching macronutrient distribution, as one of the specific dietary interven-
tion strategies, has shown beneficial effects on MetS and individual components. 
Compared to the low-fat and more restricted diets, the current evidence suggests the 
use of the DASH diet as a strategic intervention in MetS has raised the new paradigm 
for MetS prevention and treatment.

An isolated nutrient dietary intervention has several limitations, and dietary 
counseling must be focused on the overall dietary pattern as part of MetS treatment. 
Recent evidence suggests the implementation of a healthy food-based dietary strategy 
instead of calorie or single nutrient restriction diets [102, 103]. The dietary strategies 
and potential health benefits for MetS and different dietary approaches are summa-
rized in Table 1.

Dietary pattern Nutritional Distribution Improvement in MetS criteria

DASH diet • Total fats 27% kcal/d

• Saturated fats 6% kcal/d

• Dietary cholesterol

• CH 55% kcal/d

• Proteins 18% kcal/d

• Reduction of BP (systolic and diastolic)

• Reduction in BMI and waist circumference

• Improvement in cardiometabolic profile

• Reduction in T2DM incidence

Mediterranean diet • 35–45% kcal/d from total fat 
(mainly MUFA1, EVOO and 
nuts being the principal source)

• 35–45% kcal/d from CH

• 15–18% kcal/d from protein

• Reduction of CVD incidence and outcomes

• Decreased BP (systolic and diastolic)

• Inverse association with mortality

• Improvements in dyslipidemia

• Decreased incidence of T2DM

Nordic diet • High content of whole-grain 
high-fiber products

• Low in meat and processed 
foods

• Reduction of BP (systolic and diastolic)

• Increase in HDL-c levels

Plant-based diets • Reduction or restriction of 
animal-derived foods

• High intake of plant-source 
foods

• Fat profile rich in UFAs

• Reduction of BP (systolic and diastolic)

• Decreased body weight and risk of obesity

• Reduction of the risk of CVD

• Decreased all-cause mortality

• Decreased risk of T2DM
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8. Conclusions

The protective effects of healthy dietary patterns on MetS seem to be due to the 
sum of small dietary changes rather than the restriction of any single nutrient. The 
consumption of dietary patterns characterized by high consumption of fruit, veg-
etables, whole grains, legumes, seeds, nuts, fish, and dairy and low consumption of 
meat, sweets, and alcohol resulted in significant reductions in blood pressure.

Dietary pattern Nutritional Distribution Improvement in MetS criteria

Low CH diets and 
very low CH diets 
(ketogenic diets)

• <50% kcal/d from carbohy-
drates and <10% kcal/d from 
CH in ketogenic diets

• High protein (20–30% kcal/d)

• High fat intake (30–70% kcal/d)

• Weight-loss and weight-loss maintenance

• Reduction of DBP

• Reduction of LDL-c and triglycerides levels

• Increase in HDL-c levels

• Improvements in insulin resistance

• Reduction of HbA1c levels

Low-fat diet • <30% kcal/d from total fat 
(<10% of saturated fat)

• 15–17% kcal/d from protein

• 50–60% kcal/d from CH

• Reduction of BP (systolic and diastolic)

• Short-term improvement of cholesterol 
profile

• Short-term weight loss

• Reduced risk of all-cause mortality

High protein diet • High protein (20–30% kcal/d) 
or 1.34–1.50 g/Kg body 
weight/d from protein

• Low CH (40–50% kcal/d)

• Reduction of triglycerides levels

Intermittent fasting • Fasting for a long period of time • Weight loss

• Improvements in insulin resistance

• Improvements in dyslipidemia

• Reduction of BP (systolic and diastolic)

• Decreased risk of T2DM

• Decreased risk of CVD

EVOO, extra virgin olive oil; CH, carbohydrates; CVD, cardiovascular disease; BP, blood pressure; T2DM, type 2 
diabetes mellitus; DASH, Dietary Approaches to Stop Hypertension; UFAs, unsaturated fatty acids; BMI, body mass 
index; DBP, diastolic blood pressure; LDL-c, low-density lipoprotein cholesterol; , HDL-c, high-density lipoprotein 
cholesterol; HbA1c, glycated hemoglobin; MUFA, monounsaturated fatty acids.

1Adapted from [101]; doi: 10.3390/nu12102983.

Table 1. 
Dietary strategies and potential health benefits for MetS1.
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Chapter 4

Changes in Brain Metabolism 
Induced by Metabolic Challenges 
and Their Beneficial Roles  
for Brain Aging
Claudia Carvallo

Abstract

Life expectancy has been increasing globally along with the risk of developing 
Alzheimer’s or other dementias. Diets high in saturated fats, refined sugars and a  
sedentary lifestyle are determining factors in the development of a metabolic syn-
drome. These factors induce energy imbalance and dysfunctional brain metabolism, 
hence increasing the risk of cognitive impairment and/or dementia. A cohort study 
with mild cognitive impairment found that it was found that the presence of three or 
more components of a metabolic syndrome increased the risk of Alzheimer’s. On the 
other hand, hyperglycemia induces glutamate excitotoxicity in neurons, β-amyloid 
accumulation, tau phosphorylation and oxidative stress. The present chapter will 
cover the dysregulation of brain metabolism during physiological and pathological 
aging, and how metabolic challenges such fasting, caloric restriction and ketogenic 
diet reverts many of the deleterious effects of brain aging, favoring energy balance 
and cognitive function.

Keywords: brain metabolism, aging, metabolic challenges, dementia, metabolic 
syndrome

1. Introduction

At the brain level, physiological aging is a natural process that can be associated 
with the cellular and functional impairment that precedes a decline in cognitive abili-
ties. It is widely accepted that aging is the main contributing risk factor for the onset 
of dementia, such as Alzheimer’s disease (AD), Parkinson’s disease and Huntington’s 
disease that trigger pathological aging [1]. Studies suggest that brain aging has 
considerable interindividual variability [2]. Elucidating the possible genetic and/or 
environmental factors that can determine these differences seems to be a key point 
to understand why individuals may or may not trigger cognitive impairment and/or 
dementia. In 2015, the estimated number of people with dementia was 50 million, 
and the figure is projected to reach 82 million in 2030 [3]. The total cost of dementia 
worldwide was estimated at US$ 818 billion, which is equivalent to 1 .1% of world 
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gross domestic product (GDP) [4], evolving into a relevant problem in global public 
health. A genetic analysis based on a cohort study suggested that about 75% has 
cognitive ability variations from childhood to old age due to environmental factors 
[5]. Nowadays, diets high in saturated fats, refined sugars and a sedentary lifestyle 
are determining factors in the development of a metabolic syndrome (MetS) such as 
obesity, hyperglycemia, dyslipidemia, type 2 diabetes and hypertension [6]. These 
factors induce an impact on various systems, including the central nervous system, 
thus increasing the risk of cognitive impairment and/or disorders associated with 
dementia [7].

Evidence shows the association between MetS and dementia, where subjects 
with MetS are 11.48 times more likely to develop AD compared to those without a 
metabolic syndrome [8]. A study carried out in China on a cohort with mild cogni-
tive impairment found that the presence of three or more components of a metabolic 
syndrome increased fourfold the risk of Alzheimer’s and two times only with the 
presence of diabetes [9]. Similarly, several studies on patient cohorts have shown 
that other MetS components such as abdominal obesity, hypercholesterolemia and 
hypertension were risk predictors of cognitive impairment and AD [10].

An explanation about the connection between a metabolic syndrome and 
dementias can be found in some studies. For example, type 2 diabetes can trigger 
Alzheimer’s through hyperglycemia, which induces glutamate excitotoxicity in neu-
rons; Furthermore, insulin resistance can contribute to β-amyloid accumulation, tau 
phosphorylation, oxidative stress, the formation of advanced glycation end products 
(AGEs) and apoptosis [11].

As life expectancy increases, the population is exposed to risk factors for longer 
periods of time, which may further increase the likelihood of developing dementia. In 
this regard, there is an increasing demand for strategies aimed at reversing the conse-
quences of aging and its risk factors over cognitive impairment and/or dementia.

Glucose becomes the main energy demand for the brain during development. 
However, as time goes by, the risk of suffering from an altered energy metabolism due to 
the exclusive dependence on this substrate increases the pathophysiological context in 
the brain [12]. On the other hand, the existence of alternative energy substrates such as 
lactate [13] or ketone bodies [14, 15] may be beneficial for brain metabolism, thus revers-
ing the consequences of cognitive impairment [16–18]. Lifestyles that include nutrition-
based bioenergetic challenges such as caloric restriction, fasting, and ketogenic diet favor 
β-oxidation to produce ketone bodies that enhance synaptic plasticity, which correlates 
with the recovery of cognitive processes such as learning and memory [19, 20].

This chapter will study the changes in brain metabolism induced by substrates 
such as glucose, lactate, and ketone bodies in the context of physiological and patho-
logical aging. Further discussion will focus on how nutritional interventions operate 
as metabolic modulators and neuroprotectors during physiological and pathological 
aging. The main interest of this section is to position the brain energy metabolism 
as an “energy switch” that determines the switch between physiological aging and 
pathological aging.

2.  Brain energy metabolism: the key to the treatment of cognitive 
impairment and/or dementia

The human brain represents ~2% of total body mass and is the largest 
source of energy consumption, accounting for more than 20% of total oxygen 
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metabolism [21], where neurons are estimated to consume between 75% and 
80% of the energy produced in the brain [22]. This energy is primarily used at 
the synapse and a large proportion is spent on restoring neuronal membrane 
potentials after depolarization [23]. Therefore, normal brain function requires 
metabolic regulation from a single synapse level to a regional level. Neurons can 
use the following substrates as energy fuel: glucose, lactate, acetoacetate (AcAc) 
and β-hydroxybutyrate (βHB).

2.1 Cerebral glucose metabolism in physiological and pathological aging

Glucose uptake by the brain primarily starts at the blood-brain barrier (BBB). 
The BBB is made up of endothelial cells interconnected by tight junctions that inhibit 
the entry of water-soluble molecules. Passive diffusion is limited to gases and small 
nonpolar lipids. The rest of the nutrients need glucose transporters and monocarbox-
ylate transporters [24, 25].

In neurons, glucose enters the cell via glucose transporter 3 (GLUT3), which is 
phosphorylated by hexokinase (HK) to glucose-6-phosphate (G6P) [26], which is 
then routed into the glycolytic pathway and the pentose phosphate pathway (PPP) 
[27]. The product of glycolysis is pyruvate that enters the mitochondria were metabo-
lized through the tricarboxylic acid (TCA) cycle and oxidative phosphorylation in 
the electron transport chain (ETC), generating between 30 and 36 molecules of 
adenosine 5′-triphosphate (ATP). Pyruvate can also be generated from lactate dehy-
drogenase 1 (LDH1)-dependent conversion of lactate. In PPP, G6P is converted into 
6-phosphogluconate (6PG) which is converted into ribulose-5-phosphate (R5P), with 
the production of reduced nicotinamide adenine dinucleotide phosphate (NADPH). 
NADPH is used to regenerate oxidized antioxidants such as glutathione (GSH) and 
thioredoxin. Neurons are unable to store glucose as glycogen due to constitutive 
degradation of glycogen synthase (GS) through glycogen synthase kinase 3 (GSK3) 
phosphorylation and ubiquitin-dependent proteasomal digestion mediated by the 
malin-laforin complex [28].

There is an astrocyte neuronal coupling where in astrocytes, glucose enters 
through glucose transporter 1 (GLUT1) and is preferentially stored as glycogen and 
metabolized through glycolysis. The generated pyruvate is converted into lactate by 
the expression of lactate dehydrogenase 5 (LDH5) and the inhibition of pyruvate 
dehydrogenase (PDH)-dependent pyruvate dehydrogenase kinase 4 (PDK4). The 
presence of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3 (Pfkfb3) allows 
astrocytes to generate fructose-2,6-bisphosphate (F2, 6P) which acts as an allosteric 
modulator of Phosphofructokinase (PKF1) thereby enhancing glycolysis [29].

Many factors likely contribute to age-dependent brain hypometabolism. Studies, 
for example, show that there is higher BBB permeability in seniors, which may induce 
a lower intake of nutrients to the neuron and a larger accumulation of proteins such 
as fibrinogen, immunoglobulins, albumin, thrombin, blood hemoglobin and immune 
cell infiltration that may produce inflammation [30, 31]. On the other hand, studies 
on humans and animals show a reduced expression of glucose transporters in the 
brain with aging [32], as well as changes in the expression of key enzymes involved in 
glycolysis and oxidative phosphorylation [33].

Approximately 40% of healthy people over the age of 65 experience impairment 
in different cognitive domains such as working memory, spatial memory, episodic 
memory, and processing speed [34, 35], which is consistent with a gradual decrease in 
energy demand as aging progresses [36].
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Functional neuroimaging studies have shown that glucose hypometabolism and 
mitochondrial dysfunction are early indicators of age-related functional changes 
during normal brain aging. Positron emission tomography (PET) analyzes with 2- 
[18F] fluoro-2-deoxy-D-glucose (FDG) in human subjects between the ages of 50-80 
have revealed age-related decreases in glucose utilization in cortical and hippocampal 
regions [37]. This 14-year longitudinal study demonstrated that glucose hypome-
tabolism can be observed decades before cognitive impairment becomes even more 
apparent. On the other hand, NAD levels are determinant of mitochondrial function 
and ATP production [38]. Studies on normal seniors show increased levels of NADH, 
with reduced levels of NAD and total NAD [39].

Thus, problems metabolizing glucose and impaired mitochondrial function may 
be a prelude to cognitive impairment and/or symptoms of dementia. Mouse model 
studies with reduced GLUT1 levels show an age-dependent decrease in brain capillary 
density, reduced cerebral blood flow and glucose uptake, and increased BBB leakage 
[40]. These metabolic and vascular impairments precede dendritic spine loss in hip-
pocampal neurons and its associated behavioral alterations.

Moreover, women with AD have higher levels of amyloid plaques, neurofibrillary 
tangles, and higher cognitive impairment (at the same stages of the disease) than 
men. Recent studies show that these effects may be due to an impairment of mito-
chondrial complex I and an accumulation of glucose-6-phosphate (hexokinase inhibi-
tor and rate-limiting metabolite of the PPP pathway) in AD. Furthermore, studies in 
mitochondria of astrocytes in the cortex and hippocampus show increased complex 
II-dependent respiration and increased cytochrome oxidase activity and expres-
sion of both nuclear and mitochondrial electron transport chain (ETC) subunits to 
compensate for metabolic disturbances in AD [41]. These data altogether show an 
increased female susceptibility to neuronal mitochondrial dysfunction and suggest a 
compensation to neuronal glucose hypometabolism through the donation of reduc-
ing equivalents via succinyl-CoA, thereby feeding succinate dehydrogenase (CII) for 
brain energy production inducing a neuroprotective mechanism.

Consistent with a deficit in glucose metabolism, G6P accumulation has been 
reported to affect the enzymatic activity of hexokinase (rate-limiting step of glucose 
metabolism) [42]. Furthermore, G6P is the rate-limiting substrate of the PPP which is 
critical for NADPH generation and subsequent detoxification of oxygen free radi-
cals [43], thus connecting glucose hypometabolism and oxidative stress commonly 
observed in AD.

A recent positron emission tomography (PET) study found that the spatial 
distribution of aerobic glycolysis correlated with Aβ deposition in individuals with 
AD. This result suggests a possible link between regional aerobic glycolysis and 
the subsequent development of AD pathology [44, 45]. In APP/PS1 mice, glucose 
uptake becomes increased in the cortex and hippocampus compared to control mice. 
Particularly, an increase in glucose uptake is near plaques rather than in Aβ-free 
brain tissues, suggesting that glucose uptake may compensate for Aβ deposition [46]. 
Furthermore, it is presumed that weakened glucose metabolism might be a more 
accurate marker of neuronal atrophy than Aβ accumulation itself, since it precedes 
the onset of clinical symptoms in AD. In clinical studies, AD patients show early and 
progressive reductions in glucose metabolism in cortical and hippocampal regions. 
In contrast, increased glucose transport to neurons can rescue the neuronal toxic-
ity of Aβ [47]. There actually is brain glucose deficit and hypometabolism in AD 
patients, which may further worsen energy insufficiency and accelerate Aβ-induced 
neurodegeneration.
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Risk factors such as MetS in adulthood are a risk indicator for impaired brain 
metabolism which trigger the same metabolic effects as in pre-asymptomatic patients 
risking Alzheimer’s. Analysis of 1H magnetic resonance spectroscopy scanning 
in the occipital lobe of 9 healthy participants; 10 obese nondiabetic participants; 
and 6 poorly controlled, insulin- and metformin-treated type 2 diabetes mellitus 
(T2DM) it was measured the change in intracerebral glucose levels during a 2-hour 
hyperglycemic clamp (glucose ~220 mg/dl). The change in intracerebral glucose was 
significantly different across groups. Individuals with obesity and those with T2DM 
had significantly reduced increments in brain glucose concentrations compared 
with controls (healthy 1.46 ± 0.1 mmol/l vs. obese 1.06 ± 0.06 mmol/l vs. T2DM 
0.71 ± 0.1 mmol/l). Individuals with poorly controlled T2DM showed a further 
blunting of brain glucose levels compared with obese individuals 1.46 ± 0.1 mmol/l 
vs. obese 1.06 ± 0.06 mmol/l vs. T2DM 0.71 ± 0.1 mmol/l). Individuals with poorly 
controlled T2DM showed a further blunting of brain glucose levels compared with 
obese individuals [48].

2.2 Brain lactate metabolism in physiological and pathological aging

Lactate trafficking among astrocytes and neurons is mainly mediated by mono-
carboxylate transporter 2 (MCT2), which provides lactate uptake in neurons [49], 
and monocarboxylate transporter 4 (MCT4), which provides lactate release from 
astrocytes [49]. Both transporters serve vital functions necessary for memory forma-
tion and synaptic transmission in the hippocampus [50]. In an AD model, MCT2 and 
lactate levels were found to be reduced in the cerebral cortex and the hippocampus 
[51]. Hence, the alteration of these transporters could reduce lactate uptake into 
the neuron, further compromising energy metabolism and inducing cognitive 
impairment.

Glycogen is primarily stored in astrocytes, since its accumulation in neurons can 
induce apoptosis, thereby increasing the probability of suffering from dementia 
[52, 53]. Therefore, under physiological conditions, neurons inhibit their storage 
across the laforin-malin complex. Laforin is an enzyme that promotes glycogen 
storage but, in combination with malin, it stimulates proteasomal degradation of 
glycogen synthase. In the hippocampus of aged animals, Laforin becomes increased 
five-fold compared to adult mice and could induce increased glycogen synthesis in 
aged animals, which would be detrimental to neurons [54, 55].

In order to meet the energy demand of the brain, the system can generate more 
efficient compensatory mechanisms for quick energy production by either reducing 
the number of transporters in neurons or increasing the number of transporters in 
astrocytes.

In a study using proteomics, immunofluorescence, and qPCR in aged animals, 
glycogen phosphorylase (PYG), glycogen-degrading enzyme, was found to have 
increased its activity in hippocampal neurons, leading to a decrease in memory 
consolidation [56]. On the other hand, a decreased glycolytic capacity of astrocytes, 
along with a decrease in the number of suitable transporters for lactate secretion 
(MCT1) would balance the increased neuronal production of this compound, and the 
astrocytes would use the lactate produced by neurons to fuel. This could be a protec-
tive mechanism against neurodegeneration in the aged hippocampus.

Lactate is produced in neurons through neuronal lactate dehydrogenase (LDH) 
activity [57]. Native LDH consists of 4 LDHA or LDHB subunits assembled in 
all possible combinations, forming a variety of tetrameric LDH isoenzymes [57]. 
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LDHA isoenzymes particularly favor anaerobic glycolysis, which may catalyze 
pyruvate to lactate, while LDHB isoenzymes mostly catalyze the conversion of lactate 
to pyruvate [58]. Studies shows that neuronal LDHA and LDHB are reduced, and 
that reduced levels of neuronal LDHB are more evident than neuronal LDHA in  
APP/PS1 mice. Meanwhile, the neuronal LDHA/LDHB ratio is increased in APP/PS1 
mice compared to control mice.

On basis of these data, reduced expression of MCT2 and MCT4 is suggested to 
possibly prevent lactate transport from astrocytes to neurons. Consequently, neurons 
become lactate deficient. Also, reduced brain lactate levels further aggravate energy 
deficiency in neurons. Neurons can increase neuronal LDHA/LDHB ratio to favor 
lactate production and partially alleviate their lack of energy substrate. Nevertheless, 
this compensatory enzyme modification is still insufficient to compensate for energy 
deficiency in neurons.

Studies in human brain cortex show that lactate could replace glucose to support 
respiration under basal conditions and during electrical stimulation [59]. Neurons in 
vitro prefer lactate over glucose when both substrates are provided [60]. In vivo stud-
ies demonstrate the existence of a metabolic coupling between astrocytes and neurons 
where a lactate gradient from astrocytes to neurons occurs [61]. Pharmacological 
inhibition of MCT2 irreversibly impairs long-term memory in mice [62]. Long-
term memory impairment can be reversed by intrahippocampal administration of 
lactate—not glucose—in MCT4-deficient mice [63]. Additionally, heterozygous 
MCT1 knockout mice have impaired inhibitory avoidance memory [64]. All these 
results strongly suggest that neuronal lactate uptake is important for the recovery of 
long-term memories. The overall contribution of lactate to brain metabolism differs 
according to its availability. Studies in conscious humans have shown that, under 
resting conditions, lactate uptake by the brain provides about 8% of its energy needs. 
This percentage increases to 20% under high plasma lactate level conditions, such as 
during intense exercise [65]. Furthermore, under different exercise intensities, brain 
lactate metabolism is higher in trained subjects compared to controls. This suggests 
the possibility of adaptive mechanisms that allow the brain to respond to changes in 
substrate availability.

In a study, plasma samples were analyzed for fasting lactate to compare lean sub-
jects, non-diabetic subjects with severe obesity, and metabolically impaired subjects. 
Fasting plasma lactate was elevated in obese subjects with the metabolic syndrome 
compared to healthy lean individuals. These data suggest that elevated lactate may be 
caused by an impairment in aerobic metabolism and may offer a focus assessing the 
severity of the metabolic syndrome [66].

2.3 Brain metabolism of ketone bodies in physiological and pathological aging

Ketone bodies such as β-hydroxybutyrate (BHB) and acetoacetate (AcAc) are rec-
ognized as essential energy substrates for the brain during development, delivering 
up to 30–70% of its energy requirements [67]. In the adult brain, ketone utilization is 
markedly reduced when being fed, but may increase under conditions of limited glu-
cose availability, such as during fasting, starvation, low-carbohydrate/high-fat intake, 
and intense or prolonged exercise sessions. Under such conditions, the liver generates 
ketone bodies from the oxidation of fatty acids and ketogenic amino acids. Astrocytes 
can metabolize and deliver ketone bodies to neurons from fatty acid β-oxidation [68], 
however the rates of fatty acid transport are very low compared to those in the liver. 
In adults, the activity of ketone- metabolizing enzymes is high enough to easily allow 
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a complete switch from glucose to ketones to meet the energy needs of the brain [69]. 
Because ketones are never produced in saturated concentrations, the brain’s rate of 
utilization is strictly regulated by their concentration in blood. In fact, brain glucose 
utilization during ketosis has been proven to decrease by approximately 10% per 
millimole of plasma ketones [70].

Whenever glucose availability declines due to fasting, starvation, exercise, caloric 
restriction or the ketogenic diet (KD), glycogen reserves in the liver become depleted 
and lipolysis of triacylglycerols or diacylglycerols in adipocytes generates free fatty 
acids (FFAs). The liver uses these fatty acids and ketogenic amino acids such as 
isoleucine, tryptophan, tyrosine, leucine, lysine, phenylalanine, and threonine. FFAs 
are metabolized by β-oxidation to AcetylCoA, which is used to generate ketone bodies 
such as AcAc, BHB and acetone (AC). AC is rapidly eliminated through urine and 
lungs, while BHB and AcAc cross the BBB into the neuron via monocarboxylic acid 
transporters (MCTs). In the anabolic pathway that takes place in the cytosol, acetoac-
etate is converted into acetoacetyl-CoA (AcAc-CoA) by the enzyme acetoacetyl-CoA 
synthase (AACS). AcAc-CoA can be synthesized into acetyl-CoA to generate sterol 
precursors, 3- hydroxy-3-methylglutaryl-CoA (HMG-CoA) by 3-hydroxy-3-meth-
ylglutaryl-CoA synthase 1 (HMGCS 1). Acetyl-CoA produced from AcAc-CoA by 
cytosolic β- ketothiolase (cBKD) or from citrate by ATP-citrate lyase (ACLY), can be 
converted into malonyl-CoA for fatty acid synthesis. The amino acid can be synthe-
sized using TCA cycle intermediates. Ketone oxidation occurs in mitochondria where 
AcAc captured or generated directly from 3 HB by 3-β-hydroxybutyrate dehydroge-
nase (BDH) is converted into acetyl-CoA via succinyl-CoA-3-oxoacid CoA transferase 
(SCOT) and mitochondrial β-ketothiolase (mBKD). Complete oxidation of AcAc 
produces 23 ATP molecules, while 3 HB generates 26 ATP molecules. Additionally, 
astrocytes have an important local reserve of βHB for neurons [71].

Studies show that these metabolic challenges (fasting, exercise, caloric restric-
tion, or ketogenic diet) should be intermittent as they increase insulin sensitivity 
and increase glucose reuptake and utilization by neurons. The incorporation of 
glucose stimulates the release of the hormone glucagon-like peptide 1 (GLP1), which 
crosses the BBB and has a direct action on neurons, hence improving cognitive 
function [72].

3.  Metabolic challenges improve cognitive function when suffering  
from dementia

Whereas brain glucose metabolism declines with normal aging and more severely 
in AD, the ability to metabolize ketone bodies becomes another form of energy 
substrate for the brain and remains normal in older people and AD patients [73, 74]. 
Several clinical studies in aging with cognitive impairment or AD show how meta-
bolic interventions can improve cognitive processing and possibly mitigate the effects 
of AD disease.

A cohort study in 70.1 (± 6.2) years patients and educational level 15.3 (± 2.8) years 
with cognitively impaired were given an additional 50% calories while another group 
consumed just 20 g of carbohydrates per day to maintain ketosis for 6 weeks. The 
group that held a lower caloric consumption had a higher intake of fat and protein 
(a typical KD). This group increased learning and memory, and their urine ketones 
increased by 5.4 mg/dl [75]. Researchers found that ketone concentrations had a 
significant correlation with memory performance.



Lifestyle-Related Diseases and Metabolic Syndrome

58

A longitudinal study ran 2 caloric restriction diets to overweight and obese people 
for 1 year. A low-fat diet (46% carbohydrates and 30% total fat; <8% saturated 
fat) and a low-carbohydrate diet consisting of 20–40 g carbohydrates (4% energy) 
and a higher amount of fat (61% energy, 20% saturated). In addition to a reduction 
in weight, plasma glucose and serum insulin, working memory was significantly 
improved by KD intervention [76].

Several studies have suggested that ketogenic dietary interventions may slow func-
tional cognitive impairment and the development of dementia; however, the benefit 
of KD-induced ketosis may be limited to those without the apolipoprotein E4 (ApoE4) 
variant [77]; a variant known to be associated with AD [78]. Nevertheless, a case study 
of a heterozygous ApoE4 71-year-old woman with metabolic syndrome and mild AD 
with progressive cognitive impairment showed significant improvement in memory 
measured by the Montreal Cognitive Assessment (MoCA) after 10 weeks of KD. The 
intervention was aimed at maintaining plasma ketones between 0.5 and 2.0 mg/dl 
while also doing physical and mental exercises [79]. Similarly, an obese heterozygous 
ApoE4 68-year-old man with mild AD and type 2 diabetes mellitus showed improve-
ment on the MoCA scale, which represented an AD regression after 10 weeks of KD. 
In the latter case, a hybrid KD approach with time-restricted intermittent fasting (IF) 
was applied 3 days a week [80]. In both cases, improvements in various metabolic 
parameters such as glucose, glycosylated hemoglobin, insulin and lipid profile were 
documented [79, 80]. Even though multiple elements might have contributed to the 
cognitive improvements observed, these case studies have provided groundbreaking 
evidence of the potential to delay or reverse mild cognitive impairment from progress-
ing to AD through ketogenic dietary interventions, even in ApoE4+ cases.

In view of pathological aging such as Alzheimer’s, mitochondria isolated from 
animal models and Alzheimer’s patients show reduced enzymatic activity of the cyto-
chrome C oxidase complex (ETC IV) [81] at the cellular level, as well as decreased 
oxidative respiration and progressive accumulation of Aβ in the mitochondria of 
neurons [82]. Both metabolic dysfunction and mitochondrial Aβ accumulation appear 
to occur early in disease progression before the onset of amyloid plaque formation 
[83]. This suggests that early metabolic dysfunction is a key process in Alzheimer’s 
progression and a potential target for therapeutic intervention.

An interesting nutritional strategy would be to improve the quality of fatty acids 
with medium chain fatty acids (LCFA) that are directly absorbed into the portal vein 
instead of the lymphatic system. Caprylic acid (C8) and capric acid (C10), medium 
chain fatty acids (MCFAs), are most ketogenic, which can be found in coconut oil and 
palm kernel oil [84]. Nevertheless, the concentration of these lipids is relatively low in 
coconut oil interventions, as they only raise levels of ketones slightly ~0.6 mM [84, 85].

Another alternative to the ketogenic diet is the ingestion of exogenous ketone 
esters and salts, which significantly increase ketone levels to >1 mM after ingestion, 
where ketone ester is the most potent in increasing circulating ketones even while 
consuming regular meals [86, 87]. Ketone salts often consist of a mixture of BHB D 
and L isoforms, although the metabolic contribution of L isoform is poorly under-
stood. All three approaches (ketogenic diet, MCFA and exogenous ketone bodies) 
have been used in studies of neurodegenerative diseases, where MCFA becomes the 
most employed one. It is worth mentioning that MCFAs may have neuroprotective 
effects that are unrelated to ketonemia, as MCFAs can cross the blood-brain barrier 
(BBB) and work as substrates for energy metabolism [88]. Studies also establish that 
MCFA, capric acid, may have the ability to improve mitochondrial function and 
reduce neuronal hyperactivity, which is often observed in AD [88].
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A study on 39 subjects 63-year-old with mild cognitive impairment were 
supplemented twice daily for 6 months with 15 g of MCFA. Participants showed 
an improvement in different cognitive domains, including episodic memory 
and executive function compared to 44 subjects with a non-ketogenic placebo. 
A marked increase in plasma ketones was observed only in those assigned 
MCFA, and this increase was directly and significantly correlated with cognitive 
improvements.

Another study on subjects with cognitive impairment were given 56 g of MCFA oil 
or a placebo (canola oil) for 6 months. Study subjects assigned to placebo reflected no 
changes in BHB levels or cognitive functions. Nevertheless, subjects who were admin-
istered MCFA oil as well as, one subject lacking the ApoE4 gene, showed an increase 
in BHB levels compared to baseline, which decreased over the following weeks. This 
was different from the other subject who had the ApoE gene, as he maintained this 
BHB increase throughout the study period. As for cognition, both subjects showed 
improvements in this sense, as measured by the Alzheimer’s Disease Assessment 
Cognitive Subscale (ADAS-Cog); however, the ApoE4- negative subject showed a 
greater improvement.

A study on people with very mild, mild, and moderate AD showed cognitive 
improvement in the Mini-Mental State Examination Scale (MMSE) and ADAS-Cog 
after 3 months of being supplemented with an MCFA. However, this improvement in 
cognitive function did not persist after the dietary intervention ended. These find-
ings suggest that efficacy depends on administration time. In another study on AD 
subjects, they were given 20 g of MCFA for 3 months, which led to improvements in 
working memory, short-term memory, and processing speed.

4. Conclusion and future directions

Brain hypometabolism of glucose and lactate to be altered long before the onset 
of Alzheimer’s disease. Moreover, risk factors such as MetS in adulthood are a risk 
indicator for impaired brain metabolism which trigger the same metabolic effects as 
in pre-asymptomatic patients risking Alzheimer’s. Therefore, providing more ketones 
to the aging brain can help it overcome progressive deficit in glucose absorption and 
metabolism, which delays brain energy depletion and decreases the risk of cognitive 
impairment and/or Alzheimer’s disease.

Future challenges lie in elucidating the cellular and molecular mechanisms of 
nutritional therapies based on intermittent ketosis that account for the increase in 
synaptic plasticity, cognitive function, and resistance to neurodegeneration.

Understanding these mechanisms will contribute to the awareness of the patho-
physiology of dementias and a more effective approach to their treatments.
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Chapter 5

Effectiveness of Lifestyle 
Interventions for Nonalcoholic 
Fatty Liver Disease Treatment
Abdelilah Arredouani

Abstract

The prevalence of nonalcoholic fatty liver disease (NAFLD), which affects around 
25% of the world’s population, has been rapidly rising along with the rate of obesity in 
the world. NAFLD is now the leading indicator for liver transplantation in developed 
countries. NAFLD is a spectrum of diseases ranging from simple steatosis to nonalco-
holic steatohepatitis (NASH), which can progress to advanced fibrosis and cirrhosis, 
eventually culminating in hepatocellular carcinoma. NAFLD management continues 
to pose challenges for patients, physicians, and healthcare systems because there 
is presently no approved effective pharmacotherapy. The current standard of care 
emphasizes intensive lifestyle interventions that include calorie restriction, increased 
physical activity, and weight loss. Several studies have demonstrated that weight loss 
of 5% or more of body weight can put NAFLD into remission. However, strict com-
pliance and long-term effort have been an issue for many NAFLD patients precisely 
because of the difficulty of maintaining a sustained weight reduction. This chapter 
discusses the evidence supporting lifestyle intervention’s effectiveness in improving 
NAFLD and the barriers that hinder the implementation of lifestyle adjustments 
and behavior changes. Finally, a few tips to help overcome these barriers are briefly 
discussed.

Keywords: NAFLD, steatosis, lifestyle intervention, diet, exercise

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized by the buildup of lipids 
in the hepatocytes, as evidenced by radiologic or histologic examination. NAFLD 
occurs without a coexisting etiology of chronic liver diseases, such as medications, 
alcoholism, or viral hepatitis. The spectrum of NAFLD encompasses two subtypes: 
nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH). NAFL is 
marked by simple mild steatosis, described as an excessive buildup of hepatic triglyc-
erides, typically above 5% of the liver’s weight. Steatosis is generally a “benign” condi-
tion, and it does not cause liver damage but can pave the way for NASH to develop if 
not reversed. NASH is more aggressive and develops when steatosis combines with 
lobular and portal inflammation and liver cell damage in the form of hepatocyte 
ballooning [1]. The inflammation and liver damage of NASH can cause fibrosis, 
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or scarring, of the liver and may lead to cirrhosis, in which the liver is scarred and 
permanently damaged [2]. In some cases, cirrhosis can develop into hepatocellular 
carcinoma [3] (Figure 1). Clinically, it is essential to distinguish between NAFL and 
NASH, as most NAFLD patients have steatosis without necroinflammation or fibrosis 
and do not require medical therapy.

NAFLD affects about 25% of the global population [4] and up to 30% in certain 
regions like the Middle East and South America [5]. NASH has emerged as the 
Western world’s fastest-growing liver transplant indication [6]. The exact etiology 
of NAFLD remains elusive. However, it is accepted that obesity, type 2 diabetes 
(T2D), dyslipidemia, and insulin resistance (IR) are its primary causes [7]. The 
global prevalence of NAFLD among patients with T2D is ~55.5% [8]. Conversely, 
NAFLD is associated with an increased risk of developing T2D [9]. It is worth 
noting that NAFLD can also affect lean individuals, who account for 10–15% of all 
NAFLD cases [10].

The pathophysiology of NAFLD is complex and implicates increased de novo fatty 
acid synthesis in hepatocytes and lipid retention resulting from reduced hepatocyte 
apolipoprotein production and β-oxidation [11]. Epidemiological, familial, and twin 
studies have also provided evidence for an element of heritability of NAFLD [11–13].

An increased emphasis is being placed on discovering novel medicines to pre-
vent, treat, or cure NAFLD due to the disease’s skyrocketing incidence and the 
resulting medical and financial burden. Notwithstanding all efforts, no NAFLD 

Figure 1. 
The spectrum of NAFLD progression and estimated prevalence of the disease stages (adapted from https://
commons.wikimedia.org/wiki/File:NAFLD_liver_progression.svg). NAFLD encompasses four stages: 1) simple 
steatosis (or NAFL), where fat accumulates in the hepatocytes without inflammation, ballooning, or fibrosis. 
Steatosis affects 20–30% of the world’s population. 2) nonalcoholic steatohepatitis (NASH), where there is 
massive steatosis with indications of hepatocyte injury, i.e. inflammation, ballooning degeneration with or 
without fibrosis. Some 15–25% of steatotic patients progress to NASH. 3) within 10–20 years, some 5–10% of 
NASH patients may progress to liver cirrhosis, an end-stage liver disease in which most of the hepatocytes are 
replaced by collagen. 4) cirrhosis eventually progresses to hepatocarcinoma (HCC), where the liver is unable to 
regenerate and repair (liver failure), and transplantation is required. HCC affects 2–5% of cirrhotic patients. 
Factors that cause simple steatosis include calorie-dense Western diets, obesity, T2D, and insulin resistance. 
Inflammation and hepatocyte apoptosis are factors that contribute to the development of NASH. Liver fibrosis is 
a transitional phase of NASH that results in the development of liver cirrhosis. Steatosis and NASH/fibrosis could 
be reversed with lifestyle adjustments, while cirrhosis and HCC are hardly reversible.
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pharmacotherapy has yet been approved [5]. At best, physicians can prescribe various 
medicines to manage the disorders associated with the condition, including hyperten-
sion, hypercholesterolemia, T2D, and obesity. Nowadays, weight loss remains the 
cornerstone treatment for NAFLD. Several randomized controlled trials (RCTs) have 
shown that ≥5% weight loss improved steatosis, while ≥7% weight loss improved the 
NAFLD activity score (NAS) [14]. Dietary interventions showed that energy restric-
tion was crucial to improvement in liver fat and transaminase levels. Intensive lifestyle 
interventions (ILIs) have shown significant success in NAFLD [15]. In the sections 
below, the limitations of the current NAFLD treatments and the results obtained with 
ILI-based clinical trials will be discussed.

2. Limitations of current NAFLD treatments

NAFLD is one of the medical requirements with the greatest unmet potential for 
pharmacotherapeutic treatments, despite being the most common cause of chronic 
liver disease globally. NAFLD patients frequently have metabolic comorbidities 
such as obesity, hyperlipidemia, IR, and T2D [16]. Therefore, the management of 
NAFLD should consist of treating liver disease as well as these comorbidities. Some 
of the treatments that have been tried so far include dietary supplements, including 
polyunsaturated fatty acids (PUFAs), vitamins, and resveratrol, and drugs, including 
metformin, thiazolidinedione, incretin analogs, glifozines, statins, ACC, FAS, and 
DGAT1/2 inhibitors, obeticholic acid, SARTANS (telmisartan, valsartan, and losar-
tan), and finally the more invasive bariatric surgery.

Supplementation with polyunsaturated fatty acids (PUFAs) was examined in 
the management of NAFLD, considering the promising outcomes gained by using 
a Mediterranean diet (MD) high in PUFAs. A meta-analysis of nine studies involv-
ing 355 participants looked at the effect of omega-3 or fish oil supplementation 
on NAFLD and found that, despite being extremely heterogeneous, some results 
showed that supplemented patients had significantly lower fatty liver [17]. n-3 PUFA 
supplementation dramatically reduced liver fat compared to placebo, and it also 
improved levels of triglycerides, total cholesterol, high-density lipoprotein, and BMI, 
according to a new meta-analysis comprising up to 22 RCTs and 1366 participants 
[18]. However, alanine transaminase (ALT), aspartate aminotransferase (AST), and 
γ-glutamyl transferase (GTT) levels were not significantly improved [18]. Higher 
blood levels of total n-6 PUFA and linoleic acid were linked to lower probabilities of 
developing NAFLD in middle-aged and older Finnish people, according to a recent 
study [19]. The exact mechanism of ω-3 PUFAs’ beneficial effect on NAFLD is not 
fully understood. However, it might result from the combination of their transcrip-
tional repression activity on acetyl-CoA carboxylase (ACC), fatty acid synthase 
(FASN), and L-pyruvate kinase, critical hepatic glycolysis, and de novo lipogenesis 
enzymes [20], as well as their prominent antioxidant, regenerative, and antitumor 
properties [21]. Despite these promising results, there is a need for well-designed 
RCTs which quantify the magnitude of the effect of PUFAs supplementation on liver 
fat as well as the quantities required to achieve a significant effect on liver fat content 
and improve liver enzyme levels.

Diet and exercise-related lifestyle decisions made by an individual have a major 
impact on NAFLD. Accordingly, research has highlighted the significance of calo-
rie restriction and macronutrient composition in influencing illness outcomes. 
However, the liver is also crucial in micronutrient metabolism, and dysregulation of 
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this metabolism may contribute to NAFLD development. Recent studies have high-
lighted the relation between dietary vitamins and fat accumulation in the liver [22]. 
A growing number of studies have linked vitamins, notably vitamin E, to NAFLD, 
and vitamin supplementation has been suggested as a possible therapeutic strategy 
in treating NAFLD [23]. Changes in the serum levels of vitamin D, vitamin B12, and 
folate have demonstrated a high link with the severity of NAFLD, and the antioxidant 
activities of vitamins C and E have been credited with reducing hepatocyte injury. 
Several biochemical alterations in NAFLD, including the lipotoxic hepatic environ-
ment, the altered immune system, the unwarranted inflammation, the oxidative 
stress, the epigenetic modifications, and the gut dysbiosis, correlate to derangement 
in vitamins [24]. More carefully planned studies on the human population are still 
required to establish vitamins’ effectiveness and safety as therapeutic agents, despite 
the attractive prospective choices to improve NAFLD management with vitamins. In 
fact, high doses of vitamin E were shown to be toxic and could increase the risk of 
cardiovascular mortality [25].

Resveratrol is a polyphenol in berries, including grapes, blueberries, and blackber-
ries [26], and was suggested as a potential treatment option for managing NAFLD 
given its anti-inflammatory and antioxidant properties, as well as calorie restriction-
like effects [27]. By reducing lipogenesis and inflammation, resveratrol reduces 
hepatic steatosis in high-fat-fed mice [28]. For treating NAFLD in humans, a 12-week 
supplementation of 500 mg of resveratrol and lifestyle modification was superior to 
lifestyle modification alone [29]. This effect was attributed partially to the attenua-
tion of inflammatory markers and hepatocellular apoptosis. However, the number 
of participants was small (n = 50 for both arms), and studies with larger cohorts are 
warranted for validation.

Presently, neither the FDA nor the EMA (European Medicines Agency) has 
approved a medication for the treatment of NAFLD. Consequently, the agencies 
concur that any drug provided for therapeutic purposes for NAFLD is regarded as an 
off-label treatment, and that this therapeutic strategy is addressed with the patient 
while considering the risk/benefit ratio [30]. Some of the drugs considered relevant 
for NAFLD treatment are presented in Table 1. It is beyond this chapter’s scope to 
discuss each drug’s mechanisms of action, but the reader can find ample information 
in the literature, such as in [101–103].

3. Lifestyle modification in NAFLD treatment

It is commonly accepted that lifestyle variables, such as an excessive intake of 
calorie-dense foods and a sedentary lifestyle, are directly related to the pathophysi-
ology of NAFLD, even though the involvement of genetic predisposition in the 
development of the disease cannot be eliminated. This link is demonstrated by the 
parallelism between the occurrence of NAFLD and obesity worldwide. Intensive 
lifestyle interventions, such as dietary changes and regular physical activity that 
led to significant weight loss, have been the mainstays of NAFLD management and 
treatment thus far. When successful, lifestyle modifications are far more effective at 
lowering fibrosis and necroinflammatory alterations in NASH than medications cur-
rently being trialed. Therefore, lifestyle modification is considered the main clinical 
recommendation and the initial step in managing NAFLD. The research supporting 
the use of lifestyle modification to treat NAFLD/NASH patients’ hepatic steatosis and 
liver histology is examined in this section. Since long-lasting lifestyle changes and 
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weight loss are challenging to achieve [104] and unfortunately, altering one’s lifestyle 
alone does not always succeed, the different hurdles to adopting these changes are 
highlighted, along with strategies to overcome them.

A number of RCTs have demonstrated that altering one’s lifestyle aids individuals 
with NAFLD in shedding pounds, lowering liver fat content, and raising their NAFLD 
activity score, which is a combination of steatosis, inflammation, and hepatic bal-
looning and is determined by liver biopsy. In a very recent meta-analysis of 30 RTCs 
involving 3280 participants with proven NAFLD, Fernandez et al., [104] found that 
combined exercise and diet intervention leads to significant reductions in ALT, AST, 
and HOMA-IR (Homeostatic Model Assessment for Insulin Resistance) than diet or 
exercise alone. Also, Peterson and coworkers [105] reported a reversal of intrahepatic 
lipid in eight obese subjects following a 12-week moderately hypocaloric, very-low-fat 
(3%) diet (~1200 kcal/day) that led to a weight loss of only ~8 kg. Furthermore, in an 
RCT examining the effects of weight loss on clinical parameters of NASH, Promrat et 
al., [106] employed a 48-week ILI that combined diet, exercise, and behavior change, 
and targeting 7 to 10% weight loss, on 31 overweight/obese adults with biopsy-proven 
NASH. The patients were randomized in a 2:1 ratio to receive ILI or structured educa-
tion (control). The change in NASH histological activity score (NAS) was the primary 
outcome (NAS ranges between 0 and 8) and is used to grade NAFLD: NAS ≥ 5 indi-
cates NASH, and NAS ≤ 3 indicates no NASH [106]. In contrast to the control group, 
which lost 0.2% of weight after 48 weeks, patients allocated to ILI lost an average of 
9.3% of their body weight. A significant correlation was observed between percent 
weight reduction and improvement in NAS (r = 0.497, P = 0.007). When compared 
to the control group (4.9 to 3.9), NAS dramatically improved in the ILI (from 4.4 to 
2.0;P = 0.05). Compared to those who lost less than 7%, the patients who achieved 
the study weight loss goal significantly improved steatosis, lobular inflammation, 
 ballooning injury, and NAS.

In an RCT undertaken by Katsagoni and coworkers in Greece [107], 63 ultraso-
nography-proven obese NAFLD patients with high ALT and/or GGT levels received 
6 months of Mediterranean lifestyle intervention consisting of a Mediterranean diet 
(MD) along with guidance to increase physical activity and improve sleep habits. 
Compared to control patients, who received only written information for a healthy 
lifestyle, the Mediterranean lifestyle intervention patients showed a significant 
50% reduction of ALT levels and liver stiffness after adjusting for % weight loss and 
baseline values. An RCT has looked at the impact of the green Mediterranean diet 
(GMD), which further restricts red and processed meat while enhancing green veg-
etables and polyphenols, on NAFLD as measured by intrahepatic fat (IHF) reduction 
[108]. In this 18-month study, 294 participants with abdominal obesity/dyslipidemia 
were divided into three weight-loss groups: healthy dietary guidelines (HDGs), MD, 
and green-MD, all of which included physical activity. NAFLD prevalence declined 
significantly to 54.8%, 47.9%, and 31.5% in HDG, MD, and GMD groups, respectively 
(p = 0.012 between groups). Even while the two MD groups experienced similar mod-
est weight reduction, it is interesting to note that the GMD group experienced over 
twice as much intrahepatic fat (IHF) % loss (−38.9% proportionately) as compared to 
the MD and HDG groups.

In a very recent parallel, multicenter RCT, George and coworkers [109] looked 
at the impact of a Mediterranean diet (MD) on hepatic and metabolic outcomes in 
NAFLD. The 42 participants were randomized (1:1 ratio) to MD or low-fat diet (LFD) 
for 12 weeks. The results revealed that intrahepatic lipids and insulin resistance (mea-
sured by HOMA-IR) improved significantly within the LFD group but not within 
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the MD group. The visceral fat was reduced significantly in both groups. It is worth 
noting that this RCT did not involve any physical activity, which could have improved 
the results. Results from a recent [110] 52-week phase IV double-blind parallel RCT 
comparing the effects of lifestyle and dietary intervention plus Ezetimibe to lifestyle 
versus dietary intervention alone (placebo) on the progression and complications 
of NASH revealed that Ezetimibe administered in addition to lifestyle and dietary 
modification failed to significantly improve the histology of NASH beyond what is 
achieved with lifestyle and dietary modification alone.

In a 2-year RCT, Marin-Alejandro and colleagues examined the results of two 
customized dietary approaches in NAFLD patients [111]. The 98 participants were 
divided into two groups at random: the test group received the Fatty Liver in Obesity 
(FLiO) diet and the control group received the American Heart Association (AHA) 
diet. The AHA diet is based on AHA recommendations for eating habits and life-
style changes, and it aims to reduce body weight by at least 3–5% and as much as 
10% to reduce liver disease-related necrotizing inflammation. The FLiO diet is a 
Mediterranean diet that has the same targets as the AHA diet and is based on a quanti-
tively and qualitatively good distribution of macronutrients, meal frequency, dietary 
behavior, antioxidant capacity, and lifestyle advice. The FLiO group outperformed 
the AHA group at the end of the study in terms of ALT, liver stiffness, and Fatty Liver 
Index, among other outcomes. However, weight loss percentage attenuates these 
differences when the analyses were adjusted. These results demonstrate that both 
approaches are viable substitutes for managing NAFLD. The FLiO method, however, 
might offer more long-lasting advantages in terms of metabolic and hepatic character-
istics. Because of the limited space, only a few RTCs that reported the positive effect 
of lifestyle adjustments on NAFLD are reported above. Table 2 shows some more 
similar RTCs conducted in the last 2 years.

4. Barriers and facilitators to implementing a lifestyle change for NAFLD

According to the evidence outlined in the previous section, NAFLD therapy based 
on intensive lifestyle intervention that combines diet and exercise can be successful. 
However, there are numerous obstacles to the clinical implementation of lifestyle 
intervention. For instance, the majority, if not all, intensive lifestyle therapies 
designed to improve NAFLD/NASH necessitate a weight loss of at least 5% of body 
weight. However, weight loss is notoriously difficult to achieve and even more chal-
lenging to maintain [119]. Without weight loss maintenance, the effect of ILI will, at 
best, be temporary. In a prospective observational cohort study, Jimenez and cowork-
ers [110] evaluated the influence of weight regain on the NAFLD, assessed utilizing a 
fibrosis score 3 years post Roux-en-Y-gastric bypass surgery. They observed that of the 
90 patients examined, 35.6% had obesity recurrence and that the fibrosis score in this 
group was significantly higher than in the group that had no weight regain. Similar 
to this, Nakanishi et al., [120] recently showed that among male participants who 
had been diagnosed with NAFLD and had entered remission, weight gain of 1.5 kg 
or more and a lack of exercise were related with NAFLD recurrence. The findings 
of these two studies strongly indicate that maintaining a weight loss is necessary to 
maintain NAFLD remission.

Additionally, the success of implementing ILI for NAFLD management requires 
the care to be best provided by multidisciplinary teams incorporating physicians 
who are experts in the management of NAFLD and its comorbidities, nutritionists, 
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Study Design Number of 
patients

Objective Outcome

George ES 
et al., [112]

Parallel 
multicenter RTC

42 NAFLD 
patients

Assess the effect 
of MD or LFD for 
12 weeks on IHL

LFD improved 
IHL and insulin 
resistance. Significant 
improvements in 
visceral fat were seen 
within both groups

Montemayor S 
et al., [113]

Cross-sectional 
study

155 Ow/
Ob NAFLD 
patients with 
MetS

To evaluate the 
impact of a tailored 
hypocaloric diet 
and increased 
physical exercise on 
IHL and NAFLD 
progression

Subjects with NAFLD 
and MetS had reduced 
intrahepatic fat content 
and liver stiffness in 
response to diet and 
exercise

Noto D et al., 
[114]

Double-blind 
RCT

40 patients 
with 
ascertained 
NASH

Compare Lifestyle 
adjustment versus 
ezetimibe + lifestyle

Ezetimibe + lifestyle 
modification is not 
superior in improving 
NAHS than lifestyle 
modification alone

Mascaro CM 
et al., [115]

Prospective 
cohort analysis 
of data obtained 
between baseline 
and 6-year 
parallel-group 
randomized trial

155 NAFLD 
patients with 
MetS

Compare the effect 
of 6-month CD 
versus MD-high 
meal frequency 
or MD + physical 
activity on fitness 
status

Lifestyle 6-month 
intervention with 
diet and regular PA 
improved functional 
fitness in patients with 
NAFLD and MetS

Meir AY et al., 
[108]

Eighteen-month 
randomized 
clinical trial

294 
participants 
with 
abdominal 
obesity/
dyslipidemia

Analyze the impact 
of a green-MD diet, 
which is low in red 
and processed meat 
and high in green 
vegetables and 
polyphenols, on 
NAFLD as shown 
by loss of IHL.

Green-MD can 
double IHL loss and 
reduce NAFLD in half 
compared to healthy 
dietary guidelines or 
regular MD

Jovanovic GK 
et al., [116]

RCT 81 obese 
participants

After a 6-month 
follow-up, assess 
the impact of an 
anti-inflammatory 
diet with lower 
energy intake on 
the liver health in 
younger persons 
with obesity.

The anti-inflammatory 
diet induced 
a significant 
improvement of liver 
parameters in younger 
adults with obesity

Marin-
Alejandre BA  
et al., [111]

RCT 98 NAFLD 
patients

Evaluate the 
long-term effects 
AHA and FLiO 
diets on weight loss, 
and metabolic and 
hepatic outcomes 
in overweight/
obese subjects with 
NAFLD

The AHA and FLiO 
diets were able to 
improve body weight 
and body composition, 
as well as the metabolic 
and hepatic status 
of participants with 
overweight/obesity and 
NAFLD within a 2-year 
follow-up
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educators, physical exercise coaches, as well as the patients’ families. It also requires 
discipline, monitoring for complications, and regular laboratory assessments. The 
goal should be to foster an environment that promotes maintaining healthy body 
weight and body composition as a way of life. Another barrier to implementing ILI for 
NAFLD management is the lack of training necessary to deliver it among the health 
providers. In fact, a study by Avery et al., [121] has found a significant gap between 
recommendations and how clinical treatment is provided in reality. Healthcare pro-
fessionals acknowledged a lack of knowledge and tools on how to successfully target 
lifestyle behavior change to control NAFLD over the long term and the necessity for 
a collaborative approach across disciplines to avoid miscommunicating with patients. 
Patients also supported this conclusion by reporting a severe shortage of information 
and support at the time of diagnosis and moving forward.

Patients must comprehend their disease to be convinced to adopt successful, 
long-lasting lifestyle adjustments. Impactful changes in their lifestyle habits will be 
hindered by their lack of knowledge of their condition and their failure to recognize 
the relationship between their current lifestyle choices and their disease, NAFLD, in 
this case. Patients must comprehend that if they make and sustain effective lifestyle 
adjustment, NAFLD/NASH may be curable [121].

Finally, it is important to remember that a variety of factors, including gender 
and reproductive status, genetics, the richness of the gut microbiota, endocrine 
and metabolic condition, and physical activity, may contribute to the variability of 

Study Design Number of 
patients

Objective Outcome

Franco I et al., 
[117]

RCT 144 patients 
with 
moderate 
or severe 
NAFLD

Estimate the effect 
of two different PA 
programs, a low 
(LGIMD), and their 
combined effect on 
the NAFLD score

LGIMD + aerobic 
activity program was 
the most efficient in 
reducing NAFLD score 
when compared to 
CD, LGIMD, aerobic 
activity, aerobic 
activity + resistance 
training, and LGIMD+ 
aerobic activity + 
resistance training

Ristic-Medic D 
et al., [118]

RCT 24 NAFLD 
patients

Analyze the impact 
of MD and LFD 
on patients with 
NAFLD’s fatty 
acid profiles, 
cardiometabolic 
indicators, and liver 
condition.

Given that it improves 
fatty liver and 
decreases saturated 
and increases 
monounsaturated and 
n-3 polyunsaturated 
fatty acid status in 
NAFLD patients, the 
MD may contribute to 
disease treatment even 
more than the LFD.

Table 2. 
Some of the RTCs undertaken between 2020 and the present to assess the lifestyle modifications on NAFLD. LFD: 
Low-fat diet; MD: Mediterranean diet; IHL: Intrahepatic lipids; ow/Ob: Overweight/obese; CD: Conventional 
diet; AHA: American Heart Association; FLiO: Fatty liver in obesity; PA: Physical activity; LGIMD: Glycemic 
index Mediterranean diet.
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NAFLD. Therefore, the individual patient should consider all these factors to imple-
ment an individualized lifestyle adjustment. A one-size-fits-all lifestyle adjustments 
plan may not be adequate for all NAFLD patients. The impact of considering NAFLD 
heterogeneity on the development of targeted therapies for NAFLD is crucial for the 
success of the intervention [120].

A variety of lifestyle adjustment strategies and behavior change counseling 
techniques are available for usage, some with a more robust evidence base than others 
for addressing each stage in the process. These methods are intended to aid healthcare 
professionals and doctors in guiding patients toward making informed decisions 
about their actions and inspiring them to take ownership of their health. For instance, 
using motivational interviewing techniques during consultations can help patients 
feel more empowered to make their own health-related decisions. Some of the practi-
cal tips to support patients to make lifestyle changes include but not limited to 1) 
dispelling any myths, such as the idea that alcohol is the cause of NAFLD, by describ-
ing what NAFLD is and how it may be reversed with lifestyle changes; 2) explain 
the link between the body weight changes and the energy balance concept; 3) set a 
weight loss target that is realistic, personalized, quantifiable, attainable, and relevant; 
4) encourage the use of self-monitoring tools, such as routine weighing, tracking 
calorie consumption by keeping a daily log, wearing activity trackers, understanding 
nutritional labels and choosing healthier options, acquiring knowledge of how to buy 
for, prepare, and serve meals; 5) utilize the proper interventions, such as regular meal 
patterns, fewer snacking, and portion control; 6) motivate patients to join local gyms, 
weight management programs, and walking groups; there is evidence that diet and 
physical activity interventions delivered in groups are effective in promoting  clinically 
meaningful weight loss [122].

5. Conclusion

In the absence of an approved pharmacotherapy for NAFLD, ILIs remain the 
cornerstone for treating the condition. Strong evidence indicates that a sustained 
weight loss of 5% or more of the body weight can lead to NAFLD remission in a 
sizable proportion of patients. From the several RTCs listed in this study, lifestyle 
changes based on Mediterranean diets and exercise appear to be the most successful 
for improving NAFLD in a significant number of patients. Additionally, considering 
patient heterogeneity with regard to their reaction to ILIs, i.e. creating individualized 
ILI, may enhance the success of the intervention in NAFLD patient subgroups. In 
certain resistive patients, subtle changes in the composition of the meals or in exercise 
intensity may be more beneficial. As the number of NAFLD patients keeps increas-
ing, health providers must have the ability and capacity within healthcare settings to 
motivate and support patients to make long-lasting lifestyle behavior adjustments. 
More emphasis should be placed on engaging patients in a discussion about their 
choices concerning their care. To better tackle NAFLD, healthcare providers should 
set up multidisciplinary teams with different expertise, i.e. hepatology, diabetology, 
cardiology, obesity, nutrition, and physical education.

Implementing effective lifestyle interventions for NAFLD patients is crucial 
not only because of the significant disease prevalence worldwide but also because 
excess liver fat is a separate risk factor for the onset of cardiovascular disease and 
T2D [123].
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Abstract

People are more susceptible to a variety of diseases based on their lifestyle and 
occupational patterns. Metabolic syndrome (MS) is a worldwide health issue that is 
linked to a variety of risk factors, including hyperglycemia, dyslipidemia, hyperten-
sion, and obesity. Herbal medicine has been used for a long time. Herbal medicines 
have emerged as a significant source and major focus for future drug development 
and human health care. Botanicals may be useful for treating or preventing metabolic 
syndrome because they often have a wide range of biologically active compounds 
that can work together to boost each other’s effectiveness or have a synergistic effect, 
giving more benefit than a single chemical substance. Some extracts of botanicals 
frequently contain natural active components that act on multiple biological targets, 
creating an opportunity to concurrently resolve multiple defects associated with 
metabolic syndrome. To find out if botanicals can be used to treat metabolic syn-
drome as a group, trials must be stratified to look at differences in disease severity, 
age, gender, and genetic variation in the sample populations.

Keywords: lifestyle disease, metabolic syndrome, diabetes, obesity, herbal medicines

1. Introduction

Lifestyle diseases are distinguished as changes in the metabolism profile of a popu-
lation and are directly proportional to their day-to-day habits. The primary factors 
that induce lifestyle diseases include unorganized food habits, uninhabited exercise 
activities, etc. Metabolic syndrome is a common metabolic condition that is being 
exacerbated by rising obesity rates. The metabolic syndrome, also known as syn-
drome X, insulin resistance, and other terms, is a pathologic condition characterized 
by abdominal obesity, insulin resistance, hypertension, and hyperlipidemia, accord-
ing to the World Health Organization. Prothrombotic conditions, proinflammatory 
states, nonalcoholic fatty liver disease, and reproductive abnormalities are some of 
the other comorbidities [1]. Diabetes is a chronic metabolic disorder and it puts tre-
mendous pressure on patients as well as their socioeconomic status. In recent decades, 
the prevalence of diabetes has been raised gradually in certain developed countries. 
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As per the International Diabetes Federation (IDF) data, the diabetes prevalence may 
increase by 693 million in the year 2045 if successful measures of treatment are not 
implemented [1]. Incidence and prevalence rates of diabetes in Indian populations are 
illustrated in Figure 1.

The incidence of diabetes has risen significantly in recent decades, and it is 
expected to be higher in the upcoming decades. These specific complaints, in addi-
tion to cardiovascular complications, respiratory disorders, and cancers, are directly 
responsible for 80% of all premature noncommunicable disease (NCD) deaths [2].

Data from IDF show that diabetes is a rising concern in India. The estimated rate 
of diabetes patients is 8.7%, and the age range is between 20 and 70 years [3]. Formal 
paraphrase diabetes mellitus is a metabolic disorder correlated with carbohydrate, 
fat, and protein metabolism and is followed by insulin deficiency and/or insulin 
resistance. Diabetes mellitus has the following characteristic signs and symptoms: 
thirst, polyuria, blurring of vision, and weight loss [4]. The metabolic syndrome 

Figure 1. 
Incidence rate of diabetes in India in millions.
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has been around for over 80 years. Over the last two decades, the number of people 
with metabolic syndrome has risen dramatically worldwide. This rise is linked to the 
worldwide obesity and diabetes epidemic. The metabolic syndrome increases the risk 
of diabetes and cardiovascular disease, necessitating the development of measures to 
combat the oncoming global epidemic [5].

According to studies published in the previous decade, approximately one-quarter 
to one-third of adults from various ethnic origins meet metabolic syndrome require-
ments. Metabolic syndrome becomes more common as people get older [6]. Type 2 
diabetes mellitus (T2DM) was shown to be more common in specific ethnic groups, 
with 15% of American Indians having T2DM and only 4.30% of Chinese Americans 
having T2DM. South Asian Americans have a greater frequency of metabolic syn-
drome and abdominal obesity than other ethnic groups [7]. The factor that increases 
the risk of the development of the metabolic disorder is positive family history smok-
ing, Increasing age, obesity, low socioeconomic status, Mexican-American ethnicity, 
postmenopausal status, physical inactivity, sugary drinks and soft drink consump-
tion, excessive alcohol consumption, Western dietary patterns, low cardiorespiratory 
fitness, excessive television watching, use of antiretroviral drugs in human immu-
nodeficiency virus (HIV) infection, atypical antipsychotic drug use (e.g., clozapine) 
[8]. Insulin resistance and hyperinsulinemia are regarded as key risk factors for the 
development of metabolic syndrome, and they may also play a role in the pathophysi-
ology of its metabolic components [9]. Body fat distribution, particularly visceral fat 
accumulation, is a significant predictor of the metabolic syndrome, a collection of 
diabetogenic, atherogenic, prothrombotic, and proinflammatory metabolic abnor-
malities marked by dysfunctional adipocytes and dysregulated adipocytokine pro-
duction (hypoadiponectinemia) [10]. The “lipid triad” of high plasma triglycerides, 
low levels of high-density lipoprotein cholesterol (HDL-C), and a preponderance of 
small, dense low-density lipoprotein (LDL) particles are the main components of the 
dyslipidemia of the metabolic syndrome, which most likely causes atherosclerotic 
cardiovascular disease. Therapeutic lifestyle changes are a cornerstone of treatment. 
Drug therapy may be indicated if it does not treat dyslipidemia. The first-line treat-
ment for reducing LDL-C is with statins [11]. In patients with metabolic syndrome, 
visceral fat reduction combined with lifestyle changes might be a beneficial therapy 
for preventing atherosclerotic cardiovascular disease (ACVD) [10].

2. Overview of complementary and alternative medicines (CAM)

CAM is a group of therapeutic and diagnostic principles that are often practiced by 
patients along with conventional therapies. CAM is normally not appreciated by the 
majority of the medical profession as traditional or mainstream medical approaches. 
Integrative medicine is an approach to medical care that combines standard medicine 
with CAM practices that are shown to be effective and safe [3].

CAM therapies are widely used all over the world. Since the majority of patients 
are not satisfied with their existing treatment pattern, patients do believe alternative 
therapies are suitable for their illnesses since they are natural and free from toxicity. 
Herbal medicine is the preparation of biologically active natural products that have 
therapeutic value. The use of herbal medicines in developed countries has expanded 
in the latter half of the twentieth century. Recently, the WHO estimated that 80% 
of people rely on herbal medicines for some aspect of their primary health care 
needs. More than 70% of the Indian population still uses these plant-based medicinal 
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products for their needs. As a significance of dissatisfaction with conventional medi-
cine, herbal remedies are becoming increasingly popular in developed nations. Herbal 
remedies are widely thought to be innately safe because they are “natural.” Their 
effects are generally related to the pharmacological features and dose levels of their 
active ingredient, rather than their natural origin. Herbal medicines, on the other 
hand, can be toxic if used inappropriately or as a substitute for conventional medica-
tions. Toxic effects can indeed be linked to a variety of pharmaceutical reasons, such 
as ingredient toxicity, preparation contamination by pesticides, microbes, heavy 
metals, or synthetic pharmaceuticals. As a result, before using any herbal medicine, 
both users and doctors and practitioners should be capable of making the greatest 
risk-benefit assessment possible [12].

For the treatment of diabetes and its consequences, several different plants have 
been employed individually or in formulations. The active ingredients in this herbal 
mixture are not well described, which is one of the primary flaws. It’s critical to 
understand the active ingredients and their molecular interactions, as this will aid in 
determining the product’s medicinal efficacy and standardizing the manufacturing 
process. The absence of scientific and clinical data showing herbal medicine’s efficacy 
and safety is a major impediment to its incorporation into modern medical proce-
dures. Clinical research on herbal medications is required, as are the development of 
simple bioassays for biological standardization, pharmacological and toxicological 
evaluation, and the development of numerous animal models for toxicity and safety 
testing. Widely practiced alternative therapies in the management of metabolic 
syndromes are herbal supplements, acupuncture therapy, massage therapy, medita-
tion, and yoga therapy. Plant-based medicinal products are highly consumed by the 

Study participants Conclusion Reference

34 postmenopausal women aged 
50–70 years were randomly assigned to 
exercise and placebo

The use of isoflavones when body weight 
remains stable seems to enhance the beneficial 
effects of mixed-exercise training on body 
composition and CRP in overweight or obese 
postmenopausal women.

[4]

A randomized, double-blind placebo-
controlled study of a herbal dietary 
supplement in Overweight men and 
women of Sixty-seven subjects

This herbal mixture of Ma Huang and Guarana 
effectively promoted short-term weight and 
fat loss

[14]

A randomized, double-blind, placebo-
controlled clinical trial with 80 obese 
participants without any disease were 
recruited randomly into actiponin and 
placebo groups

Actiponin supplementation may be effective for 
treating obese individuals

[6]

80 obese women were randomly assigned 
for either ginger (2-g ginger rhizomes 
powder per day) or placebo supplements 
(corn starch with the same amount)

Ginger consumption has potential in managing 
obesity

[7]

Double-blinded, randomized subjects 
with BMI ≧27 was randomly divided 
into control (n = 18) and an oat-treated 
(n = 16) group

Consumption of oat reduced obesity, abdominal 
fat, and improved lipid profiles and liver 
functions

[8]

Table 1. 
Clinical evidences of plant-based medicinal products in the management of metabolic syndrome.
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majority of the population. Table 1 discusses the clinical evidence of herbal supple-
ments in the management of obesity.

3. Uses of herbal medicine in the management of metabolic syndrome

Diabetes mellitus (DM): DM is a metabolic condition that affects millions of 
people worldwide. Diabetes is caused by a shortage of insulin or inadequate insulin 
synthesis in the pancreas. Even though several synthetic medications have been 
produced, none of them provides a complete cure. Long-term use of some synthetic 
compounds creates significant adverse effects, but there is still a desire for nontoxic, 
low-cost medications. Throughout human history, traditional therapies have been 
a highly regarded source of medicine. These are widely utilized around the world, 
demonstrating that herbs are becoming an increasingly important aspect of modern 
and high-tech medicine. A total of 21,000 plants are utilized for therapeutic reasons 
around the world, according to the World Health Organization (WHO), and there are 
around 400 plants available for the treatment of diabetes among them [13]. Table 2 
discusses the frequently used plant-based medicinal products in the management of 
metabolic syndrome.

Several herbs, comprising extracts or bioactive constituents derived from plants, 
can be primarily used to treat metabolic syndrome, also in nano-formulated phar-
maceutical forms. For this global concern, researchers and physicians are exploring 
novel, safe, complementary, and alternative therapeutic approaches. Herbal remedies 
are found to be a promising way to lose weight and body fat. The benefits of herbal 
medicines such as antihyperglycemic, anti-obesity, anti-inflammatory properties, 
and antioxidant agents were examined in different preclinical and clinical investiga-
tions [15]. The advantages of employing medicinal plants as just a safe, economical, 
approachable, and organic alternative healthcare solution for the treatment of 
metabolic diseases’ health outcomes.

Herbal medicines promote insulin secretion and cardiovascular health while 
reducing gluconeogenesis, inflammation, and oxidative stress. To manage diabetes 
and its consequences, various plant extracts have been proposed. Nanostructured 
formulations of herbal extracts can improve their anti-diabetic effects by regulat-
ing their pharmacokinetics and making them more available to the body [16]. 

Name of the plant-based medicinal 
products

Therapeutic effect

Fennel Aids in the reduction of fat and sugar absorption

Cinnamon ↓Low-density lipoprotein and triglycerides

Gimena Inhibits the absorption of glucose and the buildup of fatty acids.

Aloe vera Enhance carbohydrate metabolism and minimizes glucose intolerance 
caused by obesity

Moringa Triglycerides and elevated blood glucose reduction

Bitter melon and fenugreek Increases insulin sensitivity, reduce low-density lipoprotein and 
Triglycerides

Table 2. 
Few plant-based medicinal products in the management of metabolic syndrome.
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Considering long-term use of some synthetic compounds creates significant adverse 
effects, there is still a necessity for nontoxic, low-cost medications. Throughout 
the history of mankind, traditional therapies have been a highly regarded source of 
treatment. These are usually employed around the world, demonstrating that herbs 
are becoming an increasingly important aspect of modern and high-tech medicine. 
The low level of side effects associated with herbal pharmaceuticals is one of their key 
advantages, and this has encouraged several researchers to develop novel molecules 
for the treatment of diabetes. Recent breakthroughs in the field of herbal medications 
to treat diabetes, prevent diabetes-related secondary problems, and numerous herbal 
compounds in various stages of clinical trials [13].

Various herbal medicines such as capsicum annum of the capsicum family showed 
anti-diabetic effects by increasing insulin sensitivity in peripheral tissues, improve-
ment in glucose tolerance, protection of β cells from apoptosis, and reduction of 
insulin level in clinical studies. Capsaicin (the active ingredient in the capsicum 
family) stimulates GLP-1 secretion, thus increasing glucagon level in the blood and 
thus decreasing Ghrelin level (orexigenic hormone). There is evidence of inhibition 
of ɑ-amylase and ɑ-glucosidase activity via preclinical studies [17].

Saffron, a dried stigma of Crocus sativus used as a spice with coloring properties, 
demonstrated an anti-hyperglycemic effect by reducing the serum blood glucose 
level in streptozotocin-induced diabetic rats and showed an antioxidant effect. It also 
reverses the pancreatic damage, phosphorylation of AMP-activated protein kinase 
and mitogen-activated protein kinase (which play an important role in glucose uptake 
and insulin sensitivity) [18].

As per recent studies, the most potent plants for fasting blood glucose (FBS) are 
green tea (at 150 and 1000 mg/day), Hibiscus sabdariffa (at 1000 mg/day), tea (at a dose 
of 10 g/day), cinnamon (at doses of 550 and 3000 mg/day), and many more. A remark-
able reduction in HbA1C was also noted by taking Hibiscus sabdariffa, Citrus aurantium, 
Sea buckthorn, Bilberries, a combination of Proteus vulgaris and Ceratonia siliqua, and 
a combination of grape seeds and pine bark. Moreover, it has been established in two 
studies that two plants, chia and Rhus coriaria L., can boost insulin secretion [15].

After months of consumption, Aloe vera extract capsules (300 mg/kg) lowered 
fasting blood glucose, TG, LDL, and HbA1c levels. For 3 months, Aloe vera powder 
(100, 200 mg/kg) was administered to reduce fasting and postprandial glucose, blood 
pressure, and HDL levels [19].

Other herbal medicines or extracts such as bitter melon, mostly used by the 
Asian population, reduce Fasting Blood Sugar (FBS) and post-prandial blood sugar 
(PPBS) by acting on the GLUT-4 receptor. Fenugreek improved blood glucose levels 
and increased insulin sensitivity when combined with anti-diabetic therapy. Yuquan 
Wan, a Chinese extract administered for 1 month, decreased FBS and improved 
diabetic-related complications. Xioake Wan (XAX), a Chinese medicine, showcased 
a significant improvement in blood lipid and blood glucose parameters when com-
bined with anti-diabetic drugs and enhanced insulin sensitivity [20]. Most people’s 
hypertension goes untreated or uncontrolled. The availability, cost, and side effects 
of antihypertensive medicines hinder the effective treatment of hypertension. 
Conventional treatment was unable to alleviate several hypertension-related symp-
toms [21]. Lifestyle adjustments, dietary changes, and the use of combination therapy 
with herbs are some of the most commonly used alternative measures for decreasing 
high blood pressure. Herbal medicines, in general, have no negative side effects while 
also providing additional benefits. Herbal remedies are available in almost all health 
stores and can be purchased without the need for a prescription. Some herbs can even 
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be cultivated in your backyard. These treatments are ideal for people who are allergic 
to a variety of medications.

The leading cause of sickness worldwide is hypertension. Patients who are 
prescribed pharmacological therapy may refuse it due to the asymptomatic nature 
of their hypertension, opting for other remedies instead. Herbal medicines such 
as DiaNo decoction, Yiqi Huaju Recipe, Daotan decoction, Gegen Shanzha decoc-
tion, Qinggan Jiangtang tablet, Modified Banxia Baizhu Tianma decoction, 
Pinggan Jiangya pill, Huanglian Wendan decoction, Xueguan Ruanhua decoction, 
Shengjiangtongmai powder, and Shenling Jianpihuashi decoction showed a sig-
nificant reduction in blood pressure in many clinical studies. It was also found that 
Shenling Jianpihuashi decoction had the same effect as nifedipine in animal stud-
ies, and a double-blind study, saffron, and its constituents exhibit vasomodulatory 
effects and improve endothelium-dependent acetylcholine (ACh) relaxation via the 
endothelial nitric oxide pathway. Various animal-based studies and a double-blind 
study showed decreased systolic blood pressure. It also showed an effect via blocking 
calcium release in the cytosol [18]. In preclinical studies, Panax Ginseng (3 g/kg) 
used for 12 weeks reduced arterial stiffness and systolic blood pressure via endothelial 
nitric oxide synthase (eNOS) activation and the nitric oxide pathway [22]. Several of 
the synthetic medications employed possess unfavorable side effects. Herbal supple-
ments can be used in addition to or instead of pharmaceutical treatments for weight 
loss and maintenance. They are beneficial, safer, and much less expensive than phar-
maceutical drugs. Medicinal herbs include pharmacodynamic bioactive chemicals 
that have a synergistic and additive medicinal impact on the treatment of metabolic 
diseases. Herbs possess anti-obesity effects through a variety of mechanisms, includ-
ing appetite suppression and satiety enhancement, increased energy expenditure, 
low-fat digestion, and increased fat lipolysis [23].

Obesity is a metabolic condition where there is an abnormal accumulation of fat 
in the body, and it is linked to the augmentation of disorders such as hypertension, 
dyslipidemia, type 2 diabetes mellitus, osteoarthritis, kidney disease, sleep disorders, 
etc. There are currently only a few effective medicines for treating obesity, despite 
ongoing investment in research. As a result, patients and researchers are seeking com-
plementary and alternative treatment options for obesity, such as the use of medicinal 
plants and their products. According to research findings, herbal plants could be an 
alternative therapy for hyperlipidemia in patients who are statin-intolerant or unwill-
ing to take modern antihyperlipidemic medicines.

In several clinical studies, herbal plants have been shown to reduce body fat percent-
age (BF%), fat mass (FM), and fat free mass (FFM) in several ways. FM and BF% were 
significantly decreased by green tea (green tea at dose of 6000 mg/day and catechins at 
doses of 458, 468, and 886 mg/day), H. sabdariffa (dose of 75 mg/day), Phaseolus vul-
garis (at dose of 445 mg/day, G. cambogia (at doses of 2400 and 3000 mg/day, Ecklonia 
cava (at doses of 72 and 144 mg/day, cumin (dose of 3000 mg/day, Coleus forskolii (at 
dose of 250 mg/day), Sorghum tea (at dose of 1000 ml/day), Gynostemma pentaphyl-
lum (at dose of 450 mg/day), and cinnamon (at dose of 550 mg/day), Ginkgo biloba. L 
(120 mg/kg) with Metformin (500 mg) in the 90 days of treatment showed a reduction 
in HbA1c, BMI, and fasting serum glucose level [24].

In a clinical trial using capsaicinoid (6 mg/kg) for 12 weeks, it was found that 
there was a significant fat reduction. Capsaicin, a water-soluble derivative of 
homovanillic acid and an active ingredient of capsicum plants, is responsible for 
various anti-inflammatory properties in skin problems, gastritis problems, migraines, 
hemorrhoids, anorexia, etc. Recent studies conducted via in vivo and vitro methods 
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demonstrated that capsaicin acts as an antihyperlipidemic agent by activating peroxi-
some proliferator activated receptor (PPAR-) and by reducing intestinal absorption 
and elevation of bile acid secretion. Thus, activation of peroxisome proliferator-
activated receptors (PPARs) leads to a reduction of LDL, triglycerides, and serum 
cholesterol and an increase of HDL [17].

4. Conclusion

Heart disease, aortic stenosis, atrial fibrillation, stroke, and even thromboembolic 
illness can all occur in patients with lifestyle diseases. Evidence now suggests that 
the risk of ischemic stroke in people with metabolic syndrome is significantly higher 
than previously anticipated. Other issues linked to metabolic syndrome include a 
higher chance of cancers in the colon, kidney, and gallbladder. In addition, metabolic 
syndrome may increase the risk of cognitive dysfunction. Finally, patients with meta-
bolic syndrome are more likely to fall into the polypharmacy category, which means 
they will have higher medical expenses, be more likely to be impoverished, and have 
difficulty accessing high-quality treatment. Crude drugs are safe and can be expected 
to have the effects of improving metabolic syndrome. Treatment with complementary 
and alternative medicine will become effective methods. In this case, to prevent the 
drugs’ induced secondary complications and economic problems, patients believe in 
alternative therapies such as plant medicinal products since they are safe, reliable, free 
from toxicity, and cost-effective.
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Chapter 7

Intervention for the Prevention 
of Lifestyle-Related Diseases in 
Healthy Japanese Residents
Masayo Nagai

Abstract

Lifestyle-related diseases can reduce their risk by improving their lives. Therefore, 
various efforts are being made, such as health education, to prevent lifestyle-related 
diseases. However, lifestyles are complicated and their prevention is not easy. Local 
residents who are active in health promotion are often working to improve their 
lifestyles. It is possible for residents to have excessive expectations for disease preven-
tion simply by changing their lifestyles, paying attention only to the limited aspects of 
their lifestyles. However, if you pay attention to only one point and lack consideration 
for the whole, you cannot always expect the effect of lifestyle-related improvement. 
Therefore, it is necessary to understand how the subject perceives his/her lifestyle. 
This is also important for continued intervention. In addition, it is necessary to exam-
ine how health consciousness is related to the parameters of lifestyle-related diseases 
in such a health-conscious group. In this chapter, we would like to discuss the previ-
ously reported reports on the awareness of local residents regarding the prevention of 
lifestyle-related diseases, the need for health counseling, and issues in future efforts.

Keywords: lifestyle, lifestyle-related diseases, prevention, awareness of prevention, 
local residents

1. Introduction

The risk of lifestyle-related diseases can be reduced if a favorable lifestyle is 
followed, and various activities, such as education to promote health, have been 
performed to prevent such diseases [1–4]. Regional needs for health consultation have 
elevated with increases in the incidences of lifestyle-related diseases [5]. In com-
munity infirmaries located at places different from medical institutions, counseling 
involving prevention or information on medical practice, nursing, and health are 
provided, considering the region and family [6]. Regional health consultation may 
play many roles, such as health maintenance/promotion, disease prevention, and the 
early detection of abnormalities.

However, lifestyle is associated with a variety of individuals’ daily lives, and it is 
not easy to prevent lifestyle-related diseases. A study investigated the association of 
lifestyle, including diet, with the degree of arteriosclerosis, visceral fat level, and bone 
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mineral density (BMD) as an attempt to prevent lifestyle-related diseases in regional 
residents, and indicated that, in addition to the frequency of consuming various 
foods, the meal style was more strongly associated with lifestyle-related diseases [1], 
suggesting the necessity of guidance regarding personal lifestyle-matched diet. A 
survey regarding the relationship between exercise and parameters of lifestyle-related 
diseases [7] involved residents with positive attitudes toward health promotion, but 
exercise was not always positively correlated with parameters of lifestyle-related 
diseases. These studies suggest that complex factors are involved in lifestyle-related 
diseases, and that exercise alone does not absolutely reduce such diseases.

Many regional residents with positive attitudes toward health promotion make 
efforts to review their lifestyle [5]. Residents who are aware of lifestyle-related disease 
prevention may excessively expect disease prevention by lifestyle modification from 
a limited aspect alone. However, if consideration for the whole is absent, the effects 
of lifestyle improvement may not always be obtained. The risk of lifestyle-related 
diseases successively increases, and we cannot conclude that values above the refer-
ence range reflect the risk, whereas values below it reflect the safety. Therefore, it is 
important for residents after measurement to review their health or lifestyle regard-
less of the results of the measurement [2]. It is advantageous to understand how they 
recognize their own lifestyle for continuous intervention. Furthermore, few studies 
have examined how health consciousness is associated with parameters of lifestyle-
related diseases in such a population with high-level health consciousness.

In this chapter, we introduce a previous report on regional residents’ recognition 
regarding the prevention of lifestyle-related diseases [2] and analysis of previous 
results, and examine the needs for health consultation and issues for future attempts.

2. Lifestyle consciousness

According to a survey regarding Japanese people’s awareness of health, 73.7% of 
the subjects selected “very healthy” or “slightly healthy” with respect to their health 
status [8]. Furthermore, persons undergoing a health checkup in the general areas of 
Japan are health-conscious, and many persons are positively doing health behaviors 
[9]. A study indicated that the levels of health consciousness and attitudes in persons 
who have not undergone a health checkup were lower than in those undergoing it and 
that the rate of persons who do not perform health habits was higher [10]. However, 
knowledge about a healthy lifestyle alone does not lead to an improvement in lifestyle 
[11]. If recognition regarding lifestyle is confirmed on measurement of parameters of 
lifestyle-related diseases, this may lead to an improvement in awareness of lifestyle, 
including diet and physical activities [1]. A previous study [2] examined how regional 
residents understand their health or lifestyle and whether these factors are associated 
with the speed of sound (SOS), arterial stiffness (acceleration plethysmography: 
APG), and visceral fat area (VFA) as parameters of lifestyle-related diseases.

With respect to the results of SOS, APG, and VFA measurement, multiple regres-
sion analysis with a questionnaire regarding lifestyle showed that there was no factor 
associated with these parameters. However, this previous study indicated that some 
recognitions regarding health or lifestyle were associated with age. In particular, in 
persons of more advanced age, the rate of those who are satisfied with their health 
management was higher (Table 1). It is known that there are differences in health 
behaviors among ages. According to a report from the Ministry of Health, Labour and 
Welfare [8], in persons aged ≥65 years, the number of matters for which they work 
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actively or to which they pay attention for health promotion and lifestyle-related fac-
tors which they are aware of was larger than in other younger age groups. Furthermore, 
another survey involving Japanese with respect to age showed that the rate of persons 
practicing all items of lifestyle, and being aware of a healthy lifestyle, in those aged 
≥45 years was higher than in those aged <45 years [12]. Another study indicated that 
the rate of awareness of the importance of physical activities and diet was high in 
≥65-year-old persons participating in an exercise class, whereas that for physical-
activity- and diet-based health promotion was low in such persons aged 45 to 64 years 
[13]. The rate of persons who are mindful of their health increases with age [5].

Each person’s or his/her family’s/friend’s experience with illness related to aging 
increases anxiety about health. This may contribute to interests in health emerging 
with age. Furthermore, many participants in our previous study [2] had retired from 
work. Having time to spare may also be a factor for interests in health [14].

In our population in which the level of health consciousness may be high, consist-
ing of those independently participating in a regional health checkup, it was also 
confirmed that there was a close association between age and degree of satisfaction 
with health management [2]. Furthermore, the subjects of this previous study [2] 

Age

Men and Women Women

β P-value β P-value

Do you think that your health management is 
appropriate?

0.257 0.002* 0.180 0.039*

Do you have someone to alleviate your worries to 
promote your health and its management?

−0.195 0.016* −0.315 <0.000*

Do you think that natural physical constitution 
greatly affects disorder?

−0.153 0.133 −0.112 0.325

Do you think that the physical constitution is an 
inheritance from a parent?

−0.002 0.982 −0.029 0.799

Do you think that exercise and nutrients only play a 
secondary role in health?

0.117 0.161 0.238 0.006*

Do you think that arteriosclerosis is a disorder? 0.056 0.496 0.071 0.401

Do you think that osteoporosis is a disorder? −0.048 0.616 <0.000 0.998

Do you think that obesity is a disorder? −0.247 0.012* −0.298 0.004*

Do you think that arteriosclerosis is by nature? 0.035 0.722 0.101 0.337

Do you think that osteoporosis is by nature? 0.014 0.88 0.034 0.721

Do you think that obesity is by nature? −0.124 0.786 −0.194 0.045*

Multiple correlation coefficient 0.494 0.579

Coefficient of determination 0.244 0.335

F-value significance <0.000 <0.001

P-value less than 0.05 were considered statistically significant and shown in the symbol followed (*). The statistical 
significance of the questionnaire responses was evaluated by multiple regression analysis. Dependent variable was age. 
Independent variables were index regarding the subjects’ awareness of health and lifestyle.
Reproduced from reference Nagai [2].

Table 1. 
Independent factors contributing to age.
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were 180 healthy adults (28 males and 152 females); the rate of females was higher 
(Table 2). When analyzing the females alone, the degree of satisfaction with health 
management also significantly increased with age. Previous studies indicated that the 
level of health consciousness in females was higher than in males [15, 16]. In particu-
lar, Japanese females more frequently play roles, such as domestic affairs, childcare, 
and nursing, at home compared with males. Therefore, there may be more opportuni-
ties to think about lifestyle or health.

On the other hand, it was shown that it was more difficult to obtain social sup-
port at a more advanced age [2]. The results suggest that the number of surrounding 
people who can hear about anxiety has decreased despite aging-related increases in 
health consciousness and interest in diseases; the role of a health checkup as a social 
resource may be important. Many males answered that they consulted the attend-
ing physician about diseases, whereas ≥40% of females did not have any attending 
physician. This may be because, in females, the rate of those belonging to companies 
is lower than in males. A previous study [9] also indicated that ≥50% of females who 
have not undergone a health checkup were unemployed. Furthermore, it was reported 
that the quality of life (QOL) was better for those receiving more human support 
[17], and a strong relationship among residents improved the health checkup rate [9]. 
Social capitals are associated with lifestyle or health behaviors.

Concerning the understanding of lifestyle-related diseases, most persons rec-
ognized arteriosclerosis and osteoporosis as diseases, whereas the rate of those 
recognizing obesity as a disease decreased with age (Table 1). It was shown that 
the rate of persons who do not recognize obesity as a disease despite awareness of 
health or diseases was high in elderly persons [2]. Healthy participants may not feel 
disease morbidity, seriousness, or threat at the present stage [5]. People can imagine 
the association of arteriosclerosis with cerebrovascular or heart diseases and that of 
osteoporosis with serious circumstances, such as a bedridden state related to fracture-
prone features. However, obesity is more strongly associated with males, and this may 
have influenced the above finding.

The previous study [2] indicated that age was associated with some health con-
sciousness items and health behaviors. In a health-conscious population, it was neces-
sary to provide necessary information or motivation for continuation, suggesting 
the necessity of future continuous intervention. In addition, how these recognitions 

28 men 152 women

Average ±SD Average ±SD

Age (y) 64.78 8.72 55.47 14.01

BMI (kg/m2) 23.75 2.40 22.34 3.27

APG (m/s) 0.06 0.26 0.08 0.31

SOS (m/s)* 1517.10 30.74 1518.62 42.12

VFA (cm2)** 96.32 26.92 70.86 24.97
*BMD (Bone Mineral Density) estimated by SOS.
**VFA (visceral fat area) measured by BIA (bioelectrical impedance).
BMI: body mass index, APG: arterial stiffness measured using acceleration plethysmography, SOS: sound of speed, VFA: 
visceral fat area.
Reproduced from reference Nagai [2].

Table 2. 
Mean and range of each parameter in healthy subjects.
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change through the provision of information or individual health consultation on 
participation in a health checkup and which type of information provision or health 
consultation is necessary must be examined.

3.  Parameters of lifestyle-related diseases in the persons  
who continuously participate in a health check

For the prevention of lifestyle-related diseases, it is important to continue a 
healthy lifestyle. However, it was reported that lifestyle-related diseases gradually 
progressed in a long lifestyle history with no symptoms, not leading to behavioral 
changes [18, 19]. The effects of changing lifestyles, such as exercise and diet, may 
be obtained if it is continued for a long period. However, discontinuation results in 
ineffectiveness, and long-term continuation is difficult [20–22]. In addition, control 
is difficult, [23], raising issues. Furthermore, few studies have reported continuous 
support [24]. On the other hand, continuous intervention reduces the risk of lifestyle-
related diseases. It was reported that long-term intervention influenced cardiovascu-
lar health parameters [25].

A previous cross-sectional study clarified that the mode of diet was more strongly 
associated with parameters of lifestyle-related diseases in regional residents positively 
participating in a health checkup [1]. In this chapter, we investigated the effects of 
continuous participation on changes in parameters of lifestyle-related diseases in 
healthy regional residents, continuously participating in a health checkup, who did 
not report the results again among the subjects of the previous study [1].

Two hundred and eighty-nine residents participated in health consultation in our 
previous study [1]. Of these, 30 (10.4%, 4 males, and 26 females) were continuous 
participants. During the 1.5-year study period, the mean frequency of participation 
in health consultation was 3.6 times, and the mean interval of participation was 
3.5 months. The contents of participation consisted of measurement of the arterial 
stiffness, BMD, and VFA, as parameters of lifestyle-related diseases, and a question-
naire survey regarding lifestyle. The study subjects explained the results of measure-
ment, and health consultation regarding lifestyle was possible [1].

In this chapter, we reviewed changes in the participants’ lifestyles or parameters 
of lifestyle-related diseases. We analyzed the changes between the first and second 
sessions of participation and between the second and third sessions of participation. 
As a result, there was a significant decrease in the body mass index (BMI) between 
the first and second sessions of participation in health consultation (p = 0.068). There 
were no changes in the other parameters (BMD, VFA, and arterial stiffness). Based on 
the responses to a questionnaire, there was no change in lifestyle.

Participation in health consultation was optional, and the subjects of this study 
may be health-conscious, and living a healthy life. In the study subjects, a decrease in 
BMI after participation in health consultation was confirmed; health consultation may 
be an opportunity for further motivation. BMI decreases with weight loss, and this 
may have contributed to the confirmation of its decrease during a period of 1.5 years. 
However, arteriosclerosis progresses with age even in healthy adults [26]; therefore, it 
may have been difficult to examine changes during the previous study period.

In future, a long-term continuous survey may clarify changes in parameters of 
lifestyle-related diseases, which may not change in a short period, and daily lifestyle. 
Furthermore, it was reported that the health checkup and screening rates were low 
in persons who participated in health consultation for the first time and those who 
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participated to measure health indices [27]. It is necessary to comprehensively sup-
port personal health or life in addition to measurement.

4. Needs for measurement of parameters of lifestyle-related diseases

Previously, we reported that health-conscious persons positively participated 
in health checkups [1, 2]. Furthermore, strongly motivated persons may achieve an 
improvement in lifestyle more readily [28]. It is important to recognize the results of 
measurement by participating in a health checkup, and this may lead to interest in 
health management, motivating individuals to improve their lifestyle. In the partici-
pants in health checkups in the previous studies [1, 2], a questionnaire survey regard-
ing needs for measurement was conducted, but the results are not presented. In this 
chapter, we report the data through further validation.

Most subjects who participated in the previous studies positively accepted the mea-
surement of parameters of lifestyle-related diseases (Figure 1). In addition, there was a 
description that measurement or its results might be utilized for future health manage-
ment or lifestyle improvement. Of the subjects, ≥90% wished to measure these param-
eters in the future. As the most frequent reason, they wished for health management 
(Table 3). A study regarding health-checkup-undergoing behaviors [9] also indicated 
that the primary purpose of undergoing a health checkup was “health management.”

Furthermore, our data showed that there was no significant association between 
the motivation for measurement and parameters of lifestyle-related diseases. It was 
also confirmed that the rate of persons wishing measurement differed among relevant 
diseases. Concerning measurement of the degree of arteriosclerosis, many persons 
wished to measure it; they may imagine the risk of cerebrovascular/cardiovascular 
diseases. Furthermore, the number of those wishing for BMD measurement was large. 
This was possible because many female participants considered the risk of fracture.

The visualization of lifestyle parameters through these measurements allows 
participating residents to maintain the goal of preventive attempts or motivation. 
Furthermore, several residents answered that they wished for measurement due to 
anxiety; measurement may play a role in relieving anxiety about health. A previous 
study [29] also reported that the rate of persons who are anxious about the results of 
measurement was higher in those recognizing a lower BMD and that the rate of those 
making efforts to increase the BMD was higher. It was indicated that recognition of 
the results of BMD measurement led to the opportunity of being interested in health 
management or efforts to improve lifestyle, resulting in the prevention of osteo-
porosis. Lifestyle, including diet and physical activities, may be improved through 
BMD measurement [30]. Furthermore, it was reported that habitual tooth brushing 
contributed to attention to health or consciousness, inhibiting an increase in the BMI 
or abdominal circumference [31]. Participation in a health checkup and measurement 
of physical data may be useful for providing motivation for primary prevention under 
interests in health or improving the QOL.

In addition, a study indicated that, after subjects received health guidance regard-
ing the prevention of lifestyle-related diseases, approximately 30% of their family 
members felt favorable changes regarding health [32]. Furthermore, there was a 
significant difference in the age in the group with family changes, and elderly persons 
may have had time to spare. Among the subjects who participated in our survey, the 
rate of elderly subjects was high, and similar effects may be obtained.
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Figure 1. 
A. Reason for measuring calcaneal ultrasonic propagation velocity. The reason for participating in the calcaneal 
ultrasonic propagation velocity measurement was shown (N = 206). B. Reaction by receiving bone density 
measurement. Impressions after participating in bone density measurement were shown (N = 205). C. Needs for 
bone density measurement. Results of asking for participation in regular bone mineral density measurements are 
shown (N = 205).
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In this chapter, we again confirmed regional residents’ needs for the measurement of 
lifestyle-related disease-associated parameters in health consultation. An opportunity 
to review lifestyle, including diet and physical activities, may be provided through these 
measurements, leading to lifestyle improvement. Such measurements are useful as a 
motivation for health promotion. Regular measurements may contribute to the mainte-
nance of subjects’ and their families’ motivations to make efforts for health promotion.

5. Needs of behavioral changes to prevent lifestyle-related diseases

To promote behavioral changes, a clear motivation, high feasibility, and the 
absence of resistance are necessary. Stress in daily living hinders behavioral practice 
[24]. Thus, mental factors may be closely related to the improvement of lifestyle-
related behaviors. Among these factors, it is useful to improve confidence in self-
management behaviors and self-efficacy as a recognition of self-potential [33]. When 
lifestyle correction is difficult in high-risk patients for atherosclerotic cardiovascular 
diseases (ASCVDs), such as dyslipidemia and hypertension, the difficulty is related 
to a reduction in self-efficacy or its disappearance in many cases [34]. To improve 
self-efficacy, support by health care professionals and subjective life management are 
important [24, 33]. However, there is no fact that the values of lifestyle parameters 
are better in persons who are more strongly aware of a healthy lifestyle [2]. When 
improvement effects are not obtained, there may be a reduction in self-efficacy for 
the following reasons: the lifestyle improvement-related amelioration of test results 
leads to a sense of accomplishment, improving self-efficacy [35]; and test result-based 
confirmation alone is possible during the symptom-free period [19].

On the other hand, many regional residents who positively attempt to pro-
mote health have positively reviewed exercise and diet [15]. It is speculated that 

Reasons for requesting bone Density 
measurement

N* Reasons for requesting 
arteriosclerosis measurement

N*

Health management 41 Health management 33

Confirm the effect of lifestyle-related 
correction

24 Confirm the effect of lifestyle-
related correction

8

Anxiety 18 Anxiety 12

Disease prevention /early detection 7 Disease prevention /early 
detection

6

Other: If there is an opportunity 9 Other: If there is an opportunity 4

Reasons for not requesting to measure 
bone density

N Reasons for not requesting to 
measure arteriosclerosis

N

Measured at the hospital on a regular basis 1 Unconcerned 2

Unconcerned 3 I do not want to change my eating 
habits

1

No time 1 No time 1

No opportunity 1
*N means the number of respondents.

Table 3. 
Reasons for requesting to measure.
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participants in health checkups or classes may essentially maintain a healthy lifestyle 
[1, 5, 10, 36]. According to a study, there was no change in the parameter of arterio-
sclerosis despite a change in lifestyle in some patients in whom the parameter was 
within the normal range before intervention [37]. Furthermore, a study [38] exam-
ined the influence of health education regarding the prevention of arteriosclerosis on 
health behaviors and indicated that there might have been no behavioral change due 
to the essentially high health behavior level of the subjects. In subjects who positively 
attempt to promote health, there may be no lifestyle-change-related improvement in 
the test results. Concerning the BMD and degree of vascular aging, even the mainte-
nance of the status quo is sometimes evaluated as effective, considering aging [1].

Furthermore, the number of male participants was small during these health 
checkups. Another previous study also indicated that the number of male participants 
was small. Support for subjects who do not participate in the field of health promo-
tion is emphasized as an issue [5]. In males, the presence of a spouse is a factor that 
promotes participation in a health checkup. In those without a spouse living together, 
encouragement by their families, close friends, or neighbors, who replace a spouse, 
is effective [9]. Among the participants in health checkups, there were many males 
participating at their spouses’ invitation. Approaches to share health promotion with 
family members are also necessary.

According to the Comprehensive Survey of Living Conditions [39], the most frequent 
reasons why a health checkup or screening was skipped were “no time” and “expenditure.” 
In the participant questionnaire we conducted, “free” was one of the reasons for wanting 
to receive the measurement. Participants answered that they did not want to measure 
in the future because they did not have time (Table 3 and Figure 2). Furthermore, the 
absence of symptoms leads to a low lifestyle-related disease-associated health checkup 
rate in some cases [9, 40]. On regional health checkups, the free measurement may be 
available in a short time; this may be useful for maintaining health management behav-
iors. Concerning the absence of symptoms, visualization with parameters of lifestyle-
related diseases may contribute to health management.

Persons utilizing regional health consultation answered that “counter consultation 
by medical specialists” was necessary to resolve anxiety or doubts about health [5]. 
A survey involving subjects who have not utilized regional health consultation [41] 
showed that even non-users highly recognized the necessity of health consultation. 
The contents of the needs included feeling free to consult a nurse as a specialist in the 
home city, free consultation, and attempts for individuality-emphasized continuous 
support. For lifestyle management, it is important to recognize individual problems 
and hear about various living conditions as the role of nursing [42].

The subjects who cooperated in our study had independently participated in 
health consultation; they may have comprised a health-conscious population. The 
participants may also require support from medical specialists. It is necessary to 
continue support for subjective attempts under specialists’ assistance. Furthermore, 
the effects of group guidance may not appear if there is no merit in changing lifestyle. 
It is difficult to change lifestyle [43]. The presence of a place for individual consulta-
tion based on active participation may be important to change behaviors or maintain 
health behaviors.

However, lifestyle is an extremely private matter, and interference by other 
persons leads to uncomfortableness [44]. Excessive intervention may result in stress 
loading for healthy adults, inducing an unhealthy state through obesity, or an increase 
in the alcohol volume [45]. We can imagine that compulsive lifestyle intervention by 
other persons markedly reduces the mental QOL. For exercise support to improve the 
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Figure 2. 
A. Reason for measuringarteriosclerosis. The reason for participating in the arteriosclerosis measurement was 
shown (N = 150). B. Reaction by arteriosclerosis measurement. Impressions after participating in arteriosclerosis 
measurement were shown (N = 145). C. Needs for arteriosclerosis measurement. Results of asking for participation 
in regular arteriosclerosis measurements are shown (N = 144).
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QOL, the intensity of exercise and subjectivity should be valued [37]. The purpose of 
health checkups is to improve participants’ QOL through the prevention of lifestyle-
related diseases. For support to improve lifestyle, it may also be important to value 
individuals’ subjectivity based on scientific evidence.

6. Conclusions

Even subjects with a healthy life have needs for attempts to prevent lifestyle-
related diseases under specialists’ support. In particular, aging increases health con-
sciousness or interest in diseases, but there are few familiar persons to consult in some 
cases. Also, obesity should be recognized as a disease. Regional health consultation 
and measurement of parameters of lifestyle-related diseases by nurses are important 
for living toward prevention and continuous support. Lifestyle-related parameter 
measurements also have the purpose of maintaining an ongoing motivation for health 
care. For participants, this is an opportunity to review their lifestyle, being useful for 
individuals’ health promotion. In addition, an approach to enhance self-efficacy is 
important for improving lifestyle to prevent lifestyle-related diseases.
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Abstract

The use of tobacco products is a modifiable risk factor for non-communicable 
diseases. The aim of the study was to determine the prevalence of waterpipe tobacco 
product use and associated risk factors amongst University of Limpopo students aged 
17–43 years. This cross-sectional study comprises 916 (415 males and 501 females) 
University of Limpopo students aged 17–43 years. The questionnaire was validated for 
the University of Limpopo student population before it was used. Logistic regression 
was used to determine the associated risk factors for waterpipe tobacco product use 
among the University of Limpopo students. Staying on campus (OR 2.54 95%CI 1.87 
3.44) or off-campus (0.39 95%CI 0.29 0.54) was significantly (p<0.05) associated 
with using waterpipe tobacco products even after adjusting for age and gender and 
receiving a bursary (on Campus OR=3.8095%CI 2.59 5.57) off-campus (0.26 95%CI 
0.18 0.39). Our results demonstrate that waterpipe smoking was more prevalent 
among university male students than female students. Liking the taste and difficulties 
to refuse were significantly (p<0.05) associated with the use of waterpipe amongst 
University students. Future research should investigate the association of waterpipe 
use with risk factors for non-communicable diseases over time.

Keywords: waterpipe, NFSAS, current use, lifestyle, tobacco products university 
students

1. Introduction

Tobacco products have been widely reported all over the world in various popula-
tions with health effects as risk factors to non-communicable diseases [1]. By 2030, 
more than 80% of the deaths in developing countries could be accounted for by 
tobacco-related implications [2]. There are emerging methods of tobacco use that have 
become alarmingly common in specific population groups which include waterpipe 
tobacco use also referred to as hubbly bubbly, hooker, narguileh and shisha which 
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comes in a variety of flavours such as mint, liquorice, strawberry, cappuccino and 
chocolate [3, 4]. Waterpipe (Hubbly bubbly, hooker, narguileh and shisha) is known 
by different titles depending on the segment of the globe it is being used as a form of 
tobacco delivery [4]. Briefly, ‘the waterpipe instrument is set up with charcoal, filters, 
a bowl of water, rubber pipe and varying flavours’. The delivery of tobacco smoke 
moves through the rubber pipe attached to the bowl that directs large volumes of 
smoke inhaled into the mouth. Waterpipe smokers are exposed to the noxious materi-
als of the tobacco smoke such as carbon monoxide, nitric oxide, nicotine, polycyclic 
aromatic hydrocarbons, nanoparticles, volatile aldehydes and furans [5]. Aboaziza and 
Eissenberg [6] reported that waterpipe smoking is associated with nicotine depen-
dence and smoking-related diseases including cancer, cardiovascular disease, lung 
disease and adverse pregnancy outcomes. Students are knowledgeable about harmful 
health effects associated with waterpipe tobacco product use but continue to use it 
for a variety of reasons which include taste, peer pressure and easy availability [7]. 
Furthermore, university students regard waterpipe tobacco as a socially acceptable, 
popular, pleasant social experience and looks cooler than smoking cigarettes [8–10].

The prevalence of waterpipe smoking varies with areas of the world in student 
communities due to multifactorial influences [4]. A student study at the University of 
Beirut, Lebanon, reported 43% ever user and 28% of current smoking [2], while another 
study in the same country contrastingly reported current waterpipe use at 21% [11]. Kilic 
and Kasap [12] found in the American region 10% ever user and a 41% current use of 
waterpipe tobacco product use. In North Africa, it was found that men were four times 
most likely to report waterpipe smoking, with 64% of the sample investigated reporting 
long-term consumption [7]. In South Africa, waterpipe tobacco product use was reported 
to be 40% amongst Western Cape university students [7]. Van der Merwe et al, [13] 
reported 11% waterpipe tobacco product use among University of Cape Town students 
with social settings as the main reasons for using it. Furthermore, Miri-Moghaddam et al., 
[14] reported that friends played crucial roles in the high prevalence (78%) of waterpipe 
smoking amongst medical students in Iran.

University environments across the globe provide a unique opportunity for stu-
dents to experiment with waterpipe tobacco smoking which can eventually become a 
lifelong use. However, little is known about the prevalence of waterpipe tobacco use 
amongst University of Limpopo students in the Limpopo province of South Africa. 
The study aimed to determine the prevalence of waterpipe tobacco products use 
and to investigate the associated risk factors amongst among University of Limpopo 
students aged 17–43 years.

2. Materials and methods

2.1 Geographical area

This cross-sectional study was carried out at the University of Limpopo, South 
Africa. The University of Limpopo is situated in the foothills of the Hwiti (Wolkberg 
range) in Mankweng Township (23.8837° S, 29.7079° E), midway between Polokwane 
and Magoebaskloof. It is a predominantly African ethnicity dominated student com-
munity. Most students come from low- and middle-income families and are receiving 
funding in the form of a government bursary called South African National Student 
Financial Aid Scheme (NSFAS). The students rely mostly on this NSFAS bursary 
scheme to cover their university expenses and other essentials.
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2.2 Sampling procedure

Using STATA, the sample size required for the study was calculated based on a 
power of 80% and a two-tailed significance level of 5%, the prevalence of waterpipe 
smoking was 0.24% amongst university students with an alternative proportion of 
20% [3, 15, 16].

A convenient sample of 916 students (415 males’ mean age is 22.02 years, sd 2.97, 
and 501 females’ mean age is 21.16, sd 2.71) aged 17–43 years, who were enrolled in all 
the faculties (Humanities, Health Sciences, Management and Law and Science and 
Agriculture) of the University of Limpopo in 2019 participated in this study.

2.3 Data collection

The questionnaire used in the present study was based on questions which have 
been used in the Ellisras Longitudinal Study and other studies [3, 15–17]. The ques-
tionnaire was shared with experts to ensure content, face and construct validity. It 
was then revised and piloted with a sample of students to make sure it was valid, 
reliable, acceptable and accurately understood.

The questionnaire comprised three sections. The first part of the questionnaire 
included information on age, sex, acquisition of NSFAS bursary, place of residence, 
the field of study, year of entering the university and the level of study. Briefly, cur-
rent waterpipe smoker was defined as anyone who uses waterpipe tobacco products 
regularly or every day during the time of the survey. The following question was asked: 
‘Do you NOW use waterpipe regularly, at least once every day?’ Ever waterpipe users 
were those who answered that they tried to use waterpipe tobacco products before 
the survey and have stopped, or they use them occasionally. The question used was: 
‘Have you ever used waterpipe to smoke (at least once)?’ Those who had never used 
waterpipe tobacco products at the time of the survey were considered non-smokers., 
‘The onset (initiation age) age for waterpipe use was determined by the question “If 
yes, indicate how old you were when you first tried this____”, How old were you when 
you first started using waterpipe tobacco everyday/regularly ______.’Onset age was the 
group as less than 20 years, between 21 and 25 years and over 26 years.

2.3.1 Educational achievements

Participants were asked to indicate their academic status (‘first-year undergradu-
ate’ through to the third year, fourth year, master’s and PhD). First and second-year 
undergraduates were combined to form ‘lower level undergraduate’ and third-year 
study was moderate to high level while fourth year, master’s and PhD were grouped as 
a postgraduate level.

2.3.2 Social factors

Social factors for waterpipe tobacco products use were assessed with the follow-
ing question: ‘One smokes waterpipe tobacco products because I went with others 
having a good time and felt like inhaling and exhaling together (yes/no), One smokes 
waterpipe tobacco products because it is difficult to refuse (yes/no), waterpipe 
tobacco smoking helps me face a difficult situation with confidence (yes/no), One 
smokes waterpipe tobacco products because it gives me energy (yes/no), One smokes 
waterpipe tobacco products because I like the taste (yes/no)’.
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The study received an ethical clearance from the University of Limpopo Ethics 
committee (TREC/61/2019: IR) before the data collection process commenced.

2.4 Statistical analysis

Descriptive statistics including frequency distributions and percentage frequen-
cies were used to determine the prevalence of waterpipe tobacco product use among 
University of Limpopo students. A Chi-squared test was used to compare sets of 
nominal data that had larger frequency counts while the Fisher’s exact test was used 
when frequency cells were small (less than five or ten) between genders [18, 19]. 
Logistic regression was used to determine the associated risk factors for waterpipe 
tobacco product use among the University of Limpopo students. All statistical analyses 
were performed using SPSS version 25. The statistical significance was set at P< 0.05.

3. Results

Figure 1 shows the prevalence of ever and current waterpipe use amongst 
University of Limpopo students. The prevalence of current waterpipe use was sig-
nificantly (p<0.05) high (6.7%) for boys as compared with girls (3%) amongst the 
University of Limpopo students.

Table 1 shows the onset age and number of quitting attempts for water pipe use 
amongst University of Limpopo students aged 17–43 years. The prevalence of waterpipe 
tobacco product use for ever use in the onset age ranges between 1.6 and 3.9% for the age 
less than 20 years and between 17.8 and 26.7% for ages between 21 and 25 years. For the 
current waterpipe user, the prevalence was significantly (p<0.05) high 4.6% for boys as 
compared with 1.8% for girls between the ages of 21 and 25 years. It was clear from Table 1  
that 1.2% of the current boys who quit the use of waterpipe smoking lasted for more than 
a year. 4.6% of boys and 2.0% of girls never tried to quit using waterpipe smoking.

Table 2 presents the frequencies and percentage frequencies for a positive 
response for associated risk factors in using waterpipe tobacco amongst University 
of Limpopo students aged 17 to 43. A total of 70.6% of boys and 77% of girls stay 
on campus for the duration of their study while 29.4% of boys and 23% of girls stay 

Figure 1. 
Prevalence of occasional and current waterpipe use amongst University of Limpopo students.
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Boys N=415 Girls N=501

% (n) % (n)

Ever water pipe use

Less than 20 years 3.9 (16) 1.6 (8)

21 to 25 years 26.7* (111) 17.6* (88)

Over 26 years 9.6 (40) 7.2 (36)

Current water pipe use

Less than 20 years 0.2 (1) — —

21 to 25 years 4.6* (19) 1.8* (9)

Over 26 years 1.9 (8) 1.2 (6)

Never tried to quit 4.6 (19) 2.0 (10)

Less than seven times a week 1.7 (7) 0.8 (4)

More than seven times a week 0.5 (2) 0.2 (1)

Less than a month 0.7 (3) — —

More than six months 0.5 (2) 0.8 (4)

More than a year 1.2 (5) 0.2 (1)

*=p<0.05.

Table 1. 
Onset age and number of quitting attempts for waterpipe use amongst University of Limpopo students aged 17–43 years.

Boys N=415 Girls N=501

% (n) % (n)

Student residences

On campus 70.6 (293) 77 (386)

Off-campus 29.4 (122) 23 (115)

Educational level

Lower level 58.6 (235) 53.9 (270)

Moderate high level 23.1 (96) 25.5 (128)

Postgraduate level 20.2 (84) 20.6 (103)

Social factors

Some smoke because they went with others having a good time and felt like 
inhaling and exhaling together

3.1* (13) 0.2* (1)

Some smoke because it is difficult to refuse 5.8* (24) 1.6* (8)

Some smoke because they like the taste 7.0 (29) 1.8 (9)

Some smoke because it gives them energy 10.6* (44) 2.4* (12)

Helps me face difficulties with confidence 6.0 (25) 2.4 (12)

Received NSFAS 71.8 (298) 80.2 (402)

Other bursaries than NSFAS 12.0 (50) 9.8 (49)

*=p<0.05.

Table 2. 
Frequencies and percentage frequencies for a positive response for associated risk factors in using waterpipe tobacco 
amongst University of Limpopo students aged 17–43.
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off-campus. A total of 5.8% boys and 1.6% girls who are currently using waterpipe 
smoking reported that it was difficult to refuse using waterpipe smoking while 7.0% 
of boys and 1.8% of girls reported that they like the taste of using waterpipe tobacco 
products, and the difference was significant (P<0.05).

Table 3 shows the logistic regression (odds ratio, 95%CI and P-value)) for the 
association between waterpipe tobacco product use and associated risk factors 
amongst University of Limpopo students aged 17–43 years. Older onset age (between 
21 and 25 years (OR= 6.7 95%CI 3.63 13.05) and above 26 years (OR= 5.57 95%CI 2.77 
11.21) was significantly associated with using waterpipe tobacco products even after 
adjusting for age, gender and receiving a bursary (21–25 years (OR- 6.98 95%CI 3.60, 
13.54 and above 26 years (OR= 5.92 95%CI 2.81 12.49). Staying on campus (OR 2.54 
95%CI 1.87 3.44) or off-campus (0.39 95%CI 0.29 0.54) was significantly (p<0.05) 

Unadjusted Adjusted for age, gender and 
receiving bursary*

OR P-value (95%CI) OR P-value 95%CI

Onset age

Less than 20 years 0.88 0.902 (0.12 6.67) 0.70 0.731 (0.09 5.40)

20 to 25 years 6.87 0.000 (3.63 13.05) 6.98 0.000 (3.60 13.54)

Over 26 years 5.57 0.000 (2.77 11.21) 5.92 0.000 (2.81 12.49)

Number of times one tried to quit

Never tried 7.81 0.000 (3.21 9.33) 9.04 0.000 (6.93 12.56)

Less than seven times 0.64 0.221 (0.31 0.86) 0.56 0.231 (0.21 0.96)

More than seven times 0.33 0.143 (0.21 1.37) 0.36 0.153 (0.11 0.95)

Student residence

Off-Campus 2.54 0.000 (1.87 3.44) 3.80 0.000 (2.59 5.57)

On Campus 0.39 0.000 (0.29 0.54) 0.26 0.000 (0.18 0.39)

Educational level

Lower level 0.84 0.211 (0.64 1.11) 0.74 0.051 (0.54 1.00)

Moderate high level 1.26 0.146 (0.92 1.73) 1.34 0.079 (0.97 1.85)

Postgraduate level 1.00 0.994 (0.71 1.41) 1.08 0.701 (0.74 1.56)

Social factors

Went with others having a good 
time and felt like inhaling and 
exhaling together

7.98 0.066 (3.41 18.67) 7.19 0.072 (3.04 16.99)

One smokes because it is difficult 
to refuse

7.84 0.002 (1.66 28.33) 6.54 0.005 (1.76 24.21)

One smokes because I like the taste 12.25 0.000 (5.06 29.65) 11.25 0.000 (4.59 27.58)

One smokes because it give me 
energy

7.84 0.105 (4.14 14.82) 7.14 0.000 (3.72 13.70)

Help me face difficulties with 
confidence

8.21 0.082 (3.70 18.19) 7.71 0.021 (3.44 17.27)

*=p<0.05.

Table 3. 
Logistic regression (odds ratio, 95%CI and P-value)) for the association between waterpipe tobacco use and 
associated risk factors amongst University of Limpopo students aged 17–43 years.
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associated with using waterpipe tobacco products even after adjusting for age, 
gender and receiving a bursary (on Campus OR=3.8095%CI 2.59 5.57) off-campus 
(0.26 95%CI 0.18 0.39). Liking the taste (OR= 7.84 95%CI 1.66 28.33) and difficult to 
refuse (OR= 12.25 95%CI 5.06 29.65) were significant (p<0.05) using the waterpipe 
even after adjusting for age gender and receiving bursary (Liking the taste (OR= 6.54 
95%CI 1.76 24.21) and difficult to refuse (OR-11.25 95%CI 4.59 27.58).

4. Discussion

This cross-sectional study aimed to investigate the prevalence of waterpipe 
tobacco product use and associated risk factors among University of Limpopo stu-
dents aged 17–43 years. The current study confirms a high prevalence (40%) of ever 
waterpipe smoking and low prevalence of current (6.7%) waterpipe users. Daradka 
et al. [16] reported the prevalence of 24.2 and 36.04% for current and ever using 
waterpipe smoking, respectively, amongst University students. The prevalence of ever 
water smoking was almost 60.7% among Iranian medical students with the current 
waterpipe smoking prevalence reaching 18.7 and 51% for Iranian medical students 
and health science students [20]. Waterpipe smoking has become a global public 
health problem and requires serious attention [21].

In the current study, the prevalence of ever (40.2 vs 26.3%) and current (6.7 vs 
3.0%) waterpipe user was significantly (p<0.05) high for boys compared with girls 
amongst University of Limpopo students in each group. Male participants were 
more likely to report current waterpipe smoking and higher frequencies than their 
female counterparts as reported by Salloum et al. [22]. However, the current use of 
waterpipe is not consistent with that of studies in Western Cape Universities, Pretoria 
Universities and Johannesburg as researchers reported proportion of both males and 
females being high for both the current and ever water pipe users in these universities 
[7, 13, 23–25]. An effective waterpipe tobacco control is needed to curb the spread of 
this dangerous epidemic among both genders in university communities.

In the current study, older age at onset (21–25 years) appeared to be significantly 
associated with waterpipe smoking usage compared with younger age onset (less than 
20 years). Similar findings were reported in other studies [21]. These associations are 
suggestive and reflect more dependence on waterpipe smoking which may be reflec-
tive of social behaviour in university environments. These findings are not surprising 
given that the older onset of tobacco use is associated with higher nicotine depen-
dence [26]. Furthermore, older students are more conversant with the university 
environment than first and second-year entering students.

Having friends who are smokers and enjoying the taste were the highest risk factors for 
waterpipe use among the University of Limpopo students. Similar findings were reported 
amongst dental students at King Saud University in Riyadh [27]. Student residences were 
the main factor associated with waterpipe smoking among university students in the 
current study. University campuses are an ideal setting to reach waterpipe tobacco users 
and those who may initiate this while on campus [28]. Evidence-based interventions, 
including tobacco-free campus policies [28] are essential to decrease the initiation and 
continued use of all forms of tobacco products among university students and across the 
lifespan [29]. There is a need to further understand factors which may motivate university 
students to initiate waterpipe tobacco in order to develop prevention intervention [30].

Research had generated a consistent picture of the health risks of waterpipe 
smoking in the past. Waterpipe smokers clearly show exposure to nicotine, toxicants 
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and carcinogens associated with smoking-induced disease [6, 31]. Waterpipe smok-
ing acutely decreases heart rate variability and elevates CO, plasma nicotine, blood 
pressure and heart rate [14]. Furthermore, waterpipe smoking can cause or accelerate 
the rate of pulmonary and cardiovascular complications as well as cancer [32, 33]. 
Children exposed to waterpipe smoking have been shown to have higher levels of 
carcinogenic tobacco-specific nitrosamines [34]. It is suggested that several educa-
tional and consultation courses could improve habits and the attitude of students 
regarding the detrimental effects and dire consequences of waterpipe usage amongst 
the university community. It is also suggested that implementing strict surveillance on 
the behaviour of students in the hostel and residential places of students, along with 
direct cooperation of students’ families, is important in reducing, if not completely 
eradicating, waterpipe usage. Furthermore, the university should provide enough rec-
reation facilities for students as they spent most of their time on campus than at home.

This study has some limitations. First, data collection was based on convenience 
samples, without systematic regulation of sampling factors. As such, findings may not 
be generalizable to a broader population, including those who have never tried waterpipe 
smoking. Sampling was limited to university students and did not include other non-
university youth and adult sub-populations around the university. Thirdly, we did not 
consider health risk factors related to smoking including respiratory complications the 
students may have ever experienced. Fourthly, the study was cross-sectional; therefore, a 
change in tobacco use over several years was not examined.

A comprehensive questionnaire which covered almost all aspects of daily lives was 
another positive point of this survey. The findings from the current study can serve 
as a basis for additional research to document the public health impact of waterpipe 
smoking and guide regulatory efforts for waterpipe smoking control in the Limpopo 
Province of South Africa. Future research would generate new evidence to advance 
waterpipe tobacco control policies.

5. Conclusions

Our results demonstrate that waterpipe smoking was more prevalent among univer-
sity male students than female students. Staying on campus or off-campus was signifi-
cantly (p<0.05) associated with using waterpipe tobacco products. Liking the taste 
and difficult to refuse were possible risk factors significantly associated with waterpipe 
usage amongst university students. Future studies should investigate the relationship of 
waterpipe use and the development of chronic diseases lifestyle over time.
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Chapter 9

Visual Impairment and Its
Associated Factors among People
Living with Type-2 Diabetes
Mellitus at Dessie Town Hospitals,
Northeast Ethiopia, 2020
Mohammed Abdu Seid, Mengistie Diress, Yonas Akalu
and Baye Dagnew Mekonnon

Abstract

Visual impairment (VI) is a functional limitation of the eye(s) that results in
reduced visual acuity, visual field loss, visual distortion, perceptual difficulties, or any
combination of the above. Type-2 diabetes mellitus (T2DM) is one of the common
causes of VI. The current study aimed to determine the prevalence and predictors of
VI in diabetes individuals. Institution-based cross-sectional study was carried out, and
VI was measured using visual acuity test. We used Epi Data 3.1 and SPSS - 21for data
entry and statistical analysis, respectively. To find statistically linked factors of VI, we
used both binary and multivariable logistic regression. The strength of association was
estimated using AOR at 95% CI. Statistical significance was declared at p less than
0.05. The present study revealed 37.58% of people have VI, which is statistically linked
to age, lack of regular exercise, diabetes for >5 years, insulin treatment, and poor
glycemic control. Finally, individuals with T2DM who had VI accounted for more
than a third of those treated in Dessie town hospitals. Advanced age, poor frequent
exercise, longer duration of diabetes, and insulin are predictors. To lower the risk of
VI and visual loss, early identification of VI through screening and regular follow-up is
recommended.

Keywords: visual impairment, type-2 diabetes mellitus, associated factors, Ethiopia

1. Introduction

1.1 Statement of the problem

Type-2 diabetes mellitus (T2DM) is a global metabolic disease, mainly seen in
developing countries [1]. Patients with T2DM are highly prone to have cardiovascular
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disease, renal failure, neurological problems, and retinopathy [2, 3]. If the vision of an
individual has been lost once due to diabetic retinopathy, usually it could not be
restored, despite some forms that probably may be treated by complex vitreoretinal
surgery [1–3].

Visually impaired people (VI) could not maintain employment, productivity,
independence, their medical expense, or they may not be able to legally licensed to
drive, they get difficulties in reading and fail to work inorder to obtain wages to
their family and execute their social responsibilities as a whole [4, 5]. It also has
been linked to falls, injury, and worsened status in spanning mental health, cogni-
tion, social function, and educational attainment [6]. People developing visual
impairment(s) encounter a significant challenge. They experience major life
changes, such as general health limitations or loss of nearby family member [1, 6].
They also are at higher risk of violence and abuse, which limit them from partici-
pating in and contributing to their families and societies on an equal basis with
others [7].

Globally, prevalence of visual impairment increased sharply from 441.1 mil-
lion [8] to 2.2 billion [4]. Of which at least 1 billion of VI could have been
prevented. Among the causes of visual impairment, 1% was associated with diabetic
retinopathy [9]. Diabetic retinopathy is damage to blood vessels in the retina,
swelling in the central part of the retina, and abnormal blood vessels formation,
which can lead to bleed or cause scarring of the retina that results in visual impair-
ment [10].

Sub-Saharan Africa report on visual impairment figures out that the prevalence
of visual impairment was 29.7% among diabetes mellitus [11]. Cataract, diabetic
retinopathy, glaucoma, and maculopathy were the causes of visual impairment.
Ethiopian systematic review and meta-analysis report revealed that the prevalence
of diabetic retinopathy among diabetes mellitus patients was 19.48%, which is
one cause of preventable visual impairment among middle-age and elderly
populations [12].

In Ethiopia, no research is done on visual impairment among diabetes
mellitus patients. But one previous study at the same setting found that
visual disturbance was the second major chronic complication among
newly diagnosed diabetes mellitus patients that was detected by clinical findings
and questionnaire-based approaches. Moreover, specific associated factors for
developing visual impairment had not been assessed. In parallel to rapid incre-
ment of DM, visual impairment is still public health challenge due to its chronic
impacts.

Therefore, this study is designed to assess the magnitude and associated factors of
long-term complication of DM, particularly vision impairments among both newly
diagnosed and old type 2 diabetes mellitus patients having follow-up in Dessie town
hospitals, northeastern Ethiopia, using ocular examinations and ocular tests. Since
diabetes mellitus is a lifelong disease, the findings of this study will be used as input
for all stakeholders such as governments, healthcare providers, people living with
DM, civil society, food producers, and manufacturers and suppliers of medicines and
technology. Collectively, they can make a significant contribution to halt the most
serious and feared diabetes mellitus complication, (i.e., vision loss) and improve their
lives as well.
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1.2 Literature review

1.2.1 Definition and classification of visual impairment

Visual impairment (VI) is a functional limitation of the eye(s) due to a disorder or
disease that results in reduced visual acuity, visual field loss, photophobia, diplopia,
visual distortion, visual perceptual difficulties, or any combination of the above [13].
Visual impairment is also often defined as presented visual acuity of worse than either
20/40 0r 20/60 to no light perception (NLP) in either or both eyes [14].

Visual impairment can be congenital or hereditary. Other main causes of VI incude
refractive error, cataract, glaucoma, corneal opacity, age-related macular degenera-
tion, and diabetic retinopathy [4, 13, 15–17]. It is also linked to ocular infection or
disease, trauma, and systemic diseases such as hyperthyroidism [18], rheumatoid
arthritis, HIV/AIDS, and hypertension [19].

Visual impairment in category Inernational Classification of Disease code H54
(H54) comprises from category 0 to 9 based on presenting distance on visual acuity
test and classified as low vision (mild, moderate, and severe visual impairments) and
blindness [4, 20] (annex VI).

1.2.2 Pathogenesis of visual impairment due to diabetes mellitus

Chronic hyperglycemia following long-standing DM is claimed to cause visual
impairment via the production of inflammatory factors, which lead to inflammation of
endothelium that in turn reduces the integrity of the blood retinal barrier in diabetic eyes
[21, 22]. These are attributed to decreased in the activity of nitric oxide, increased in the
activity of angiotensin II, endothelin-1, and vascular endothelial growth factor (VEGF)
[3]. Besides, there is slow growth of new blood vessels in the iris and trabecular mesh-
work, which inhibits outflow of the aqueous humor fluid that causes irreversible damage
to the optic nerve, eventually leading to blindness [21]. Disruption of the blood retinal
barrier is responsible for developing retinovascular diseases including diabetic retinopa-
thy (DR). Henceforth, DR causes vascular leakage and macular edema. If timely man-
agement is not tailored, there will be reduced vision and eventually blindness [2, 23].

Diabetes-associated glucose toxicity leads to biochemical changes due to polyol
pathway and activation of protein kinase C (PKC) [24]. The polyol pathway is started
by the conversion of glucose to sorbitol by the aldose reductase, and then sorbitol is
changed into fructose by sorbitol dehydrogenase [25]. Accumulation of sorbitol leads
to osmotic changes resulting in hydropic lens fibers that degenerate lens and form
sugar cataracts [26]. Both polyol pathway and PKC result in increased oxidative stress,
inflammation, and vascular incompetence. Oxidative stress and inflammation cause
upregulation of growth factors that play a role in the breakdown of the blood retinal
barrier and development of macular edema [26, 27]. Chronic hyperglycemia also
increases diacylglycerol (DAG) that leads to the activation of protein PKC. Then PKC
increases vascular permeability and upregulation of retinal vascular endothelial
growth factors. Diacylglycerol and PKC pathways progressively affect inflammation,
neovascularization, and retinal blood flow, which ends up with DR and progressively
visual impairment [27, 28].
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1.2.3 Prevalence of visual impairment among type-2 diabetic mellitus patients

Pandemicity of T2DM is rising rapidly probably due to increasing obesity, reduced
physical exercise as countries become more industrialized and aging of the population
[6]. Between 2010 and 2030, a 20% increase DM cases in developed countries and a
69% increase in developing countries have been predicted [29]. According to WHO
report, currently global prevalence of visually impaired people is estimated to be 2.2
billion. Of these, at least 1 billion visual impairment is preventable or has yet to be
addressed [4].

Many studies were conducted in different countries on the prevalence of visual
impairment among T2DM. VI among T2DM in Sankara Nethralaya was 4% [30], Peru
26.3% [31], China 10% [16], Jordan 17.7% [32], Turkey 16.2% [33], and Yemenian
76.5% [34].

Studies in Africa reported different magnitude of VI. The prevalence of unilateral
visual impairment among DM patients was 78.25% in South Africa [35], 17.1% in
Zambia [36], and 18.4% in Kumasi, Ghana [37]. In Nigerian, 24.1% of T2DM cases
had visual impairment [38]. Moreover observational studies in Tunisia [39] and
Cameron [40] revealed 22.2% and 22.6% prevalence of VI among DM patients,
respectively.

In Ethiopia, there is no visual impairment study done among diabetes mellitus
patients, but in a study at St. Paul’s Hospital, visual impairment was 17.6% among all
ophthalmic cases. Of this, 58.7% had low vision and 41.3% had blindness [23] and that
of Dessie referral Hospital, the prevalence of visual disturbance among diabetes
mellitus patients was 28.9% [41].

1.2.4 Associated factors of visual impairment among T2DM patients

Factors associated for developing visual impairment vary among different studies.
A study done in China, Jordan, and Yemen revealed that visual impairment was
statistically associated to patients’ age, duration of diabetes, body mass index
(23.4 � 3.9), education level (≤ primary education), and insulin as treatment option
[16, 32, 42].

Finding from Sankara Nethralaya showed that visual impairment was higher
among diabetes patients age > 60 years and low socioeconomic status [30]. In Peru-
vian population, hypertension, hemoglobin A1c, and use of insulin or sulfonylurase as
diabetic treatment were associated to visual impairment [31]. Diabetes and visual
impairment study in sub-Saharan Africa (evidence from Cameroon) revealed that
factors such as age (≥ 50), duration (≥10 years), and hypertension were associated
with severe visual impairment [11]. A study from Zambia, Turkey, and Tunisia find-
ings indicated that age, overweight, duration of diabetes, high random blood sugar,
high systolic blood pressure, and insulin as diabetic treatment were significantly
associated to visual impairment [33, 36, 39].

In Arbaminch Referral Hospital, baseline age (≥ 60), duration of diabetes (≥6),
baseline systolic BP level (>140) were significantly associated to DR [43] while in
Dessie, patients’ age, drug regimen, and specific medications taken were associated
with diabetic complication (Figure 1) [41].
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1.2.5 Developed conceptual framework

1.3 Justification of the study

To the best of my knowledge, there was no study conducted in Ethiopia to deter-
mine the prevalence of VI and its associated factors among people living with T2DM.
Vision loss is the most serious and feared outcome of DM-associated complication.
After completion, this study will provide an in-depth and comprehensive information
on the prevalence of VI and identify associated factors among people living with
T2DM. The findings of this study will enable DM patients to implement preventive
strategies and adhere to self-care management and medication to improve glycemic
control and hence preventing VI by targeting associated factors. Preventive strategies
include screening for DR, provision of follow-up care, and ensuring the follow-up
techniques that meet the standard clinical guidelines. Making available an adequate
referral mechanism allows all patients to screen and diagnose DM early so that possi-
ble ensuring eye complications are detected. Indeed, it will create an effort to develop
effective health service programs and policies for better management of DM and cost-
effective strategies in Ethiopian context as well as a baseline for the coming
researchers and stakeholders at higher level.

Figure 1.
Conceptual framework adapted from different literatures illustrating possible factors affecting visual impairment
among people living with T2DM at Dessie, Northeast Ethiopia, 2020 [11, 16, 31, 32, 36, 39, 43].
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2. Objectives

2.1 General objective

• The aim of the current study was to assess the prevalence of visual impairment
and its associated factors among people living with T2DM at Dessie Town
Hospitals, Northeast Ethiopia, 2020

2.2 Specific objectives

• To determine the prevalence of VI among people living with T2DM

• To identify associated factors of VI among people living with T2DM

3. Methods and materials

3.1 Study setting and period

This study was conducted at Dessie town hospitals (both government and private
hospitals). Dessie town is located 400 km away from Addis Ababa, the capital city of
Ethiopia. During the study period, there were four private and one governmental
referral hospitals in Dessie town. Current report of Dessie zonal administrative office
showed that these hospitals engaged in providing service for more than 3.5 million
people. According to annual summative report of all diabetic clinics in Dessie town
hospitals, an estimated number of 14,000 people living with T2DM were served. In
each hospital, there was diabetic follow-up clinic for treatment and follow-up of
people living with DM. The follow-up date in each hospital was from Monday to
Friday. The actual data collection period was from February 15, to March. 152,020.

3.2 Study design

Institution-based cross-sectional study design was employed.

3.3 Source population

Source population was all people living with type-2 diabetes mellitus (both old and
newly diagnosed cases) came to diabetic clinic of each hospital.

3.4 Study population

Study population was all people living with type-2 diabetes mellitus visiting dia-
betic clinic of each hospital during data collection period.

3.5 Eligibility criteria

3.5.1 Inclusion criteria

People living with T2DM who had follow-up and newly diagnosed T2DM patients
in diabetic clinic during study period were included in the study.
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3.5.2 Exclusion criteria

People living with T2DM who were seriously ill, pregnant women, and
those who had HIV/AIDS, trachoma, acute eye infections (bacterial or viral), trauma
to the eye, history of head injury, and history of stroke were excluded from the
study.

3.6 Sample size determination and sampling technique

Sample size was determined using a single population proportion formula by
considering the following assumptions:

Prevalence of visual impairment =28.9% [41], 95% confidence interval (zα/2). and
5% margin of error (d = 0.05). Then sample size (n):

n ¼ Zα=2ð Þ2p 1� pð Þ
d2 : (1)

n ¼ 1:96ð Þ2 � 0:289ð Þ � 0:711ð Þ= 0:05ð Þ2 ¼ 316 (2)

Adding non-response rate of 5% yielding a final sample size of 332.
Sample size allocation.
Sample size for each hospitals was allocated by using sample size allocation

formula.

nj ¼ n
N

Nj (3)

Where nj = sample size for each hospitals.
n = total sample size.
Nj = total people living with type 2 diabetes in each hospitals.
N = total people living with type 2 diabetes in all hospitals.

nDRH ¼ 332
14000

∗ 10210 ¼ 242 (4)

nSRH ¼ 332
14000

∗ 1440 ¼ 34 (5)

nERH ¼ 332
14000

∗ 1250 ¼ 30 (6)

nBRH ¼ 332
14000

∗ 1100 ¼ 26 (7)

Where DRH = Dessie Referral Hospital, SRH=Selam General Hospital, ESH = Ethio
General Hospital and BGH=Bati General Hospital (Figure 2).

In this study, Dessie Referral Hospital and all private hospitals were included and
simple random sampling technique using lottery methods was applied to recruit study
participants from those of type 2 DM cases who came to the clinic for follow-up and
newly diagnosed T2DM patients during study period.
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3.7 Study variables

3.7.1 Dependent variable

• Visual impairment

3.7.2 Independent variables

• Sociodemographic variables: Age in years, sex, monthly income, marital status,
and educational level

• Behavioral variables: Diet, exercise, and diabetic regular follow-up to T2DM

• Clinical-related variables: Glycemic control, plasma glucose level, duration of
DM, comorbidities (hypertension and obesity), and treatment option for people
living with type 2 diabetes mellitus.

3.8 Operational definitions

Visual impairment: Is any loss or abnormality in an anatomical structure or a
physiological or psychological function [13]. It is presenting visual acuity of worse
than either 20/40 0r 20/60 to no light perception (NLP) in either or both eyes, which
includes both low vision and blindness [44].

Figure 2.
Diagrammatic representation of sampling procedure for T2DM at Dessie town Hospitals, Northeast Ethiopia,
2020.
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Low vision: Even with corrective lenses, it is inability to clearly see at a distance of
6 meters (20 feet) that individuals with normal vision can clearly see at a distance of
12 meters (40 feet) or visual acuity between 6/12 and 3/60. Low vision includes mild
visual impairment (VA between 6/12 and 6/18), “moderate visual impairment (VA
between 6/18 and 6/60)” and “severe visual impairment (VA between 6/60 and 3/
60)” from all causes [4].

Blindness: Inability to read the largest letter on a vision chart at a distance of 3
meters (10 feet) or visual acuity was worse than 3/60 [45].

Visual acuity/VA: Simple, noninvasive measure of the visual system’s ability to
discriminate two high-contrast points in space. It is usually taken at a distance of 6 m
or 20 feet [9]. It is expressed in terms of A/B, where A: distance b/n observer and
letters and B: expected distance that the health eye can observe.

Obesity: A BMI of ≥30 kg/m2 is considered obese. Class 1 obesity (BMI: 30–
34.9 kg/m2) is one of the most common subtypes. Obesity class 2 (BMI 35–39.9 kg/
m2), extreme obesity or morbid obesity (BMI 40 kg/m2) is classified as class 3 (BMI
40 kg/m2) [46].

Exercise: Exercising for less than 150 minutes per 3–5 days/week is regarded
poor, while exercising for more than 150 minutes per 3–5 days per week is considered
good [47].

3.9 Data collection procedures and tools

We used semistructured interviewer-administered questionnaire, tape meter, and
weight balance to collect data. Type of diabetes already diagnosed by physician and
their ID list were used to select study participants. After obtaining consent, weight,
height, and blood pressure were taken. Then they were scheduled for eye examination
at the eye clinic of the same institution and had additional benefits of individualized
counseling, care, and referral depending on the ocular findings. At the eye clinic, each
patient had visual acuity assessment with illuminated Snellen’s chart for each eye at
6 m. Training was given by principal investigator about the objective of study, data
collection techniques, and ethical issues had been given to four data collectors who
were BSc ophthalmic nurses and clinical nurses and one supervisor prior to actual data
collection. Pre-test was applied on 17 patients in Borumeda General Hospital for
evaluation of consistency, approachability, and feasibility of the questionnaire. Infor-
mation obtained was strictly kept confidential.

3.9.1 Ophthalmic examination

Ophthalmic examination was performed by ophthalmic nurse and ophthalmolo-
gist. Careful ocular history, inspection, and examination of the eye using slit-lamp and
dilated fundus examination were conducted. Visual acuity (using snellen chart),
macular degeneration (ophthalmoscope), intraocular pressure (using tonometry), and
history of night blindness for vitamin A deficiency were taken.

3.9.2 Snellen chart for visual acuity test

Visual acuity is measured by taking 6 m notation. Visual acuity was performed in a
properly illuminated quiet room, using Snellen chart at 6 m to discriminate different
letters. Each eye was tested separately, and the procedure was repeated, then the best
average was taken. The person who could identify the letters of the size 6 at 6 m (20 at
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20 feet) was said to have normal vision. The numerator expresses the distance
between the observer and the letters while the denominator expresses the distance at
which the letter could be distinguished by the normal eye.

3.10 Data quality control

Data quality assurance was maintained starting from design. The questionnaire
was first prepared in English and then translated from English to Amharic (local
language) and retranslated to Amharic by another expert to ensure understanding of
the items for the participants and its consistency. Pre-test was done on 17 people living
with T2DM at Borumeda Hospital. Training was given for data collectors and super-
visor on the data collection tool and ethical issues during data collection.

3.11 Data processing and statistical analysis

After completing the data collection process, data were entered into Epi data-3.1
by data entry clerk, then exported into SPSS version 22 for analysis. Data complete-
ness, consistency, and outliers were checked. Continues data were described by
median and inter-quartile range while frequency with percent was used to describe
the results of categorical variables. Then results were presented using tabulation,
graph, and charts. Uni-variable analysis was used to describe independent variables,
and bi-variable binary logistic regression analysis was performed to select potential
candidate variables for the final model with cutoff point of p value ≤0.25 [48]. Model
fitness was checked by Hosmer and Lemeshow goodness of fit test. Multivariable
binary logistic regression analysis was done to identify significant factors of visual
impairment. Adjusted odds ratio with 95% CI was computed to show significant
factors. In the final model, variables with a p value ≤0.05 were considered as statisti-
cally significant.

4. Ethical consideration

The institutional review board (IRB) of the University of Gondar, College of
Medicine and Health Sciences, granted ethical approval with reference number 1839/
02/2020. Prior to data collection, Dessie Town Hospitals provided an official authori-
zation letter. After describing the goal of the study to each participant, they signed a
written informed consent form. Participants had full mandate to participate or to
refuse even to withdraw at any time they want from the study. The information
obtained was kept confidential.

5. Dissemination plan of results

Electronic copy of the thesis will be published by University of Gondar for online
access. We also plan to disseminate the result of this study as a copy of the document
to Dessie town private hospitals and Dessie Refferal Hospital. Attempts will be made
to present the findings at various scientific conferences, workshops, and meetings. In
addition, an effort will be made to publish the findings in a peer-reviewed scientific
journal.
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6. Results

6.1 Sociodemographic characteristics of participants

Out of the total of 332 study participants, 322 have participated in the
study yielding a response rate of 97%. The median age of participants was
52 years (IQR: 45–60 years) ranging from 24 to 87 years. One-hundred seventy
and five (54.3%) study participants were male giving female-to-male ratio of
1: 1.18. Two hundred and twelve (65.8%) individuals were Islamic religion
followers. Seventy-three (22.7%) participants were unable to read and write.
One-hundred and fifteen people (35.7%) worked for a private company, 291
(90.4%) were married, and 249 (77.3%) lived in a town. The median monthly
income of the participants’ households was 3570 ETB (IQR: 2000–5195, Min = 800,
Max = 9600ETB) (Table 1).

Variables Categories Frequency Percent

Age in years 20–40 37 11.5

41–59 189 58.7

60–87 96 29.8

Sex Male 175 54.3

Female 147 45.7

Religion Muslim 212 65.8

Orthodox 103 32

Others* 7 2.2

Marital status Never married 31 9.6

Married 291 90.4

Residence Urban 249 77.3

Rural 73 22.7

Educational level Unable to read and write 73 22.7

Primary 84 26.1

Secondary 79 24.5

Diploma and above 86 26.7

Occupation Government workers 70 21.8

Private workers ** 115 35.7

Farmer 37 11.5

House wife 60 18.6

Others*** 40 12.4

Other*: protestant and catholic, Private worker**: construction, daily laborer, driver, mechanic, merchant, Others***:
jobless, pensioner.

Table 1.
Sociodemographic characteristics of people living with T2DM at Dessie town Hospitals, Northeast Ethiopia, 2020
(n = 322).
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6.2 Type-2 DM and vision-related characteristics of participants

Forty-six (14.3%) people living with T2DM had trouble in adjusting light
while entering from bright to dim light. One-hundred and seventy three (53.7%)
of DM patients had duration 5 years and less since diagnosis while 24 (7.5%)
were new cases. Of all participants, two-hundred and sixty-four (82.0%)
T2DM patients had regular follow-up in clinics. One-hundred and ninety
nine (61.8%) of participants had poor or inadequate physical exercise. In 201
(62.4%) T2DM patients, the treatment option for DM was oral hypoglycemic
agent without insulin. Thirty-seven (11.5%) participants were obese (BMI:
median = 34.8, IQR: (23.1–27.65) and 98 (30.4%) individuals had co-morbid
hypertension. Respondents had a median with IQR of baseline random plasma
glucose (311, (260–396)) and fasting plasma glucose (160, (140–208)), respec-
tively. One-hundred and eighty-seven (58.1%) participants had poor glycemic
control (Table 2).

Variables Categories Frequency Percent

Have trouble in adjusting light (night blindness) Yes 46 14.3

No 276 85.7

Regular follow-up Yes 264 82

No 58 18

Duration of diabetes (in years) Newly diagnosed 24 7.5

≤5 years 173 53.7

>5 up to 24 years 125 25.8

Treatment (n = 296) OHA without insulin 201 67.9

Both of OHA and insulin 73 24.7

Insulin only 22 7.4

Regular exercise Good* 123 38.2

Poor* 199 61.8

BMI (kg/m2) Underweight 5 1.5

Normal 159 49.4

Overweight 121 37.6

Obese 37 11.5

Comorbid hypertension Yes 98 30.4

No 224 69.6

Glycemic control <152 mg/dl (good) 135 41.9

≥152 mg/dl (poor) 187 58.1

OHA: oral hypoglycemic agents, Good*: doing exercise every other day ≥30 min/day, Poor*: do not doing exercise at all or
doing exercise <30 min/day.

Table 2.
Factors related to diabetes mellitus and vision-related characteristics of participants at Dessie town Hospitals,
Northeast Ethiopia, 2020 (n = 322).
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6.3 Prevalence of visual impairment among people living with T2DM

In the current study, the prevalence of visual impairment was 37.58% [95% CI:
32.3–42.9] with mean � SEM (0.38 � 0.027) (Figure 3).

Fifty-eight (18.0%) participants with visual impairments were in the moderate
visual impairment category. Among the overall prevalence of visual impairment, 43
(13.4%) had bilateral vision impairment and 78(24.2%) had monocular vision impair-
ment out of total participants. Of all visually impaired T2DM, 107 (33.2%) and 14
(4.4%) had low vision and blindness, respectively (Table 3) (Figure 3).

Visual impairment among people living with T2DM increases with age. Among
over all T2DM patients participated in this study, three (0.93%) participants aged 20–
39 years, 62 (19.25%), individuals aged 40–59 years, and 56 (17.39%) participants
aged 60–87 years were visually impaired (Figure 4).

Figure 3.
Pie chart showing prevalence of visual impairment among people living with T2DM at Dessie town Hospitals,
Northeast Ethiopia, 2020 (n = 322).

Visual impairment category Frequency Percent

<6/12–6/18 Bilateral mild VI 28 23.1

<6/18–6/60 Bilateral moderate VI 10 8.3

<6/60–3/60 Bilateral severe VI 1 0.8

<3/60-NLP Bilateral blindness 4 3.3

<6/12–6/18, other eye 6/6–6/12 Monocular mild VI 0 0.0

<6/18–6/60, other eye 6/6–6/18 Monocular moderate VI 48 39.7

<6/60–3/60, other eye 6/6–6/60 Monocular severe VI 20 16.5

<3/60-NLP, other eye 6/6–3/60 Monocular blindness 10 8.3

Total 121 100

Note: NLP-no light perception, VI-visual impairment.

Table 3.
Forms of visual impairment categories among people living with T2DM at Dessie town Hospitals, Northeast
Ethiopia, 2020, (n = 322).
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In T2DM patients, visual impairment increases with duration of diabetes. Among
all T2DM participants, 1 (0.31%) new T2DM cases, 42 (13.04%) participants with
5 years and below duration, and 78 (24.22%) individuals with >5 up to 24 years of
duration were visually impaired (Figure 5).

6.4 Associated factors of VI among patients living with T2DM

Age, sex, marital status, educational level, occupation, residence, regular exercise,
duration of DM, treatment option, baseline random plasma glucose, hypertension,

Figure 4.
Distribution of visual impairment among different age groups of people living with T2DM at Dessie town
Hospitals, Northeast Ethiopia, 2020 (n = 322).

Figure 5.
Magnitude of VI across duration of people living with T2DM at Dessie town Hospitals, Northeast Ethiopia, 2020
(n = 322).
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and glycemic control were candidates for final model. In multivariable analysis age,
poor regular exercise, duration of diabetes, insulin treatment, and poor glycemic
control were statistically significant with visual impairment.

The odds of having visual impairment for each age increase of a unit (a year) were
1.06 times (AOR: 1.06, 95% CI: 1.02, 1.09). Participants who relied on insulin were 14
times (AOR = 14.05, 95% CI: 2.72, 72.35) more likely to get visual impairment than
those who used treatment options without insulin. The odds of having visual impair-
ment in diabetes mellitus who had poor physical exercise were 2.91 times (AOR = 2.91,

Variables Categories VI COR (95% CI) AOR(95% CI)

No Yes

Sex Male 119 56 1 1

Female 82 65 1.68 (1.06, 2.65) 1.29(0.56, 2.96)

Marital status Unmarried 27 4 1

Married 174 117 4.54(1.54, 13.31) 1.25(0.30, 5.11)

Education Unable to read and write 32 41 1 1

Primary (1–8) 52 32 0.48 (0.25, 0.90) 0.92 (0.33 2.50)

Secondary 51 28 0.43 (0.22, 0.82) 1.11 (0.37, 3.29)

Diploma and above 66 20 0.23 (0.12, 0.46) 0.67 (0.20, 2.23)

Occupation Government worker 52 18 1 1

Private worker 81 34 1.21 (0.62, 2.36) 0.80 (0.34, 1.88)

Farmer 23 14 1.75 (0.74, 4.12) 0.35(0.10, 1.17)

House wife 26 34 3.77 (1.80, 7.92) 1.54 (0.59, 4.00)

Other 19 21 3.19 (1.40, 7.25) 1.33(0.42, 4.17)

Residence Urban 166 83 1

Rural 35 38 2.17(1.27, 3.68) 1.85(0.71, 4.80)

Regular- Good 94 29 1

exercise Poor 107 92 2.78(1.68, 4.59) 2.91(1.47, 5.76)**

Duration of diabetes ≤5 years 154 43 1

>5–24 years 47 78 28.59(3.68, 221.75) 2.42(1.24, 4.73)**

Treatment OHA without insulin 140 61 1

Both of OHA and insulin 34 39 2.63(1.52, 4.56) 1.45(0.71, 2.97)

Insulin only 2 20 22.95(5.20, 101.25) 14.05(2.72, 72.35)**

Hypertension Yes 51 47 1.86(1.15, 3.03) 1.26(0.65, 2.44)

No 150 74 1

Glycemic- <152 (good) 94 41 1

control(FPG) ≥152 (poor) 107 80 1.71(1.07, 2.73) 2.17(1.13, 4.14)*

Note: OHA: oral hypoglycemic agent, * significant (p < 0.05), ** significant (p < 0.01), *** significant (p < 0.001), 1 -
reference, Hosmer - Lemeshow goodness-of-fit (p = 0.781), no multicollinearity (VIF < 10).

Table 4.
Multivariable binary logistic regression analysis for associated factors of visual impairment among people living
with T2DM at Dessie town Hospitals, Northeast Ethiopia, 2020 (n = 322).
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95% CI: 1.47, 5.76) more likely than those who were good in physical exercise. People
living with T2DMwith duration of more than 5 years were 2.42 times (AOR: 2.42, 95%
CI: 1.24, 4.73) more likely to acquire visual impairment than those with duration of
5 years and lower. Those who had poor glycemic control were 2.17 times (AOR: 2.17,
95% CI: 1.13, 4.14) more likely to develop visual impairment in contrary to good
glycemic control (Table 4).

7. Discussion

Despite the wide range of effects of T2DM on vision, no thorough study has been
undertaken in Ethiopia to describe visual impairment and the factors that influence it
among persons with T2DM. The goal of this study was to find out how common visual
impairment is among persons with T2DM and what factors contribute to it in Dessie
town Hospitals in Northeast Ethiopia.

At Dessie town Hospitals, the prevalence of visual impairment among people
with T2DM was 37.58% (95% CI: 32.3–42.9) in the current study. This figure is
greater than the 28.9% found in a prior study at Dessie Referral Hospital [41]. This
disparity is likely owing to previous researchers’ study designs, which included a
review of patient records as a source of data, a different study population (only
newly diagnosed DM), and visual disturbance was recognized using clinical findings
and questionnaire-based procedures (where visual acuity test was not applied).
Furthermore, the current study’s prevalence of visual impairment is higher than
other studies in Nigeria (24.1%) [49], Tunisia (22.2%) [39], and Cameron (29.7%).
[11] Kumasi, Ghana (18.4%) [37], Zambia (17.1%) [36], Turkey (13.5%) [33], Peru
(40.2%) [31], Jordan (17.7%) [32], Hengli, Southern China (10%) [44], and Sankara
Nethralaya (4.1%) [30]. This disparity is most likely related to disparities in case
definition, technique used, socioeconomic status, and the quality of chronic disease
care services provided. The cutoff limit for VI in this investigation was VA 6/12,
whereas VA 6/18 was used in the previous trials. Those investigations, unlike the
current one, used the better eye’s presenting visual acuity to define visual impair-
ment. Furthermore, their research was conducted at the community level, where
there was a chance of screening normal-sighted people. However, Our study was
conducted in a hospital setting, and the majority of the patients had a known
diabetes problem, which could lead to an increase in the prevalence of visual
impairment.

In the Nigerian study, voluntary sampling and a lower sample size were
used. Purposive sampling was utilized in Tunisia, which introduced bias, and
both investigations defined visual impairment using the better eye presenting
visual acuity. When one eye was visually impaired but the other was not, they
judged it to be no vision impairment, which understates the extent of visual
impairment when compared with the current study, which takes either eye’s
visual acuity into account.

This study found a lower rate of unilateral vision impairment than those conducted
in Yemen (76.5% [34] and South Africa (78.25%) [35]. This disparity could be attrib-
utable to changes in case definitions for vision impairment and sample sizes. In the
study conducted in South Africa, study participants were T2DM aged 40, with a
cutoff point of VA between 6/9.5 and 6/18, which was defined as a visual impairment,
whereas in Yemen, a large sample size was used, with all conditions overestimated or
the possibility of adding additional visually impaired cases.
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In the current study, visual impairment was significantly associated with advanced
age, inadequate regular exercise, diabetes duration, insulin, and poor glycemic man-
agement.

For each unit (a year) increase in age, the likelihood of experiencing visual
impairment increased by 1.06 times. A study in Tunisia [39], Southern China [16],
and Sankara Nethralaya found comparable results [30]. Possible explanations include
reduced activity, loss of muscle mass, and weight gain, which cause fatty cells to
become more insulin resistant, resulting in hyperglycemia. Due to heart insufficiency,
advanced age also increases the risk of macrovascular events [50].

The odds of having visual impairment in diabetes mellitus who had poor physical
exercise were 2.91 times more likely than those who were good in physical exercise.
This might be due to exercise that can promote an increase in the bioavailability of
nitric oxide (NO), which decreases blood pressure, postexercise can increase in gly-
colipid uptake and utilization, which improves glucose homeostasis, insulin sensitivity
and maintaining glycemic level [51–53], optimized body mass index, and modulated
DNA methylation [54].

Participants with duration of diabetes of above 5 years were 2.42 times more likely
to get visual impairment as compared with those with type 2 diabetes with duration of
5 years and below. This finding is in line with Zambia [36], Yemen [42], Peru [31],
and China [16]. Possible reason might be long duration of diabetes has lower adher-
ence [55], hall marker for long-term exposure to hyperglycemia [56], and potential
increase risk of macrovascular and microvascular events and death [50]. Moreover,
long duration linked to a reduction in insulin secretion or excessive insulin resistance
in T2DM patients [24].

Diabetes mellitus patients who were managed by insulin only were 14 times
more likely to have visual impairment than diabetes patients who are managed
without insulin. This is consistence with study in Zambia [36], Turkey [33], Peru [31],
Jordan [32]. and Sankara Nethralaya [28]. The reason is probably linked to the use of
insulin alone that reflects less adherence [55] resulting in deterioration in kidney
function, decline in β-cell function, or increase in insulin resistance over time [57],
which in turn is associated with poor plasma glucose control and higher risk of severe
diabetes.

The odds of being visually impaired were two times higher in poor glycemic
control in contrary to good glycemic control, which is in line with study in Peruvians
[31]. The possible reason might be poor glycemic control or persistent hyperglycemia
damages retinal vasculature via activation of a pro-inflammatory mediators such as
tumor necrotic factor (TNF)-2, interleukin-6, interleukin-1b, angiotensin II,
endothelin-1, and vascular endothelial growth factor (VEGF) that could alter retinal
blood barrier and lead to retinal vessel leakage causing macular edema and nerve
scaring, which result in retinal detachment and sudden vision loss.

8. Conclusion

The prevalence of VI in Dessie town hospitals accounts for more than a third of
patients living with type-2 DM implied that was a significant public health problem.
Older age, poor regular exercise, duration of diabetes, insulin treatment, and poor
glycemic control were statistically significant with visual impairment. Regular diabe-
tes follow-up and visual screening for all type-2 DM should be done at older age group
patients and for those having longer duration of diabetes, which can reduce visual
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morbidity and vision loss. Type-2 DM patients should control glycemic level by taking
medications and through adequate and regular physical exercise.

The findings of this study are essential for visual health program planners that
barriers other than economic constraints are present, which prevent adoption of
desired behaviors. Public health policies with educational programs and promotion of
DR screening of all T2DM are needed and timely management of DR that greatly
reduces the incidence of visual impairment due to diabetes. Thus integrated effort
should be in place to reduce the risk of visual impairment, manage the disease pro-
gression, and prevent vision loss as a bad consequences.

9. Strength and limitations of the study

9.1 Strength

This study gave a minute picture of the problem (visual impairment) among
T2DM patients in Ethiopia and made easy to understand which factors were more
important to visual impairment and vision loss as a bad consequence.

9.2 Limitations

Since the study was cross-sectional, it could not show cause-effect relationship.
Recall bias was also an expected limitation. Categorization of visual impairment was
based on presenting, not corrected visual acuity. HbA1c was not measured due to
clients’ financial issue so that physicians ordered fast plasma glucose instead of
HbA1c. The HbA1C test is a reliable blood test that provides information about a
person’s average levels of blood glucose over the past 3 months. However, the fasting
plasma glucose shows only point in time result of the diabetic patients.

10. Recommendation

• Ministry of health should develop effective and efficient health programs,
policies, and strategies for preventive, curative, and rehabilitative service specific
to diabetics

• Health facilities should have an adequate referral mechanism that allows all
patients to screen and diagnose diabetes mellitus early through screening and
regular follow-up so that it can detect possible eye complications.

• People living with T2DM should adopt standardized management protocol such
as diet, physical activities, and medications to live long and prevent potential
complication.

• Researchers should conduct further observational (like cohort) study.
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