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FOREWORD
We now know there is consistent association among dysregulation of
multiple organs. In other words, diseases often occur as constellations of
defects in multiple organs or multiple physiological sub-systems.
Syndrome X the most prominent among such defect-constellations, in
which minimally there is increased level of blood sugar and an adverse
lipid profile leading to type 2 diabetes and heart disease. Perturbations of
biological pathways that result in such constellations of abnormal
phenotypes have not been completely mapped, but researchers are actively
engaged with this task. Meanwhile, consistent risk factors are being
identified. In respect of Syndrome X, obesity is undoubtedly the prime risk
factor. The editors have brought together a set of researchers who are
actively pursuing research on Syndrome X with particular focus on obesity
and produced a compendium of their research findings. The articles in this
volume vary from descriptive (epidemiological profiling) to analytical
(dissection of causes). Some articles have emphasized the impact of such
studies in understanding burden on public health, globally. The authors
who have contributed are from varied backgrounds, because of which this
collection of essays is refreshingly diverse in spite of being focused. I do
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hope that researchers from equally varied backgrounds benefit from this
collection.

Partha P. Majumder, PhD, FNA, FASc, FNASc, FTWAS
J. C. Bose National Fellow
Distinguished Professor and Founder
National Institute of Biomedical Genomics, Kalyani, India
Professor
Translational Health Science and Technology Institute, Faridabad, India
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PREFACE
Obesity and Syndrome X continues to be an important global public
health burden. Obesity occurs as a natural consequence of over nutrition
and sedentary lifestyle. It further dysregulates metabolic process, if
persistent over a period, ultimately leading to a cluster of risk factors
known as metabolic syndrome or syndrome X. Close association of
syndrome X with type 2 diabetes, cardiovascular diseases, and its comorbidities results to leading causes of death and disability worldwide.
The book is therefore intended for specific readers who are proactive
and have the ability to engage in research on their own on a much deeper
level. It is a way to raise interest in individuals related to this area of study.
It is however not possible to cover every single aspect in one book. We
may not have been able to do full justice in all the areas involved in this
field of work. However, it is a sincere attempt to give our best effort to
address a specific audience.
The topics discussed in the book are from authors of diverse
background thereby making every topic extremely large in breadth and
depth. There are fourteen chapters divided into three parts. The first part of
the book comprises five chapters related to Epidemiological Aspects of
obesity and syndrome X, the second part is comprised of five chapters
related to Analytical Aspects, and the third part is comprised of four
chapters dedicated to the Global Public Health Aspects.
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We envision the audience of this book to comprise a broad spectrum of
those involved in the field of public health, epidemiology, medicine,
anthropology and other related disciplines of biological and social
sciences. Even individuals who are just beginners in this field of research
may find these chapters of much interest.
We sincerely acknowledge the chapter authors for their valuable
contribution despite having tight schedule to create what we believe is a
truly diverse and informative book. Their expertise and insights will not
only be gift to all interested readers, but it will help to develop a common
agenda in future for combating this global public health burden
comprehensively.
Last but not least, we thank NOVA Science Publishers (New York) for
all their help and kind cooperation without which the publication of this
book would not have been possible.

Mithun Das, PhD (Visva-Bharati) and
Kaushik Bose, PhD (Panjab), PhD (Cantab), DSc (Vidyasagar)
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Chapter 1

ASSOCIATIONS WITH OBESITY IN
SUB-SAHARAN AFRICA
Yackoob K. Seedat
Department of Internal Medicine,
University of KwaZulu-Natal, Durban, South Africa

HYPERTENSION
There is a strong association between obesity, hypertension, and
obesity. About three-quarters of adult type II diabetics and some two-thirds
of hypertensives are overweight (Modan et al., 1985). Obesity as defined
as body weight 20% or more above average or standard weight appears to
be the link between diabetes and essential hypertension in a large majority
of cases. However about 15.0% of the study’s hypertensive group were
free of the other two conditions, and some 4.7% of the general population
presented all three of them. Thus it can be estimated that nearly 1 out of 10
of those in middle age and having a Westernised lifestyle are heavier than
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normal weight, more or less glucose intolerant, and have systolic or
diastolic hypertension (Ferranini & De Fronzo, 1989).
Hypertension is common in patients with diabetes. Studies within
populations have shown that hypertension occurs more frequently in
patients with diabetes than in nondiabetic individuals (Kannel & McGee,
1979). And it is more common for hypertensive patients to become
diabetic than for diabetic patients to become hypertensive. Hypertension
associated with diabetes may be of three types: a) systolic hypertension
secondary to atherosclerosis, and about 2-5 times as prevalent in diabetes
as in nonmatched nondiabetes; b) renal hypertension secondary to diabetic
nephropathy; and c) essential hypertension.

HYPERINSULINAEMIA
Plasma insulin levels are consistently increased in obese subjects
(Salans, 1981). Likewise, patients with impaired glucose tolerance usually
are hyperinsulinaemic even if their body weight is normal. Thus it is
possible that patients with impaired glucose tolerance usually are
hyperinsulinaemic even if their body weight is normal (De Fronzo &
Ferranini, 1982). Thus it is possible that hyperinsulinaemia could be one
link between diabetes, obesity, and hypertension. The association between
hyperinsulinism and hypertension was noted in a large Israeli Jewish
population characterised by a high prevalence of glucose intolerance and
diabetes. The patients were stratified for age and body mass. It was found
that the prevalence of hypertension as well as the actual BP rose from
normal to overt diabetes. They concluded that hypertension per se is
associated with hyperinsulinaemia, and there is common ground for the
cluster of diabetes, obesity, and essential hypertension (Modan et al.,
1985).
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INSULIN RESISTANCE
Insulin resistance is reduced or impaired response of target tissues to
insulin stimulation (Salans, 1981; Ferranini & De Fronzo, 1989). Insulin
resistance occurs in 25% of normal people (De Fronzo & Ferranini, 1982).
The impact of insulin on glucose may be unrelated to impacts of insulin on
carbohydrate, fat, protein, or electrolyte metabolism. Insulin resistance
occurs in obesity and in noninsulin-dependent diabetes. The actions of
insulin can be studied with the insulin clamp technique.

AETIOLOGY OF THE INSULIN-RESISTANT STATE
Several causes may be associated with the aetiology of the insulinresistant state, including genetics, hyperinsulinaemia, increased level of
androgen with central obesity, elevated levels of free fatty acid, ageing,
physical inactivity, diabetes and/or obesity, pregnancy, oral contraceptive
pill, glucocorticoids, growth hormone, alcohol, and smoking (Lundgren et
al., 1988; Pollare, 1989)..

ROLE OF INSULIN IN CAUSING HYPERTENSION
Insulin can raise BP by increased sodium retention (De Fronzo, 1981),
or insulin can stimulate the activity of the sympathetic nervous system. An
increased concentration of noradrenaline leads to increase in heart rate,
vasoconstriction, sodium retention, and elevated BP (Rowe et al., 1981).
Insulin also affects the transport of positive ions across the cell membrane.
This affects sodium, potassium, calcium, and magnesium. An altered salt
concentration in the endothelial cell can reduce the contractility of skeletal
and heart muscle (James et al., 1985; Hilton, 1986). In theory, elevated
insulin levels can increase the contraction of the vascular wall, resulting in
an elevated BP.
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OBESITY—THE HARMFUL MALE TYPE
Abdominal obesity, i.e., the male type of obesity, brings increased risk
of cardiovascular disease, while female obesity of the hip and thigh is not
associated with cardiovascular disease. Abdominal obesity is associated
with the following features: a) higher fasting insulin levels, b) reduced
glucose tolerance and an increased risk of hypertension and diabetes, c)
reduced insulin sensitivity, d) blood lipid abnormalities, e) higher levels of
free fatty acid, because adipose tissue is more sensitive to catecholamine
lipolysis, and f) an increased number of fast-twitch, white muscle fibres in
the thigh muscle. Abdominal obesity is associated with increased incidence
of coronary heart disease (CHD) before ages 60-65 years.

TREATMENT
Treatment for obesity should be by weight reduction, a diet consisting
of less fat and more fibre, and an increase in physical activity. Smokers
should receive advice on how to stop. The entire cardiovascular profile can
be improved with this regimen. Pharmacological agents that have no
metabolic side effects should be considered. In the syndrome of
hypertension, obesity, and diabetes, one should consider hypotensive
agents that lower BP and enhance insulin sensitivity. In this setting, drugs
should be considered that lower BP and improve insulin sensitivity, like
angiotensin converting enzyme inhibitors. Of patients in one study who
developed diabetes, 98% were treated with diuretics and/or beta blocking
agents (Pollare et al., 1989).

LIFESTYLE
Two important low-cost measures are, first, a reduction of dietary salt
and increased potassium intake, and second, a greater awareness of the
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serious implications of obesity. Increased exercise, decreased obesity, and
cessation of smoking are all important in Blacks and whites in control of
hypertension. Financial and cultural barriers constrain implementation of
the DASH high-fruit, high-vegetable, low-salt diet which is very effective
in U.S. Blacks. In Africa, one hypothesis is that the rural diet is relatively
protective but is abandoned with urban exposure that entails less
carbohydrate and higher fat intake. In West Africa, sodium restriction is
feasible as a solitary measure, but to achieve general adoption, it requires
persuasion at a governmental level and multiple messages from various
sources, including rural clinics and television (Cappuccio et al., 2004). The
major problem is how to get lifestyle messages across and how to
implement them.

HYPERTENSION IN SUB-SAHARAN AFRICAN POPULATIONS
Hypertension in sub-Saharan African populations is a widespread
problem of immense economic importance because of its high prevalence
in urban areas, its frequent underdiagnosis, and the severity of its
complications. Mass migration from rural to periurban and urban areas
probably accounts at least in part for the high incidence of hypertension in
urban black Africans. In semirural areas, inroads in lifestyle changes
associated with “civilisation” may explain the apparently rising prevalence
of hypertension. Significant segments of the African populations are still
afflicted by severe poverty, famine, and civil strife, making the prevalence
of hypertension difficult to determine. Black South Africans have a stroke
rate twice as high as that of whites. Two lifestyle changes that are feasible
and can help stem the hypertension epidemic in Africa are a decrease salt
intake and a decrease in obesity, especially in women (Opie & Seedat,
2005).
Exact data are difficult to obtain in South African surveys. In 1983 our
age-adjusted prevalence study (Seedat, 1983) of the adult population of
Durban (World Health Organisation criteria ≥ 160 mm Hg) showed that
hypertension was highest in urban Blacks of the Zulu tribe (25%), followed
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by whites (17%), ethnic Indians (14%), and lowest in rural Blacks (9%).
The first Demographic and Health Survey in South Africa was conducted
in 1998 in a random sample of 13,802 subjects aged 15 years or older, of
whom 76% were Black, 13% of mixed ancestry, 8% white, and 3%
Indian/Asiatic. The age-adjusted incidence of hypertension, namely BP ≥
140/90 mm Hg on medication, measured automatically, for the
predominantly Black South African population was 21% (equal rates
among males and females). For those > 65 years of age, 50% to 60% were
hypertensive (Steyn et al., 1998), a slightly higher rate than those of a
similar age group in semi-urban West Africa (Cappuccio et al., 2004).
Increasing obesity has been associated with increasing BP levels in
West African and U.S. Blacks. In the South African Demographic and
Health Survey of 1998, the incidence of obesity (body mass index was
about 30% in females and 8% in males) was as high as 40%-49% in
females and 13% in men (Steyn et al., 1998). Abdominal obesity was
particularly common in females. The more urbanised these communities
were, the higher the rate of obesity and the less prudent their diets became.
It is probable that the lower male prevalence relates in part to the higher
rate of heavy manual labour.

DIABETES MELLITUS IN SOUTH AFRICAN INDIANS
A dramatic increase in the prevalence of type 2 diabetes is observed in
many parts of the Indian diaspora, which includes the United Kingdom,
Mauritius, and Fiji. Whilst there are marked cultural and social differences
within the Indian racial group, Indians have the unenviable distinction of
achieving a high death rate from CHD. Much of this additional high risk of
type 2 diabetes may be due to the increased risk of type 2 diabetes (four
times that of Europeans), which develops in Indians about 10 years earlier
than in South African whites (Seedat, 1999; Seedat, 2005).
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In a community study (World Health Organization, 1985) to determine
the prevalence and known risk factors for CHD of 778 subjects in the
metropolitan area of Durban, diabetes mellitus was present in 15.8% (age
and sex adjusted for 12.4% of the total sample).

INCIDENCE OF INSULIN RESISTANCE
Insulin resistance consists of glucose intolerance, hyperinsulinaemia,
hypertension, dyslipidaemia, low plasma HDL cholesterol, and high
triglyceride (Reaven, 1988).21 We have found that important factors
denoting insulin resistance were associated with hypertension;
hypercholesterolaemia, low plasma HDL cholesterol, truncal obesity,
diabetes, and hypertriglyceridaemia were clustered in Indians in Durban
(Seedat et al., 1991).22 The Indian population has been shown to have high
plasma insulin levels with insulin glucose tolerance. Young Indian medical
students develop metabolic risk factors for CHD at an early age, compared
with young Black medical students (Morar et al., 1998). It has been
suggested that insulin resistance in the South Asians of London, U.K.,
leads to a high incidence of CHD (McKeigue et al., 1991). We consider
that this interesting concept could explain the high incidence of CHD in
migrant Indians throughout the world.
Our study shows that diabetes mellitus is common in the South African
Indian population. The aetiology may consist of insulin resistance,
abnormal dietary patterns consisting of low energy intake, high intake of
polyunsaturated fatty acids, low fibre intake, and physical inactivity
(Wolmarans et al., 1999). Because of the higher risk of cardiovascular
disease with diabetes, Indian patients should be treated, with lower
thresholds for intervention, for hypertension, dyslipidaemia, and
hyperglycaemia compared to white patients.
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CORONARY HEART DISEASE IN DURBAN BLACKS—
LINKS IN URBAN RACIAL GROUPS
CHD is still relatively uncommon in the Black population of South
Africa. We embarked on a study to determine the prevalence of risk factors
leading to CHD in the Black population of Durban. A total of 458 patients
attending a hospital dental clinic were studied. The prevalence of CHD was
2.4%. The prevalence of risk factors were as follows: hypertension (TSP ≥
140 mm Hg systolic and/or ≥ 90 mm Hg diastolic), 28.0% (31.9% for
males, 25.4% for females); protective levels of high-density lipoprotein /
total cholesterol ≥ 20.0%, 81.3%; diabetes mellitus, 4.9% for males, 2.9%
for females; smoking ≥ 10 cigarettes per day, 28.1% for males, 3.4% for
females; obesity, 3.7% for males, 22.6% for females. We found the
Minnesota Coding system for electrocardiographic changes and the Rose
questionnaire to be unreliable for eliciting CHD in Blacks.
Hypercholesterolaemia was found to be less common, and this may explain
the low incidence of CHD in Blacks. Epidemics of CHD seen in Indian,
Coloured, and white South Africans can still be prevented in the Black
population, but preventive measures must be initiated rapidly (Seedat et al.,
1992).
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Chapter 2

METABOLIC SYNDROME IN
THE PHILIPPINES AND ASIA:
CONCEPTS AND CONCERNS
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Metabolic syndrome is a clustering of interrelated risk factors namely,
dysglycemia, increased blood pressure, elevated triglyceride levels, low
high-density lipoprotein levels, and obesity, particularly central obesity.
This syndrome has been known for decades now and has been observed
with the rising prevalence of obesity and the modern-day sedentary
lifestyle. Insulin resistance linked with central, essentially visceral,
adiposity remains to be postulated as its underlying pathogenetic
mechanism. It is significantly associated with increased risk for the
development of cardiovascular disease, 2x and higher, and for type 2
diabetes mellitus, 5x and higher, in individuals fulfilling its diagnostic
criteria (Alberti et al., 2009).
Defining the diagnostic criteria of the metabolic syndrome (MS) has
been a major task of several health organizations representing major
stakeholders in the fields of cardiovascular and metabolic diseases.
Varying sets of diagnostic criteria have been recommended previously by
different organizations such as the World Health Organization (WHO) in
1998, the European Group for the Study of Insulin Resistance (EGIR) in
1999, the National Cholesterol Education Program’s Adult Treatment
Panel III (ATP III) in 2001, the American Association of Clinical
Endocrinologists (AACE) in 2003, the International Diabetes Federation
(IDF) in 2005 and the American Heart Association (AHA) and National
Heart, Lung and Blood Institute (NHLBI) also in 2005 (Sperling
et al.,2015). The harmonized definition of the metabolic syndrome
(summarized in Table 1) was issued in 2009 from the joint scientific
statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention (IDF), National Heart, Lung and Blood
Institute (NHLBI), American Heart Association (AHA), World Heart
Federation (WHF), International Atherosclerosis Society (IAS) and the
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International Association for the Study of Obesity (IASO) (Alberti et al.,
2009, Sperling et al., 2015).
Metabolic syndrome evolved both as a public health and a clinical
problem largely because obesity is at the core of this clustering that carries
a very high cardiometabolic risk. The contribution of obesity is critical thus
eliciting further examination of the nature of obesity, the phenotypic
profile, including the age, gender, ethnicity of the individuals with this
syndrome. It becomes evident that individual characteristics define the
cardiometabolic profile of different populations that in turn define their
cardiometabolic risk. Better measures of obesity, particularly central
obesity, are necessary and hence, waist circumference as a simple and costeffective measure of central obesity is a critical criterion in diagnosing
metabolic syndrome. The important ethnic-specific and gender-specific
cut-offs for waist circumference reflects the epidemiologic evidence of the
differences in cardiometabolic risk between individuals and between
populations (Bluher, 2014, Seo and Rhee, 2014).
Table 1. Criteria for the clinical diagnosis of metabolic syndrome (MS)
Measure
Elevated waist circumference
Elevated triglycerides (drug treatment for increased
triglycerides is an alternate indicator)
Reduced HDL-cholesterol (drug treatment for low HDL
is an alternate indicator)
Elevated blood pressure (antihypertensive drug treatment
for elevated BP is an alternate indicator)
Elevated fasting glucose (drug treatment for elevated
blood sugar is an alternate indicator)

Categorical cut points
Population or countryspecific definitions
>150 mg/dl
Males: <40 mg/dl
Females: < 50 mg/dl
Systolic BP >130 mm Hg
and/or
Diastolic BP >85 mm Hg
FPG >100 mg/dl

NOTE: The use of ethnic-specific cut-offs for waist circumference is recommended and thus applied.
The Asian cut-offs, >90 cm for males and >80 cm for females are used for the Philippine data
from 2008. The presence of 3 of 5 criteria in each individual fulfills the diagnosis of metabolic
syndrome.
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Given this general background on metabolic syndrome, the current
discussion will now focus on the epidemiology of this syndrome among
Filipino adults, the similarities in the cardiometabolic profile of other
Asian and Asia-Pacific populations vis-à-vis their Caucasian and nonAsian counterparts. The increasing prevalence of overweight and obesity is
apparently driving the global diabetes epidemic and the consequent rise in
cardiovascular and related diseases. This chain of events in the face of
nutrition and lifestyle transition in amidst Westernization in developing
countries is further magnified in the Asia-Pacific region where the majority
of people with new-onset type 2 diabetes reside. Approximately half of the
422 million adults with diabetes in 2014 are from the Southeast Asia and
Western Pacific regions (WHO 2016). The magnitude of the obesity
problem, while clearly on the rise as well in these regions, is not
proportional to the staggering diabetes burden in these regions.
Table 2. Survey data used for Figure 1

Source: Yoon, Lee, et al., Lancet 2006; 368: 1684.
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Source: Yoon, Lee et al. Lancet 2006; 368:1684.
Figure 1. International comparison of prevalence of adult obesity and diabetes.
(A) Proportion of overweight and obese adults, (B) Prevalence of diabetes.

In an international comparison in 2003, with 34% and 30% of
Americans being overweight and obese, respectively, the US national
prevalence of diabetes was 8.2%. The overweight and obese Asians, on the
other hand, ranged then from 10 to 28% and 2 to 6.8%, respectively in 7
countries (India, Philippines, Taiwan, Hong Kong, China, Singapore,
Korea, and Thailand)and yet the average diabetes prevalence in these
countries already ranged from 5 to 12% (Figure 1 and Table 2) (Yoon, Lee,
et al., 2006). Diabetes, an important component of the metabolic
syndrome, appears to develop among Asians, including Filipinos, at lower
levels of obesity. It thus becomes important to examine closely the
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distinguishing characteristics of Filipinos, and Asians for that matter, with
metabolic syndrome.

THE PHILIPPINE DATA ON THE METABOLIC SYNDROME
In the Philippines, the national nutrition survey (NNS) provides critical
data on food intake, nutrition and health status of Filipinos as mandated by
Executive Order 352 guiding policy and decision-making in both the
government and private sectors. Since the first survey in 1978, this
statistical activity has been done regularly by the Food and Nutrition
Research Institute (FNRI) of the Department of Science and Technology
(DOST). The NNS has evolved in 1998 during the 5th NNS to include the
clinical component in collaboration with the Department of Health and
various health agencies and groups including medical specialty
organizations. The NNS has been conducted every 5 years throughout the
17 regions of the Philippines covering the National Capital Region (NCR)
and 80 provinces. In the 8th NNS in 2013, out of the 97.7 million Filipinos,
45,047 households with 172, 323 persons were used for the multi-staged
stratified sampling design. The 9th NNS will be undertaken this year
(2018). The NNS is clearly a veritable source of health information
including prevalence and trends of leading health problems including noncommunicable diseases in the country. The Philippine data on metabolic
syndrome under discussion are derived from various reports, published
papers and unpublished data from the NNS. (FNRI-DOST reports/pdf files,
www.fnri.dost.gov.ph>nutrition-statistic). A few published articles outside
the NNS have been included to elucidate the problem of metabolic
syndrome in the Philippines.
From the 5th NNS (1998), analysis of data from 4541 Filipino adults
aged 20 years and over showed the proportion of subjects with co-morbid
factors increased with high fasting blood sugar (FBS), except for high
cholesterol. Having high body mass index (BMI  25), high waist-hip ratio
(WHR  1.0 in males, 0.85 in females) and high waist circumference
(WC  102 cm in males, 88 cm in females) in combination was
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associated with highest prevalence of high FBS in males (35.8%) and in
females (14.5%) and with highest prevalence of hypertension in males
(66.5%). Among females, the highest prevalence rate of hypertension
(37.95) was seen among those with high FBS. This study indicated that
waist circumference, with the higher cut-offs used, was the best predictor
of metabolic risks, particularly of diabetes mellitus (Tanchoco et al., 2003).
Prevalence of metabolic syndrome among the same 4541 Filipino
adults from the 5th NNS was determined using the NCEP and the IAS
criteria in another study. For the IAS criteria, the Asian cut-offs for waist
circumference, >90 cm in males and >80 cm in females, were used. Based
on the NCEP criteria, the prevalence of metabolic syndrome was 14.2%
and when stratified according to age, 6.6% (ages 20-39 years), 17.7% (ages
40-59 years), and 18.3% (ages 60 years and older). Using the IAS criteria,
the prevalence of metabolic syndrome was 19.3% and with age
stratification, 10.0%, 23.6%, and 24.1%, respectively. The study concluded
that metabolic syndrome was common in this population and increased in
prevalence with age. It was also noted that using NCEP criteria, instead of
the IAS criteria, underestimated the prevalence of metabolic syndrome
(Punzalan et al., 2004).
The 6th NNS, also called the National Nutrition and Health Survey
(NNHeS) 2003-2004, also integrated the clinical component similar to the
5th NNS but also determined, for the first time, the national prevalence of
24 diseases and 11risk factors. Using 3 sets of definitions/criteria of the
metabolic syndrome, namely, NCEP/ATP III (2001), IDF (2005) and
NCEP/ATP III-AHA/NHLBI (2005), the prevalence of metabolic
syndrome in the adult Filipinos aged 20 years and older was found to be
11.9%, 14.5%, and 18.6%, respectively. Low levels of high-density
lipoprotein cholesterol (HDL-C), mean level of 41.3 mg/dL, were seen in
60.2% of men and 80.9% of women, making it the most common
component of the syndrome in the population (70.2%), similarly observed
in the previous 5th NNS with prevalence of 84%. The prevalence rates of
the other MS components were as follows: blood pressure >130/85,
33.3%, abdominal obesity (WC  90 cm, male, 80 female), 26.1%,
triglycerides 150 mg/dL, 20.6% and fasting blood sugar >100 mg/dL,
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7.1%. Age-adjusted odds ratios showed that MS, by all 3 criteria,
predisposed an individual to diabetes mellitus and stroke while MS using
the IDF definition predisposed an individual to myocardial infarction
(Morales et al., 2008).
In the analysis of data from the 7th NNS/ NNHeS 2008, the prevalence
rate of MS utilizing the harmonized definition (Table 3) was 27.4%,
significantly higher than the reported 18.6% in 2003. The prevalence rates
of the individual components of MS similarly showed significant increases
as follow: low HDL-C, 80.3%, abnormal BP, 39.3%, abdominal obesity,
29.8%, increased triglycerides, 30.1%, and elevated FBS, 12.2%. Both age
and gender-related differences continued to be observed as in the previous
NNS. Age-related increases in MS peaked in the age groups 50-59 years
and 60-69 years, remaining high after age 70 years. Females had more
abdominal obesity and lower HDL-C while men had higher BP and higher
triglycerides (Table 4) (Jasul, unpublished data, 2008).
More rigorous analysis of the data from the 7215 Filipino adults from
the 7th NNS/NNHeS 2008 concluded that the prevalence rates of measured
variables, particularly the components of MS and the risk factors for
atherosclerosis, were higher compared with values obtained in 2003.
Table 3. Prevalence of metabolic syndrome among Filipino adults aged
20 years and above, based on the harmonized definition of the IDF,
NHLBI, AHA, WHF, IAS and IASO 2009: NNHeS 2008
Age (years)
20 - 29
30 - 39
40 - 49
50 - 59
60 - 69
>70
All

Males % (SE)
12.3 (1.27)
26.7 (1.79)
31.7 (1.97)
38.9 (2.42)
28.3 (2.87)
15.8 (3.13)
25.8 (0.87)

Females% (SE)
8.4 (1.14)
20.1 (1.61)
31.5 (1.80)
45.6 (2.20)
46.8 (2.85)
38.3 (3.30)
28.9 (0.92)

Both sexes % (SE)
10.4 (0.86)
23.3 (1.22)
31.6 (1.40)
42.7 (1.74)
38.7 (2.13)
29.3 (2.40)
27.4 (0.67)
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Table 4. Prevalence of the individual components of metabolic
syndrome (MS) among Filipino adults aged 20 years and above, by sex
MS Component
Waist circumference
Male>=90 cm, Female >= 80 cm
Triglycerides.=150 mg/dl
HDL,Males < 40 mg/dl, Females < 50 mg/dl
Blood Pressure, >=130/>=85 mm Hg
Fasting Blood Sugar, >=100 mg/dl

Male
% (SE)
17.8 (0.77)

Female
% (SE)
41.0 (0.97)

Total
% (SE)
29.8 (0.72)

37.9 (0.95)
71.6 (0.90)
44.4 (0.98)
11.9 (0.47)

23.2 (0.80)
88.1 (0.71)
35.0 (0.88)
11.6 (0.65)

30.1 (0.67)
80.3 (0.62)
39.3 (0.70)
12.2 (0.62)

Among adult Filipinos aged 20 years or older, the true prevalence of
hypertension was 20.6% and the prevalence of diabetes was 3.9% based on
fasting blood glucose (FBG), 5.2% by FBG and history, and 6.2% with
2-hour post-load plasma glucose was determined. Obesity, defined as
BMI  30, was seen in 4.9% but obesity defined by abnormal waist-hip
ratio (WHR) of 1.0 or higher in men and 0.85 in women, was seen in
10.2% and in 65.6%, respectively (Sy et al., 2012).
Table 5. Prevalence of blood glucose abnormalities among Filipino
adults aged 20 years and above: NNHeS 2008
Glucose abnormalities
Impaired Fasting Glucose (IFG) (FBG >100 and <125 mg/dl) (%)
Impaired Glucose Tolerance (IGT) (2-hr PPBG >140 and <199
mg/dl) (%)
Combined IFG/IGT (%)
Diabetes Mellitus, DM
(FPG >126 and 2-hr PPBG >200 mg/dl)(%)

Male
7.9
6.7

Female
6.7
7.3

Total
7.2
7.0

0.4
7.0

0.6
7.4

0.5
7.2

Patterns of glucose abnormalities were analyzed in a sub-study of the
7 NNS/NNHeS 2008 to address the contrasting data on prevalence and
incidence rates reported from studies outside the NNS. Using FBS, 2-hour
post-load glucose and DM questionnaire, the true diabetes prevalence was
7.2% and the prevalence of pre-diabetes was summed at 10.2%, with
impaired fasting glucose (IFG), 2.7%, impaired glucose tolerance (IGT),
th
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7.0% and both IFG/IGT, 0.5% (Table 5). Differences in the prevalence
rates of diabetes between urban and rural populations were significant at
8.3% versus 5.8%, respectively (Jimeno et al., 2015).
From the results of the 8thNNS/NNHeS 2013, the burden of noncommunicable diseases (NCDs) was reported and summarized as
prevalence rates of selected risk factors. NCDs accounted for two-thirds
(67%) of total deaths in the country in 2012. Obesity (BM I> = 30) was
seen in 6.8% (males, 5.2%, females, 8.3%), with higher rates in urban
areas (10.1%, National Capital Region (NCR)) than rural areas (around 4%
in Ilocos Region, Cagayan Valley, Western Visayas, Autonomous Region
in Muslim Mindanao (ARMM)). Combining overweight and obesity
(BMI >=25) totaled 31.1% of adult population (males, 27.6%, females,
34.4%), simply put, three out of ten Filipinos were overweight or obese.
Central or android obesity, based on high waist circumference
(males, 102 cm, females, >88 cm), was seen in 3.8% of males and 23.1%
of females and based on high waist-to-hip ratio (WHR) (males >1.0,
females 0.85), was seen in 8% of males and 63.2% of females.
Hypertension (SBP  140, DBP  90) was present in 22.3% of the adult
population (males, 25.1%, females, 19.9%) while diabetes (fasting blood
sugar (FBG)  126 mg/dl) was seen in 5.4% (males, 5.6%, females, 5.3%).
Abnormal cholesterol levels were reported as follows: total cholesterol
(TC borderline 200-239 mg/dl to high >240 mg/dl), 46.9% (males, 41.5%,
females, 51.4%), LDL cholesterol (LDL-C borderline 130-159 mg/dl to
high >160 mg/dl), 47.2% (males, 40%, females, 53.6%) and triglycerides
(TG borderline 150-199 mg/dl, high 200-399 mg/dl to very high >400
mg/dl), 38.6% (males, 46.4%, females, 31.8%). Low HDL cholesterol
(HDL-C males, <40 mg/dl, females, <50 mg/dl) was seen in 71.3% (males,
63.2%, females, 78.2%). Insufficient physical activity (not meeting 3 or
more days of vigorous-intensity activity of at least 20 minutes per day or 5
or more days of moderate-intensity activity or walking of at least 30
minutes per day) was seen in 45.2% (males, 36.7%, females, 52.7%)
(FNRI DOST, 2013).
Prevalence of MS has not been reported from the 8th NNS/NNHeS
2013 data but clearly, the prevalence rates of the MS components remained
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significantly high. The trends in the prevalence rates of these important
risk factors reflect continuing rise from 1993 (4th NNS) to 2013 (8th NNS).
The accompanying figures (Figures 2-5) illustrate these alarming trends
that point to unabated increasing cardiometabolic risk in the general adult
Filipino population. While the prevalence of chronic energy deficiency has
been slowly deceasing, the prevalence of overweight and obesity has
almost doubled (Figure 2). The data on the pediatric age groups also show
increasing trend but to a much lesser degree. Overweight in children below
ten years of age was seen in around 2% and among adolescents, less than
5%. Central obesity has been similarly increasing and more markedly
among females (Figure 3). Hypertension prevalence has been relatively
steady in the 21-25% range (Figure 4) but the trends in high fasting
glucose has been steadily increasing (Figure 5) (FNRI DOST 2013). The
measures of glucose abnormality have varied in the different NNS and
estimation of the true prevalence of diabetes mellitus may be limited by
this variation, as addressed by Jimeno et al., (2015).

Figure 2. Prevalence of malnourished adults, >20 years old, Philippines, 1993-2013.
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Figure 3. Trends in high waist circumference and high waist hip ratio prevalence
among adults, 20 years old and over, Philippines, 1998-2013.

Differences in the cut-offs in the measured variables are common in
published literature on obesity and metabolic syndrome. Determination of
the cut-offs for BMI, WC and WHR that will help define levels of risk of
co-morbidities was undertaken using data from the 6th NNS/NNHeS 2003.
This sub analysis from the 2003 results emphasized that with increasing
body fatness, there is an increasing risk of related co-morbidities among
adult Filipinos. The tentative cut-offs associated with risk of co-morbidities
were BMI of 23 for overweight and 27 for obesity, WC of 90 cm for males
and 85 cm for women and WHR of 1.0 for males and 0.95 for females.
These tentative cut-offs were closer to the recommended cut-offs for AsiaPacific islanders and Asians from the International Obesity Task Force
(AP/IOTF) and were considerably lower than the WHO cut-offs
(Florentino and Duante, unpublished data, 2004).
Similar analysis was done using the 7th NNS/NNHeS 2008 results and
concluded that the odds of developing 2 or more risk factors among adult
Filipinos were noted even at a much lower BMI (18 kg/m2) in both males
and females. The tentative cut-offs from the 2008 data were BMI of 22.5
for overweight and 27 for obesity, WC of 78 cm for both males and
females and WHR of > = 0.92 for males and > = 0,88 for females. These
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cut-offs were almost similar to the 2003 tentative cut-offs of the AP/IOTF
(Duante, unpublished data, 2008).

Figure 4. Trends in the prevalence of hypertension among adults >20 years old in the
Philippines: 1993, 1998, 2003, 2008 and 2013.

Figure 5. Trends in the prevalence of high fasting blood glucose among adults >20
years old, Philippines: 1998, 2003, 2008 and 2013.
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Several studies independent of the NNS/NNHeS revealed similar
findings of a very different profile of MS in Filipinos compared to
Caucasians/non-Asians. In the Philippine cohort of the LIFECARE
longitudinal study in Asia, 3,702 Filipinos aged 20 to 50 years old from
Metro Manila and four nearby provinces were recruited. Prevalence of MS
was 19.7%, based on the IDF criteria and 25.6%, based on the modified
NCEP (mNCEP) or harmonized criteria (Table 1). The IDF criteria
required the presence of abdominal obesity plus any 2 of the other risk
factors while the mNCEP defined it as the presence of any 3 or more of the
risk factors. This basic difference was reflected in higher MS prevalence in
women by IDF, higher MS prevalence in men by mNCEP, with IDF
missing 40% of men and 10% women identified as having MS by mNCEP.
More males were categorized as having MS by mNCEP despite relatively
normal waist circumference (mean WC 80.6 cm). MS was associated with
increasing age, urban residence and employed status (Sy et al., 2014).
In the Cebu Longitudinal Health and Nutrition Survey (CLHNS), the
community-based survey followed a cohort of infants born in 1983 to 1984
with surveys immediately after birth, bimonthly for two years, in 1991,
1994-5, 1998-99, 2002, and 2005. In 2005, fasting blood were drawn for
CVD biomarkers and genetics and 1,621 individuals aged 20-21 years (889
men and 732 women) were included in the cluster analysis using
biomarkers. The study identified 5 distinct sex-specific clusters:
1) healthy/high HDL (with the addition of high LDL-C in women),
2) healthy/low blood pressure, 3) high blood pressure, 4) insulin
resistant/high triglycerides, and 5) high C-reactive protein. Low HDL-C
was the most prevalent risk factor at 65%. Men had higher prevalence of
elevated triglycerides and hypertension while women had higher
prevalence of low HDL-C, elevated LDL-C and elevated HOMA-IR.
Adiposity was most strongly associated with insulin-resistant/high
triglyceride cluster. In this young (aged 20-21 years) and lean population
(mean BMI 20-21, mean WC 72 cm (men), 68, (women), with 18%
prevalence of overweight) with no significant clinical disease, cluster
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analysis identified patterns of cardiometabolic risk factors. Diet and
environmental factors also influenced the predicted clustering of risk
factors. The importance of screening both lean and overweight individuals
for cardiometabolic risk was thus emphasized in such populations where
the cardiometabolic risk is elevated even at lower BMI (Zubair et al.,
2014).
In a rural community-based cross-sectional observational study in San
Juan, Batangas, optimal cut-offs for BMI, WC and WHR for risk for
cardiometabolic diseases were determined among 332 individuals, mean
age of 48.4 years and 72% of whom were women. The optimal cut-offs for
males and females were BMI of 24 and 23 kg/m2, WC of 84 and 77 cm and
WHR of 0.91 and 0.85, respectively. Similar to the analyses by Florentino
and Duante and by Duante, lower indices of overweight and obesity, were
associated with cardiometabolic diseases among Filipino adults in this
rural community (Pagsisihan et al., 2016).
In a retrospective study of 1367 patient seen at the wellness center and
the weight management center of a Philippine tertiary hospital, the
prevalence of metabolic syndrome, defined by the mNCEP/harmonized
criteria, and its individual components was determined across the different
BMI categories. While the study population (mean age 53 years, mean
BMI of 28 kg/m2, and mean WC of 96.8 cm) did not reflect the general
Filipino population, the finding of high prevalence of MS even in
individuals with normal BMI (Table 6) suggests that cardiometabolic
abnormalities are present even at lower and normal BMI levels (Mata and
Jasul, 2017).
Table 6. Presence of metabolic syndrome in relation to different BMI
categories and gender
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THE ASIAN DATA ON THE METABOLIC SYNDROME
In developing countries, the prevalence of obesity and metabolic
syndrome is rapidly rising with the main causes all related to economic
progress, namely, urbanization, nutrition transition and physical inactivity.
This public health problem carries enormous burden of increased
morbidity and mortality due to type 2 diabetes mellitus and cardiovascular
disease and consequent effects on health expenditures and economic
productivity. Nutrition transitioning led to a decrease in the undernourished
population and an increase in the over nourished population. This
development is mirrored in the Philippines as described in the previous
section of this discussion. Since the 1980s, obesity rates have increased
three-fold or more in the Middle East, the Pacific Islands, Australasia, and
China. Compiled data from developing countries on obesity, defined using
varying BMI and WC cut-offs, showed rates as low as 2.9% to as high as
68%. Differences were evident based on gender, urban versus rural
residence, educational attainment, and socioeconomic status, among
others. Reported rates of metabolic syndrome using different definitions
ranged from 6.5% to 46.5% in developing countries (Misra and Khurana,
2008).
Surveys from East Asian and Southeast Asian populations consistently
showed increase in the prevalence of metabolic abnormalities associated
with abdominal adiposity with cited MS prevalence of 10 to 30% using
Asian-adapted definitions of obesity (BMI  25 kg/m2) and increased WC
(males, 90 cm, females, >80 cm) (Nestel, et al., 2007). Defining obesity
in the different Asian populations has become critical with the generally
accepted observation that metabolic risks are greater in Asians than
Caucasians at a given BMI. The inter-ethnic differences in percent body fat
at a given BMI and in the metabolic responses to fatness have to be
considered in setting which appropriate cut-offs to use for Asians in
general and for individual ethnic groups (Pan and Yeh, 2008).
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Considerations of the ethnic differences in abdominal and visceral fat
distribution began early in the Asia-Pacific region. The influence of dietary
patterns and physical activity on fat distribution and the development of
MS even at lower or normal BMI supported the perspective that lower
optimal cut-offs should be used not only for screening but also for
strategies for intervention. Attention to lifestyle modification has been
pushed early on in the Asia-Pacific region through public health initiatives
to stem the tide of obesity and metabolic syndrome (Gill, 2001,
Sullivan, 2001).
Recent systematic reviews however showed that the rising problem of
MS in Asia remains staggering. Data from 15 Asia-Pacific countries
showed the range of the prevalence rates of MS from a low of 11.9% in the
Philippines to a high of 49% in urban Pakistan. Higher prevalence in
women and in urban dwellers was consistent findings. Temporal trends
were available for China, South Korea and Taiwan and all showed
increasing prevalence for all three countries from 1993 to 2009. Despite
differences in methodology, diagnostic criteria and age of subjects studied,
MS is of epidemic proportion in the Asia-Pacific region, with nearly onefifth of the adult population affected by MS in most countries (Ranasinghe
et al., 2017).
Similar trends were reported in South Asia in a recent systematic
review of 16 MS population-based prevalence studies from 5 countries.
Four definitions of MS were used and the weighted mean prevalence rates
of MS were 14.0% (WHO), 26.1% (ATPIII), 29.8% (IDF) and 32.5%
(modified ATPIII). Half of the study population had low HDL-C levels and
had hypertension. In general, females had a higher prevalence of MS and
were more likely to have low HDL-C levels and central obesity. Males, on
the other hand, were more hypertensive. These gender-based findings are
consistent with the MS profile in Filipino and other Asian populations.
Research remains limited despite the enormous burden of MS especially in
Asian populations (Aryal and Wasti, 2006).
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METABOLIC SYNDROME IN MIGRANT FILIPINOS
AND MIGRANT ASIANS IN WESTERN COUNTRIES
Emerging data have shown that cardiometabolic diseases are common
in Asian Americans despite mean lower BMI. Asian Americans are the
fastest growing ethnic group in the US, numbering over 18 million in 2011.
Filipino Americans (3.4 millions) are second only to the Chinese
Americans (4.0 millions) and followed by Asian Indians (3.2 millions) and
the rest of the migrant Asian population (Vietnamese, Korean and
Japanese) (Hsu, et al., 2015). Striking differences in the risk of CVD,
obesity, type 2 diabetes mellitus, hypertension, and other CVD risk factors
are observed across the Asian-American population (Narayan et al., 2010).
The large and the rising number of Asian Americans and their apparent
high cardiometabolic risk present an important public health challenge
needing better understanding and timely intervention (Palaniappan et al.,
2011).
Seminal work by Araneta et al., showed that Filipina women aged 50
to 69 years, compared to Caucasian women, had larger WC and higher
percentages of truncal fat, were less likely to be obese, less likely to
smoke, consume alcohol, or take postmenopausal estrogen, and had lower
HDL-C levels. Filipina women had higher prevalence of type 2 diabetes
(36% vs 9%) and MS (34 vs. 13%). A total of 10% of Filipinas with
diabetes were obese, compared with over 30% of Caucasians with diabetes.
The high prevalence of diabetes in a non-obese ethnic group led to a
realization that there is diversity in the development of diabetes across
populations and that this high diabetes risk might be missed if Western
standards of obesity were applied (Araneta et al., 2002).
Subsequent studies indicated that many Filipino Americans suffer from
chronic illnesses, particularly type 2 diabetes, hypertension and
dyslipidemia and central adiposity is a common. MS was seen in 18.3% of
Filipino American men and women in Clark County, Nevada. Abdominal
obesity was seen in 80.6%; hypertension in 47.7%; overweight in 36.7%;
and type 2 diabetes in 11.7% (Dalusung-Angosta, 2013). Review of

Complimentary Contributor Copy

Metabolic Syndrome in the Philippines and Asia

31

literature on the cardiovascular health of Filipinos in the US from 27
published studies concluded that Filipino Americans were at high risk for
CVD, hypertension, type 2 diabetes and MS at lower BMI levels
(Abesamis et al., 2015). A cross-sectional study of 335 Filipinos living in
Rome, Italy similarly showed high prevalence of abdominal obesity
(52.5%), BMI > 25 kg/m2 (44.5%), diabetes (6%), and hypertension (9%).
Age and WC were associated with both diabetes and hypertension
(Gentilucci et al., 2008).
Patterns seen in Filipino and Asian populations manifested as well in
Asian Americans, similarly requiring the need to define obesity indices to
better predict risk of developing diabetes and hypertension. In the Filipino
American women cardiovascular study, using Asian-specific thresholds for
BMI, WC and WHR increased the accuracy of prediction (Battie, et al.,
2016). The high incidence of type 2 diabetes in non-obese Asian
Americans, particularly Asian Indian and Filipinos, led to the
recommendation that screening for type 2 diabetes in these populations
should start at BMI of 23kg/m2 (Wang et al., 2011, Hsu et al., 2015).
Differences in the body fat percentages and body fat distribution are
evident not only between Asian Americans and other ethnic groups but
also between Asian Americans and Asian immigrants. These differences
may largely affect susceptibility to developing cardiometabolic diseases
(Alpert and Thomason, 2016, Unjali et al., 2017). Better measures of
obesity, lower cut-offs for BMI, WC and WHR as indices of
cardiometabolic risk, and even newer indices such as triglyceride glucose
(TyG), TyG waist circumference (TyG-WC), TyG-BMI and visceral
adiposity index (VAI) may be helpful in predicting risk of developing
cardiometabolic diseases, especially type 2 diabetes (Zheng, et al., 2016).

CONCLUSION AND RECOMMENDATIONS
Metabolic syndrome, as a public health and a clinical problem,
develops along with increasing obesity. Distinct characteristics between
individuals and between populations dictate the attendant cardiometabolic
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risk in metabolic syndrome. Filipinos, like other Asians, appear to develop
metabolic syndrome at lower or even normal BMI levels and this
observation maybe explained by higher visceral fat percentages. Geneenvironment interaction evidently happened when westernization altered
the lifestyle, dietary and physical activity patterns that led to obesity and
metabolic syndrome. However, the similarities in cardiometabolic features
in Philippine-based Filipinos and migrant Filipinos, as well as Asian
residents and migrant Asians, are evidences of strong genetic influences in
the disease causation. Characterization of the genetic factors underlying
metabolic syndrome will help towards its better understanding, prevention
and management. Definition of the syndrome with a universally accepted
set of criteria with adjusted cut-offs for ethnic groups should be a goal so
that future studies have standardized definitions, making comparisons
meaningful. Population-based surveys on metabolic syndrome should be
continued along with intervention studies to minimize, if not prevent, the
attendant cardiometabolic risk.
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BODY MASS INDEX, PERCENT BODY FAT
AND FAT MASS INDEX AS SCREENING TOOLS
FOR GENERAL OBESITY AMONG ADULT
FEMALES OF AMRITSAR (PUNJAB)
Ramanpreet Randhawa* and Sharda Sidhu
Department of Human Genetics, Guru Nanak Dev University,
Amritsar, Punjab, India

INTRODUCTION
Obesity has emerged as a chronic nutritional disorder almost three
decades ago and still continues to escalate its dimensions as one of the
most serious considerable non-communicable public health hazard (WHO,
2013). It is now so common that in many environments it is replacing more
traditional public health concerns such as undernutrition, infectious diseases,
communicable diseases and recognised as a major risk factor for developing
hypertension (Warren et al., 2012), lipid disorders (Brown et al., 2000;
*
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Sherwood, 2010), glucose intolerance (Kannel, 1987), T2DM (Kahn et al.,
2006), heart disease (Taylor et al., 2010), stroke (Oeschet al., 2017),
osteoarthritis (King et al., 2013), CVDs (Vangaal et al., 2006), certain
cancers (Singhal et al., 2013) and all-cause morbidity and mortality (WHO,
2000; Dalton et al., 2003; Kopelman et al., 2006; Whitlock et al., 2009;
Shukla et al., 2014). It is estimated that 2.8 million people die each year and
35.8 million of global disability-adjusted life years (DALYs) across the
globe are caused by overweight and obesity (WHO, 2016). The worldwide
prevalence of obesity nearly tripled between 1975 and 2016. Very recent
data shows that globally 650 billion adults (≥18 years) were observed to be
obese. In other words, 13% of the world’s adult population was diagnosed as
obese, out of which 11% of males and 15% of females manifested obesity
(WHO, 2016; Behl and Misra, 2017; Meharda et al., 2017). Obesity can be
measured in two ways i.e., general obesity and central/abdominal obesity.
The accumulation of fat to that extent that can impair health is known as
general obesity. It is prime most important health concern especially among
women (Amugsi et al., 2017). It is a critical force behind the progression of
an asymptomatic cluster of non-communicable diseases called as metabolic
syndrome (Grundy, 2004). However, obesity is not only pivotal cause for the
occurrence of metabolic and cardiovascular diseases but also responsible for
social stigmatization, psychosocial stress and psychological morbidity (Geiss
et al., 2001; Kraig and Keel, 2001). Furthermore, the prevalence of obesity is
more pronounced among those residing in the urban areas as compared to
rural areas (Bhadra et al., 2005; Senet al., 2013; Kamboj et al., 2017).
Currently, the obesity has attained an alarming figures in our nation with
approximately 30-65% of adult urban Indians is either overweight, or obese
(Mondal and Sen, 2014; Pradeepa et al., 2015). Importantly, this
predominance is due to rapid demographic transitions, nutrition transitions
and socioeconomic transitions. India, especially Punjab, is a unique
example of such transitions, because it has undergone such transitions at a
rate much faster than other states of India. However, to the best of my
knowledge, there is no published data illustrating the comparative picture
of general obesity among adult women using anthropometric and body
composition variables from Amritsar. Therefore, in the present study, an
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attempt has been made to generate baseline data about the prevalence of
general obesity among adult females of Amritsar on applying Body Mass
Index (BMI), Percent Body Fat (PBF) and Fat Mass Index (FMI) criteria.

MATERIALS AND METHODS
The data for the present cross-sectional study was collected from adult
females ranging in age 40-65 years and residing in various urban and rural
areas of Amritsar district during the period from June 2013 to September
2016 by using a convenient sampling method. The participants were found
in their homes and data was collected from door to door. At each urban and
rural area, a uniform protocol of recruitment was followed. Ethical
clearance from the Institutional Ethics Committee of Guru Nanak Dev
University, Amritsar was obtained prior to carrying out the study.
The study group included 1520 females, out of which, 800 females
were urban and 720 females were rural. First of all, women were taken into
confidence and then contacted for the study according to their convenience
and prior appointment. After fully explaining the nature, procedure, aims
and objectives of the study to all the females in Punjabi language, verbal as
well as written informed consent was obtained. In person interaction
provides an opportunity to the investigator to extract maximum
information from the participant about socio-demographic characteristics
(name, caste, age and type of family), socioeconomic status (education,
occupation and income), lifestyle habits (dietary pattern, physical activity
pattern and sedentary behaviour) and menstrual status (regular/irregular/
completely stopped) from each subject by investigator herself after ensuring
confidentiality of the information. Anthropometric measurements (body
weight, height) were taken on each subject using standard methodology
given by Weiner and Lourie (1981) while subjects were lightly clothed and
wore no shoes. Body weight was measured to the nearest 0.1 kg using
automated calibrated electronic scale. Standing height was measured
without shoes to the nearest 0.5centimetre using anthropometric rod. From
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height and weight measurements, BMI was calculated by dividing weight
in kilograms with height in metre squared as follows:
BMI = Weight (kg)/ (Height)2 (m).
The suggested critical limits of BMI by WHO (2000) were used for the
assessment of general obesity:
Category
Underweight
Normal
Overweight
Obesity

WHO (2000) cut-offs
BMI (kg/m2)
<18.5
18.5-22.9
23.0-24.9
≥25

Per cent Body Fat (PBF) is the percentage of total body weight that
consists of fat only not fat-free mass (water, muscle, bone and vital
organs). It is evident from the published literature that no criterion for the
assessment of body composition has been recommended for South-Asians.
Therefore, following criterion of PBF given by Gomez-Ambrosi et al.
(2012) was used for the assessment of general obesity among adult
females:
Category
Normal
Overweight
Obese

PBF cut-offs
≤30
30.1-34.9
≥35

Fat Mass Index (FMI) estimate or quantify fat stores accurately is the
integral part of the prevention and treatment of obesity-related conditions.
A potential, more simplified, accurate and highly useful indicator of body
adiposity in field research is FMI. This index was first introduced in a
study involving nutritional assessment (Van ltallie, 1990) and requires
information on body height and fat mass content for calculations. It was
calculated by dividing total body fat (kg) by square of height (m).
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FMI = Fat mass (kg)/ (Height)2 (m).
In the present study, the prevalence of general obesity was determined
using FMI levels divided into separate quartiles for females. Following
FMI quartiles recommended by Liu et al. (2013) were used for the
assessment of general obesity:
Quartiles
Q1
Q2
Q3
Q4

FMI cut-offs (kg/m2)
<5.25
5.25-6.32
6.33-7.93
≥ 7.93

Category
Underweight
Normal
Overweight
Obese

The data was analysed using the Statistical Package for Social
Sciences (SPSS Inc, Chicago, IL, USA version 21). Mean and standard
deviations were calculated for continuous variables and percentage for
categorical variables. In order to test the level of significance of differences
between the baseline characteristics of urban and rural women, Student's
t-test was applied. The Chi-square test was applied to compare differences
between the proportions.

RESULTS
The results of the present study have been arranged in tabular form as
well as graphical form, wherever possible, along with the statistical
interpretation.

Distribution of Participants According to Place Ofresidence
Out of 1520 subjects, 52.6% (800) females were urban and 47.4%
(720) females were rural (Table 1, Figure 1).
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Table 1. Distribution of participants according to place of residence
Category
Urban
Rural
Total

Adult Females
52.6 (800)
47.4 (720)
100.0 (1520)

Figures in parentheses indicate the number of subjects.

Figure 1. Histogram showing the distribution of adult females according to place of
residence.

Anthropometricand Body Composition Variables Studied among
Adult Females of Amritsar
Table 2 shows mean (±SD) values of anthropometric and body
composition variables studied among adult Amritsar females after
stratification of females according to the region. Considering
anthropometric variables, among urban and rural females, it was noticed
that urban females were having more weight (65.90±14.3 kg) than rural
females (63.47±14.0 kg) whereas rural females were taller (155.98±6.0
cm) than urban females (154.91±5.9 cm) and the differences in weight
(p<0.01) and height (p<0.05) were statistically significant between urban
and rural females. Mean value of Body Mass Index (BMI) among urban
and rural females was 27.45±5.7 kg/m2 and 26.09±5.7 kg/m2, respectively,
and the difference in the mean values of BMI between the two groups was
highly significant (p<0.001).
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Table 2. Mean and standard deviation (±SD) values of anthropometric
and body composition variables of Amritsar adult females studied
Variable

Weight (kg)
Height (cm)
BMI
TBF
PBF
FFM
FMI

Urban (800)
Mean
SD
65.90
14.3
154.91
5.9
27.45
5.7
33.16
8.0
44.44
10.9
37.32
7.4
13.92
5.4

Total (1520)
Rural (720)
Mean
SD
63.47
14.0
155.98
6.0
26.09
5.7
28.93
9.3
43.82
9.7
38.23
9.8
12.54
4.3

‘t’-value
3.345**
3.456*
4.632***
6.019***
1.164***
2.019*
5.754***

*Significant at p<0.05, **Significant at p<0.01, ***Significant at p<0.001.
BMI: Body Mass Index (kg/m2), FFM: Fat-Free Mass (kg),
FMI: Fat Mass Index (kg/m2), PBF: Percent Body Fat,
TBF: Total Body Fat (kg).

In context to body composition variables, compared to rural
counterparts, higher mean value of total body fat (urban 33.16±8.0 kg vs.
rural 28.93±9.3 kg, p<0.001) was observed in urban females. In addition to
this, the differences were found to be highly significant (p<0.001 for both
variables) in the mean values of per cent body fat (urban: 44.44±10.9 vs.
rural: 43.82±9.7) and fat mass index (urban 13.92±5.4 kg/m2vs. rural
12.54±4.3 kg/m2) between the two groups. In contrast to this, rural females
were found to have significantly (p<0.05) elevated levels of fat-free mass
(urban 37.32±7.4 kg vs. rural 38.23±9.8 kg) than urban females.

Assessment of General Obesity
BMI criterion of WHO (2000): Table 3 and Figure 3 shows the
percentage prevalence of obesity in the study females using WHO (2000)
criterion of BMI for Asian populations. According to this classification, the
overall prevalence of obesity was 61.4% whereas 12.8% females were
overweight, 19.6% females were normal and only 6.2% females were
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underweight. After stratification of females according to region, it was
noticed that the prevalence of obesity was 68.7% and 53.3% among urban
and rural females, respectively. The difference in the percentage
prevalence of obesity between urban and rural females was found to be
statistically significant (χ2=37.37, df=1; p<0.001). It is clear from the table
that the prevalence of overweight, normal and underweight urban females
was 10.6%, 15.4% and 5.3%, respectively, whereas the corresponding
figures for rural females were 15.3%, 24.3% and 7.1%, respectively.
Table 3. Percentage prevalence of General Obesity
according to Body Mass Index (WHO, 2000)
criterion among adult females of Amritsar
Category
Underweight
Normal
Overweight
Obese

Urban (800)
5.3 (42)
15.4 (123)
10.6 (85)
68.7 (550)

Adult Females
Rural (720) Total (1520)
7.1 (51)
6.2 (93)
24.3 (175)
19.6 (298)
15.3 (110)
12.8 (195)
53.3 (384)
61.4 (934)

χ2-value
1.91
18.61***
6.93**
37.37***

Figures in parentheses indicate the number of subjects.
*Significant at p<0.05, **Significant at p<0.01, ***Significant at p<0.001.

Percent Body Fat (PBF)
It is defined as the proportion of total body fat mass of total body
weight and it accurately predicts cardiovascular risks than BMI (Zenget al.,
2012). Table 4 and Figure 4 depict the percentage prevalence of obesity
assessed with the help of per cent body fat determined by Bioelectrical
Impedance Analysis (BIA) among females according to per cent body fat
criterion (Gomez-Ambrosiet al., 2012). The overall prevalence of obesity
was 80.3% (urban 83.2% vs. rural 76.9%). On the other hand, 11.5%
females were observed as overweight (urban 8.5% vs. rural 14.9%) and
8.2% as normal (urban 8.3% vs. rural 8.2%). The difference in the
percentage prevalence of obesity between urban and rural females was
statistically significant (χ2=9.12, df=1; p<0.01).
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Table 4. Percentage prevalence of General Obesity using
Percent Body Fat (PBF) criterion as given by Gomez-Ambrosiet al.
(2012) among adult females of Amritsar
Category
Normal
Overweight
Obese

Urban (800)
8.3 (66)
8.5 (68)
83.2 (666)

Adult Females
Rural (720)
Total (1520)
8.2 (59)
8.2 (125)
14.9 (107)
11.5 (175)
76.9 (554)
80.3 (1220)

χ2-value
–
14.43***
9.12**

Figures in parentheses indicate the number of subjects.
*Significant at p<0.05, **Significant at p<0.01, ***Significant at p<0.001.

Fat Mass Index (FMI)
Fat mass index was first introduced by Van ltallie et al., (1990) and is
calculated by taking the total body fat mass component from bioelectrical
impedance analysis and dividing it by height squared. Table 5 and Figure 5
demonstrate the percentage prevalence of obesity among participants using
fat mass index criterion (Liu et al., 2013). In the present sample, the overall
prevalence of obesity was 88.5%. In addition to this, 5.8%, 2.9% and 2.8%
females were encountered as overweight, normal and underweight,
respectively. Region-wise prevalence of obesity in the study participants
was almost similar (urban 88.7% vs. rural 88.4%) and the difference
between the two groups was statistically non-significant. Further, it was
noticed that 4.6% (urban) and 7.1% (rural) females were overweight, 3.8%
(urban) and 1.9% (rural) were normal, and 2.9% (urban) and 2.6% (rural)
were underweight.
Table 5. Percentage prevalence of general obesity using Fat Mass
Index (FMI) quartiles as given by Liu et al. (2013) among adult
females of Amritsar
Category
Underweight
Normal
Overweight
Obese

Urban (800)
2.9 (23)
3.8 (30)
4.6 (37)
88.7 (710)

Rural (720)
2.6 (19)
1.9 (14)
7.1 (51)
88.4 (636)

Total (1520)
2.8 (42)
2.9 (44)
5.8 (88)
88.5 (1346)

χ2-value
0.02
3.79
3.76
0.03

Figures in parentheses indicate the number of subjects. *Significant at p<0.05, **Significant at p<0.01.
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Figure 3. Histogram showing the percentage prevalence of underweight, normal,
overweight and obese among adult females according to Body Mass Index (WHO,
2000) criterion.

Figure 4. Histogram exhibiting the percentage prevalence of normal, overweight and
obese among adult females using Percent Body Fat (PBF) criterion.

Figure 5. Histogram demonstrating the percentage prevalence of underweight, normal,
overweight and obese among adult females using Fat Mass Index quartiles.
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DISCUSSION
The anthropometry is pioneer in the series of obesity assessment
methods in large field surveys and epidemiological studies. The
measurement of anthropometric index known as Body Mass Index (BMI)
is found as the simplest, easiest, non-invasive and cost-effective potential
indicator of medical complications of obesity (Ouyang et al., 2015; Choi et
al., 2017). In the nineteenth century, the mathematician and social
statiscian Adolphe Quetelet observed that the weight of the average person
was proportional to the square of the height. The ratio of body weight
measured in kilograms divided by the square of the height measured in
metres was termed as quetelet’s index and later renamed as body mass
index (Keys et al., 1972). The simplicity and ease of measurement have
entrenched the widespread use of BMI as a marker of adiposity not only
for epidemiological purposes but also in clinical practice. In the present
study, the mean values of BMI observed in urban and rural females were
27.45±5.7 kg/m2 and 26.09±5.7 kg/m2, respectively and the difference in
the mean values of BMI between urban and rural females was statistically
significant (p<0.001).
WHO (2000) classification of BMI has been recommended for Asian
population including lower cut-off of BMI for the assessment of obesity
because Asian people depict substantial risk of T2DM and CVDs at lower
weight or fat accumulation (WHO, 2004). The overall prevalence of
obesity was found as 61.4% on applying BMI criterion of WHO (2000) in
the females studied (Table 3). The difference in the prevalence of obesity
between urban females (68.7%) and rural females (53.3%) was statistically
significant (χ2= 37.37, df= 1, p< 0.001). The results of the present study
were compared with the general female populations of different parts of
India to expedite a relative estimation of obesity prevalence. Table 6
presents the percentage prevalence of obesity according to BMI criteria of
WHO (2000) among women residing in various urban regions of India.
Nonetheless, the extent of obesity is not firmly comparable because of
divergence in the methods of measurements, dissimilarity in sample size

Complimentary Contributor Copy

50

Ramanpreet Randhawa and Sharda Sidhu

and study design, difference in age and socioeconomic status of subjects,
ethnic variation, diverse food habits, their lifestyle and periodic
dissimilarities in the studies. It is very clear from this table that the
prevalence of obesity using BMI criterion of WHO (2000) among urban
Indian females varies considerably from one region to another region with
rates as high as 71.8% among females of West Bengal (Das and Bose,
2006) and as low as 15.6% among females of South Delhi (Misra et al.,
2001) After three years in 2003, the prevalence of obesity was observed to
be four times higher i.e., 66.7% in New Delhi females depicting a rising
trend with the passage of time under similar geographical conditions
(Misra et al., 2003). Apparently, the estimates of obesity in the present
study were observed to be close to the females of New Delhi. In addition to
this, Reddy et al. (2002) performed an epidemiological study among New
Delhi females and examined 48.0% females as obese. In the western
region, three cross-sectional studies were performed by Malshe and Udipi
(2017), Rathi et al. (2014) and Senet al. (2009), and reported 43.6%, 40.5%
and 29.3% females as obese residing in Mumbai city and Pune city of
Maharashtra and Jalpaiguri, West Bengal, respectively. Moreover, 30.2%
prevalence of obesity was assessed among adult females of Rajasthan by
Gupta et al. (2002). In the Southern region, the most latest study for the
assessment of obesity among 1000 Karnataka females ranging in age 15-64
years was accomplished by Nagendra et al. (2017) and revealed 34.9%
obesity. In an earlier study carried out in Dharwad, Dandeli and Belgaum
districts of Karanataka, 63.3% females yielded obesity (Goyal et al., 2012).
Among Chennai females, Anuradha et al. (2011) observed the prevalence
of obesity as 19.8% whereas 31.2% females were noticed as obese by
Deepaet al. (2009). In the eastern region, a very recent cross-sectional
study was executed by Senet al. (2017) and analysed 48.7% females falling
in the category of obesity.
The prevalence of obesity among women of Punjab has also been
studied by other investigators. Girdhar et al. (2016) and Singh et al. (2015)
carried out two cross-sectional studies in Ludhiana on 324 females (20-60
years) and 618 females (25-64) of Ludhiana and diagnosed 29.6% and
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28.8% females as obese according to BMI criterion of 2000 and 1998,
respectively. On applying WHO (2000) criterion of BMI, the prevalence of
obesity varied from 23.2 - 34.3% among 1088 females of Punjab ranging
in age 45-69 years and 18-44 years, respectively (Tripathy et al., 2016).
In Amritsar, the figures of obesity were found to be 56.4% on investigating
172 females by Randhawa and Sidhu (2014). One of the large sample size
(N=3000) study conducted in Punjab by Sidhu and Randhawa (2014)
reported 33.4% females as obese using Asian BMI cut-offs (≥25 kg/ m2).
In another study on Punjabi urban females, Sidhu et al. (2005) found
21.1% obese females as per BMI (WHO, 1998) criterion of obesity. Sidhu
and Prabhjot (2004) performed a study on 500 Punjabi women and
reported 15.0% prevalence of obesity. Sidhu and Tatla (2002) studied adult
Punjabi females and reported 25.3% of them as obese (BMI≥30.0 kg/m2).
It can be deciphered from this table that Amritsar females were noticed to
be more obese as compared to females residing in other districts of Punjab.
Table 7 presents a compilation of studies demonstrating the prevalence
of obesity reported in rural females of India. A recent study performed by
Bharali et al. (2017) involving adult Nyishi tribal females in Arunachal
Pradesh found 9.5% prevalence of obesity according to WHO (2000)
criterion of BMI. In addition to this, two cross-sectional studies were
carried out among tribal females hailing from Assam (Mondal et al., 2016)
and Manipur (Mungreiphy and Kapoor, 2008) and examined 15.2% and
27.1% females as obese (BMI ≥25 kg/m2). Furthermore, 36.9% females of
Haryana aged ≥20years were categorized as obese (BMI ≥ 25 kg/m2)
during a population-based study attempted by Verma et al. (2016). An
another study, among rural females of Tamil Nadu, the prevalence of
obesity was found to be 21.2% by the WHO (2000) classification of BMI
(Little et al., 2016). Assessment of obesity among females of union
territory named as Puducherry was accomplished by Shrivastava et al.
(2015) and findings of the study revealed that 27.3% females were obese
as per BMI (2000) classification.
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Table 6. Percentage prevalence of general obesity among urban Indian
females reported in various studies using BMI criteria of WHO (2000)
Percentage
Age
No. of prevalence using
group
Investigator
females BMI cut-offs
(years)
2
≥25 kg/m

Place/Area/State

Other than Punjab
Meerut

≥18

567

---

Mumbai

21-45

1500

43.6

Agartala, Tripura
Karnataka
Udipi and Manipal areas of
Karnataka
Aligarh, Uttar Pradesh
Town in Central India
Delhi
Pune, Maharshtra
Ahmedabad, Gujarat

25-65
15-64

388
1000

48.7
34.9

Kamboj et al. (2017)
Malshe and Udipi
(2017)
Senet al. (2017)
Nagendra et al. (2017)

40-70

140

42.1

Ranasinghe et al. (2017)

15-65
≥17
18-50
20-45
20-60

2002
267
123
518
200

------40.5
---

Pantnagar, Uttarakhand

18-28

629

---

Jalpaiguri, West Bengal
Dharwad, Dandeli and Belgaum
districts, Karnataka
Bhopal, Madhya Pradesh
Tirupati, Andhra Pradesh

20-60

300

29.3

Khayyam et al. (2015)
Jain et al. (2015)
Duaet al. (2014)
Rathiet al. (2014)
Sabooet al. (2014)
Raguvanshi and Singhal
(2013)
Senet al. (2009)

41-50

30

63.3

Goyalet al. (2012)

>20
20-70

177
772

-----

Salem, Tamil Nadu

20-59

262

---

Urban slum Chennai
Salem, Tamil Nadu
Warangal, Andhra Pradesh
Gwalior, Madhya Pradesh
Chennai
West Bengal
Hindu Bengali Females
Punjabi Bhatia family, Jaipur
New Delhi
Jaipur, Rajasthan
New Delhi
South Delhi
Kashmir
Punjab
Ludhiana

≥ 20
19-49
20-90
≥30
≥ 20
>20
20-50
20-60
15-58
≥ 20
35-64
>18
≥ 40

520
540
639
755
2350
110
854
232
60
573
1456
362
2587

19.8
------31.2
71.8
----66.7
30.2
48.0
15.6
---

Naharet al. (2012)
Reddy et al. (2012)
Kanniyappanet al.
(2011)
Anuradha et al. (2011)
Aarthiet al. (2010)
Eshtari et al. (2009)
Tiwari et al. (2009)
Deepa et al. (2009)
Das and Bose (2006)
Bhadra et al. (2005)
Gupta et al. (2004)
Misra et al. (2003)
Gupta et al. (2002)
Reddy et al. (2002)
Misra et al. (2001)
Zargar et al. (2000)

20-60

324

29.6

Girdhar et al. (2016)
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Place/Area/State

Punjab
Ludhiana
Adult Amritsar females
Middle class females
Punjabi females
Punjab
Adult Punjabi females
Urban areas of Amritsar district

53

Age
Percentage
No. of
group
prevalence using Investigator
females
(years)
BMI cut-offs
≥25 kg/m2
18-44 1088
34.3
Tripathy et al. (2016)
45-69
23.2
25-64 618
--Singh et al. (2015)
Randhawa and Sidhu
30-50 172
56.4
(2014)
Sidhu and Randhawa
20-50 3000
33.4
(2014)
20-45 900
--Sidhu et al. (2005)
Sidhu and Prabhjot
≥ 18
500
--(2004)
≥ 20
1000
--Sidhu and Tatla (2002)
40-65 800
68.7
Present study

In the same year, a community-based study was conducted in Kerala
by Bindhu et al. (2014) revealed 44.7% females as obese using BMI (≥25
kg/m2) cut-offs. The prevalence of obesity among Tamil Nadu females was
studied by Chauhanet al. (2015) and found 23.8% females as obese
(BMI≥25 kg/m2). Almost similar prevalence of obesity was encountered
among females of Uttar Pradesh (22.0%) and Maharashtra (22.7%) on
employing WHO (2000) classification of BMI (Kumar et al., 2014; Rathi
et al., 2014). The higher rates of obesity (40.0%) were observed in Delhi
females by Reddy et al. (2002) using BMI (≥25 kg/m2) cut-offs. Other
than this, very few studies have been performed in rural areas of Punjab to
assess obesity.
Comparison of three major studies conducted by National Family
Health Survey (a multicentric study; NFHS-2 during the period from 19981999; conducted on 90,000 women in the age group of 15-49 years in 26
states), NFHS-3 (2005-2006, conducted on 1,24,385 women in the age
group of 15-49 years in 29 states) and NFHS-4 (2015-2016, conducted on
6,99,686 women in 29 states and 7 union territories) was done. NFHS-2
and NFHS-3 used BMI≥25 kg/m2 criterion for the assessment of
overweight and obese individuals while in NFHS-4, BMI≥25 kg/m2
criterion was applied for the assessment of obese individuals only.
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Table 7. Percentage prevalence of general obesity among rural Indian
females using BMI criteria of WHO (2000)
Age
group
(years)

Place/Area/State

Other than Punjab
Tribal females, Arunachal Pradesh
Tribal females, Assam
Haryana
Krishnagiri, Tamil Nadu
Hazratbal, Srinagar
Rural Puducherry
Tamil Nadu
Meerut, Uttar Pradesh
Trivandrum, Kerala
Pune, Maharashtra
Bhalwal, Jammu & Kashmir
Tribal females, Manipur
Chittor, Andhra Pradesh
Kammas
Kailaka
Malas
New Delhi
Punjab
Punjabi females
Rural areas of Amritsar district

15-44
20-49
≥ 20
20-80
≥ 18
>25
≥ 15
≥ 18
≥ 18
20-45
≥ 30
20-70

Percentage
prevalence
No. of
using BMI Investigator
females
cut-offs
≥25 kg/m2
9.5
15.2
36.9
21.2
--27.3
23.8
22.0
44.7
22.7
--27.1

Bharaliet al. (2017)
Mondal et al. (2016)
Verma et al. (2016)
Little et al. (2016)
Nazki et al. (2015)
Shrivastava et al. (2015)
Chauhan et al. (2015)
Kumar et al. (2014)
Bindhu et al. (2014)
Rathi et al. (2014)
Raina and Jamwal (2009)
Mungreiphy and Kapoor (2008)

---

Venkatrama et al. (2005)

35-64

543
544
540
412
2267
534
143
656
--545
1135
346
T= 394
146
101
147
1417

40.0

Reddy et al. (2002)

≥ 20
40-65

800
720

10.2
53.3

Sidhu et al. (2005)
Present study

≥20

According to these national reports, the prevalence of obesity has
elevated among Indian women from 10.6% in NFHS-2 to 12.6% in NFHS3 and to 20.7% in NFHS-4. This data shows that the prevalence of obesity
has increased 10.1 percentage points higher during the period from 1998 to
2016. The prevalence of obesity is dramatically increasing among urban
and rural females. It has been reported by NFHS-4 that 31.3% of urban
women were obese as compared to 23.5% in NFHS-3 and 9.4% in NFHS2. In rural areas, the prevalence of obesity has also risen from 2.6% in
NFHS-2 to 7.4% in NFHS-3 and to 15.0% in NFHS-4. These figures
depict that the prevalence of obesity has increased 21.9 percentage points
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and 12.4 percentage points higher among urban and rural females,
respectively from NFHS-2 to NFHS-4.
Table 8. Prevalence of obesity among Indian females according to
National Family Health Survey (NFHS-4, 2015-2016) report
States
Andhra Pradesh
Arunachal Pradesh
Assam
Bihar
Chhattisgarh
Goa
Gujarat
Haryana
Himachal Pradesh
Jammu & Kashmir
Jharkhand
Karnataka
Kerala
Madhya Pradesh
Maharashtra
Manipur
Meghalaya
Mizoram
Nagaland
Odisha
Punjab
Rajasthan
Sikkim
Tamil Nadu
Telangana
Tripura
Uttar Pradesh
Uttarakhand
West Bengal
Andaman & Nicobar
Chandigarh
Delhi
Dadra and Nagar Haweli
Daman and Diu
Lakshadweep
Puducherry

Obesity
Urban
45.6
25.7
26.1
23.5
24.4
36.3
34.5
24.3
38.4
40.6
21.7
31.8
33.5
23.8
32.4
31.2
18.4
6.0
20.7
32.0
32.4
23.7
34.1
36.2
39.5
23.5
27.1
28.4
30.6
38.3
NA
34.9
34.2
32.7
42.4
38.1

Rural
27.6
16.3
10.9
9.7
7.8
28.5
15.4
18.8
27.6
24.1
5.9
16.6
31.5
9.1
14.6
22.4
10.2
9.2
13.2
30.6
30.6
10.7
23.1
25.4
18.5
12.8
12.6
16.0
15.0
26.6
NA
29.2
6.9
29.0
28.2
33.6

Total
33.2
18.8
13.2
11.7
11.9
33.5
23.7
21.0
28.6
29.1
10.3
23.3
32.4
13.6
23.4
26.0
12.2
7.2
16.2
31.3
36.7
14.1
26.7
30.9
28.1
16.0
16.5
20.4
19.9
31.8
41.5
34.9
19.2
31.6
41.4
36.7
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Among Punjabi women, according to NFHS-2 report, the prevalence
of obesity was 31.3%, it was 29.9% as per NFHS-3 report but in NFHS-4
report the estimates of obesity were noticed as 31.2%. This shows that
there is decline in the prevalence of obesity among Punjabi females from
NFHS-2 to NFHS-3 but in NFHS- 4 it was almost similar to the prevalence
of obesity reported by NFHS-2. It is evident from these studies that the
extent of obesity reported in these studies is not strictly comparable
because of the variation in criteria of BMI used. Some of the states and
union territories where the prevalence of obesity among women was found
to be higher than national prevalence (20.7% in NFHS-4, Table 8) includes
Puducherry (36.7%), Punjab (36.7%), Delhi (34.9%), Goa (33.5%),
Andhra Pradesh (33.2%), Kerala (32.4%), Daman and Diu (31.6%),
Odisha (31.3%), and Tamil Nadu (30.9%).
Among urban and rural areas of Punjab, the epidemic of obesity has
also increasing rapidly. NFHS-4 conducted field work on 19,484 urban and
rural females during the period from 28 January, 2016 to 20 June, 2016
and observed that the prevalence of obesity was 32.4% in urban females
and 30.6% in rural females. It is concluded from the present study that
prevalence of obesity in Amritsar females is about 1.9 times and 2.9 times
higher than the prevalence of obesity in Punjabi females and Indian
females reported in NFHS-4, respectively.
Results from the 2011–2012 National Health and Nutrition
Examination Survey (NHANES) among adults aged 20 and over,
documented 35.1% prevalence of obesity (Fryar et al., 2014) which is far
less than reported in the present study of adult Jat-Sikh females of
Amritsar. A total of 2,50,651 women (aged 15–49 years) from 32 SubSaharan countries were studied between January 2005 and December 2013
under Demographic and Health Survey (DHS), nationally representative
cross-sectional study revealed 23.0% as the highest obesity estimates in
Swaziland women (Neupane et al., 2016) which is no doubt less than
assessed in the present study adult females. Ellulu et al. (2014) quoted that
obesity is one of the most glaring body condition which increase the
chances of a person to be the victim of various other non-communicable
diseases and reported that in Europe, the figures of obesity among females
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were 22.0%, 17.0%, 16.0%, 7.0% and 6.0% residing in Germany, Latvia,
Ireland, Sweden and Norway, respectively which are very less than present
findings. Evidences of obesity from Pacific Islands put forward 79.0%
obesity among females of Nauru which is higher than obesity found in
Amritsar females. Moreover, 50.0% obesity was yielded by Cook Islands
females which are in concordance with the current study estimates.
Amugsi et al. (2017) elucidated increase in obesity among women hailing
from urban settings of 24 African countries. The results documented that
Egypt country, earlier ranked among the countries in the world with the
most obese people reported 39% females as obese followed by Ghana
(22%). The findings of the present study depicted that urban females had
even higher prevalence of obesity than Egypt females residing in urban
settings. It is absolutely marked from the comparative profile of Indian
literature (Table 6) that obesity assessed in the adult urban Amritsar
females in the present study is quite high as compared to most of the other
national studies.
The present study investigated that obesity estimates were higher
among urban dwellers than rural inhabitants. The overindulgence in high
calorie diet and indoor sedentary leisure activities may contribute the
higher risk of obesity among urban dwellers. The present findings are in
agreement with urban-rural disparity study of Yangon region, Myanmar
(Htet et al. 2016). They performed two cross-sectional studies in urban and
rural regions of Yangon region including 379 (urban) and 362 (rural)
females ranging in age 25 to 74 years between September and November
of 2013 and 2014, respectively, and published results demonstrated that
urban women had significantly higher prevalence of obesity (urban: 17.3%
vs. rural: 11.5%) than rural women. In accordance with few other
researchers (Sophal et al., 2010; Benjakul et al., 2013), the estimates of
obesity are generally worse for urban populations than rural populations.
Duda et al. (2007) also postulated that obesity was found to be more
prevalent in the urban rather than rural areas. Data from the 2000–2001
Behavior Risk Factor Surveillance System (BRFSS) and the 1997–1998
National Health Interview Survey (NHIS) contradict present findings by
revealing obesity prevalence higher in rural regions compared to urban
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counties (Patterson et al., 2004; Jackson et al., 2005). Similarly, National
Center for Health Statistics (NHANES 2005-2008) included 7,325 urban
and 1,490 rural adults ranging in age 20 to 75 years to assess the health and
nutritional status of US population and demonstrated that rural regions
significantly affected with higher rates of obesity than urban counterparts
(Befortet al., 2012). It is striking to know that the prevalence of obesity
among adult urban and rural females of Amritsar is tremendously higher
than developed nation US, urban and rural populations (CDC, 2011; Hill et
al., 2014). Disparity comes into existence from ethnic, nutritional,
demographical and socioeconomic population dissimilarities.
With the advancement in technologies in digital age; more
sophisticated measurement tools for the assessment of body composition
rather than body mass is increasingly used to study obesity-associated
health risks (Atanas and Georgi, 2011; Krachler et al., 2013). These health
conditions are attributed to distribution and pattern of fat in the body
constituting total body weight. The true body fatness may be better
evaluated by assessment of per cent body fat and fat-free mass (Thibault
and Pichard, 2012). Therefore, obese individuals can be examined
precisely by measuring body composition which has been considered as a
better approach in the evaluation of nutritional and health status (Willet et
al., 2006; Peppa et al., 2012; Zeng et al., 2012; Bintvibok et al., 2013).
Body composition methods measure tissue conductivity of a body segment
under stable conditions which is directly proportional to the amount of
electrolyte-rich fluid present. Fat is anhydrous and their all body water and
fluids are found in fat free mass body component (Heymsfield et al., 1996).
Recent development in modern anthropology provided Computed
Tomography (CT) scan, Dual-Energy X-ray Absorptiometry (DEXA) and
Bioelectrical Impedance Analysis (BIA) devices for body fat measurement.
CT scan and DEXA equipment estimates per cent fat mass with suitable
accuracy and have emerged as the reference method for estimating body
composition (Heymsfield et al., 1996). However, both these procedures
drawbacks are radiation exposure, relatively high cost, non-portable and
limited approachability for epidemiological studies. BIA depicted excellent
correlation with CT scan and DEXA in assessing per cent body fat and is

Complimentary Contributor Copy

Body Mass Index, Percent Body Fat and Fat Mass Index …

59

believed to be best replacement for these high-priced techniques to screen
large group of individuals (Ryo et al., 2005; Jeong et al., 2006; Xu et al.,
2011). Bioelectrical Impedance Analysis (BIA) has been extensively
recognised as one of the simplest, safest, valid, portable and non-invasive
procedure to determine the individual’s body composition, particularly
body fat (Houtkooper et al., 1996; Kyle et al., 2004; Rana and Sidhu, 2012;
Rani and Gupta, 2014; Randhawa and Sidhu, 2014) and Percent Body Fat
(PBF) is the percentage of total body weight that is only fat.
In the present study, the mean values of percent body fat observed in
urban and rural females were 44.44±10.9 kg/m2 and 43.82±9.7 kg/m2,
respectively and the difference in the mean values of percent body fat
between urban and rural females was statistically significant (p<0.001).
According to menstrual status, among urban and rural females, it was
noticed that postmenopausal females had significantly (p<0.001) higher
mean value of percent body fat than premenopausal females (Table 2). The
overall prevalence of obesity according to percent body fat criterion was
80.3% (urban: 83.2% vs. rural: 76.9%) in the study population (Table 4).
The difference in the prevalence of obesity between urban and rural
females was statistically significant (χ2 =9.12, df=1, p<0.01).
Table 9. Percentage prevalence of general obesity among females
reported in various Indian studies using PBF cut-offs
Age group No. of PBF cut- Percentage
Investigator
(years)
females offs used prevalence

Place/Area/State
Urban
Mumbai

21-45

1500

Raipur, Chhattisgarh

25-50

70

Amritsar

30-50

172

Amritsar
Hindu Bengali Females
New Delhi
Urban areas of Amritsar district
Rural
Haryana
Rural areas of Amritsar district

20-25
20-50
≥18
40-65

150
854
362
800

≥ 20
40-65

540
720

>30

≥35

36.0
36.5
40.2
83.2

Malshe and Udipi
(2017)
Vermaet al. (2015)
Randhawa and Sidhu
(2014)
Rana and Sidhu (2012)
Bhadraet al. (2005)
Misraet al. (2001)
Present study

>30
≥35

43.1
76.9

Vermaet al. (2016)
Present study

>30
≥35

≥30

59.5
70.0
60.4
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National studies for the assessment of obesity using PBF criterion was
very scarce or may be unpublished in the literature. It is evident from Table
9 that adult Jat-Sikh urban females of Amritsar reported two times more
PBF as compared to females of capital city of nation (Misra et al., 2001). It
is worth mentioning that even rural counterparts of the present study
reflected humongous accumulation of body fat than other female
populations of country. This shows that Punjabi females have more
propensity of amassing body fat due to their dietary habits and sedentary
lifestyle pattern. Malshe and Udipi (2017) exhibited 59.5% females of
Mumbai as obese (PBF >30). The females studied by Verma et al. (2015)
yielded 70.0% obesity according to >30 criterion of PBF. In Amritsar, two
studies were attempted within a gap of two years and to our surprise
estimates of obesity regarding deposition of body fat in the concerned area
females raised two fold from 36.0% (Rana and Sidhu, 2012) to 60.4%
(Randhawa and Sidhu, 2014) with the passage of time. Among Hindu
Bengali females, the figures of obesity were 36.5% on applying ≥ 30 cutoffs of PBF (Bhadra et al., 2005). With respect to rural dwellers, only one
study was available which was performed by Verma et al. (2016) in
Haryana and estimated that 43.1% females were inclined towards the
excess building-up of body fat when >30 PBF criterion was incorporated.
It is evident that both urban and rural females of Amritsar manifested quite
high prevalence of general obesity using PBF cut-offs.
Furthermore, in the studied population, the difference was found to be
highly significant (p<0.001) for fat mass index (urban 13.92±5.4 kg/m2 vs.
rural 12.54±4.3 kg/m2) between urban females and rural females (Table 2).
In the present sample, the overall prevalence of obesity was 88.5% using
FMI criterion (Table 5). Region-wise prevalence of obesity in the study
participants was almost similar and the difference between the two groups
was statistically non-significant. Unfortunately, there is no report in the
current literature regarding the prevalence of obesity on the basis of FMI
on Indian females. The outcome drawn by the results of the present study
with respect to the assessment of general obesity confirms that adult Jat
Sikh females of Amritsar were observed to be more obese using body
composition method than the most frequently used diagnostic tool i.e.,
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BMI. In other words, FMI assessed the highest prevalence of obesity
followed by PBF and BMI. However, despite of the common usage of BMI
among clinical settings and large scale field studies still its facing criticism
in the terms of its diagnostic precision (Romero-Corral et al., 2008;
Paniagua et al., 2013; Gurunathan and Myles, 2016).
BMI is not reliable to discriminate between total body fat and fat free
mass. Even though BMI is the most commonly used index, it does not
correspond to fatness uniformly in all populations, and inter-ethnic
extrapolations are not possible (Deurenberg et al., 1998). The
overestimation of adiposity in muscular body build and underestimation of
obesity in the elderly is the evident shortcoming of using BMI (Kyle et al.,
2004; Pasco et al., 2012; Liu et al., 2013). Therefore, it introduces
misclassification problem by not providing information about fat free
components (bone mass, muscle mass, mineral content and body fluids) for
a given BMI across age, gender and ethnicity (Whitlock et al., 2009). Thus,
resulting in variability in different individuals and populations (GomezAmbrosi et al., 2012). Various scientists (WHO, 1998; Raji et al., 2001;
Deurenberg et al., 2002; Rush et al., 2004; Kagawa et al., 2006) reported
that Asians like Indians have a smaller body frame and body mass index
classification of obesity based on large framed Europid populations may be
inappropriate for them. In fact, BMI of 30 kg/m2 among Europeans
correlate with about 25% of percent body fat content in males and 30% of
percent body fat in females, while for same age, gender and BMI; South
Asians have an increased percent body fat and lesser fat free mass
predicting higher risks for cardiovascular diseases (Bagry et al., 2008;
Abdullah et al., 2010). Elucidating from the accumulating results set forth
by influential researchers (Raji et al., 2001; Joshi, 2003; Lorenzo et al.,
2003; Gupta et al., 2004) that for similar value of BMI, Asian Indians
illustrate so called “Asian Indian Phenotype” characterized by less of
general obesity as measured by BMI but have significantly large
percentages of body fat and greater total abdominal and visceral fat area
(McGee, 2005; Darokar et al., 2016) compared with white Caucasians
resulting in metabolic disorders at much lower levels of BMI. Therefore,
the BMI, usually used in population studies to diagnose obesity is
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unreliable and necessitate the screening of individuals for distribution of
body fat rather than simply measuring the increase of body weight. Soni
and Verma (2013) described BIA is the best option to measure body
composition in field surveys.
Notably, BIA is dependent not only on body composition (fat mass and
fat free mass components) but also on body size (cross-sectional areas in
trunk and limbs). Since the proportions of body segments depend not only
on weight, age and gender but also on race and ethnicity. Therefore, the
estimation equations of percent body fat need to be population-specific and
revalidated when applied in population that differs from the one in which
original method was developed (Krachler et al., 2013). This seemingly
obvious step is often overlooked by researchers (Heymsfield et al., 1996).
Moreover, there is inadequacy of literature on population-specific studies
to validate these equations. Further studies were warranted to generate
consensus on the exact, usable and population-specific cut-offs for both
PBF and FMI which can be used to counsel females of different races or
ethnicity about their actual risk of morbidity based on their body fat
distribution. For instance, to reduce the risk of obesity allied morbidity,
White and Hispanic obese women could be advised to reduce their BMI
levels 28-29 kg/m2 as they have more deposition of body fat for a given
BMI (≥30 kg/m2) than black women (Rahman et al., 2009). Similarly,
ethnic-specific cut-offs of PBF and FMI are required to facilitate the
assessment of obesity associated co-morbidities across the globe.
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ABSTRACT
Metabolic syndrome (MetS) or Syndrome – X is considered to be a
major public health problem in the developed as well as developing
countries. Present study has attempted to evaluate the plausible
relationship between central adiposity and MetS, among the Bhutias of
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Sikkim, India. 428 adult Bhutias, an Indian tribe, were systematically
chosen from urban and rural areas of the Himalayan State of Sikkim.
Blood pressures and anthropometrics along with fasting glucose and lipid
profile were recorded from all the participants (aged  20 years). Data on
sociodemographic aspects and selected lifestyle related variables were
collected by using pre-tested questionnaires. Prevalence of MetS was
found to be significantly higher among the individuals with sedentary
lifestyle, those who are engaged in less active job and those who
regularly consume alcohol than their corresponding counterparts. After
adjusting for significant lifestyle related predictors, abdomen
circumference was found to predict MetS significantly. This small scale
cross-sectional study evidently found the positive association of central
adiposity related measures with MetS.

INTRODUCTION
The World Health Organization (WHO) has considered the Metabolic
Syndrome (MetS) as one of the most burning issues pertaining to health
research in both developed and developing countries since decades (Alberti
and Zimmet 1998). The MetS is a group of several risk factors such as
excess body fat or obesity, higher lipid, blood pressure and glucose level,
i.e, dyslipidaemia, hypertension and hyperglycaemia, respectively (Reaven
1988; Timer et al. 2000). Later, International Diabetes Federation (IDF)
redefined MetS, where central obesity as measured by waist circumference
(WC) is considered as the essential constituent (Alberti et al. 2005).
Reaven (1988) coined the term ‘Syndrome X’, while for the first time he
draw attention to this clustering of physiological abnormalities, mainly in
overweight individuals.
The prevalence of MetS and cardiovascular disease (CVD) have
radically risen in parallel with the global obesity epidemic (Zimmet et al.
2001; Ford et al. 2002). Study has shown that the development of MetS is
based on certain complex interaction between genetics, lifestyles and other
metabolic factors (Groop 2000). US population shows a prevalence of
MetS of more than 20% (Park et al. 2003), while that of Australia is 35.8%
(Vaughan et al. 2009) and of China is 21.3% (Xi et al. 2013). In addition to
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the developed countries, MetS becomes a burning issue in the health
research of the developing countries. Transition from rural way of life to
comparatively complex urban lifestyle was frequently reported to be a
major causal factor pertaining to this abrupt increase in the prevalence of
MetS in the developing nations. Since last two decades, many researchers
of different countries have reported the prevalence of MetS. The
prevalence of MetS is found to be 28.4% in Indonesia (Soweondo et al.
2010), 16.5% in Japan (Hao et al. 2007), 34.8% in Pakistan (Hydrie et al.
2009), 31.3% in South Korea (Park et al. 2015), 24.3% in Sri Lanka
(Katulanda et al. 2012) and 24.6% in India (Ravikiran et al. 2010).
The association of dietary habits and physical activity pattern with
MetS has been shown in developing countries (Solomons and Gross 1995).
Study among urban population also shows sedentary lifestyle and physical
inactivity as imperative factors in developing MetS (Torjensen et al. 1997).
It is widely and universally accepted that central obesity in terms of waist
circumference (WC) happens to be one of the most important and essential
components in identifying MetS (NCEP and IDF). Many studies have
reported the association between lifestyle related factors, including
psychosocial factors and MetS, along with hypertension, obesity,
hypertriglyceridaemia (Everson et al. 2002; Wardle et al. 2002; Brunner et
al. 2002).
Among the north Indian population the prevalence of MetS was found
to be 22.9% in males, 39.9% in females and 31.6% in total sample
considering all ages (Gupta et al. 2004). Study pertaining to MetS among
the Indian ethnic populations is almost lacking. However, comparison has
been made between the Bhutias of Sikkim and Totos of West Bengal
pertaining to MetS and its lifestyle related correlates (Sarkar et al. 2005).
The aforementioned data prompted us to carry the present study on
examining the association of central adiposity with MetS among the
Bhutias, an ethnic group inhabiting the eastern Himalayan State of Sikkim.
Specifically, attempt has been made to find out the set of adiposity related
variables that are responsible for MetS in this population.
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MATERIALS AND METHODS
The Bhutias, inhabiting the town of Gangtok, and also those residing in
the rural villages under Ralong Revenue Block of South District were
selected as study participants. The individuals of this ethnic group bear
Mongoloid features. Agriculture, service in different Government and
private sectors, business are their principal ways of earning. Other
behavioural and population features can be found elsewhere (Sarkar and
Mukhopadhyay 2008).
428 Bhutia individuals of both sexes aged 20 years and above were
considered for the study. All the households were considered in case of
Ralong Revenue Block and from Gangtok, 100 households were
systematically selected. One male and one female, preferably the
household head and his wife, were chosen to participate in the present
study. Those who were under medication for any chronic disease(s), were
excluded from the study. All the parameters pertaining to MetS, viz. blood
pressures, lipid profiles, fasting blood glucose, skinfold thicknesses and
circumferences were recorded from all the study participants following
standard methods and techniques (Lohman et al. 1988). In addition,
conicity index was deduced as per universally accepted formula.
Summation of six skinfold thicknesses (biceps, triceps, sub-scapular,
supra-iliac, abdominal and calf) was used as one of the overall adiposity
measures. Bioelectrical impedance was used to know the percent body fat
and fat mass of each study participant. Data on socioeconomic and lifestyle
related variables (socioeconomic status, alcohol consumption, dietary
practices, physical activity pattern) were collected from each study
participant with the help of pre-tested questionnaires.
The categorization of the socioeconomic status variables were
mentioned in an earlier study among the Bhutias of Sikkim
(Mukhopadhyay and Sarkar 2018). Blood pressure (BP) measurements of
each study participant were recorded following standard technique
(Pickering et al. 2003). The average of two consecutive measurements was
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used in statistical analysis. Fasting blood glucose was examined by one
drop of whole blood with the help of “Accutrend Alfa” glucometer. 2ml.
blood sample was collected after 12 hours of fasting for estimating the
lipid levels of the study participants. Present study follows the
recommended criteria of the International Diabetes Federation (Alberti et
al. 2005) for the diagnosis of the MetS (WC: > 94cm for males and > 80cm
for females; TG:  150mg/dL; HDL: < 40mg/dL for males and < 50mg/dL
for females; SBP  130 mm Hg and/or DBP  85mm Hg; Fasting blood
glucose  100mg/dL). Individuals, who satisfied WC cut-off and any two
other conditions from the rest four criteria, were considered as having
MetS. Informed consent was obtained from all the study participants
before collecting any data.

Statistical Analyses
All statistical analyses have been done with the help of SPSS 16.0 for
windows software. Test of equality of proportion and t-tests were
performed to test the significance of difference between percentage and
mean values of lifestyle related variables, respectively. Logistic regression
analysis was used to evaluate the maximum odds ratios (ORs) of the
prevalence of MetS. Multiple logistic regression analyses were performed
to estimate the age adjusted ORs using lifestyle related variables as
covariates. Further, multiple logistic regression analysis was performed to
find out the maximum odds of MetS after adjusting for significant lifestyle
related variables. Level of significance was considered at p < 0.05.

RESULTS
Table 1 depicts the prevalence of MetS of the study participants.
Irrespective of sex and total sample, significantly higher (z = 3.79, 2.92
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and 4.76 respectively for males, females and total sample, p < 0.05)
prevalence of metabolic syndrome has been noticed in case of urban study
participants than that in case of rural participants. Considering urban
habitat, markedly high prevalence of metabolic syndrome is found among
males (43.75%), females (47.47%) and also in total sample (45.64%). Fact
remains that the prevalence of metabolic syndrome is found to be
alarmingly high among the rural females (27.27%), too.
Table 2 shows the mean and percentage values of different lifestyle
related variables. Significant rural-urban differences are evident for almost
all the quantitative and qualitative variables, irrespective of sex.
Table 3 shows the prevalence of MetS according to education,
occupation and media exposure status by sex and total sample. It is evident
that participants with lower level of education have lower prevalence of
MetS. As expected, sedentary jobholders show significantly higher
prevalence of MetS than those with non-sedentary jobs in males, females
and in total sample (z = 2.96, 10.47 and 4.11, respectively, p < 0.01).
Considering both males and females, more than 30% of the sedentary
jobholders are shown to have MetS. Irrespective of sex, participants
exposed to mass media, show significantly higher prevalence of MetS
compared to their media non-exposed counterparts. Media exposed
females show a prevalence of 45.56% as against 34.62% for the male
media exposed participants.
Table 4 depicts the prevalence of MetS according to activity level. As
expected, irrespective of sex, less active participants show significantly
higher prevalence (34.55% for males, 41.57% for females) of MetS
compared to more active participants (16.35% for males, 28.00% for
females) (z = 3.13, p < 0.01 for males; z = 2.06, p < 0.05 for females).
Similar trend has also been noticed in case of total sample (z = 3.40, p <
0.01).
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Table 1. Prevalence of MetS, by sex and habitat group
Male (%)
Trait

Urban
(n = 96)
MetS
43.75
* Significant at < 0.01 level.

Rural
(n = 94)
19.15

Female (%)
z
(df = 1)
3.79*

Urban
(n = 99)
47.47

Rural
(n = 88)
27.27

Total (%)
z
(df = 1)
2.92*

Urban
(n = 195)
45.64

Rural
(n = 182)
23.08

z
(df = 1)
4.76*

Table 2. Lifestyle related variables, by habitat and sex
Lifestyle related variable

Urban (100)

Male
Rural (114)

Urban (100)

Female
Rural (114)

66.26  12.54

P
> 0.05

Cereals

67.28  13.65

67.85  13.73

68.19  13.80

P
> 0.05

Pulses
Tubers

28.42  22.69

9.82  10.77

< 0.0001

25.65  23.40

9.58  9.17

< 0.001

39.83  24.36

13.19  19.04

< 0.0001

45.75  20.59

8.99  14.33

< 0.0001

Vegetables

95.22  32.38

60.49  13.16

< 0.0001

92.35  23.76

58.09  14.46

< 0.0001

Red meats

37.95  22.48

29.01  20.58

< 0.01

34.26  21.90

26.61  21.62

< 0.05

Lean meat

3.46  4.93

1.47  2.01

< 0.001

3.37  4.28

1.49  3.51

< 0.001

Eggs

10.23  12.87

5.03  6.07

< 0.001

10.53  13.80

5.05  6.65

< 0.001

Fish

2.59  3.06

1.15  1.96

< 0.001

2.42  2.87

1.13  2.16

< 0.001

Milk products

75.55  30.32

24.03  20.45

< 0.0001

80.05  30.52

21.01  16.97

< 0.0001

Fruits

16.80  18.67

1.10  6.44

< 0.0001

18.85  22.22

1.02  6.50

< 0.0001

PSSI

0.48  0.06

0.22  0.07

< 0.0001

0.48  0.07

0.20  0.05

< 0.0001

Energy
Expenditure (Kcal)

2416.87
554.25

3559.96
1219.05

< 0.0001

2142.18
419.69

23.6.64
409.93

< 0.05
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Table 2. (Continued)
Lifestyle related variable
Urban (100)
Activity level
More active
20.00
Less active
80.00
Education level
Upto primary
20.00
Above primary
80.00
Occupation
Non-sedentary
20.00
Sedentary
80.00
Household income
< INR 10,000/m
28.00
72.00
 INR 10,000/m
Media exposure
Non-exposed
17.00
Exposed
83.00
Alcohol intake
Non-drinker
75.00
Drinker
25.00
Media exposure
Non-exposed
17.00
Exposed
83.00
Alcohol intake
Non-drinker
75.00
Drinker
25.00
[Source: Mukhopadhyay and Sarkar 2018].

Male
Rural (114)

P

Urban (100)

Female
Rural (114)

73.68
26.32

< 0.0001

33.00
67.00

80.70
19.30

< 0.0001

64.91
35.09

< 0.0001

45.00
55.00

79.82
21.18

< 0.001

73.68
26.32

< 0.0001

12.00
88.00

19.30
80.70

> 0.05

82.45
17.55

< 0.0001

25.00
75.00

80.70
19.30

< 0.0001

78.10
21.90

< 0.0001

18.00
82.00

91.60
8.40

< 0.0001

53.43
47.57

< 0.01

90.00
10.00

61.06
38.94

< 0.001

78.10
21.90

< 0.0001

18.00
82.00

91.60
8.40

< 0.0001

53.43
47.57

< 0.01

90.00
10.00

61.06
38.94

< 0.001
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Table 3. Prevalence of MetS according to education, occupation and
media, exposure status, by sex and total sample
Socioeconomic status
variables including
media exposure

MetS (%)
Category
Male

Female

Total

Education

Upto primary
Above primary
z

20.43
29.75
1.58

33.58
33.77
0.03

28.26
31.31
0.69

Occupation

Sedentary
Non-sedentary
z

32.31
15.48
2.96**

34.29
0.00
10.47**

33.53
14.77
4.11**

Media exposure

Exposed
Non-exposed
z

34.62
18.48
2.61**

45.56
23.81
3.25**

39.69
21.32
4.02**

* Significant at 0.05 level; ** Significant at < 0.01 level.

Table 4. Prevalence of MetS according to activity level,
by sex and total sample
MetS (%)
Activity level
More active

Male
16.35

Female
28.00

Total
22.71

Less active

34.55

41.57

37.69

z

3.13**

2.06*

3.40**

* Significant at 0.05 level;
** Significant at < 0.01 level.

Table 5 shows the prevalence of MetS according to substance use. It is
evident from the table, that irrespective of sex, smokers and smokeless
tobacco users show lower prevalence of MetS, and the difference between
these two groups in each sex is not statistically significant. On the other
hand, prevalence of MetS is found to be significantly higher in the alcohol

Complimentary Contributor Copy

82

Sovanjan Sarkar and Barun Mukhopadhyay

drinker group compared to non-drinker group for males, females and total
sample, while the difference is significant in females (z = 2.90, p < 0.01)
and in total sample (z = 2.26, p < 0.05). While drinker females have a
prevalence of 46.08%, non-drinker females show a prevalence of 26.60%.
Table 5. Prevalence of MetS according to tobacco use and alcohol
consumption, by sex and total sample
MetS (%)
Substance use

Category

Smoking status

Smoker
Non-smoker
z
User
Non-user
z
Drinker
Non-drinker
z

Smokeless tobacco
use
Alcohol consumption

Male
20.83
29.03
1.19
25.00
28.35
0.53
28.46
24.66
0.59

Female
33.33
36.76
0.24
30.43
37.36
0.67
46.08
26.60
2.90**

Total
23.33
33.24
1.64
26.26
33.55
1.40
36.21
25.75
2.26*

* Significant at 0.05 level; ** Significant at 0.01 level.

Table 6. Multiple logistic regression analysis using significant lifestyle
variables adjusted MetS as dependent and adiposity related measures
as independent variables
Adiposity related
variable

Wald

df

Sig.

Exp(B)

95.0% C.I.for EXP(B)
Lower

Upper

Abdomen
circumference

4.737

1

.030

.951

.908

.995

Waist circumference

.613

1

.434

1.052

.926

1.195

Percent body fat

1.256

1

.262

.965

.906

1.027

BMI

1.639

1

.200

.848

.658

1.092

WHR

1.371

1

.242

24.347

.116

5.101E3

Conicity index

2.651

1

.104

.001

.000

4.002

Sum of skinfold

.127

1

.722

1.002

.991

1.014
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DISCUSSION AND CONCLUSION
In the developing nations, including India, the forces of modernization
play an important role in changing the lifestyle of the people. Availability
of high fat rich food and accessibility to low cost vehicle are
simultaneously affecting the health of the individuals in accumulating
excess body fat, specifically at the central region of the body. This
eventually increases the risk of certain CVD risk factors and MetS.
The present study portrayed a very high prevalence of MetS among the
Bhutias, an ethnic group residing in the Himalayan State of Sikkim.
Previously, in a different set of Bhutias, the present authors studied the
MetS epidemiology (Mukhopadhyay and Sarkar 2018), where females
showed a significantly higher prevalence of MetS which corroborates with
the present study and the study among the US (Freiberg et al. 2004). On
the other hand, higher prevalence of MetS among the males has been found
elsewhere (Dallongeville et al. 2005).
It has been observed that the female study participants are mostly
housewives and usually spend most of their times in doing household
works. Bhutias were fond of fat and fiber rich food items like chhurpi
(product made from buffalo milk), beef, pork and so on. Frequent
consumption of fast food available in the market was also evident among
them. Again, the energy expenditure was found to be very less due to
availability of low cost transportation. This double effect of high fat rich
food and less energy expenditure accumulates fat in their body and
gradually harms their cardio-metabolic health. It can be intuitively stated
that the transition from a rural traditional lifestyle to an urbanized modern
lifestyle leads to a substantial change in socioeconomic and demographic
changes. That in turn may change education level, occupational status and
income level of the population. The changes in these attributes can have
influence on dietary habits, behaviors and physical activity level that in
turn affects the MetS.
Adjusted multiple logistic regression analysis showed the importance
of central obesity in predicting MetS than overall obesity measured by
BMI and bioelectrical impedance. Present study has uniquely found
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abdomen circumference as the most significant predictor of MetS, even
after adjustment for significant lifestyle related variables. Abdomen
circumference as a significant predictor of different CVD risk factors was
shown in a previous study among the Bhutias of Sikkim (Sarkar 2013).
The central adiposity by means of abdomen circumference might be of
interest in future in predicting chronic illnesses like CVD, MetS, diabetes,
dyslipidaemia and so on.
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Chapter 5

BISEXUAL DIFFERENCES IN THE
ASSOCIATION OF ADIPOSITY MEASURES
WITH THE RISK OF HYPERTENSION AMONG
THE TRIBES OF GUJARAT, INDIA
Gautam K. Kshatriya*
Department of Anthropology,
University of Delhi, Delhi, India

INTRODUCTION
Obesity is a global epidemic health issue which is leading to several
health problems like hypertension, diabetes, cardiovascular diseases
(CVDs) and metabolic abnormalities (WHO, 2000; Amin, Fatima, Islam &
Gilani, 2015). Increased urbanization and modernization has led to
sedentary lifestyle belonging to all the age groups living in urban as well as
rural parts of India (Yusuf, Reddy, Ôunpuu & Anand, 2001, WHO, 2008,
Bansal et al., 2012, Kshatriya & Acharya, 2016). It has been reported that
*
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change in dietary and physical activity patterns are often the result of
environmental and societal changes associated with development and lack
of supportive policies in health, agriculture, transport, urban planning, food
processing and education (WHO, 2016). According to ‘A Global Brief on
Hypertension’ (WHO, 2013), about one million people around the world
are affected by hypertension which causes strokes, heart attacks, kidney
failure and other fatal conditions. Globally, complications out of increased
blood pressure accounts for 9.4 million deaths every year (WHO, 2009;
Lim et al., 2012). Furthermore, undetected high blood pressure has
dangerous consequences which often lead to life-threatening complications
(WHO, 2013).
It may be added here that hypertension is directly responsible for 57%
of all stroke deaths and 24% of all coronary heart disease deaths in India
(Anchalaet al., 2014). Studies revealed that prevalence of hypertension in
urban India is about 29-45% in males and 25-38% in females (Gupta et al.,
2003; Gupta & Gupta, 2009). Obesity has long been established as an
important and independent risk factor for the development and
complication of hypertension (Misra, 2000; Hossain, Kawar & El Nahas,
2007; Redónet al., 2008; Park et al., 2013; WHO, 2013; 2016; Moraes,
Lacerda, Moreno, Horta & Carvalho, 2014; Rizwan et al., 2014; Hall, Do
Carmo, Da Silva, Wang & Hall, 2015; Jiang, Lu, Zong, Ruan & Lin, 2016;
Kshatriya & Acharya, 2016). Body Mass Index (BMI), Waist
Circumference (WC), Waist-to-height ratio (WHtR) and Waist-hip ratio
(WHR) are simple and valid anthropometric measures for the assessment
of obesity and risk of hypertension (Mello et al., 2011; Rodea- Montero,
Evia-Viscarra & Apolinar-Jiménez, 2014; Zhang et al., 2017). WC has
stronger positive association with elevated blood pressure (Yalcin, Sahin &
Yalcin, 2005). Nyamdorjet al. (2008) found the association of the
development of hypertension with BMI as strong as that with central
obesity indicators in Mauritian Indian and Mauritian Creole. Body
composition measures such as visceral fat (VF) and percent body fat (PBF)
are also considered to be significant indicators of body fat distribution in
association with hypertension risk found in populations with different
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ethnicities worldwide (Despréset al., 2000; Gupta 2004; Lam, Koh, Chen,
Wong & Fallows, 2015; Pereira et al., 2015). Asian Indians have higher
abdominal body fat storage even at a lower BMI, and are susceptible to a
higher risk of CVDs and metabolic syndrome (Chandalia, Abate, Garg,
Stray-Gundersen & Grundy, 1999; Raji, Seely, Arky & Simonson, 2001,
Raji et al., 2004; Forouhi, 2005; Bhat et al., 2005; Misra & Shrivastava
2013). Also, abdominal obesity leads to elevated blood pressure and
insulin resistance (Poirier et al., 2005). Obese individuals with
accumulated visceral fat have an increased risk for hypertension, type 2
diabetes mellitus and other cardiovascular events (Bidulescuet al., 2013)
and variation in fat distribution mediates cardiometabolic risk factors
(Neelandet al., 2012).
Several studies have reported the prevalence of hypertension in adults
(Gupta & Mehrishi, 1997; Gupta, 2004; Thankappanet al., 2005; Kauret
al., 2007; Kaur et al., 2012; Rizwanet al., 2014; Panda et al., 2017) and
children in urban areas of India (Mohan et al., 2003; Singh, 2007; Durrani
& Fatima, 2011; Shetty, Shetty, Sasidharan & Shenoy, 2013; Singh et al.,
2013; Kumar et al., 2017). Studies (Gerber, Schwartz, Schnall & Pickering,
1995; Dua & Kapoor, 2000) have shown sex differences in association of
adiposity measures with blood pressure in urban populations. WHR, WHtR
and conicity index (CI) are found to be higher in females due to the
gynoidal pattern of fat distribution (Mungreiphyet al., 2012). It has been
found that males are more prone to abdominal fat deposition in comparison
to females, which is responsible for higher central adiposity in them
(Despreset al., 2000). Sex-wise studies on hypertension have highlighted
that systolic blood pressure (SBP) levels increases with advancing age
(Reddy, 1998; Raina, Chander, Prasher & Raina, 2016) and the increase
has been reported to be more prominent in females than males (Dua,
Bhuker, Sharma, Dhall & Kapoor, 2014; Raina et al., 2016).
Obesity and its association with elevated blood pressure has been
reported among tribal populations of India (NNMB, 2009; Kapoor, Saluja,
Verma & Kapoor, 2012; Kshatriya & Acharya, 2016). Meshram et al.
(2012) found that the risk of hypertension was significantly higher among
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overweight/obese tribal men and women as compared to normal
individuals. Similarly, Kapoor et al. (2012) reported a positive correlation
of BMI and mid upper arm circumference (MUAC) and a negative
correlation of PBF with risk of hypertension among tribal communities
from different regions of India. Similar studies among tribes across varied
ecological settings within India have observed association of hypertension
with anthropometric indices (Babu, Kusuma & Naidu, 1996; Kusuma,
Babu & Naidu, 2002; Mukhopadhyay & Mukhopadhyay, 2001; Kerketta,
Bulliyya, Babu, Mohapatra & Nayak, 2009; Maken & Verte, 2016). The
nomadic tribal groups of Rajasthan have shown an increased hypertensive
tendency at elevated abdominal and visceral fat adiposity as well (Sachdev,
2011). BMI and abdominal adiposity showed positive correlation with
hypertension in tribal population of India (Kshatriya, 2014). However, to
the best of our knowledge there is hardly any study on the association of
adiposity measures with blood pressure among the tribal population groups
of India. Therefore, the present study is an attempt to investigate the
bisexual variations in the association of adiposity measures with the risk of
hypertension among the three tribal populations namely Dhodia, Kukna
and Choudhuri of Gujarat, India for a better understanding of correlates of
hypertension among these socially and economically deprived populations.

MATERIALS AND METHODS
Ethical Statement
Prior ethical clearance to conduct the research was obtained from the
Institutional Review Committee, Department of Anthropology, University
of Delhi. Informed written consent from each participant was obtained
prior to the actual commencement of the study.
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Area and People
The present study was conducted among three tribes namely Dhodia,
Kukna and Choudhuri from Valsad and Surat districts of Gujarat, during
August-September 2013 (Figure 1).

Source: https://www.mapsofindia.com/maps/gujarat/.
Figure 1. Geographical location of the selected districts in Gujarat.

The tribes of Gujarat are agriculturalists and have a sedentary life.
They are also involved in other occupations such as government jobs,
cattle rearing and manual labour. All the studied tribes have access to basic
amenities such as water, electricity, education and healthcare. Ways of
modern entertainments such as television, radio and music systems, mobile
phones are making their way into the life of these tribal communities
replacing the traditional community activities such as folk singing,
narrations and dancing. Prevalence of alcohol consumption was low in the
tribes of Gujarat.

Sampling Method and Sample Size
A total of 30 villages from two districts namely Valsad and Surat of
Gujarat were chosen on the basis of the residence in acculturated areas of
development (areas where development activities have reached). These
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areas have comparatively closed access to “urban centers.” House listing
was prepared for these selected villages. Subsequently, the age and sex
composition of adult men and women was prepared for the studied three
tribes from the house listing. A sample size of 120 adult men and 120 adult
women from each of the three tribes was selected using simple random
sampling. As a result, the study comprised of a total of 721 participants out
of which 360 were men and 361 were women aged 20-60 years.
Exclusion criteria: People with any type of growth and developmental
disorders, severe health issues in the past year, and the existence of any
secondary cause of hypertension were not included in the current study.
People who were hesitant about being part of the study were also excluded.

Data Collection and Measurements
Two trained anthropologists guided by the principal investigator
constituted the field research team for data collection. To avoid any
measurement of entry biases, one person was assigned the responsibility of
taking all the measurements while the other used to enter data into the
datasheet. Same set of instruments were used throughout for recording the
measurements.
A structured format was used to collect demographic information such
as name, age, sex, name of tribe from each of the participants.
Standard techniques were followed while taking all the anthropometric
measurements (Lohman, Roche & Martorell, 1988). The standing height
was measured to the nearest of 0.1 cm using a movable anthropometer.
Skinfold thicknesses at four sites (biceps, triceps, sub-scapular and suprailiac) were estimated using the Holtain’s skinfold thickness calliper and
sum of four skinfolds (SF4) was measured.
Percent body fat (PBF) and visceral fat (VF) were estimated by
bioelectrical impedance analysis (BIA) using Omron Karada Scan Body
Composition Monitor (Omron Health Care Co., Kyoto, Japan), which is a
hand-held impedance analyser. Each participant’s particulars such as
height, age and sex were recorded into the instrument after which the
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participant was instructed to stand on the platform with their feet placed on
the scales present at the platform, the hand-held monitor was then held by
them which scanned the body and gave recording of the impedance and
body fat percentage calculation. The participants were encouraged to
remove their shoes and heavy clothing before taking measurements.
Weight was also recorded to the nearest 0.1kg with the help of this
instrument.
Mid upper arm circumference (MUA), minimum waist circumference
(MWC) and maximum hip circumference (MHC) were recorded using
non-expandable measuring tape. Waist hip ratio (WHR) and waist height
ratio (WHtR) were also estimated.
Blood pressure was measured following American Heart Association
(AHA) guidelines (Liz, 2005). The systolic and diastolic blood pressure
was measured using a standard mercury sphygmomanometer on the left
upper arm of the participants in the sitting position. A minimum 15-minute
rest before the measurement and a 5-minute interval between two
consecutive measurements were ensured. The average of two readings was
recorded.

Individual Classification
High body mass index (BMI) has been treated as a strong indicator of
obesity and hypertension in various populations. Furthermore, the “obesity
paradox” has been reported which indicated that low BMI was associated
with hypertension (Hainer & Aldhoon-Hainerová, 2013). Therefore, we
considered both low and high BMI statuses as predictors of hypertension
risks. According to the World Health Organization (WHO) guidelines for
Asian populations, individuals with BMI <18.5 kg/m2 were considered as
underweight; >18.5 kg/m2 but <23 kg/m2as normal; >23 kg/m2 but <27.5
kg/m2 as overweight and >27.5 kg/m2 as obese (WHO, 1998;
Kesavachandran, Bihari & Mathur, 2012). In the present study, we have
combined the overweight and obese categories as the proportion for each
of the two was found to be very low.
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Several studies have demonstrated that WHtR is more closely
associated with central obesity, encompassing the adjustment to various
statures (Hsieh, Yoshinaga, Muto, Sakurai & Kosaka, 2000; Lin et al.,
2002; Sayeed et al., 2003) and overcoming the negative correlation of
height to metabolic syndromes (Henriksson, Kindblas, Agren, NilssonEhle & Rastam, 2001). The mean height of Indian tribes is less than the
mean height of the general Indian population (Gautam & Adak, 2006).
Therefore, WHtR can be an ideal obesity measure and a strong indicator of
health (Ashwell & Hsieh, 2005) in Indian tribal populations. In the present
study, WHtR was classified in to two categories: (1) <0.50 as normal (Peng
et al., 2013); and (2) >0.50 as at risk for both males and females. MWC
and WHR have also been associated with central obesity and cut-offs also
vary sex-wise because of the differences in the deposition of fat in males
and females. In case of minimum waist circumference (MWC), males with
<90cm and females with <80cm were considered as normal, while males
with >90cm and females with >80 cm were considered as at-risk category
(Alberti, Zimmet & Shaw, 2006; WHO, 2011). WHR was classified into
two categories: 1) males with <0.90 and females with <0.85 as normal, and
(2) males with >0.90 and females with >0.85 as at-risk category (WHO,
2011).
The 7th Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure cut off have been used
for classifying the participants as normal, prehypertensive and
hypertensive (Chobanianet al., 2003). Participants with SBP <120mm Hg
and DBP <80mm Hg were recorded as normal, while those with SBP
between 120 and 139 mm Hg or DBP between 80 and 89 mm Hg were
classified as prehypertensive. Participants with blood pressure >140/90
mm Hg were considered hypertensive (James, 2014).

Statistical Analysis
Data entry was done in Microsoft Excel 2007, and further analyses
were carried out using SPSS version 16.0 for Windows (SPSS Inc.,
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Chicago, Illinois, USA). Descriptive statistics, such as mean and standard
deviation (SD), were estimated for the selected anthropometric, body
composition and physiometric variables. Student’s t-test was performed to
estimate the level of significance between the two sexes. Pearson’s
correlation coefficient was estimated for anthropometric, body composition
measures and blood pressure. Furthermore, linear regression for total
population as well as for males and females separately was used by taking
SBP and DBP as dependent variables and MWC, MUAC, WHR, WHtR,
BMI, SF4, PBF and VF as independent variables. Data were cross tabulated
by adiposity variables and sex, and analysed by using three-dimensional
contingency chi-square test.

RESULTS
Table 1 describes the characteristics of the studied tribal populations of
Gujarat. The mean values of height, weight, minimum waist circumference
(MWC), mid upper arm circumference (MUAC), visceral fat (VF), waist
hip ratio (WHR) and waist height ratio (WHtR) were observed to be higher
in males as compared to females. The mean difference between males and
females were found to be statistically significant.
Mean values of diastolic blood pressure (DBP), percent body fat (PBF)
and sum of four skinfolds (SF4) were found to be higher among females
than males. Variables like PBF, DBP and SF4 were found to be statistically
significant between the two sexes.
Table 2 shows the partial correlation between adiposity variables
(MWC, MUAC, BMI, WHR, WHtR, PBF, VF and SF4) and physiometric
variables (SBP and DBP) among the selected tribal groups of Gujarat.
Findings indicate a significant positive correlation of all the adiposity
measures with the physiometric variables.
Table 3 presents the linear regression analysis of physiometric
measures with anthropometric and body composition measures as
independent variables for the tribes of Gujarat. It can be seen that SBP
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and DBP have a significant positive impact on MWC (β-0.42, adj. R2-0.08;
β-0.61; adj. R2-0.06) and PBF (β-0.14, adj. R2-0.04; β- 0.16; adj. R2-0.07)
among the selected populations of Gujarat.
Table 4 shows sex-wise linear regression analysis for anthropometric
and body composition measures with SBP and DBP as the dependent
variables. It can be seen that among females, SBP has a significant positive
impact on MWC (β-0.42; adj. R2-0.11) and PBF (β-0.21; adj. R2-0.09)
while, DBP was found to have significant positive effect on MWC (β 0.59; adj. R2-0.08), PBF (β-0.16; adj. R2-0.07) and VF (β- 0.38; adj. R20.09). However, in case of males, SBP and DBP had significant positive
impact only on MWC (β-0.38; adj. R2-0.10; β- 0.68; adj. R2-0.18).
Table 1. Characteristics of the studied tribal
populations of Gujarat (n= 721)
Variables

Male (n=360)
Mean + S.D.
40.8 + 12.39
162.3 + 6.48
53.4 + 9.54
78.9 + 10.48
25.9 + 2.69
127.7 + 20.57
78.2 + 11.57
22.3 + 6.08
20.2 + 3.16
5.3 + 3.89
0.9 + .07
0.5 + .64
31.7 + 14.45

Female (n=361)
Mean + S.D.
40.3 + 11.61
150.4 + 5.02
44.9 + 7.47
67.2 + 8.15
22.6 + 2.42
126.8 + 19.80
80.8 + 12.44
29.9 + 6.03
19.8 + 3.15
3.4 + 2.39
0.8 + .06
0.5 + .06
45.6 + 21.05

T

Age (year)
0.61
Height (cm)
27.60***
Weight (kg)
13.33***
MWC (cm)
16.67***
MUAC (cm)
17.16***
SBP (mm Hg)
0.59
DBP (mm Hg)
-2.92**
PBF
-16.70***
BMI (kg/m2)
1.72
VF
8.23***
WHR
29.89***
WHtR
8.61***
SF4(mm)
-10.33***
***p<0.001, **p<0.0l.
Abbreviations: MWC- minimum waist circumference, MUAC- mid-upper arm circumference, SBPsystolic blood pressure, DBP- diastolic blood pressure, PBF- percent body fat, BMI- Body fat
mass, VF- Visceral fat, WHR- waist hip ratio, WHtR- waist height ratio, SF4- Sum of four
skinfold thicknesses.
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Table 2. Correlation of adiposity measures with physiometric
variables (SBP and DBP) in the tribal populations of Gujarat (n= 721)
MWC MUAC SBP
DBP PBF
BMI
VF
WHR
WHtR SF4
MWC
.802** .288** .246** .101** .669** .733** .837** .935** .277**
MUAC
.177** .170** -.059 .658** .659** .630** .705** .286**
SBP
.709** .212** .217** .226** .178** .313** .149**
DBP
.267** .290** .260** .074*
.274** .230**
**
**
**
PBF
.384
.271
-.164
.309** .476**
**
**
BMI
.866
.348
.721** .548**
**
VF
.526
.737** .341**
WHR
.740** -.066
WHtR
.407**
SF4
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Abbreviations: MWC- minimum waist circumference, MUAC- mid-upper arm circumference, SBPsystolic blood pressure, DBP- diastolic blood pressure, PBF- percent body fat, BMI- Body fat
mass, VF- Visceral fat, WHR- waist hip ratio, WHtR- waist height ratio, SF4- Sum of four
skinfold thicknesses.

Table 3. Linear regression analysis of SBP and DBP with
anthropometric and body composition measures among
the tribes of Gujarat (n= 721)
Variables

SBP
DBP
β
T
Adj.R2
β
T
Adj.R2
MWC
0.421
2.737**
0.081
0.605
3.982***
0.059
MUAC
-0.046
-0.675
0.030
-0.076
-1.102
0.028
PBF
0.143
2.765**
0.044
0.163
3.177**
0.070
BMI
-0.182
-1.909
0.046
0.007
0.071
0.083
VF
0.066
0.806
0.050
0.054
0.666
0.066
WHR
-0.211
-2.369
0.030
-0.311
-3.535
0.004
WHtR
0.161
1.185
0.097
-0.105
-0.783
0.074
SF4
-0.020
-0.400
0.021
0.012
0.243
0.052
***p<0.001, **p<0.0l.
Abbreviations: MWC- minimum waist circumference, MUAC- mid-upper arm circumference, SBPsystolic blood pressure, DBP- diastolic blood pressure, PBF- percent body fat, BMI- Body fat
mass, VF- Visceral fat, WHR- waist hip ratio, WHtR- waist height ratio, SF4- Sum of four
skinfold thicknesses.
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Table 4. Sex-wise linear regression analysis for anthropometric and body composition measures
(n= 721)
Variables

Females (n= 361)
adjR2
0.083

β
0.375

T
2.015*

-0.073

T
2.767
**
-.674

Males (n=360)
DBP
adjR2
β0.102
0.679

0.040

-0.027

-.333

0.043

0.090

0.145

1.984*

0.072

0.048

.784

0.047
0.069

-0.155
0.379

-.878
2.564
**
.038
-2.384*
-.455

0.067
0.094

-0.207
0.102

-1.547
.832

SBP

DBP

Β
0.418

T
1.973*

AdjR2
0.107

β
0.594

MU
AC
PBF

-0.059

-.548

0.029

0.205

BMI
VF

-0.226
0.151

2.845
**
-1.295
1.036

MWC

SBP

adjR2
0.179

0.043

T
3.847
***
.561

0.033

0.071

1.209

0.047

0.041
0.043

-0.014
0.034

-.112
.292

0.112
0.102

0.113

WHR
-0.084
-.979
0.049
0.003
0.028
-0.132
-1.185
0.062
-0.177
-1.671
0.080
WHtR
-0.029
-.134
0.109
-0.521
0.069
0.133
.652
0.095
-0.188
-.977
0.144
SF4
-0.053
-.752
0.015
-0.032
0.021
0.024
.337
0.049
0.006
.081
0.085
***p<0.001, **p<0.0l, *p<0.05.
Abbreviations: MWC- minimum waist circumference, MUAC- mid-upper arm circumference, SBP- systolic blood pressure, DBP- diastolic blood pressure, PBFpercent body fat, BMI- Body fat mass, VF- Visceral fat, WHR- waist hip ratio, WHtR- waist height ratio, SF4- Sum of four skinfold thicknesses.
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Further, a mutually independent hypothesis and a number of partially
independent hypotheses were tested for various categories of blood
pressure (normal, PHTN and HTN), normal and at risk anthropometric
variables and sex using three-dimensional chi-square analysis. In partially
independent hypothesis, we tested: (a) sex as independent of blood
pressure and normal and at risk anthropometric variables, (b) blood
pressure as independent of sex, and normal and at risk anthropometric
variables, and (c) normal and at risk anthropometric variables as
independent of sex and blood pressure.
Tables 5, 6, 7 and 8 present the distribution of normal and at-risk
categories of MWC, WHR, WHtR, BMI, and blood pressure by sex among
the selected tribal groups of Gujarat. Our initial analysis showed that
normal and at risk anthropometric variables, by sex and blood pressure
were not mutually independent, which led us to test for partial
independence. In partial independence, three of the one variable was tested
as independent of the other two. It was found that except for BMI, all the
chi-square tests for partial independence were statistically significant at
p<0.05. Thus, it can be inferred that adiposity measures and risk of
hypertension by sex are strongly associated.
Table 5. Distribution of normal and risk categories of MWC
and blood pressure among the males and females of the
selected tribal groups of Gujarat in three-dimensional
contingency table and test for mutual independence
(n=721)
At risk (MWC)
Normal PHTN
HTN
2 (0.6%) 11 (3.0%) 15 (4.2%)

Females
(n=361)
Males
8 (2.2%) 18 (5.0%) 30 (8.3%)
(n=360)
Chi-square: 319.15; df: 7; p<0.05.

Normal (MWC)
Total
Normal
PHTN
HTN
116 (32.1%) 142 (39.3%) 75 (20.8%) 361 (100%)
124 (34.4%) 112 (31.1%)

68 (18.9%) 360 (100%)
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Table 6. Distribution of normal and risk categories of WHR
and blood pressure among the males and females of the selected
tribal groups of Gujarat in three-dimensional contingency table and
test for mutual independence
(n=721)
At risk (WHR)
Normal (WHR)
Total
Normal
PHTN
HTN
Normal
PHTN
HTN
Females 18 (5.0%) 31 (8.6%)
33 (9.1%) 100 (27.7%) 122 (33.8%) 57 (15.8%) 361 (100%)
(n=361)
Males 110 (30.6%) 114 (31.7%) 90 (25.0%) 22 (6.1%)
16 (4.4%) 8 (2.2%) 360 (100%)
(n=360)
Chi-square: 319.15; df: 7; p<0.05.

Table 7. Distribution of normal and risk levels of WHtR and blood
pressure among the males and females of the selected tribal groups of
Gujarat in three-dimensional contingency table and test for mutual
independence (n=721)
At risk (WHtR)
Normal (WHtR)
Total
Normal PHTN
HTN
Normal
PHTN
HTN
Females 5 (1.4%) 25 (6.9%) 34 (9.4%) 113 (31.3%) 128 (35.5%) 56 (15.5%) 361 (100%)
(n=361)
Males
29 (8.1%) 45 (12.5%) 61 (16.9%) 103 (28.6%) 85 (23.6%) 37 (10.3%) 360 (100%)
(n=360)
Chi-square: 114.94; df: 7; p<0.05.

Table 8. Distribution of BMI categories and blood pressure levels
among the males and females of the selected tribal groups of Gujarat
in three-dimensional contingency table and test for mutual
independence (n=718)
Underweight
Normal PHTN HTN
Females 60
60
25
(n=361) (16.6%) (16.6%) (6.9%)
Males
59
35
28
(n=357) (16.5%) (9.8%) (7.8%)
Chi-square: 52.16; df: 12; p<0.05.

Normal
49
(13.6%)
59
(16.5%)

Normal
PHTN
71
(19.7%)
73
(20.4%)

HTN
41
(11.4%)
37
(10.4%)

Overweight
Normal PHTN HTN
9
22
24
(2.5%) (6.1%) (6.6%)
13
20
33
(3.6%) (5.6%) (9.2%)

Complimentary Contributor Copy

Total
361
(100%)
357
(100%)

Bisexual Differences in the Association of Adiposity Measures … 103

DISCUSSION
The findings of the studied tribal communities of Gujarat showed that
there are significant sex differences in several anthropometric
measurements and blood pressure among the tribal populations. In
addition, these groups also showed the risk of hypertension along with the
burden of malnutrition (underweight and overweight). It may be noted here
that obesity co-exists with underweight in India and hence, the country
suffers from a double burden of malnutrition (Popkins, 2002; Kshatriya &
Acharya, 2016). The development of obesity involves the amalgamation of
numerous social, behavioural, cultural, physiological, metabolic and
genetic factors (National Research Council [NRC], 1989; WHO, 2016).
WHO (2011) reported the estimated prevalence for hypertension among
the Indian National population as 32.5%, which was found to be higher
than the estimated prevalence of 22.5% among tribal populations.
Increasing trend of hypertension among tribal populations was also
observed in various studies (NNMB, 2009; Naidu, Nayak & Sadi, 2016;
Rizwan et al., 2014; Kshatriya & Acharya, 2016). Kshatriya & Acharya
(2016) reported that hypertension was observed to be higher among
females as compared to males in tribal populations of India. Only few
studies (Deshmukh, Gupta, Dongre & Bharambe, 2006; Chockalingamet
al., 2005; Ghosh, 2007; Guptaet al.,2007; Kapoor et al., 2012; Singh et al.,
2013) have been carried out on the factors determining hypertension risk
among Indian people. However, to the best of our knowledge this is the
first attempt to find out the bisexual differences in the association of
adiposity variables with blood pressure among the tribal populations of
Gujarat.
Men in the studied tribal groups had significantly higher mean height,
weight, MWC, MUAC, VF, WHR and WHtR, while mean values of DBP,
PBF and SF4 were significantly higher among females, indicating sexual
differences in adiposity measures. Various studies have shown that
adiposity measures play a significant role in predicting hypertension risk
among males and females (Yalcin, 2005; Ghosh, Mukhopadhyay & Barik,
2016; Kandpal, Sachdeva & Saraswathy, 2016; Kshatriya & Acharya,
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2016). Pal et al. (2014) found that rural Bengalee females had significantly
higher PBF and fat mass while males had central adiposity resulting in
higher mean values of anthropometric measures such as MWC, WHR and
WHtR. Significant sex differences were also observed in numerous studies
conducted on urban population groups residing in India (Sanjeev, Indech,
Jit & Johnston, 1991; Bhadra, Mukhopadhyay & Bose, 2002; Deshmukh et
al., 2006). However, few studies (Kapoor, Kapoor & Durnin, 1999;
Misraet al., 2001; Mungreiphy & Kapoor, 2010; Bansal et al., 2012) have
reported higher percentage of females to be overweight than males and
have higher mean for WHR, WHtR and BMI due to relatively more
gynoidal pattern of fat distribution. Furthermore, significant positive
correlations between adiposity measures (MWC, MUAC, PBF, BMI, VF,
WHR, WHtR, SF4) and physiometric variables (SBP and DBP) were also
obtained. A strong positive correlation between BMI, WHR, MWC, WHtR
and SBP and DBP was observed in many studies as well (Deshmukh et al.,
2006; Gupta et al., 2007; Chakraborty, Bose & Bisai, 2009; Pal, De,
Sengupta, Maity & Dhara, 2014).
The regression analysis indicates that SBP and DBP have a significant
positive impact on MWC and PBF among the selected population groups.
Sex-wise regression analysis indicated that among females SBP had a
significant positive impact on MWC and PBF, while DBP had a significant
impact on MWC, PBF and VF; while in case of males, SBP and DBP had
significant positive impact only on MWC, which could be because men are
prone to abdominal fat deposition in comparison to women (Deprés, 2000;
Mungreiphyet al., 2012). Similar results have also been reported in a few
studies earlier (Ghosh et al., 2016; Kandpalet al., 2016; Kshatriya &
Acharya, 2016).
It was also attempted in the present study to find out the association of
normal and risk categories of adiposity markers such as MWC, WHR,
WHtR and BMI with blood pressure levels (normal, PHTN and HTN)
among both the sexes of selected tribal groups using three-dimensional
contingency chi-square analysis. A mutually independent hypothesis along
with various partially independent hypotheses were tested to investigate
the association of adiposity measures with risk of hypertension by sex.
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Bisexual differences were found to be statistically significant for MWC,
WHR and WHtR and various categories of blood pressure. Mutual
dependence was also reported between sex, anthropometric measures and
blood pressure. Kshatriya & Acharya (2016) in their study reported that
tribal women above 40 years of age are at a greater risk of suffering from
undernutrition because of the social and gender disparities faced by them
leading to chronic health conditions. Low BMI and undernutrition was
reported to be a risk factor for CVD (Pal et al., 2014; Kshatriya &
Acharya, 2016). An increased visceral fat mass is responsible for greater
blood pressure due to activation of several mechanisms such as leptin
resistance, insulin resistance and inflammation (Sniderman, Bhopal,
Prabhakaran, Sarrafzadegan & Tchermof, 2007). Tainget al. (2016) also
found MWC and WHtR to be strongly associated with blood pressure than
BMI. People belonging to Asian ethnicities have a high total body fat and a
greater amount of abdominal and visceral fat at a given BMI in comparison
to other ethnic groups (Lear et al., 2007; Misra & Shrivastava, 2013).
Therefore, anthropometric measures (MWC, WHR and WHtR) which take
into consideration central fat distribution may be more helpful in
determining the adverse health conditions in various communities in India.
Differences in blood pressure between various ethnic groups have been
observed in India and various studies suggest that numerous factors are
associated with SBP and DBP in rural as well as urban population. Higher
SBP and DBP are associated with malnutrition, inaccessible health
services, alcohol consumptions and smoking in rural groups (Reddy, Rao
& Reddy,2002; Hazarika, Narain, Biswas, Kalita & Mahanta, 2004;
Kusuma & Das, 2008; Kshatriya & Acharya, 2016), whereas sedentary
lifestyle, unhealthy food habits, stress are being associated with high blood
pressure levels in urban areas (Mungreiphy & Kapoor, 2010; Ibrahim &
Damasceno, 2012; WHO, 2013). The tribal groups practicing farming have
been reported for elevated risk of hypertension than those occupied in
other occupations probably because of the unsatisfactory yield of crops
leading to greater economic crisis and stress (Wasnik & Jawarkar, 2016).
Finally, the sex-wise differences and association of adiposity markers
with hypertension observed in the current study will be helpful in
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extending these results to other tribal population groups for developing
effective intervention strategies.

CONCLUSION
The findings of the present study show an increasing prevalence of
prehypertension and hypertension among both the sexes in tribal areas at
an alarming rate. The sex-wise differences and association of adiposity
markers with hypertension in the current study would be helpful in
designing better health care delivery systems in the areas of tribal
concentration.
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INTRODUCTION
Hypertension or raised blood pressure is one of the important
components of metabolic syndrome (Grundy et al., 2004). It is one of the
major risk factors for cardiovascular diseases and affects one billion people
in worldwide, leading to heart attacks and strokes (WHO, 2013). It is
considered a major global public-health challenge because of its high
frequency and has concomitant risks of cardiovascular and kidney diseases
(Oyewole and Oritogun, 2012). The incidence and prevalence of
hypertension continues to increase around the world (Chen and Lipscombe
2008; Karen et al., 2008). Globally, cardiovascular diseases account for
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approximately 17 million deaths a year, nearly one third of the reported
total deaths (WHO, 2008). Of these, complications of hypertension account
for 9.4 million deaths worldwide every year (Lim et al., 2012).
Hypertension is one of the leading reported causes of death in Bangladesh
and approximately 17,000 or 2.28% of total deaths is due to hypertensive
problem as reported by World Health Organization (WHO) in 2014
(WHO, 2014).
The prevalence of pre-hypertension and hypertension in different
countries, particularly among university students was reported for Saudi
Arabian females at 13.5% (Koura et al., 2012), West Bank 27.1% (male
38% and female 11.2%) (Tayem et al., 2012), Malaysia 42.9% (Lee et al.,
2010), and Kuwait 39.5% (Al-Majed and Sadek, 2012). Among medical
students, 67% presented with pre-hypertension and hypertension (Kulkarni
et al., 2011) in India, 12.8% in Chile (Palomo et al., 2006) and 6.9% to
24.9% in Portugal (Dores et al., 2010). Once hypertension is identified, the
patients should be regularly checked for their blood pressure (BP), in order
to monitor and maintain the blood pressure under control (Black and
Hawks, 2005). Gender, age, parental history of hypertension, and
behavioral factors, like body mass index(BMI), sleep duration, smoking
status have all been identified as the risk factors in hypertension (Tadesse
and Alemu, 2014).
Many studies have been carried out on hypertension among university
students in Western countries (Tayem et al., 2012; Simào et al., 2008;
Hujova 2013; Soliman et al., 2014). While in Bangladesh researchers have
investigated the association between hypertension and socio-economic and
demographic factors among patients and in the general population
(Rahman et al., 2015; Yinon et al., 2013). University students need to be
considered a valuable asset for any nation; thus, special attention should be
paid to them because of their potential influence on their families and their
contribution to the nation’s workforce in the future. Thus, it is important to
determine the prevalence of hypertension and pre-hypertension among
university students and to investigate the relationship between high blood
pressure and socio demographic factors such as gender, residence,
smoking, parents’ history of hypertension, body mass index, religion,
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number of family members, parents’ education, family income, sleeping
duration and physical activities, in order to determine possible corrective
measures.
Therefore, the aim of this study was to investigate the prevalence and
associated factors of hypertension among university students in
Bangladesh.

METHODS
Data
The cross-sectional study sample consisted of 911 (727 males and 184
females) university students. Data were collected from Rajshahi
University, Bangladesh. Students were interviewed from January to June
2014. The age range of the subject’s was 18-27 years old at the time of
measurement. Rajshahi University was selected because it is the second
largest university in Bangladesh, having a student population of nearly
25,000 students at any particular time. These students come from different
parts of the country. Data were collected using a semi-structured pre- and
post-tested questionnaire containing pre-coded and open-ended questions.
Body height was measured as the distance from the top of the head in the
midsagittal plane to the floor and body weight was taken while wearing
thin clothing using an electronic weighing machine [Digital Display Height
and Weight Tester (sgsport.en.alibaba.com)]. Body mass index was
calculated as the ratio of weight in kilograms divided by the square of
height in meters. i.e., BMI = weight (kg)/(height(m))2. BMI was
categorized into four groups as follows: underweight, BMI ≤ 18.5; normal
weight, 18.5 < BMI < 25; overweight, 25 ≤ BMI < 30; and obese, BMI ≥
30 (Hossain et al., 2012).
Outcome Variable
Blood pressure (BP) was considered as an outcome variable. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were taken from
each subject three times in the sitting position using mercury
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sphygmomanometers (Pickering et al., 2005), and the average value was
taken for the analysis. Each subject was allowed to rest 5 minutes between
measurements, and without having any drinks or smoking. The sample was
classified into four classes according the range of blood pressure (BP); (i)
Hypotension (SBP < 90mmHg or DBP < 60mmHg), (ii) Normal
(90 ≤ SBP < 120mmHg and 60 ≤ DBP < 80mmHg), (iii) Pre-hypertension
(120 ≤ SBP < 140 or 80 ≤ DBP < 90 mmHg), and (iv) Hypertension
(SBP ≥ 140 mmHg or DBP ≥ 90mmHg) (Tadesse and Alemu, 2014).

Independent Variables
In this study, we attempted to establish the relationship between
hypertension and some of the selected risk factors. The possible predictors
for hypertension of university students were selected based on the
published studies of university students in other countries (Tayem et al.,
2012; Simào et al., 2008; Hujova, 2013; Soliman et al., 2014). Gender was
classified as male (code 1) and female (code 2), permanent residence, was
classified into two groups; rural (code 1) and urban (code 2), cigarette
smoking behavior was divided into two groups; non smoker (no, code 0)
and smoker (yes, code 1). Fathers’ and mothers’ education, were classified
into four levels; uneducated (code 0), primary education (code 1),
secondary education (code 2) and high education (code 3). Fathers’
occupation was classified into three groups; agriculture (code 1), service
(code 2) and business (code 3). Mothers’ occupation was categorized into
two groups; housewife (code 1) and non housewife (code 2). On the basis
of the parents’ history of hypertension the sample was categorized into two
groups; parents’ with hypertension, yes (code 1) and no (code 0). Body
size was classified into three groups; underweight (code 1), normal (code
2) and overweight or obese (code 3), the subjects’ religion was divided into
two groups; Non-Muslim (code 0) and Muslim (code 1), family members
were set up as ≤4 persons (code 1), 5-7 persons (code 2) and ≥8 persons
(code 3). Parents’ family income was divided into three groups; monthly
income < Taka 10000 (code 1), 10000-20000 Taka (code 2) and ≥Taka
20000 (code 3). Sleeping hours a night of the subjects was classified into
two classes; <7 hours (code 1) and ≥7 hours (code 2), and finally, physical
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activity with 45 minutes a day on at least five days a week, was divided
into two groups; no (code 0) and yes (code 1).

Sample Size Determination and Sampling
Since our target population is known (approximately 25000; male
20000 and female 5000), thus the significant sample size for this study
would be calculated on the basis of population size, and the following
N
where, n =
formula was used for determining the sample size: n 
1  Nd 2
required sample size, N = population size (in here 25000), d = marginal
error (we used, d = 0.032), lastly, a 95% confidence level was utilized
(Rana et al., 2015). The formula provided the minimal sample size of 900
for this study. However, a total of 930 selected students were asked by one
of our coauthors, using a standard questionnaire, to report their sociodemographic characteristics. Nineteen (female 12 and male 7) students
who did not agree to provide their information were excluded from the
current analysis. Consequently, 911 students were included in this study.
The population was considered heterogeneous, divided into two
different groups (male and female). However, they were considered
homogeneous within the groups. A two-stage stratified random sampling
technique with a proportional allocation was used for selecting the samples
from Rajshahi University. The proportional allocation technique indicated
that 727 males and 184 female students would be needed for this study.
Statistical Analysis
The prevalence of each category of BP was determined using by
frequency distributions. The Chi-square test was utilized to find the
association between the categories of BP and some of the selected socioeconomic, demographic, anthropometric and behavioral factors. Finally,
multinomial logistic regression analysis was used to find the effect of
socio-economic, demographic and behavioral factors on pre-hypertension
and hypertension of university students. Data were analyzed using the
Statistical Package for Social Sciences (SPSS, IBM version 20). A value of
p < 0.05 was regarded as statistically significant in the analysis.
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RESULTS
Background Information
A total of 911 university students were interviewed and examined.
Among them 727 (79.8%) students were male and 184 (20.2%) were
female. The age of the subjects varied from 18 to 27 years, with a mean
age of 22.27 ± 1.86 years. The present study demonstrated that the
prevalence of pre-hypertension and hypertension among university
students were 42.50% and 25.60% respectively, while the prevalence of
hypotension among university students was very low (1.50%) (Figure 1).
Students with hypotension were excluded from further statistical analysis.
Three categories; normal, pre-hypertension and hypertension were
considered in the further statistical analysis.
45%

42.5%

40%

35%
30.4%
30%
25.6%
25%

20%

15%

10%

5%
1.5%
0%
Hypotension

Normal

Pre-hypertension

Hypertension

Figure 1. Prevalence of hypotension, normal, pre-hypertensive and hypertension of
Rajshahi University students.
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Association between Hypertension and Other Selected Variables
The Chi-square test (χ2-test) was used to find the association between
the blood pressure categories (BPC) and various socio-economic,
demographic, anthropometric and behavioral factors among the university
students in Bangladesh. In this study, gender p < 0.001), residence (p <
0.05), cigarette smoking behavior (p < 0.05), body mass index (p < 0.001,
parents’ education level (p < 0.05), fathers’ occupation BPC (p < 0.01),
family income (p < 0.05), sleeping duration a night (p < 0.05) and physical
activity (p < 0.01) were significantly associated factors of university
students’ BPC.

Factors Influencing Hypertension in University Students
Blood pressure (BP) category was our dependent variable, and it was
three categories (i) normal (ii) hypertension and (iii) hypertension, the
multinomial logistic regression model was selected to find the effect of
socio-economic, demographic and behavior factors on pre-hypertension
and hypertension, normal BP was considered as reference case. Only the
significant associated factors got from the χ2-test were considered as
independent variable of multinomial logistic model (Table 2).
The coefficients and adjusted odds ratio (AOR) of multinomial logistic
regression model demonstrated that male students were more likely to get
pre-hypertension [AOR = 5.80, 95% CI, 3.67-9.16; p < 0.01] and
hypertension [AOR = 26.90, 95% CI, 11.41-63.45; p < 0.01] than female
students. Students slept less than 7 hours a night who was more porn to get
pre-hypertension [AOR = 0.65, 95% CI, 0.46-0.92; p < 0.05] and
hypertension [AOR = 0.67, 95% CI, 0.45-0.95; p < 0.05] compared with
who slept ≥7 hours. Over-weight or obese students had higher chance in
developing pre-hypertension and hypertension than those who were
underweight [AOR = 0.15, 95% CI, 0.06-0.41; p < 0.01] and [AOR = 0.03,
95% CI, 0.01-0.11; p < 0.01], and those of normal weight [AOR = 0.45,
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Table 1. Association of blood pressure and socio-economic,
demographic and behavior factors of university students
Variables, N (%)
Gender
Male, 717 (79.9)
Female, 180 (20.1)
Residence
Rural, 733(81.7)
Urban, 164(18.3)
Cigarette Smoking behavior
No, 761(84.8)
Yes, 136(15.2)
Father hypertension
No, 620(69.1)
Yes, 277(30.9)
Mother hypertension
No, 619(69.0)
Yes, 278(31.0)
Body mass index
Under-weight, 120 (13.4)
Normal, 709(79.0)
Over-weight or obese, 68(7.6)
Religion
Non-Muslim, 79(8.8)
Muslim, 818(91.2)
Household size
≤4, 261(29.1)
(5-7), 495(55.2)
≥8, 141(15.7)
Fathers’ education

Normal, N (%)

Pre-hypertension, N (%)

Hypertension, N (%)

χ2-value

p-value

152(21.2)
125(69.4)

339(47.3)
48(26.7)

226(31.5)
7(3.9)

164.91

0.001

211(28.8)
66(40.2)

326(44.5)
61(37.2)

196(26.7)
37(22.6)

8.24

0.016

249(32.7)
28(20.6)

324(42.6)
63(46.3)

188(24.7)
45(33.1)

8.99

0.011

191(30.8)
86(31.0)

264 (42.6)
123(44.4)

165(26.6)
68(24.5)

0.47

0.715

204(33.0)
73(26.3)

262(42.3)
125(45.0)

153(24.7)
80(28.8)

4.31

0.116

73(60.8)
197(27.8)
7(10.3)

36(30.0)
325(45.8)
26(38.2)

11(9.2)
187(26.4)
35(51.5)

82.89

0.001

26(32.9)
251(30.7)

32(40.5)
355(43.4)

21(26.6)
212(25.9)

0.27

0.875

82(31.4)
150(30.3)
45(31.9)

108(41.4)
220(44.4)
59(41.8)

71(27.2)
125(25.3)
37(26.2)

0.82

0.936
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Table 1. (Continued)
Variables, N (%)
No education, 282(31.4)
Primary, 138(15.4)
Secondary, 209(23.3)
Higher, 268(29.9)
Mothers’ education
No education, 87(9.7)
Primary, 178(19.8)
Secondary, 356(39.7)
Higher, 276(30.8)
Fathers’ occupation
Farmer, 419(46.7)
Service, 245(27.3)
Business, 233(26.0)
Mothers’ occupation
Housewife, 835(93.1)
Others, 62(6.9)
Family income
≤Taka 10000, 447(49.8)
Taka 10001-20000 Taka, 160(17.8)
≥20001 Taka, 290(32.4))
Sleeping hour
≥7 Hours, 451(50.3)
<7 Hours, 446(49.7)
Physical activity
No, 798 (88.9)
Yes, 99(11.1)
Extra salt intake
No, 481(53,6)
Yes, 416(46.4)

χ2-value

p-value

16.25

0.012

19(21.8)
66(37.1)
76(21.3)
72(26.1)

24.96

0.001

198(47.3)
94(38.4)
95(40.8)

113(27.0)
72(29.4)
48(20.6)

15.30

0.004

252(30.2)
25(40.3)

367(44.0)
20(32.3)

216(25.9)
17(27.4)

3.81

0.149

121(27.1)
63(39.4)
93(32.1)

200(44.7)
63(39.4)
124(42.8)

126(28.2)
34(21.2)
73(25.2)

9.07

0.049

155(34.4)
122(27.4)

184(40.8)
203(45.5)

112(24.8)
121(27.1)

5.18

0.045

233(29.2)
44(44.4)

344(43.1)
43(43.4)

221(27.7)
12(12.1)

14.86

0.001

136(28.3)
141(33.9)

216(44.9)
171(41.1)

129(26.8)
104(25.0)

3.31

0.191

Normal, N (%)
99(35.1)
27(19.6)
74(35.4)
77(28.7)

Pre-hypertension, N (%)
112(39.1)
63(45.7)
90(43.1)
122(45.5)

Hypertension, N (%)
71(25.2)
48(34.8)
45(34.8)
69(25.7)

38(43.7)
39(21.9)
121(34.0)
79(28.6)

30(34.5)
73(41.0)
159(44.7)
125(45.3)

108 (25.8)
79(32.2)
90(38.6)
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Table 2. Effect of socio-economic, demographic and behavior factors on university students’ hypertension
95%CI for AOR
Variable
Category
Lower Upper
Male
5.80** 3.67
9.16
Male
Gender
Gender
FemaleR
.
.
.
FemaleR
No education
0.92
0.53
1.61
No education
Primary
1.11
0.53
2.33
Primary
Father’s
Father’s
education
education
Secondary
0.66
0.40
1.07
Secondary
HigherR
.
.
.
HigherR
No education
0.60
0.32
1.16
No education
Primary
0.59
0.29
1.21
Primary
Mother’s
Mother’s
education
education
Secondary
0.54
0.33
0.89
Secondary
HigherR
.
.
.
HigherR
Rural
1.05
0.64
1.73
Rural
Residence
Residence
UrbanR
.
.
.
UrbanR
1.12
0.66
1.89
Yes
Cigarette smoking Yes
Cigarette smoking
behavior
behavior
NoR
.
.
.
NoR
Farmer
1.35
0.83
2.09
Farmer
Father’s
Father’s
Service
0.94
0.55
1.58
Service
occupation
occupation
BusinessR
.
.
.
BusinessR
≤10000
0.87
0.55
1.36
≤10000
Monthly family
Monthly family
10001-20000
0.72
0.43
1.20
10001-20000
income (Taka)
income
(Taka)
>20000R
.
.
.
>20000R
≥7
0.65*
0.46
0.92
≥7
Sleeping time
Sleeping time
(hour)
(hour)
<7R
.
.
.
<7R
Underweight
0.15** 0.06
0.41
Underweight
BMI category
Normal
0.45*
0.18
0.90
BMI category
Normal
Overweight/obeseR .
.
.
Overweight/obeseR
No
1.14
0.68
1.91
Physical activities
No
Physical activities
YesR
.
.
.
YesR
N.B.: AOR, Adjusted Odds Ratio; **, 1% level of significance; *, 5% level of significance; R, Reference case.
Category

AOR

Hypertension

Pre-hypertension

Variable
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AOR
26.90**
.
0.89
0.98
0.63
.
0.79
1.08
0.46
.
1.02
.
1.18
.
1.21
1.43
.
1.02
0.70
.
0.67*
.
0.03**
0.19**
.
2.38*
.

95%CI for AOR
Lower Upper
11.41
63.45
.
.
0.45
1.74
0.43
2.26
0.34
1.15
.
.
0.36
1.76
0.49
2.43
0.25
0.83
.
.
0.56
1.89
.
.
0.67
2.13
.
.
0.68
2.12
0.76
2.70
.
.
0.59
1.75
0.37
1.30
.
.
0.45
0.95
.
.
0.01
0.11
0.07
0.47
.
.
1.12
5.04
.
.

132

Md. Golam Hossain, Sadekur Rahman, Suhaili Mohd et al.

95% CI, 0.18-0.90; p < 0.05] and [AOR = 0.19, 95% CI, 0.07-0.47; p <
0.05] students, respectively. Students performed a certain level of physical
activity with 45 minutes a day on at least five days a week who was less
likely to get hypertension [AOR = 2.38, 95% CI, 1.12-5.04; p < 0.01] than
their counterparts (Table 2).

DISCUSSION
This study was aimed at assessing the prevalence and associated
factors of pre-hypertension and hypertension among university students in
Bangladesh. A total of 911 students from 7 residence halls at Rajshahi
University were recruited using a simple random sampling strategy. The
study duration was conducted from January to June, 2014. The crosssectional study identified pre-hypertension and hypertension as a
significant health problem among these university students aged 18-27
years. The present study demonstra-ted that more than one-third and near
to one-fourth of the students were pre-hypertensive and hypertensive
respectively of the students was pre-hypertensive. University students are
young adults who are more likely to be in a pre-hypertension mode rather
than displaying full hypertension. The category of pre-hypertension was
created to alert people to their risk of developing high blood pressure
(HBP) so they could make the necessary lifestyle changes that may avoid
the development of hypertension. If the students could be induced to
change to their lifestyle and food habits this may help in avoiding the
development of high blood pressure and therefore avoiding hypertension in
their life in the future.
Hypertension among university students in Bangladesh was identified
as lower than in other developing countries such as the university students
in Gambia (38.0%) (Van der Sande et al., 2000), Tunisia (35.1%) (Hajer et
al., 2012) and Ethiopia (28.3%) (Awoke et al., 2012). However, the
hypertension of Bangladeshi university students was higher than in some
other countries such as in Nigeria (19.3%) (Isezuo et al., 2011), Kuwait
(7%) (Al-Majed and Sadek, 2012) and Saudi Arabia (9.3%) (Ibrahim et al.,
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2014). The present study demonstrated that male students were more likely
to get hypertension compared to female students, and our results agree with
the findings of studies in Kuwait (Al-Majed and Sadek, 2012), Tunisia
(Awoke et al., 2012), Hungary (Katona et al., 2011), Qatar (Bener et al.,
2004) and USA (Everett and Zajaacova, 2015). In this study, we observed
that the prevalence of risk factors such as overweight or obese and
cigarette smoking behavior among male students was higher than that of
female students, while more number of female students (19.4%) performed
physical activities than male (8.9%), these were the important reasons for
gender differentiation in hypertension. Same causes were found in one of
the USA studies, they also found young men were less likely to be aware
of their hypertensive status compared to young women (Everett and
Zajaacova, 2015).
It is also important to note that overweight or obese students were at
higher risk of getting hypertension compared to underweight and normal
weight students. This finding supports previous reports from Tunisia,
Portugal, and sub-Saharan African countries (Tadesse and Alemu, 2014).
A study conducted in sub-Saharan countries showed that blood pressure
was associated with BMI (Tasfaye et al., 2007). A study in Tunisia also
demonstrated this relationship between BMI and hypertension (Hajer at al.,
2012). Physical activities can reduce body fat, and it is suggested as a
significant lifestyle modification that may help in the prevention of
hypertension. It was noted that only 11.1% Rajshahi university students
performed physical activity with 45 minutes a day on at least five days a
week, also observed that university students who performed physical
activates was less likely to get hypertension. Same result had been found in
other studies (Diaz and Shimbo, 2013; Kokkinos et al., 2009). It was found
that habitual short sleep duration at night was an important risk cause for
hypertension (Calhoun and Harding, 2010). This study also demonstrated
that students who slept less than 7 hours at night had a higher probability
of getting hypertension than their counterparts. It is thought that over time,
a lack of sleep can damage human body’s ability to regulate stress
hormones, leading to hypertension, sleep can helps to control human blood
pressure and helps nervous system remain healthy. The duration of sleep at
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night seven to eight hours may play a role in the treatment and prevented
of high blood pressure.

Limitation of the Study
Only students staying in the residence halls of Rajshahi University
were involved in this study; therefore, the present data cannot reflect the
prevalence of hypertension among university students in Bangladesh as a
whole. This study should not be limited to only university students but
must involve other young adults of the same age range, especially those
who may have dropped out from school/college and are working. During
the study, some students were not willing to freely give information about
BP, while others agreed but gave incorrect information especially
regarding their parents’ income and social status, so these students had to
be excluded. This study was conducted as preliminary work to investigate
the prevalence of pre-hypertension and hypertension and its association
with selected anthropometric measures, socio-demographic and behavior
factors. However, it was not possible to look at other important factors that
may also be directly related to hypertension, such as diabetes mellitus,
alcohol consumption (Tadesse and Alemu, 2014), environmental factors
(Simào et al., 2008), and sedentary lifestyle (Tayem et al., 2012). Clearly,
more studies of this type are required.

CONCLUSION
The purpose of this study was to investigate the prevalence and
associated factors of pre-hypertension and hypertension among Rajshahi
University students in Bangladesh. The study showed that gender,
residence, cigarette smoking behavior, BMI, parents’ education, fathers’
occupation, family income, duration of sleep a night and physical activities
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were significantly associated with categories of blood pressure among
university students. Multinomial logistic regression exhibited that male
students, less than 7 hours sleep in night and overweight or obese students
were more likely to become pre-hypertensive and hypertension compared
to their counterparts. It is also observed that a student did not perform a
certain level of physical activity at least 45 minutes in a day (at least 5 days
in a week) who was more likely to get hypertension than his/her
counterpart.
The findings of this study have policy implications as well as leading
to recommendations that would be helpful to health authorities and policy
makers to lead to substantial improvements in the area of hypertension and
public health. It would especially assist the government and other policy
makers to take the proper initiatives to promote the awareness among
young adults about the dangers of becoming hypertensive in Bangladesh
and to begin to take steps to attempt to reduce the prevalence of
hypertension. Government and non-government organization need to have
awareness and provide the necessary counseling regarding the risks of
overweight and obesity among university students. Physical activates is a
most important predictors of hypertension, and it can help to reduce the
body fat. The health authorities of Bangladesh government and university
authorities should take initiative to ensure that all university students must
perform exercise at least 45 minutes for at least 5 days in a week.

Additional Points
Availability of Data and Materials
Primary data was used in this study and data was collected from
university students in Bangladesh. Many variables were collected from
subjects. The dataset will be used for other propose, we do not wish to
share our data.
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Chapter 7

INCREASING INCIDENCE OF MACROSOMIA:
THE IMPACT OF MATERNAL SOMATIC AND
BEHAVIORAL PARAMETERS ON NEWBORN
WEIGHT STATUS
Sylvia Kirchengast*, PhD
Department of Anthropology, University of Vienna, Vienna, Austria

INTRODUCTION
The prevalence of obesity and the so called “syndrome x” has
increased drastically worldwide during the last 20 years. Consequently,
many authors already warn of global epidemics (Ford & Mokard 2008,
Rheeder 2006). 10 years ago, the number of obese people on earth
exceeded the number of people suffering from starvation and malnutrition
for the first time in the long history of Homo sapiens (FAO 2008).
Currently more than 1.9 billion adults, 18 years and older, are overweight
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and more than 600 million are obese (WHO 2016). Obesity is commonly
defined, as a level of adiposity that is sufficiently excessive to damage
health, demonstrated by an increased risk of metabolic and cardiovascular
diseases, such as diabetes, hypertension, stroke and some forms of cancer
(Danaei et al. 2009). The clustering of metabolic symptoms, in particular
insulin resistance, dyslipidemia (with hypertriglyceridaemia and low levels
of high density lipoprotein cholesterol) and cardiovascular symptoms such
as hypertension are called “syndrome x”, which is significantly related to
obesity (Reaven 1988, Dwyer et al. 2002). The most severe expression of
syndrome x is found in combination with central obesity and is often
referred as the metabolic syndrome. To determine obesity commonly the
body mass index (BMI) based on body weight and height (kilograms per
square meter) is used. (WHO 1995). The World Health Organization
(WHO) defines overweight as a BMI above 25.00kg/m2, while a BMI
above 30.00kg/m2 is an indicator of obesity. A BMI above 40.00kg/m2 is
seen as morbidly obese (WHO 1995). These cut offs are defined for adults.
Obesity however, is not only a problem of the adult population, currently
overweight or obesity affects one in ten children or adolescents worldwide
(WHO 2016). In Europe, one in five children can be classified as
overweight or obese (WHO 2016). Since sub adult individuals are still
growing, and the growth patterns differ according to sex, the use of BMI
cutoffs for determining obesity is problematic among sub adults.
Therefore, BMI percentiles for each separate sex and age class are widely
used for the determination of overweight and obesity among children and
adolescents (Wang & Wang 2000).
The strong association between obesity and the risk of several chronic
diseases such as heart disease, stroke, hypertension, but also pancreatitis,
osteoarthritis and cancer makes the high rates of obesity among children as
well as adults to a major concern of public health (Kulie et al. 2011, WHO
2016). This is especially true of the association between obesity and insulin
resistance. Insulin resistance or type II diabetes is one of the most serious
metabolic diseases with disastrous long term consequences such as
blindness, nephropathy or the amputation of the lower extremities. The
past president of the American Diabetes association, Francine Kaufman
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pointed out exceptionally strong interaction between obesity and type II
diabetes and introduced the term “diabesity” (Kaufmann 2005). There is no
doubt that obesity and insulin resistance but also syndrome x represent a
global health crisis that threatens the economies worldwide (Hu 2011).
Consequently the prevention of obesity as well as syndrome x is the major
goal of public health strategies. In order to develop strategies to reduce the
risk of developing obesity and syndrome x, it is necessary to analyze the
potential risk factors. During the last decade several potential risk factors
of syndrome x have been identified. It is well documented, that beside
genetic factors life style patterns such as hyper alimentation and physical
inactivity have a significant impact on the development of obesity and
syndrome x. The life style factors promoting syndrome x can be seen in a
close context with westernized life style patterns and modernization (Fall
2001, Harell et al. 2015).

OBESITY, SYNDROME X AND NEWBORN SIZE
Recently there is growing interest in the association between newborn
size and the risk of obesity, and syndrome x in later life (Ramadhani et al.
2006). Newborn size, mainly expressed by birth weight, reflects
intrauterine growth patterns, which are determined by genetic factors but
also intrauterine environment. Obesity and insulin resistance during later
life are more common among small for gestational age newborns (SGA)
but also among large for gestational age newborn (LGA) (Ramadhani et al.
2006, Hermann et al. 2010, Wang et al. 2009, Bamberg et al. 2013, Yu et
al. 2015).
During the 1980s and the early 1990s the British epidemiologists
Barker and Hales proposed the concept that environmental stress factors
such as malnutrition in utero, might influence the development of obesity
and syndrome x later on in life (Barker & Clark 1997; Barker 1999).
According to Barkers so called thrifty phenotype hypothesis fetal
undernutrition and therefore fetal programming are the causative factors a
of later life metabolic diseases (Barker 1999, Robert & Woods 2014). In
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utero nutritional deficiencies lead to small for gestational age newborns
who respond to their low level of nutritional intake in early life through
alterations in growth and metabolism which increase the risk of obesity
and syndrome x in later life (Barker 1999). According to Barker and Hales
hypothesis small for gestational age newborns have metabolically thrifty
mechanisms for fat storage and glucose sparing with reduced rates of
glucose oxidation in insulin-sensitive target tissues (Barker 1999).
Consequently, low birth weight, which has been defined as a birth weight
below 2500g regardless of gestational age, is on the one hand one of the
strongest single risk factors for early neonatal mortality and morbidity
(Mahumud et al. 2017). On the other hand low birth weight is also an
important risk factor for developing obesity and syndrome x in later life.
This association is of special concern because according to the World
Health Organization (WHO) the prevalence of low birth weight is 15.5%
globally and 96.5% of low birth weight infants are born in developing
countries (Mahumud et al. 2017).

MACROSOMIA
As pointed out above birth weight as a predictor of health in later life
showed a u-shaped curve with both low birth weight as well as high birth
weight associated with increased risks. High birth weight or large for
gestational age newborn is commonly called macrosomia, which defined a
birth weight above 4000g or 4500g (Dennedy & Dunne 2013). The
American College of Obstetricians and Gynecologists supports the use of a
4500g cutoff, irrespective of gestational age because a birth weight of more
than 4500g increases the risk of adverse maternal and perinatal outcome
(ACOG 2000). Unfortunately for the definition of macrosomia the cut offs
of 4000g and 4500g are still used simultaneously. Another definition of
macrosomia is a birth weight greater than 90% for gestational age after
correcting for neonatal sex and ethnicity. Ye et al. (2015) plead for a
population specific definition of macrosomia and suggested a cut-off of
4500g for African and Latin American newborn but a cut off of 4000g for
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Asian populations. Based on these, definitions macrosomia affects 1 to
10% of pregnancies worldwide. As to be expected the prevalence of
macrosomia (birth weight above 4000g) widely from a low of 0.5% in
India to a high of 14.9% in Algeria (Koyanagi et al., 2013). In Western
countries macrosomia (> 4000g) is encountered in up to 10% of deliveries
(Campbell 2014). In the United States approximately 7% of newborn had
birth weight above 4000g, 1% had birth weight higher than 4,500g, and
0.1% had birth weight higher than 5000g (Dennedy & Dunne 2013).
Using the definition of fetal macrosomia as a neonate with a birth
weight above 4.5 kg the prevalence of macrosomia ranges from 1.3 – 1.5%
of all births in developed countries. Only few neonates are extremely large.
According to the Guinness world record the heaviest infant born to a
healthy mother, weighing 10.2kg was born in Italy in 1955. Few other
infants weighing more than 6kg are recorded such as a newborn weighing
7kg from Cambria, UK in 1992, and an infant weighing 7.6kg in Bahia
Brazil in 2005. In 2007, a newborn weighing 6.6kg was born in Cancun
Mexico. In China, an infant weighing 6.2kg was born 2006 and in 2008, a
Chinese baby weighing 5.5kg was delivered. The largest baby ever
recorded in Bangladesh was born in 2008 weighing 6kg (Sultana et al.
2007). Without any doubt such extraordinary heavy newborn are extremely
rare. What we can observe however are changes in mean birth weight. A
secular trend in birth weight was observable in some countries from the
mid to the late 20th century (Bralic et al. 2006; Oken 2013, Begic et al.
2016, Chegeni et al. 2016). In Moscow, Russia, for instance, the mean
birth weight of boys increased from 3450g in 1987 to 3500g in 2002,
among girl mean birth weight increased from 3360g to 3450g (Treyak et
al. 2005). In Sweden, the mean weight at birth increased from 3596g to
3631g during the period 1992 and 2002 (Surkan et al. 2005). Furthermore,
the prevalence of macrosome newborns (> 4500g) increased from 3.7% to
4.6% during this period (Surkan et al. 2005).
According to popular press and public perceptions birth weight seems
to increase steadily during the last decades, but this is not true. Recent data
indicate that in developed countries the mean birth weight has begun to
decline. In the United States the incidence of low weight newborn (<
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2500g) increased, while the prevalence of newborn weighing more than
5000g decreased. (Oken 2013). Similar trends are observed for France and
Australia (Oken 2013). In Austria the prevalence of macrosome newborn
(> 4500g) decreased from 7.1% in 2006 to 6.4% in 2016. (Statistik Austria
2017) These trends may be due to changes in population mixture but
mainly due to changes in obstetric practice. Induction of labor, but also
increased monitoring of diabetic and prediabetic women during pregnancy
account for this decrease in macrosome newborn.
This reduction of macrosomia is of special importance because
macrosomia increases maternal as well as newborn morbidity and
mortality. Higher stillbirth rates but also higher fetal mortality rates are
associated with a birth weight above 4250g in non-diabetic mothers and
with a birth weight above 4000g among diabetic mothers (Mondestin et al.
2002, Najafian & Cheraghi 2012). Furthermore, macrosomia increases
birth complication in particular the risk of shoulder dystocia and trauma to
the birth canal, bladder, perineum and anal sphincter (Campbell 2014).
This is especially true of birth weights higher than 4500 g and particularly
among birth weight, which exceeds 5000 g. Consequently, fetal
macrosomia is associated with increased risks for emergency Cesarean
section (CS) and instrumental delivery (Campbell 2014). For the newborn
macrosomia associated complications, include beside increased mortality,
brachial plexus or facial nerve injuries, fractures of the humerus or clavicle
and birth asphyxia (Campbell 2014)
Consequently, macrosomia is clearly associated with birth
complications and maternal as well as newborn morbidity and mortality
(Najafian & Cheraghi 2012, Campbell 2014). Additionally, many studies
have shown that macrosomia is a risk factor or obesity and syndrome x in
later life (Yu et al. 2008, Hermann et al. 2010). Therefore, the analysis of
potential risk factors of macrosomia is essential.
Factors strongly associated with fetal macrosomia include genetics,
ethnic factors, duration of gestation, presence of gestational diabetes, and
maternal diabetes mellitus types I and II (Li et al. 2014, Kamana et al.
2015). It is well documented, that maternal diabetes- pregestational as well
as gestational diabetes - is one of the strongest risk factors associated with
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macrosomia (Hammoud et al. 2013). Furthermore, maternal prepregnancy
weight status affects birthweight (Pölzlberger et al. 2017). Obese women
but also women experiencing excessive gestational weight gain are more
likely to give birth to larger infants (Kirchengast & Hartmann 2018).
Additionally some studies plead for an association between macrosomia
and multiparity as well as older maternal age (Li et al. 2015). An important
fetal factor is sex. Male infants are heavier than female ones at any
gestational age and the prevalence of macrosomia is higher among male
newborns.
As mentioned above beside the perinatal complications, macrosomia
represents an important risk factor of syndrome x and obesity in later life
(Herrmann 2010). Therefore, the analysis of potential risk factor of
macrosomia despite of maternal diabetes is of special importance. In the
present study, the impact of fetal sex but also maternal prepregnancy
weight status and maternal behavior on newborn size was tested among
more than 10 000 term births in Vienna, Austria.

MATERIAL AND METHODS
Data Set
This retrospective study is based on a data set of 10231 singleton
births, which took place at the University Clinic of Gynecology and
Obstetrics in Vienna, Austria between 1995 and 2000. Although, a total of
18425 births were collected, only 10231 met the strict inclusion and
exclusion criteria. Following inclusion criterions have been defined:
1. Births between the 38th and 41th week of gestation, because only
term births should be included in analyses to make maternal
pregnancy weight gain and newborn anthropometric data more
comparable.
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2. Only pregnant women ageing between 18 and 45 years were
enrolled in the present study whose first prenatal check took place
during the eighth week of gestation.
3. All prenatal check-ups of the mother-child passport were
completed.
4. Delivery of a single infant without congenital malformations
5. No registered maternal diseases before and during pregnancy i.e.,
no hypertension (BP < 150/90 mmHg), no preeclampsia, no
protein or glucose in the urine, no pregnancy related
immunization.
Additionally the following exclusion criteria have been defined:
1. Early Teenage pregnancy i.e., maternal age below sixteen years.
2. Coincident medical diseases such as diabetes mellitus or
nephropathy.
3. Drug or alcohol abuse.
4. Twin birth or IVF.
Gestational age was calculated in terms of the number of weeks from
the beginning of the last menstrual bleeding to the date of delivery (=
duration of amenorrhoea). All subjects originated from Austrian or central
Europe.

Maternal Parameters
All 10231 women enrolled in the present study aged between 17 and
49 years (mean = 25.3 yrs SD = 5.7). The following maternal somatometric
parameters were determined at the first prenatal visit: Stature height was
measured to the nearest 0.5cm and prepregnancy weight (PPW), was
measured to the nearest 0.1kg on a balance beam scale. Additionally
maternal weight at the end of pregnancy (EPW) was measured before birth.
The weight gain during pregnancy (PWG) was calculated by subtraction of
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pre-pregnancy weight from body weight at the end of pregnancy. Maternal
weight status before pregnancy was described by means of the body mass
index (BMI) (kg/m2). Weight status was classified according to the
recommendations of the WHO (1995).
< 18.50 = underweight
18.50 - 24.99 = normal weight
25.00 - 29.99 = overweight
30.00 - 39.99 = obese
> 40.00 = morbid obese

Newborn Parameters
Birth weight, birth length, head circumference, diameter frontooccipitalis and acromial circumference were taken directly from newborn
immediately after birth. Newborn weight status was defined as follows:
low < 2500g, normal 2500 - 3999g, high 4000 - 4500g and macrosome >
4500g (Dennedy & Dunne 2013). Furthermore, the one- and the five
minute APGAR scores (Casey et al. 2001) for the evaluation of the
newborn were determined.

Mode of Delivery
Spontaneous vaginal birth and caesarean section were recorded.
Caesarean sections requested by the mother without any medical indication
were not carried out at this hospital.

Statistical Analyses
Statistical analyses were performed by means of SPSS for Windows
program Version 22.0. After calculating descriptive statistics (means,
SDs), group differences were tested regarding their statistical significance
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using Duncan analyses. Furthermore, 2 analyses and odds ratios were
computed. Multiple regression analyses were performed to test the impact
of maternal prepegnancy BMI, stature height, gestational weight gain on
birth weight. Additionally binary logistic regressions were computed in
order to test the association between maternal parameters and newborn
weight status. Normal birthweight was coded as 1, high birth weight and
macrosomia were coded as 2.

RESULTS
Sample Description
Altogether 10231 newborns have been enrolled in the present study.
The number of male newborn (n = 5249; 51.3%) surpassed the number of
female ones (n = 4991; 48.7%). The majority of mothers (73.3%)
corresponded to the WHO definition of normalweight.8.9% of the mothers
were classified as underweight because their prepregnancy body mass
index was below 18.50 kg/m2. 14.2% of the mothers were classified as
overweight (BMI 25.00 to 29.99kg/m2) and only 3.6% corresponded to the
definition of obesity i.e., a prepregnancy BMI above 30.00 kg/m2. Only
0.3% of the mothers were classified as morbidly obese (BMI > 40.00
kg/m2). The mean weight gestational gain was 12.9kg (SD = 5.5) ranging
from 2 to 38 kg. The majority of mothers were nonsmokers before
pregnancy (64.2%) and during pregnancy (72.0%). 22.8% of the mothers
were classified as heavy smokers (> 10 cigarettes per day) before
pregnancy and 7.6% of the mothers were still heavy smokers (>10
cigarettes per day) during pregnancy.

The Prevalence of High Birth Weight and Macrosomia
As to be expected the majority of newborn (90.3%) corresponded to
the definition of normal weight (2500 - 3999g). 1.8% of the newborn were

Complimentary Contributor Copy

Increasing Incidence of Macrosomia

153

classified as low weight (< 2500g). 7.3% corresponded to the definition of
high birthweight (4000 - 4499g) and only 0.8% corresponded to the
definition of macrosomia (> 4500g). Male and female newborn differed
significantly in weight status (p < 0.0001). The prevalence of high
birthweight and macrosomia was significantly higher among male
newborn. 9.5% of the male newborn showed a birth weight between 4000
and 4500g, 0.7% were heavier than 4500g. Among female newborn the
prevalence of high birth weight was only 4.9% and only 0.2% of the
female newborn were classified as macrosome.
As demonstrated in Table 1, high weight newborn and macrosome
newborn were not only heavier than their normal weight and low weight
counterparts, they were also significantly longer and exhibited significantly
larger head dimensions and significantly higher acromial circumferences.
Concerning vital parameters, however it turned out the one minute and five
minute appear scores of high weight and macrosome newborn were only
slightly decreased in comparison to their normal weight counterparts.

The Impact of Maternal Parameters on Newborn Weight Status
Newborn weight status was significantly associated with various
somatic but also behavioral parameters of the mothers. As demonstrated in
Table 1 the mothers of high weight or macrosome newborn were
significantly older, taller and heavier than the mothers of normal weight or
low weight newborns. Furthermore, they exhibited significantly larger
pelvic dimensions and experienced a significantly higher gestational
weight gain (p < 0.0001). Maternal prepregnancy overweight and obesity
increased the risk of giving birth to high weight and macrosome newborn
significantly. While the prevalence of high weight and macrosome
newborn was below 5% among underweight mothers and 6.9% among
normal weight mothers, 12.3% of overweight women, 13.9% of obese
women and 33.4% of morbidly obese women gave birth to high weight or
macrosome offspring. Smoking before and during pregnancy reduced the
risk to give birth to a macrosome newborn.
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Table 1. Maternal and newborn characteristics according to newborn
weight status

< 2500g
185
mean (Sd)

n

Maternal age (yrs)
Stature height (cm)
Prepregnancy
weight (kg)
End of pregnancy
weight (kg)
Prepregnancy BMI
(kg/kh2)
Gestational weight
gain (kg)
Distantia spinarum
(cm)
Distantia cristarum
(cm)
Birth length (cm)
acromial
circumference (cm)
Head
circumference (cm)
Diameter frontooccipitalis
Apgar 1 minute
Apgar 5 minute

25.4
(6.2)
161.1
(6.8)
55.2
(9.5)
65.0
(11.1)
21.22
(3.15)
10.4
(5.3)
24.3
(2.0)
27.5
(2.0)
45.6
(1.9)
32.7
(1.4)
32.0
(1.2)
10.6
(0.7)
8.0
(1.9)
9.4
(1.4)

Birth weight categories
2500 - 3999g
4000 - 4500g
9241
746
mean (Sd)
mean (Sd)
Maternal characteristics
25.2
26.3
(5.6)
(5.4)
163.0
165.6
(6.4)
(6.7)
59.1
64.8
(9.9)
(11.8)
72.4
81.3
(11.7)
(13.6)
22.18
23.59
(3.47)
(4.21)
12.8
14.9
(5.4)
(5.6)
24.9
25.5
(2.0)
(2.1)
28.0
28.8
(2.1)
(2.0)
Newborn characteristics
49.7
52.3
(1.7)
(1.5)
36.6
40.1
(2.1)
(1.9)
34.3
35.9
(1.3)
(1.2)
11.2
11.7
(0.7)
(0.7)
8.6
8.4
(1.2)
(1.4)
9.8
9.7
(0.7)
(0.8)

> 4500g
59
mean (Sd)

.
Sig
p-value

28.0
(5.8)
166.7
(6.3)
69.6
(11.9)
95.9
(13.6)
25.05
(4.61)
15.6
(5.2)
25.8
(1.6)
29.4
(1.7)

< 0.0001

53.6
(1.6)
42.5
(2.2)
36.8
(1.1)
12.0
(0.7)
8.2
(1.5)
9.7
(0.6)

< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

These findings were corroborated by the results of the multiple and the
binary logistic regression analyses (see Tables 2 and 3). Maternal age,
stature height, prepregnancy weight status and gestational weight gain
were significantly positively associated with birth weight and macrosomia.
Nicotine consumption before and during pregnancy were significantly
negatively associated with birth weight however only insignificantly
negatively with macrosomia.
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Table 2. Impact of maternal characteristics on newborn size. Multiple
regression analyses

Dependent variable. Newborn weight
Maternal age
Stature height
Prepregnancy BMI
Gestational weight gain
Newborn sex
Prepregnancy nicotine consumption
Nicotine consumption during pregnancy

R2

B

Sig

95% CI

0.28

4.59
12.77
25.37
17.38
- 126.4
- 2.96
- 8.53

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2.42 – 6.77
10.91 – 14.62
22.19 -- 28.54
15.14 – 19.62
-150.15 - -102.61
- 4.57 - - 1.34
- 11.07 - - 5.99

Table 3. Impact of maternal characteristics on macrosomia. Multiple
regression analyses

Dependent variable: newborn weight status
Maternal age
Stature height
Prepregnancy BMI
Gestational weight gain
Newborn sex
Prepregnancy nicotine consumption
Nicotine consumption during pregnancy

Exp (B)

Sig

95% CI

1.07
1.09
1.18
1.11
0.54
0.99
0.95

0.034
0.003
0.001
0.001
0.130
0.646
0.267

1.01 – 1.14
1.03 – 1.16
1.102 – 1.27
1.04 – 1.18
0.24 – 1.20
0.94 – 1.04
0.86 – 1.04

Newborn Weight Status and Delivery Mode
Delivery mode differed significantly according to newborn weight
status (Chi-square = 24.8; p < 0.0001). Caesarean section rate of the whole
sample was 21.5%. The lowest cesarean section rate was found among
normal weight newborn (21.1%) the highest rate among low weight
newborn (37.0%). High weight newborn (4000 - 4399g) and macrosome
newborn (> 4500g) showed a CS rate of 23.0% and 23.6% respectively.
High birth weight (OR = 1.12 CI 0.93 - 1.32) and macrosomia (OR = 1.16,
CI 0.62 - 2.15) increased slightly the risk to give birth via caesarean
section in comparison to normal weight newborn.
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DISCUSSION
Macrosomia is clearly an important risk factor of obesity and
syndrome x during childhood and adult life (Yu et al. 2008, Wang et al.
2009, Hermann et al. 2010). Large for gestational age infants show
distinctly different growth patterns from normal weight newborns during
childhood. They experience higher weight gains and show significantly
higher body mass indices than their normal weight counterparts (Yu et al.
2008, Bocca-Tjeertes et al. 2014). These high rates of obesity increase the
risk of metabolic disorders from early childhood onwards (Bocca-Tjeertens
et al. 2014). Therefore, the analysis of factors promoting macrosomia is of
special importance. In the present study, the impact of fetal sex but also
maternal somatometric factors as well as maternal behavioral factors on
birth weight was analyzed. In detail a large sample of term births taking
place in Vienna Austria were enrolled in the present analysis. Only 1.8% of
the newborn were classified as low weight or small for gestational age (<
2500g). This is much lower than the general prevalence of small for
gestational age newborn in Austria (Statistik Austria 2016). Between 2007
and 2016 the rate of small for gestational age newborns ranges between 6.4
and 7.2%. This discrepancy is due to the fact, that exclusively term births
have been included into the present study. The prevalence of high birth
weight newborn (4000 - 4499g) was 7.3%. This rate is in accordance with
macrosomia rates (> 4000g) in other high- income countries (Campbell
2014). Only 0.8% of the newborn were heavier than 4500g. This low
incidence of macrosomic newborn is comparable to that of the United
States where about 1% of the newborn exhibit a birth weight above 4500g
(Dennedy & Dunne 2013.) In the present study, fetal sex had a significant
impact on macrosomia. The birth weight of 9.5% of the male newborn was
between 4000 and 4500g, while only 4.9% of newborn girls were weighing
between 4000 and 4500g and only 0.2% exhibited a birth weight above
4500g. These significant sex differences are in accordance with the results
of several other studies. Male newborns typically weigh more than female
newborns, in detail male newborns are generally approximately 150 - 200
g heavier than female newborn of the same gestational age near term
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(Kirchengast 2014). Furthermore, male newborn are more likely to be
macrosomic than female ones (Di Renzo et al. 2007).
As to be expected, macrosome newborn were not only heavier they
also were longer and had larger heads. This fact may be the main reason
that caesarean section rates were significantly higher among mothers of
macrosome newborns. In the present study, more than 23.0% of newborn
weighing above 4500g were delivered via Caesarean section. This finding
is in accordance with the results of numerous previous studies, which
yielded significantly increased caesarean section rates among mothers of
macrosome newborns (Barber et al. 2011, Kirchengast & Hartmann 2017)
Concerning maternal parameters, prepregnancy weight status was
significantly associated with birth weight. While less than 7% of normal
weight mothers gave birth to a newborn heavier than 4000g, this was true
of more than 12% of overweight mothers, nearly 14% of obese mothers
and more than 33% of morbidly obese mothers (BMI > 40.00kg/m2).
Maternal obesity is general seen as a main risk factor of newborn
macrosomia (lit.). Additionally mothers of high birth weight (4000 4499g) and macrosome newborns (> 4500g) are taller and experienced a
higher gestational weight gain than mothers of low weight and normal
weight newborns. These findings corroborate the results of several
previous study (Clausen et al. 2005, Pölzlberger et al. 2017). Furthermore,
the pelvic dimensions of mothers of high weight and macrosome newborns
are larger than those of mothers of normal weight or low weight newborn.
These increased pelvic dimensions may enable mothers of large fetuses to
experience vaginal delivery despite of the large dimensions of the fetus.
Concerning maternal behavioral factors, the impact of nicotine
consumption before and during pregnancy on newborn size was tested.
Smoking before and during pregnancy increased the risk of giving birth to
a small for gestational age newborn, but reduced the risk of giving birth to
a macrosome one smoking however, should not be used to reduce the risk
of macrosomia.
Macrosomia and associated obesity and syndrome x during later life
are important issues of public health and obstetrics but these association
patterns are also of interest from view point of evolutionary biology. Of
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course, it is not the task of evolutionary biology and/or evolutionary
anthropology to develop new treatment strategies, but they may focus on
the evolutionary basis of the prevalence of macrosomia on the one hand
and the association between macrosomia and later life health issues on the
hand. Evolution is the central paradigm in biological science and
consequently Theodosius Dobzhansky stated “Nothing in biology makes
sense except in the light of evolution” (Dobzhansky 1973). From this point
of view, macrosomia and associated health risks in later life have to be
considered, within the framework of human evolution.
The first hazard of an evolutionary analysis of macrosomia and
associated health risks is that we have no information regarding newborn
size and birth weight of our hominid ancestors. Only few fossil remains of
hominid infants are known, for example the Neanderthal neonates from
Mezmaiskaya 1 (Russia) and Le Moustier 2 (France) (Weaver et al. 2016).
These rare skeletal remains allow us to reconstruct birth patterns among
Neanderthals (Ponce de Leon et al. 2008), but we have no information
regarding mean birth weights among different hominid species. The
analysis of birth weight among our hominid ancestors is quite difficult.
Wells (2009) used maternal height as predictor of birth weight and
reconstructed birth weight trends from the Paleolithic onwards. According
to Wells analyses birth weight declined from about 3500 to 3300 g during
Paleolithic to about 2900 to 3000g during Neolithic times. Consequently,
the transition from the Paleolithic hunter-gatherer subsistence to Neolithic
agriculture was associated with a decrease of birth weight but also a
deterioration of health. Nevertheless, we cannot assume that macrosomia
was a common condition during Paleolithic times. The typical life style of
our Paleolithic ancestors was characterized by a high level of physical
activity because high levels in daily activity in search of food, water and
sleeping sites were necessary. Diets consisted to a high degree of vegetable
food, protein (50 to 80%) and a low fat content (Konner and Eaton 2010).
It can be assumed, that typical non-communicable diseases such as
hypertension, heart disease, cancer, diabetes or obesity have been rare or
rather unknown during Paleolithic times (Lieberman 2003). The Neolithic
transition changed the lifestyle of our ancestors drastically (Larson 1995).
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The adoption of agriculture and animal husbandry allowed the production
of a surplus of food and consequently population growth. Our ancestors
developed semi-permanent settlements and gave up their mobile lifestyle.
Dietary breadth declined dramatically and diet consisted of high
carbohydrate crops such as rice, barley or wheat and tuber such as potatoes
(Larsen 1995). Analyses of Neolithic skeletal remains indicate protein
deficiencies and periodic food shortages. Furthermore, domestication of
animals and plants changed the environments dramatically. The close
proximity to domesticated animals exposed humans to a variety of new
pathogens resulting in an increased frequency of infectious diseases
(Armelagos et al. 1991). The use of feces as fertilizer and the construction
of irrigation increased the contact with parasites. Many of these diseases
had an important impact on early life. On the one hand, birth weight
declined and this trend increased the risk of infectious diseases and
increased infant mortality. On the other hand, maternal stature decreased
during Neolithic transition and smaller birth size may be interpreted as an
adaptation to this maternal somatic change (Wells 2009).
Birth weight increased again in recent times. The increase of
macrosomia, which is evident for the last fifty years, can be interpreted as
result of increasing affluence in developed but also developing countries.
Rapid changes of our life style resulted in an obesogenic environment,
which increased rates of obesity and type II diabetes but also gestational
diabetes. Diabetes, first of all gestational diabetes are major risk factors for
large for gestational age newborn (Kamana et al. 2015).
From an evolutionary viewpoint, increased rates of macrosomia in the
second half of the 20th century may an indicator of a mismatch between
recent life circumstances and the environment in which our ancestors
evolved. Modernization as well as urbanization took place, eating habits
and physical workload changed dramatically. Especially a rapid transition
in nutritional habits and general lifestyle increases the risk to be obese and
to suffer from type II diabetes (Popkin 2003). This is especially true of
rising economies in Asia. In 1980 less than 1% of Chinese adults suffered
from obesity and diabetes type II, in 2008 the prevalence had reached
nearly 10% (WHO 2016). The prevalence of macrosomia (> 4000g)
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increased from 2.6% in the 1970s to 13.25 in the 1990s. Greatest increase
occurred in urban areas. In Shanghai, the percentage of macrosomia
increased by 50% from 1989 to 1999 (Yu et al. 2008).
Rapid modernization seems to enhance macrosomia rates. This is
especially true of indigenous people experiencing rapid westernization.
During the last 30 years, the incidence of macrosomia increased
dramatically among indigenous populations in Canada. Among First
Nations in Quebec and Ontario the a third of newborns is heavier than
4000g and a tenth is heavier than 4500g (Auger et al. 2013). Especially
high rates of adult obesity and type II diabetes associated with
westernization and modernization occur among Pacific Islanders (Jowitt
2014). The prevalence rates macrosomia (> 4500g) among Samoan
mothers was 2.4%, while in developed countries less than 1% of the
newborn are heavier than 4500g (Tsitas et al. 2015).
Macrosomia seems to be a problem of obesogenic environments,
affluence and rapid modernization.

CONCLUSION
Macrosomia is strongly related to obesity and syndrome x in later life
and have to be seen within the same context. Maternal obesity and high
gestational weight gains enhance the risk of macrosomia independent of
gestational diabetes. On the other hand macrosomia increases the risk of
obesity and syndrome x.
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INTRODUCTION
The concept of the metabolic disorder (MetD) has now been in
existence for several years. The MetD also known as syndrome-X was first
described by Gerald Reaven in 1988. It is mainly characterized by insulin
resistance, hyperinsulinemia, hyperglycemia, dyslipidemia and arterial
hypertension. The MetD is defined as glucose intolerance, impaired
*
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glucose tolerance (IGT) or diabetes mellitus, or insulin resistance together
with two or more other components {e.g., Raised arterial pressure, i.e.,
≥140/90 mmHg; raised plasma triglyceride (≥ 150 mg/dl) and/or low
HDL-C (<35 mg/dl in men and <39 mg/dl in women); central obesity, i.e.,
waist/hip ratio (WHR) >0.90 in men and >0.85 in women and/or body
mass index (BMI) >30.00 kg/m2, micro-albuminuria, i.e., urinary albumin
excretion rate ≥ 20 μgm/minute or albumin/creatinine ratio ≥ 30 μgm/mg}
(Parikh and Mohan 2012; Awasthi et al. 2017; Ricci et al. 2017). The
MetD can also be defined in terms of the associations between obesity,
insulin resistance (IR), hypertension and dyslipidemia (NCEP 2001;
Grundy et al. 2004; Furukawa et al. 2017). Some other study groups have
suggested several other definitions of MetD {For example, The European
Group for Study of Insulin Resistance (EGIR); American Association of
Clinical Endocrinologists (AACE) and International Diabetes Federation
(IDF)} (Yankey et al. 2017) (Table 1). The main cause of increase in MetD
is observed to be the increasing prevalence of obesity in populations
worldwide (Grundy 2016; Saltiel and Olefsky 2017).
Type-2 diabetes mellitus (T2DM) comprises of different degrees of βcell failure relative to varying degrees of insulin resistance (Cnop et al.
2005; Tripathi and Srivastava 2006). The T2DM, also known as noninsulin-dependent diabetes mellitus (NIDDM) is a chronic condition that
affects the way of metabolizing glucose. In this condition the body either
resists the effect of insulin on glucose or does not produce enough insulin
that can metabolize glucose (Tripathi and Srivastava 2006) (Figure 1). The
T2DM is described as the MetD of multiple aetiology which can be
characterized by chronic hyperglycaemia with disturbances of
carbohydrate, fat and protein metabolism resulting from the defects in
insulin secretion, insulin action or both (Kharroubi and Darwish 2015;
Heindel et al. 2017). In this case hepatic insulin resistance is the leading
cause of the inability to suppress hepatic glucose production and peripheral
glucose uptake impaired by peripheral insulin resistance. This combination
gives rise to fasting and postprandial hyper-glycemia (Tripathi and
Srivastava 2006). It is a long-term disorder that affects other health
problems in individuals. The T2DM mainly occurs due to excess body
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adiposity or obesity but some studies also observed the effect of genetics
and environment in it. Environmental factors also have significant effect
on the predisposition of T2DM and excess adiposity. It also increases the
risk of other major problems like Cardio-Vascular disease (CVD) and
coronary heart disease (CHD) in population.
Table 1. Different criteria for Type-2 diabetes
mellitus proposed by different organizations
Reference

WHO (1999)

NCEP (2001)

NCEPATP3
(2005)

International
Diabetes
Federation
(IDF) (2006)

Criteria for Type-2 Diabetes Mellitus (T2DM) or Non-Insulin Dependent
Diabetes Mellitus (NIDDM)
Insulin resistance (glucose uptake in the euglycemic clamp below the lowest
quartile for the general population) or impaired glucose regulation (impaired
fasting glycemia, impaired glucose tolerance, or type-2 diabetes), with 2 or
more of the following: 1) BP of 140/90 mm Hg or higher, 2) Triglyceride levels
of 150 mg/dL (1.7 mmol/L) or higher and/or HDL-C levels less than 35 mg/dL
(0.9 mmol/L) in men and less than39 mg/dL (1.0 mmol/L) in women, 3) Waisthip ratio >0.90 in men and >0.85 in women and/or Body mass index (BMI,
calculated as weight in kilograms divided by the square of height in meters)
greater ≥30.00 kg/m2) and microalbuminuria.
Insulin resistance and the presence of 3 or more of the following components:
1) Fasting plasma glucose concentration greater than 110 mg/dL (6.1 mmol/L),
2) Triglyceride concentration of 150 mg/dL (1.69 mmol/L) or greater,3) HDL-C
concentration less than 40 mg/dL (1.04 mmol/L) in men and less than 50 mg/dL
(1.29 mmol/L) in women,4) BP of 130/85 mm Hg or greater and 5), waist
circumference (WC) greater than 102 cm in men and 88 cm in women.
Presence of any three or more of the following: 1) Blood glucose greater than
5.6 mmol/L (100 mg/dl) or drug treatment for elevated blood glucose; 2) HDL
cholesterol < 1.0 mmol/L (40 mg/dl) in men, < 1.3 mmol/L (50 mg/dl) in
women or drug treatment for low HDL-C; 3) Blood triglycerides > 1.7 mmol/L
(150 mg/dl) or drug treatment for elevated triglycerides; 4) Waist > 102 cm
(men) or > 88 cm (women); 5) Blood pressure > 130/85 mmHg or drug
treatment for hypertension.
Presence of three or more of the five risk factors established by the American
Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI): 1)
Abdominal obesity (WC ≥90 cm in men and ≥80 cm in women), 2)
Hypertriglyceridemia (triglycerides ≥150 mg/dL or use of medications to lower
triglycerides), 3) Low HDL-C.
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Figure 1. Development of type-2 diabetes mellitus.

RELATIONSHIP BETWEEN TYPE-2 DIABETES MELLITUS
AND METABOLIC DISORDER
According to, National Cholesterol Education Program Adult
Treatment Panel III (NCEP-ATP III), traits of the MetD include an
increased waist circumference (WC), blood pressure elevation, low HDL
cholesterol, high triglycerides and hyperglycemia (NCEP 2001; Grundy
2004; Nsiah et al. 2015) (Table 1). When at least 3 of the 5 traits are
present and affected individuals are insulin resistant then the condition is
considered as MetD. Several studies have reported that MetD is a common
problem among the individuals with T2DM. The presence of T2DM
increases the risk of MetD to a great extent (NCEP 2001; Wilson et al.
2005) (Table 1). Studies have reported that obese individuals with high
BMI and MetDs were also predisposed with T2DM (Meigs et al. 2006;
Kautzky-Willer et al. 2016). Obesity contributes to the premature mortality
and morbidities associated with MetD (Furukawa et al. 2017; Saltiel and
Olefsky 2017) including preventable non-communicable diseases in
population (WHO 2000; WHO Expert Consultation 2004; Deaton 2017)
(Figure 2). The prevalence of obesity has exploded during the past two
decades so the occurrence of MetD. Among the several MetDs (e.g.,
T2DM, hypertension, dyslipidaemia and CHD) insulin resistance is one of
the most prevalent problem occurring due to obesity in developing
countries (Ruderman et al. 2013; Misra and Bhardwaj 2014; Pozza and
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Isidori 2018). According to IDF (2013) report, global prevalence of T2DM
in adults (20-79 years) was 8.3% (382 million people; 198 million men and
184 million women). The number is expected to rise beyond 592 million
by 2035 with the global prevalence of 10.1%. In India, over 62 million
individuals are diagnosed with T2DM and topped by 31.7 million in 2000
in the world with the highest number of people with T2DM followed by
China (20.8 million) and United States (17.7 million) in second and third
place, respectively (Joshi and Parikh 2007; Kumar et al. 2013).

Source: American Diabetes Association (1998, 2003).
Figure 2. The continuum of type-2 diabetes mellitus.

In the developed countries obesity and MetD (e.g., insulin resistance
and CVD) have reached epidemic proportions (Berghofer et al. 2008; van
Vliet-Ostaptchouk et al. 2014). Among the United States adults, the
prevalence of obesity (BMI ≥ 30.00 kg/m2) has increased from 15% in the
early 1970s to the most recent estimate of 34% in 2009–2010 (Freedman
2011; Ogden et al. 2012; van Vliet-Ostaptchouk et al. 2014). Developing
countries like India are experiencing rapid demographic, epidemiological
and economic transitions (Subramanian et al. 2007; Prasad et al. 2010;
Kapil and Sachdev 2012; Popkin et al. 2012; Mondal et al. 2017; Phua et
al. 2017). These transitions are the main contributing factors for rapid
increase in sedentary lifestyles, less physical work outs leading to
increased adiposity levels. According to the preliminary National Family
Health Survey (NFHS)–4 data, obesity prevalence rates have rapidly
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increased across India in the past 10 years bringing the national average
prevalence to 20% for both women (20.8%) and men (19.9%) (McMurry et
al. 2017).
The NFHS-3 study in India reported that 13%of women and 9% of
men are overweight or obese. The prevalence of obesity is more
pronounced among those living in the urban areas as compared to the rural
areas (Laxmaiah et al. 2007; Subramanian et al. 2007; Yang et al. 2009;
Sen et al. 2013; Varadharajan et al. 2013; Mondal et al. 2015, 2017; Ajayi
et al. 2016). The prevalence of insulin resistance or T2DM is a major
global health problem based on the Diabetes atlas (International Diabetic
Federation 2009). India having over 20 million diabetic patients have
become diabetic capital of the world (Khandelwal et al. 2017). About 80%
of T2DM is preventable by changing diet, increasing physical activity and
improving the living environment. However, because of lack of effective
prevention and control programs, the occurrence of diabetes is likely to
continue rising worldwide (Chatterjee et al. 2017; Perreault 2018).
Therefore, there is an urgent need to focus on the problem associated with
T2DM to reduce the relative burden of morbidity and mortality in
population.

ROLE OF ANTHROPOMETRY IN ADIPOSITY ASSESSMENT
AND METABOLIC DISORDERS
Anthropometry is a widely used non-invasive, in-expensive and easyto-use technique to assess nutritional status, adiposity and body
composition in both epidemiological and clinical settings in populations.
Anthropometric indicators have been widely used {e.g., BMI, WC and
WHR} to assess the body composition, nutritional status and excess
adiposity in both epidemiological and clinical investigations. It is evident
that the Asian populations have shown the greater prevalence of morbidity
and mortality at lower levels of body mass index (BMI= weight/height,
kg/m2) and smaller WC values in adults (WHO, 2000; WHO Expert
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Consultation, 2004). Moreover, this BMI classification measures relative
weight gain that has been directly related to health risks and morbidity
patterns in different populations. BMI has been used extensively in most of
the studies for evaluating excess adiposity patterns and overweight-obesity
(Snehalatha et al. 2003; Mohan and Deepa 2007; Prasad et al. 2010; Sen et
al. 2013; Sengupta et al. 2014; Girdhar et al. 2016). BMI relates weight to
height and is the most widely used measure of body size and to estimate
the prevalence of obesity within a population (WHO 1999; Khullar et al.
2014). BMI has been extensively used to assess body size but it does not
account for the variation in body adiposity distribution and abdominal fat
mass (WHO 1999; Wells and Fewtrell 2006). Excess abdominal adiposity
is associated with greater risk of obesity and obesity-related morbidity
(Visscher et al. 2002; Després 2017) (Figure 3). The associations of T2DM
and standard epidemiological translations of BMI and WC have been
observed in adults (Alberti et al. 2007; Hsu et al. 2015) (Table 2). In terms
of clinical perspective, central obesity (approximated by WC or WHR)
provides more information than general BMI (Vazquez et al. 2007). Thus,
measurements of WC and WHR are viewed as alternatives to BMI, with
both measures regularly used in the clinical and research settings. WC has
been shown to be the best simple measure of both intra-abdominal fat-mass
and total adiposity (Barreira et al. 2014; Ashwell and Gibson 2016).
Several studies have observed that WC alone reflects abdominal adiposity
(Mohan and Deepa 2007; Barreira et al. 2014; Ashwell and Gibson 2016).
Table 2. Co-morbidity risks associated with suggested BMI and WC in
Asian adults (WHO 2000)
Classification

BMI (kg/m2)

Underweight

<18.50

Normal range
Overweight
At Risk
Obesity I
Obesity II

18.50-22.99
≥23.00
23.00-24.99
25.00-29.99
30.00

Risk of co-morbidity (WC)
<90 cm (in men)
≥90 cm (in men)
<80 cm (in women)
≥80 cm (in women)
Low but increased risk of other
Average
clinical problems
Average
Increased
Increased
Moderate
Severe

Moderate
Severe
Very Severe
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Figure 3. Factors affecting T2DM and Metabolic disorder.

In 1999, the WHO definition included a measure of obesity and
defined obesity in terms of either BMI or WHR. WC in combination with
BMI has been implemented in guidelines for the assessment and treatment
of excess adiposity (obesity) related mortalities and morbidities (WHO
2000; Deurenberg-Yap et al. 2002; Mohan and Deepa 2007; Barreira et al.
2014; Ashwell and Gibson 2016). WHO (2000) has suggested comorbidity risks associated with different levels of BMI with higher WC
among Asian adults. Hence, WC has been advocated as a simple clinical
alternative to BMI for detecting adults with possible health risks due to
obesity (WHO 2000; WHO Expert Consultation 2004; Mohan and Deepa
2007; Pratyush et al. 2012; Barreira et al. 2014; Ashwell and Gibson
2016). Abdominal obesity which is a condition due to increased amount of
intra-abdominal fat including visceral adipose tissue (WHO 2000; Sullivan
et al. 2015) is a major cause of T2DM. WC and WHR are useful indicators
of abdominal obesity. Increased WC and WHR among the Asian
populations reflect increased visceral adipose tissue and increased risks of
MetDs (Deurenberg-Yap et al. 2002; Prasad et al. 2010; Soares and Müller
2017). Several studies have observed a higher percentage of body-fat,
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increased prevalence of metabolic risk factors at lower BMI levels among
various Asian populations (Deurenberg-Yap et al. 2002; WHO 2004; Misra
and Khurana 2011; Soares and Müller 2017). Increased prevalence of
abdominal obesity in Asians as compared with those in Caucasians has
also been reported (Deurenberg-Yap et al. 2002; Wang et al. 2005; Mohan
and Deepa 2007; Misra and Khurana 2011). Hence, abdominal obesity
assessed using WC is considered to be more appropriate to predict MetDs
than generalized adiposity assessed using BMI. Several studies have
suggested that Asian individuals tend to have increased level of WC
(Prasad et al. 2010) with excess body-fat accumulation, abdominal and
truncal/regional adiposity and insulin resistance (Hung et al. 2017). Several
recent studies have observed strong relationship between waist to height
ratio and T2DM (Liu et al. 2016; Hardy et al. 2017; Nagar and Jain 2017;
Uday et al. 2017). The conicity index (CI) [CI = WC (m) / 0.109 ×
√{Weight (kg)/ Height(m)}] which was developed as an indicator of
obesity can also be used as an anthropometric indicator for T2DM. Body
fat distribution and neck circumference (NC) have significant relationship
with the occurrence of T2DM and obesity (Marques et al. 2015; Hingorjo
et al. 2016; Papazafiropoulou et al. 2016; Wu et al. 2016; Marcadenti et al.
2017). Neck circumference (NC) was also observed to be associated with
body adiposity and T2DM (Ghosh and Bandyopadhyay 2014; Marques et
al. 2015; Papazafiropoulou et al. 2016; Wu et al. 2016; Marcadenti et al.
2017).

ASSOCIATION OF ADIPOSITY, TYPE-2 DIABETES
MELLITUS AND ANTHROPOMETRIC MEASURES
According to WHO (1995, 2000), the health risks increase above the
BMI cut-off ≥25.00 kg/m2 that defined overweight in the current WHO
classification (WHO 1995, 2000). According to WHO (2000), greater
proportion of Asian people with lower BMI levels than the existing WHO
cut-off (≥25.00 kg/m2) are at a high risk ofT2DM. Due to this variation
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WHO (2000) has proposed a re-defined criteria of overweight (≥23.00
kg/m2) and obesity (≥25.00 kg/m2) among Asian populations as instances
of co-morbidities and health risk factors occurred at the lower BMI
(Table2). It is evident that the age-sex specific body-adiposity distribution
pattern and increase in excess adiposity ethnically vary among populations
(WHO 2000; WHO Expert Consultation 2004; Subramanian et al. 2007;
Sen et al. 2013). The proportion of Asian populations with a high risk of
T2DM are substantial at BMIs lower than the existing WHO cut-off for
overweight (BMI≥25.00 kg/m2) and obesity (BMI≥30.00 kg/m2). The cutoffs for observed risk varied from 22.00 kg/m2 to 25.00 kg/m2 in different
Asian populations and the high risk group this cut-off varied from 26.00
kg/m2 to 31.00 kg/m2. Although, the WHO Expert Consultation (2004)
reported that the current BMI cut-off should be retained as the international
classification. It has been recommended for the purpose of public health
action. These cut-offs (23.00 kg/m2, 27.50 kg/m2, 32.50 kg/m2 and 37.50
kg/m2) and proposed methods could be considered and countries could
make decisions for redefining obesity to take public health action (WHO
Expert Consultation 2004). There are evidences of the association between
high adiposity levels and the prevalence of T2DM in population (Yajnik
2004; Mohan and Deepa 2007; Mohan et al. 2007; Mondal and Sen 2014;
Shrestha 2015; Jain et al. 2017)(Figure 3). The CI is another
anthropometric index which is able to identify fat distribution and the risk
of diseases therefore used as an indicator of obesity in populations (Roriz
et al. 2016). The association between degree of excess adiposity, body-fat
distribution and excess weight gain with subsequent incidence of T2DM,
CHD and CVD has been examined in several prospective studies (Mohan
et al. 2007; Mondal and Sen 2014; Shrestha 2015; Jain et al. 2017). The
excess adiposity (e.g., BMI) is now a well-established independent risk
factor for their development (Snehalatha et al. 2003; Yajnik 2004; Mohan
and Deepa 2007; Mohan et al. 2007; Mondal and Sen 2014; Shrestha 2015;
Jain et al. 2017).
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ASSOCIATION OF ADIPOSITY, TYPE-II DIABETES
MELLITUS AND ANTHROPOMETRY IN ASIAN INDIANS
The prevalence of obesity is considered to be the defined cluster of risk
factors for non-communicable diseases (T2DM, CVD, dyslipidaemia and
certain types of cancer). Most of the studies assessing the adiposity level
have used BMI as an indicator. Several studies showed the need for a
national level study based on obesity indices to determine the thresholds
for obesity parameters for detecting high risk groups for metabolic
abnormalities (Snehalatha et al. 2003; Nandimath et al. 2016). A study to
identify obesity thresholds in rural Wardha, India (Deshmukh et al. 2006)
showed the threshold for the obesity parameter (e.g., BMI) was same as
compared to other studies in Asian Indians. Several recent studies have
observed high prevalence of T2DM in Indian populations (Mahalakshmi et
al. 2014; O’Keefe et al. 2016). There are geographical variations in obesity
parameters and its associations with metabolic abnormalities
(Ramachandran et al. 2001). Such regional variations have also been
reported in the prevalence of T2DM with increasing BMI (Ramachandran
et al. 2001; WHO Expert Consultation 2004). The risk of developing
T2DM is high at relatively low BMI values in subjects originating from the
South-east Asian populations when compared to the Caucasoids
(Snehalatha et al. 2003; Yajnik 2004; Misra and Khurana 2011; Mondal
and Sen 2014; Krugger et al. 2017). The BMI might not correspond to the
same body-adiposity in different populations because of variations in body
proportions, which can be the reason for lower BMI in Indians (WHO
2000; WHO Expert Consultation 2004). The relationship of T2DM and
impaired glucose tolerance for BMI value of >22.00 kg/m2 had been
established in Asian Indian populations (Ramachandran et al. 2001;
Snehalatha et al. 2003; Yajnik 2004; Mondal and Sen 2014; Jayawardana
et al. 2017). It has also been reported that the South Asian populations
have BMI cut-off values lower than the Western populations due to greater
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Table 3. Indian studies done on type-2 diabetes mellitus (T2DM) or metabolic disorders (MetD) and
anthropometry in adults
Population

Region/area

N

Measurements

Cut-off used for BMI
or Type-2 Diabetes

Result

Cut-off proposed

Reference

Diabetic and nondiabetic individuals

Central India

100

BMI and Blood
pressure

Meshram
et al. 2013

Karnataka,
India

700

NC and BMI

-

Aswathappa et
al. 2013

Chennai,
India

114

BMI and WC

WHO Consultation
group for Diabetes
Mellitus (1999)

-

Mohan et al.
2013

States and
UT’s of India
Assam, India

16,607

Weight, height,
WC and BMI
Weight, BMI and
WC

WHO (2006)

Anthropometric parameters were
found to be high in diabetic
subjects compared with nondiabetic subjects.
The NC in diabetics was
significantly higher than in nondiabetics
T2DM in Asian Indian youth and
prediabetes subjects had higher
BMI, WC and fasting insulin than
NGT subjects
29.5% had hypertriglyceridemia

-

Type-2 diabetics
and non-diabetics
of >30 years of age.
Asian Indian youth
with type-2 diabetes
mellitus and
prediabetes
Indian adults (aged:
20–90 years)
Overweight and
obese people of
semi-urban area of
Assam
Healthy adults (2030 years of age) of
Amritsar

American Heart
Association and US
Center for Disease
Control and Prevention
WHO (1997) and
Yang et al. (2010)

-

Punjab, India

200

BMI, WHR and
WHtR

WHO (1995, 2000)

Prevalence of T2DM and
hypertension increases with
increasing weight of the
individuals
All the derived anthropometric
indices were significantly
increased in young healthy adults
(20-30yrs of age) having positive
family history of T2DM.

Joshi et al.
2014
Mandal 2014

300

WHO (2000, 2004)

-
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Khanna and
Sharma 2015

Population

Region/area

N

Measurements

Cut-off used for BMI
or Type-2 Diabetes

Result

Cut-off proposed

Reference

Indian population

India

875,711

BMI

-

7% adults with diabetes

-

102 individuals

South India

102

BMI, WHR and
WC

WHO (2004, 2008)

A strong association between
obesity indices and diabetes was
identified. BMI and WC could be
used in clinical practice for
suggesting life style modifications.

Akhtar and
Dhillon 2017
Awasthi et al.
2017

Urban slum

India

BMI, WC and
WHR

-

Adult patients of
type-2 diabetes

Surat, India

120

BMI, WC and
WHR

WHO (1995), IDF
(2006)

Students aged 17–
19 years

India

526

BMI

ADA (2005)

Indian Diabetes Risk Score
(IDRS)can be used as an effective
tool for screening undiagnosed
diabetes
More than half (52.5%) of lean
patients and 82.5% of IBW (Ideal
Body Weight) patients had
abnormal high WHR where as in
obese group all patients (100%)
were having abnormal WHR.
BMI and WC estimation can be
done for early detection of prediabetes in adolescents

-

Dudeja et al.
2017

-

Gamit et al.
2017

Cut-offs for WC for Pandeya et al.
predicting pre2017
diabetes was found
to be ≥82.5 cm for
boys and ≥80.3 cm
for girls.
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level of mortality and morbidities in lower adiposity (WHO 2000; WHO
Expert Consultation 2004; Hsu et al. 2015; Kruger et al. 2017). China
being the largest developing country in the world is experiencing an
epidemic of MetD (Lao et al. 2011; Li et al. 2016) and studies have
observed high prevalence of MetD in both North and South China. This
prevalence also varies due to diverse populations of different regions,
cultural behaviours, lifestyle habits and the use of different diagnosis
criteria (Zhao et al. 2011; Lao et al. 2014; Xiao et al. 2015).

RECENT DEVELOPMENTS IN ANTHOPOMETRY, REGIONAL
ADIPOSITY ANDTYPE-2 DIABETES MELITUS
Several recent studies showed that there are many medical conditions
e.g., obesity, hypertension, elevated cholesterol levels (combined
hyperlipidemia) and other MetDs which are also related to regional
adiposity levels and can potentially give rise to T2DM (Alberti et al. 2005;
Olokoba et al. 2012). A majority of individuals suffering from T2DM are
obese, with central visceral adiposity. Therefore, the deposition of excess
adipose tissue plays a crucial role in the pathogenesis of T2DM (Olokoba
et al. 2012). Increasing trend of obesity, abdominal obesity and MetD is
particularly worrisome since Asian Indians develop T2DM and atherogenic
dyslipidemia at lower levels of BMI and WC (Gupta et al. 2012; Bodicoat
et al. 2014). Onset of dyslipidemia and MetD are early contributing factors
to the onset of T2DM (Gulati and Misra 2017). Several studies have used
anthropometry as indicator of T2DM in Indian population using different
cut-offs for adiposity levels (Table 3). Studies have shown that the
proportion of intra-abdominal visceral adipose tissue specifically
truncal/abdominal subcutaneous adiposity is higher in South Asians mainly
in those with T2DM (Raji et al. 2001; Anoop et al. 2016; Gulati and Misra
2017). Moreover, a number of recent studies have reported in South Asians
that there is excess of deep subcutaneous and abdominal adipose tissue
which has high metabolic activity and may cause insulin resistance and
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CVD (Anand et al. 2011; Marinou et al. 2014). In a recent study by Anoop
et al. (2016) it has been found out that increased adipose deposition in liver
and pancreas in Asian Indians have potentials of predicting diabetes.
Interestingly, the abdominal/regional subcutaneous adipocyte area is
increased among South Asians (Anand et al. 2011). Further, Chandalia et
al. (2007) observed that subcutaneous adipocyte size was inversely
correlated to glucose disposal rate (the rate of glucose uptake from the
blood by the peripheral tissues, such as skeletal muscle) in South Asians.
This is also independent of intra-peritoneal body adiposity. Several
researchers have reported that heightened insulin resistance in South
Asians was observed to be more related to increased truncal subcutaneous
fat and adipose tissue dysfunction than to excess intra-abdominal visceral
adipose deposition (Chandalia et al. 2007; Anand et al. 2011; Gulati and
Misra 2017). Studies have observed low physical activity and low-protein
diets among South Asians than among white Caucasians (Bhatt et al.
2012). Another study by Eastwood et al. (2014) observed there are
relationships between T2DM, CHD and thigh muscle area which is lower
in South Asians. Anbalagan et al. (2013) observed that in South Indian
population 39.5% of the patients had pre-sarcopenia (characterized by low
muscle mass, without any decrease in muscle strength or physical
performance) which was independently associated with diabetes. These
associations between adipose tissues/regional adiposity levels and diabetes
observed by recent studies suggests that anthropometry by which adiposity
levels can be measured almost accurately with high precession can be used
as a very important tool in future for detection and screening of T2DM in
populations.

GENETIC AND ENVIRONMENT FACTORS EFFECTING
TYPE-2 DIABETES MELLITUS IN ASIAN INDIANS
T2DMbeing a complex disease involves a wide-range of genetic,
lifestyle and environmental factors. Several studies have observed
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significant associations of T2DM, genetics and environment (Staiger et al.
2009; Banoo et al. 2015; Kharroubi and Darwish 2015) (Figure 3). It is
typically a multi-factorial disease involving multiple genes and various
environmental factors with different extents. Moreover, it is not an
autoimmune disorder (Banoo et al. 2015). In most of the individual or
populations there are susceptible genes predisposing to NIDDM which
have not been identified till now (Banoo et al. 2015). Heterogeneity of the
genes responsible for the susceptibility to T2DM may be one of the reasons
for this problem of identification (Banoo et al. 2015). The variations in
T2DM are directly or indirectly affected by overall genetic background of
the individual, family or populations which are further more complicated
by the interaction with variable environmental conditions/factors (Staiger
et al. 2009; Kharroubi and Darwish 2015). Although, there are problems of
identification of the genes but several research studies have observed
genetic susceptibility of T2DM. Studies have also reported more than 200
T2DM susceptible genes such as Insulin receptor, GLUT, Glycogen
Synthase (Mahajan et al. 2014; Zhao et al. 2017). Association between
genetic polymorphisms and T2DM have also been observed in the genes
encoding the peroxisome proliferators activated receptor, Insulin Receptor
Substrate, inward rectifying potassium channel, zinc transporter and
calpain-10 (Ali 2013; Banoo et al. 2015). The mechanisms increasing
susceptibility of these genetic loci to T2DM are not clear, but most of them
are predicted to be altering the function/development/insulin secretion
(Banoo et al. 2015). Studies have observed Caucasians are affected by
T2DM by 1 to 2% but it is much higher in some ethnic groups e.g., PimaIndians and Arabs among South Indians it approaches 50% (Banoo et al.
2015). The risk of diabetes increases with age and in most of the cases it
has been diagnosed at the age of 40 years and above. It is becoming an
epidemic in some countries due to increase in aging population.
Genetic predisposition is a major reason among Asian Indians also
called as “Asian Indian phenotype” which contributes to the increased
predisposition of T2DM among Asian Indians (Mohan et al. 2007;
Vimaleswaran et al. 2016; Soares and Müller 2017). Despite having lower
prevalence of obesity as defined by BMI, Asian Indians tend to have
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greater WC and WHR thus having a greater degree of central obesity.
Other reasons of T2DM are fast food culture and sedentary lifestyle in
Indian population due to the major epidemiological changes going on in
the country (Deepa et al. 2017; Mastorci et al. 2017). Genetic factors play
an important role in the development of T2DM and mutations in a single
gene or a multi-factorial origin can act as the genetic cause of T2DM
(Horikawa et al. 2000; Kharroubi and Darwish 2015).

EFFECT OF MIGRATION AND TYPE-2 DIABETES
MELLITUS IN ASIAN INDIANS
Several studies worldwide on migrant Indians have shown that Asian
Indians have an increased risk of developing T2DMand related metabolic
abnormalities (e.g., MetDs) compared to other ethnic groups (Mohan et al.
2007; Soares and Müller2017). Genetic factors and environmental
conditions are the main causes of these physiological conditions among
Asian Indians. Migration is the movement of individual/population from
one environment to another and it can bring several changes due to
external or internal factors (e.g., social and cultural changes) among
population. Studies have reported that migration from rural areas to urban
slums in a metropolitan city in India have led to obesity, glucose
intolerance and dyslipidaemia (Mohan et al. 2007). Several factors include
genetic and pre-migration history (e.g., socioeconomic level, lifestyle
habits, exposure to infections), as well as the quality of healthcare in the
countries of destination controls the link between migration and prevalence
of disease (Montesi et al. 2016; Girardi et al. 2017). Moreover, there are
many factors (viz., urbanization, mechanization, changes in nutrition and
lifestyle including physical inactivity, genetic environment/susceptibility
interactions and stress) which expose the migrants to a higher risk of
developing certain diseases after arrival in the host countries (Misra and
Ganda 2007; Montesi et al. 2016; Girardi et al. 2017). Several conditions
experienced by migrants moving from a poverty-ridden rural area in early
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life to an obesogenic urban environment in their later life increases the risk
of obesity and T2DM among both inter- and intra-country migrants in
developed and developing countries (Girardia et al. 2017). The adoption of
sedentary lifestyles and availability and abundance of calorie-dense/low
fibre foods is associated with increased risks of morbidity and mortality
among the migrated populations. Several studies have investigated the link
between migration and T2DM(Misra and Ganda 2007). Several studies
have also reported that migration itself contribute to the increase in
truncal/subcutaneous abdominal adiposity, which is also an observed
phenomena in Asian Indians and South Asians (Raji et al. 2001; Girardiet
al. 2017).

ASIAN ENIGMA IN REGIONAL ADIPOSITY, METABOLIC
DISORDERS ANDTYPE-2 DIABETES MELLITUS
Several studies have observed that South Asian populations have 3%5% of greater body-adiposity than Caucasians at any given BMI with low
adipokine production, lower lean body mass. Ethnic/genetic, environment,
demographic, cultural, lifestyle and socioeconomic factors are being
considered as potential contributors to an early age-onset of obesity-linked
CVD risk and MetDs (WHO Expert Consultation 2004; Prasad et al. 2010;
Misra and Khurana 2011; Hudda et al. 2017). The WHO has revised the
BMI cut-off for Asian Indians and suggested a BMI ≥25.00 kg/m2to define
obesity against the ≥30.00 kg/m2 recommended for Europeans (WHO
2000) (Table 1). Asian Indians have the increased predispositions to
T2DM (WHO 2000; WHO Expert Consultation 2004; Yajnik 2004;
Ramachandran et al. 2014). This predisposition has been attributed to the
Asian Indian Phenotype which is characterized by lesser than the
generalized obesity as measured by BMI but greater than the central
obesity with respect to the WC and WHR (WHO 2000; Prasad et al. 2010;
Vimaleswaran et al. 2016; Little 2017). This is the cause of biochemical
and hormonal changes including higher plasma insulin levels, greater
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insulin resistance, lower HDL cholesterol, higher triglyceride levels,
increased small dense LDL cholesterol as well as small dense HDL
cholesterol and C-reactive protein and leptin levels but decreased
adiponectin levels (Lele et al. 2006; Manoria et al. 2010). Asian Indians
have higher total abdominal and visceral adiposity for any given BMI
(WHO Expert Consultation 2004; Raji et al. 2001) and for any given body
adiposity they have increased insulin resistance (Soares and Müller 2017).
Other studies have shown that some genes seem to confer increased
susceptibility to diabetes in Indians (Vimaleswaran et al. 2005). Europeans
have some type of protective genes which do not appear to protect Indians
(Radha et al. 2006; Radha and Mohan 2007). It is evident that the
abdominal or central/regional obesity is closely linked with insulin
resistance, enhanced lipolysis and release of free fatty acids which inhibits
insulin stimulated peripheral glucose uptake in dose dependent manner
while simultaneously inhibiting insulin secretion (Mohan and Rao 2007;
Prasad et al. 2010). These features have been referred to as the Asian
Indian Phenotype or Paradox (Vimaleswaran et al. 2016; Little 2017).
Several studies on neonates have suggested that Indian babies are smaller
born but relatively fatter compared to Caucasian babies and are referred to
as “the thin fat Indian baby” (Yajnik et al. 2003; Krishnaveni et al. 2005).
Neck circumference (NC) is also observed to be associated with the
occurrence of MetDs (Hingorjo et al. 2016). Anthropometric measures
which have strong association with the occurrence of T2DM can contribute
highly in risk detection of T2DM in populations worldwide.
Anthropometric measures (e.g., BMI, WHR, WC, NC and CI) can also be
used very accurately to control and/or monitor the increasing trend of
T2DM/MetDs in population.

LIMITATION OF ANTHROPOMETRIC MEASURES
Several research studies have reported the associations between
anthropometry and MetD, but several questions critical to the use of
anthropometry as a direct indicator of MetD or T2DMremain in doubt. It is
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important to test whether standard metrics of adiposity used in clinical
settings (e.g., BMI, WC, WHR and CI) adequately reflect the accurate
level of visceral (or subcutaneous) adiposity and the subsequent risks of
MetD as well as T2DM. Whether only the high adiposity levels alone
explains the cause of MetD or T2DM remains unanswered due to the effect
of environmental factors, genetic predisposition to the disease as well as
other external factors (viz., socioeconomic, occupation, migration, lifestyle
effect, predisposition to other diseases and early life experiences). In this
context anthropometry has its limitation because biochemical and genetic
methods can give much greater accurate measure of MetD as well as
T2DM.

CONCLUSION
The prevalence of T2DM is reaching potentially epidemic proportions
in India. The mortality and morbidity associated with T2DM and the
potential complications associated with T2DM are enormous, and pose
significant burdens of healthcare on both families and society. Therefore, it
is very necessary to detect and control the risks of T2DM by using
improved intervention techniques and policies. There are evidences from
recent studies that strong associations between anthropometric, genetic and
biochemical risk for T2DM as a non-communicable disease and MetD are
present in populations. Due to the wide population diversity of India based
on ethnicity, culture, socioeconomic conditions, resource distribution and
nutritional conditions the need for establishing ethnic-specific
anthropometric (e.g., BMI, WC and WHR) cut-offs are becoming very
much necessary for the proper identification of the relative risks of MetDs
and T2DM. Moreover, practical implementations of those cut-off values of
anthropometric measures are very necessary. It is possible to minimise the
relative risks by only controlling the lifestyles of the individuals and
therefore it is very necessary to introduce region/ethnic specific policies to
control T2DM and MetDs. Prevention of T2DM and its micro- and macrovascular complications should be an essential component for future public
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health strategies for the countries. Collection and reporting of obesity data
should be systematically included in all nutrition surveys which are very
necessary in prevention of T2DM and MetDs. Extensive studies by
researchers are necessary for establishing proper measure for assessing the
risk of T2DM in terms of adiposity levels/regional body adiposity as
several recent studies have observed significant association between
regional adiposity and T2DM and/or MetDs in populations. Moreover,
epidemiological and operational information on obesity and T2DM should
be integrated into existing international nutrition forums. Proper lifestyle
modifications should be induced in populations to minimise the prevalence
of T2DM. Also, public/private partnerships are necessary to properly
implement the public healthcare policies for controlling the epidemic of
T2DM/MetDs. A large proportion of cases of T2DM are preventable
therefore initiatives for consumer education to promote a healthy diet could
be reinforced by government’s involvement towards the problem.
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INTRODUCTION
Type II Diabetes: A Global Menace
Type II diabetes mellitus is a long term metabolic disorder that consists
of an array of dysfunctions characterized by hyperglycemia and resulting
from the combination of resistance to insulin action, inadequate insulin
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secretion, and excessive or inappropriate glucagon secretion. Common
symptoms include increased thirst, frequent urination, and unexplained
weight loss. Symptoms may also include increased hunger, feeling tired,
and sores that do not heal (NIDDKD, 2014). Long-term complications
from high blood sugar include heart disease, strokes, diabetic retinopathy
which can result in blindness, kidney failure, and poor blood flow in the
limbs which may lead to amputations (WHO 2011).
Globally, an estimated 422 million adults are living with diabetes
mellitus, according to the latest 2016 data from the World Health
Organization (WHO 2016). Diabetes prevalence is increasing rapidly;
previous 2013 estimates from the International Diabetes Federation put the
number at 381 million people having diabetes. The number is projected to
almost double by 2030. Type II diabetes makes up about 85-90% of all
cases (New York Times 2006). Increases in the overall diabetes prevalence
rates largely reflect an increase in risk factors for Type II, notably greater
longevity and being overweight or obese (Melmed et al., 2011).

Indian Scenario
Until recently, India had more diabetics than any other country in the
world, according to the International Diabetes Foundation, although the
country has now been surpassed in the top spot by China, Diabetes
currently affects more than 62 million Indians, which is more than 7.1% of
the adult population. The average age on onset is 42.5 years. Nearly 1
million Indians die due to diabetes every year (Gale 2010).
According to the Indian Heart Association, India is projected to be
home to 109 million individuals with diabetes by 2035 (IHA 2016). A
study by the American Diabetes Association reports that India will see the
greatest increase in people diagnosed with diabetes by 2030. The high
incidence is attributed to a combination of genetic susceptibility plus
adoption of a high-calorie, low-activity lifestyle by India’s growing middle
class (New York Times 2006).
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A considerable variability in the incidence and prevalence of Type II
diabetes (T2D) coheres with an important contribution of multigenetic
predisposition in the development of T2D. Some genes, which probably
participate in the pathogenesis of Type II diabetes, also play a role in the
regulation of blood pressure, familial hyperlipidemia, familial hypertension
and other diseases of the cardiovascular system Demova et al., 2012.
Human C-reactive protein (CRP) is an acute phase reactant involved in
chronic and acute inflammation. CRP production is rapidly stimulated in
response to infection, tissue injury or inflammation. In a recent study,
increased levels of CRP are reported to be associated with metabolic
syndrome, obesity, atherosclerosis, unstable angina, insulin resistance and
diabetes. Family and twin studies suggest that genetic factors account for
40% of the variance in plasma CRP levels + 1059 G > C (rs1800947) is a
single nucleotide polymorphism (SNP) in exon 2 of the CRP gene. + 1059
G > C is a silent or synonymous polymorphism at the amino acid level
(CTG → CTC, Leu → Leu at codon 184) which has been reported to affect
the protein levels of CRP and contribute towards the progression of CAD
(coronary artery disease) and T2D Kaur et al., 2013.

METHODS
Study Population
This is a longitudinal follow-up study and present study was being
done in continuation with the earlier work. The medical history of the
patient’s family was recorded. Determination of presence or absence of
other risk factors – high cholesterol levels, cigarette smoking,
hypertension, and diabetes in first-degree relatives (biological parents,
siblings, and offspring) – was recorded. The present study was conducted
on 160 healthy (non-diabetic, normotensive) adult Asian Indian women
[including 90 with and 70 without family history of diabetes (FHD)] living
in and around Kolkata, India. This sample size was sufficient to test all the
research hypotheses at the 5% level of significance. During the gestation
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period they were studied twice, first within 12 weeks and second by 30
weeks. They were then followed up till delivery. During delivery both
mothers’ venous blood and cord blood were collected to estimate the
metabolic variables and genetic polymorphisms of the respective mothers
and their new born babies. All the experiments were done according to the
“Ethical guidelines for Biomedical Research on Human Participants”
published by Indian Council of Medical Research (2006). The Institutional
Ethics Committee (IEC) of Heritage Institute of Technology, Kolkata,
approved the study. Written consent was obtained from the subjects prior
to actual commencement of the study.

Anthropometric Measurements
Demographic profiles including name and age were obtained from
participants. Informed consent was obtained from participants prior to the
actual commencement of the study. Height was measured to nearest 0.1 cm
with a Martin’s Anthropometer and weight to the nearest 0.5 kg with a
portable weighing machine in light clothing and bare feet.

Blood Pressure Measurements
Left arm systolic (SBP) and diastolic (DBP) blood pressure was taken
from each participant with the help of an Omron M1 digital electronic
blood pressure/pulse monitor (Omron Corporation, Tokyo, Japan). Two
blood pressure measurements were taken and averaged for analysis. A
third measurement was taken when the difference between the two
measurements was ≥ 5 mmHg, and a subsequent mean was calculated. A
five minute relaxation period between measurements was maintained for
all participants. The working condition of the instrument was checked
periodically using a mercury sphygmomanometer and stethoscope
(auscultator procedure). Subjects with SBP/DBP values > 130/85 mm Hg
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were considered as Hypertensive, according to NCEP and ATPIII
guidelines, 2005 (NCEP 2005).

Estimation of Metabolic Profiles
A fasting blood sample (7 ml) was collected from each subject for the
determination of fasting blood glucose (FBG), Total cholesterol (TC),
Triglycerides (TG), and High density lipoproteins (HDL). All subjects
maintained an overnight fast of ≥12 h prior to blood collection. The plasma
was separated within 2 h of blood collection using a microcentrifuge at
1000 rpm for about 20 min at room temperature. Estimation of FBG, TC,
TG, CRP and HDL were carried out using a Robonik Biochemistry
Analyzer (Robonik India, Mumbai, India). Low-density lipoprotein (LDL)
and very low density lipoprotein (VLDL) were then calculated by using the
standard formula: LDL = TC − (HDL + TG/5) and VLDL = TG/5. All the
metabolic profiles were estimated according to NCEP and ATPIII
guidelines 2005 (NCEP 2005).

Genotyping of CRP






The DNA was isolated from whole blood by HiPurA™ Blood
Genomic DNA Miniprep Purification Spin Kit. The DNA was
amplified by PCR (ABI Biosystems, USA).
Amplification refractory mutation system-polymerase chain
reaction (ARMS-PCR) which is based on allele specific
amplification of desired fragment using primers corresponding to
the alleles has been used for genotyping of +1059 G > C SNP in
the CRP gene.
The sequences of specific primers used are:
1. Constant forward:
5′-CATTTGTACAAGCTGGGAGT-3′,
2. Allele C-specific reverse:
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5′-ATGGTGTTAATCTCATCTGGTGGG-3′,
3. Allele G-specific reverse:
5′-ATGGTGTTAATCTCATCTGGTGGC-3′.






The conditions included initial denaturation (95°C for 5 min)
following a touchdown PCR with denaturation at 94°C for 45 secs,
annealing at 66°C to 62°C with 1°C decrease in temperature for
the first 4 cycles followed by 29 cycles at 61°C for 45 secs,
extension at 72°C for 45 secs each cycle and final extension at
72°C for 10 min (Cao & Hegele 2000).
CRP+1059 G > C genotypes were assessed from the presence/
absence of PCR amplicon (237 bp), corresponding to the specific
allele (C/G) on 1.5% agarose gel stained with Ethidium bromide.
The genotyping of CRP genes yielded PCR products of size 744
bp. Digestion of the less common 1059C allele produced two
smaller fragments, with sizes of 434 and 310 bp. Digestion of the
more common 1059G allele produced three fragments, with sizes
of 310, 233, and 201 bp.

Statistical Analyses
Mean and SD for all the metabolic variables, hormones and blood
pressure measurements were calculated by conventional statistical
methods. Group differences (with and without FHD) for all the variables
(18 and 30 months) were tested by One-way ANOVA (p ± 0.05).
Differences in CRP values by FHD were estimated by 2X2 Contingency
Chi-square analysis (p ± 0.05). Differences in birth outcomes by FHD and
CRP values of mothers was estimated by Chi-square analysis (p ± 0.05).
All statistical tests weew performed on Statistical Package for Social
Sciences (IBM-SPSS version 16) and significance was set at p < 0.05 two
tailed.
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RESULTS
Biochemical Analyses of Metabolic Risk Factors
Statistical Analyses of the comparison of the Group differences (with
and without FHD) for all the variables (12 and 30 weeks) were tested by
One-way ANOVA (p = < 0.05). Table 1 shows the anthropometric
measurements and biochemical parameters which were considered during
the study.
A comparison of the metabolic variables among the subjects with and
without FHD revealed that there were significant differences among them
with respect to Waist circumference, Triglycerides, HDL-Cholesterol,
VLDL-Cholesterol, Fasting Blood Glucose and Blood pressure, both at the
gestational period of 12 weeks and 30 weeks. It indicates that family
history plays an influencing metabolic factors and triggering the risk
factors early in the gestational phase leading to complications in adult life.
Table 1. Baseline characteristics of the study population by family
history (n = 160)
Variables

By 12 Weeks
By 30 Weeks
Both/Either* None**
ANOVA Both/Either
None
ANOVA
(n = 90)
(n = 70)
P
(n = 90)
(n = 70) P
AGE (yrs)
31 (6.3)
27 (3.2)
0.258
32 (6)
30 (6)
0.323
WEIGHT (kg) 68 (13)
63 (8)
0.240
74 (10)
72 (10)
0.061
BMI (kg/m2)
25.4 (3.8)
27.3 (3.7) 0.415
36.5 (4.1)
32.5 (3.9) 0.416
WC (cm)
91 (13)
79 (9)
<0.001
132 (14)
110 (12) <0.001
TC (mg/dl)
211 (16)
155 (14)
0.122
217 (21)
210 (20) 0.069
TG (mg/dl)
159 (27)
124 (21)
<0.001
243 (32)
176 (29) <0.001
HDLc (mg/dl) 54 (9)
44 (10)
<0.001
53 (8)
42 (9)
<0.001
LDLc (mg/dl) 115 (11)
100 (12)
0.001
117 (13)
108 (10) 0.009
VLDLc (mg/dl) 35 (5)
28 (4)
<0.001
55 (10)
34(7)
<0.001
FBG (mg/dl)
117 (10)
98 (12)
<0.001
110 (12)
94 (11)
<0.001
SBP (mmHg) 122 (11)
108 (12)
<0.001
138 (14)
118(16) <0.001
DBP (mmHg) 83 (10)
77 (9)
<0.001
95 (8)
88 (6)
<0.001
*
Read as Mean and ± SD within parentheses; Both/Either - Participants having positive FHD
present in both or either parents; **None - No FHD.
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Figure 1. Showing statistically significant difference in C-reactive protein (CRP) levels
by FHD (p = 0.0109).

Figure 2. Showing statistically significant differences in birth outcomes (birth weight
in kg) by FHD and CRP of the mothers (p = 0.0252).

Comparison of subjects in the CRP levels between the same groups
also revealed a statistically significant difference in subjects with a positive
FHD and high CRP levels in comparison to normal cases (Figure 1 & 2).

Complimentary Contributor Copy

C-Reactive Protein and Family History

209

Table 2. Differences in C-reactive protein (CRP) of the babies by
mothers’ CRP and FHD
CRP of the
Babies
Mean
SD

Mothers with +FHD and
high CRP (n = 66)
0.45
± 0.087

Mothers with -FHD and
normal CRP (n = 45)
0.25
± 0.025

ANOVA
P < 0.001

Figure 3. Showing genotyping results of CRP genes of newborn babies, w.r.t their
mother’s health status.

Comparison of birth outcomes in terms of birth weights was done
between subjects with and without a positive family history of T2DM and
high CRP levels (Figure 1), which revealed a significant difference
between the two groups. This shows that family history and perturbations
in the gestational period are reflected in the birth outcomes, affecting the
next generation (Table 2). It is evident from the results that there is a
significant difference in inflammatory status in those newborns whose
mothers have a positive FHD compared to their normal counterparts.
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DISCUSSION
The Family History of Diabetes (FHD), evidently, has been found to
be most useful for predicting T2DM when the disease is premature, that is,
it occurs at younger ages than would be expected. This FHD information in
combination with other known risk factors could be used to provide more
personalized information about our risk for such diseases. Yang et al.,
(2010) further suggested that adding FHD could provide significant
improvements in detecting undiagnosed diabetes; however, it needs further
validation with larger cross-sections of population. In an another study, it
was found that not only the adults but even the young population with a
positive FHD showed signs of increased risk for these conditions which
indicates the importance of family history approach to screening for
children at risk of T2DM and CVD (Valdez et al., 2007).
In our present study, we noticed a population trend where individuals
with positive family history of diabetes had significantly higher prevalence
of metabolic risk factors and its confounding factors as compared to their
counterparts during pregnancy, which is also affecting their next
generation leading to childhood obesity. Therefore, based on this
observation, it can be stated that positive FHD and CRP status plays an
important role in triggering the activation of metabolic risk factors during
the pregnancy period, and this could be one of the major factors for
development of T2DM and metabolic syndrome in the next generations.
These findings suggest that family history could be used as a tool for
genomic studies among the Asian Indians.
CRP is a potential biomarker for prediction of future risk of
cardiovascular disease (CVD) both in diabetic and non-diabetic
individuals, because even a small rise in plasma CRP levels leads to
cardiovascular events. In the present investigation of the association of
CRP+1059 G>C polymorphism with the progression to T2D, we have
observed that the frequency of G-allele is high in the Asian Indian
population (70%). Similarly high frequency for the G-allele (~90.0%–
96.3%) has been reported in studies conducted on other world populations
(Pasalic et al., 2009; Tanja et al., 2008).

Complimentary Contributor Copy

C-Reactive Protein and Family History

211

Heterozygous carriers of C allele (GC) in the present studied
population have shown protection towards the disease manifestation. The
GC genotype is highest in controls (9.8%) as compared to cases (2.3%–
3.4%) suggesting that some kind of selection pressure is operating on the
GC genotype. Considering the thrifty genotype hypothesis, the ancestral
version of the alleles proves to be deleterious in the present day
environment while the rarer alleles which may have protective effects
against the disease have evolved lately (Sharma 1998). Fernandez-Real and
Ricart have implicated the role of genes encoding for cytokine synthesis as
thrifty genes (Fernandez-Real & Ricart, 1999). The hypothesis suggested
that higher secretion of cytokines and increased acute phase response were
an evolutionary adaptation to phases of acute infections and trauma. In the
ancestral period, outbreaks due to infections were higher. Simultaneously
due to exposure to famines, metabolic pathways favored insulin resistance
to survive in low food situations. It has been proposed that insulin
resistance and cytokine responder genotypes were favorable adaptations to
low fat, high fiber and high physical activity environment. The genomes of
the present day human are still genetically adapted to ancestral conditions
which are designed to fight against infection with minimal food intakes
and high physical activity. However, environmental transition is more
rapid, and evolution being a slow process, our genotypes have not
modified according to the present day environments of lower infections,
availability of surplus food and low physical activity. In the absence of the
favorable conditions and with advancement of age, insulin resistance
ensues which further activates inflammatory cascade that eventually results
in atherosclerosis. Thus, in the presence of insulin resistance genotypes and
western lifestyle, a high cytokine responder genotype would be more prone
to develop T2D and atherosclerosis. Although+1059 G > C polymorphism
is a silent polymorphism, yet the ancestral allele of the polymorphism (Gallele) has been associated with higher CRP levels in various studies as
discussed above. Higher CRP levels are suggestive of inflammatory
response which may get accentuated in the background of obesity and
insulin resistance condition in T2D. The higher frequency of the G-allele in
most of the populations and the protective effect of GC genotype in the
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present study could be viewed in the background of its role as a thrifty
genotype.

CONCLUSION
From our study, we therefore can conclude that the CRP +1059 G > C
polymorphism seem to have functional effects on protein production
(Eklund et al., 2005). It has also been proposed that silent SNPs can lead to
protein product with the same amino acid sequence, but with different
structural and functional properties which might play an important role in
defining the protein levels (Radha & Mohan 2007). The reason for
discrepancies in association studies across populations may be explained
by diverse ethnic background of different populations as different ethnic
groups have different susceptibility towards the disease (Komar 2007).
Taken together, these observations raise the possibility that these
polymorphisms in combination with both family history and environmental
factors may account for the phenotype of peripheral insulin resistance and
impaired insulin secretion, the two typical features of Type II diabetes.
Also, having observed that family history of diabetes (FHD) is indeed
an important and independent risk factor for genomic studies of complex
diseases like T2DM, efforts should be made toward translating this
knowledge for use in public health programmes designed to detect and
prevent diabetes. Once this is achieved, FHD should be incorporated into
the screening and prevention programmes for T2DM as rigorously as
possible to make these programmes significant and cost-effective.
However, the present study has several limitations. In the limitations of
the present study, firstly, the association of polymorphism with the protein
levels needs to be established. Secondly further studies relating the protein
levels with studied polymorphism and other functionally relevant
polymorphisms which may be in LD with the studied SNP are required on
larger sample size to validate the findings of the present study with more
statistical power.
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Chapter 10

SENSITIVITY AND SPECIFICITY OF BODY MASS
INDEX TO ASSESS EXCESS ADIPOSITY
Jyoti Ratan Ghosh*
Department of Anthropology, Visva-Bharati,
Santiniketan, West Bengal, India

INTRODUCTION
Since the introduction of the Quetelet index (QI) {body mass index
(BMI)} in 1832 (Eknoyan, 2008), it was widely used as a measure of
excess adiposity or obesity (Price et al., 2018; Volkovicher et al., 2018).
Not only that, BMI was also found to be associated with different
metabolic and physiological abnormalities (Ghosh and Bandyopadhyay,
2007; Xu et al., 2008; Kaplan et al., 2014; Leonska-Duniec et al., 2018).
However, epidemiological studies in Asian populations, especially in
Indians revealed higher prevalence of cardiovascular disease and type 2
diabetes with a lower mean BMI, but interestingly had higher percent body
fat (PBF) at a corresponding BMI value than Europeans (Razak et al.,
*
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2007; Xu et al., 2008). Therefore, using a BMI cut-off value based on adult
Europeans may not truly identify Asian Indians with excess adiposity, as
the relationship between BMI and PBF varied among different ethnic
groups (Gurrici et al., 1998; Deurenberg et al., 2000).
As a consequence, in 2000 a WHO expert consultation on the obesity
issues in Asia–Pacific region suggested redefining the criteria for obesity,
recognizing the necessity for ethnic specific cut-off points. However, they
recommended that the conventional (WHO, 1995) BMI cut-off point of
≥30 kg/m2 should be retained as an international classification for obesity.
In a publication of this WHO consultation, the proposed BMI cut-off point
for overweight was 23–24.9 kg/m2, and that for obesity was ≥25 kg/m2
(WHO, 2000).
In a succeeding publication in 2004, another WHO consultation
resolved that the available data do not necessarily indicate one clear BMI
cut-off for all Asian Indians for overweight and obesity. No attempt was
made therefore to redefine cutoff points for each population separately
(WHO, 2004).
In the present study, an attempted has been made to test the ability of
different BMI cut-off points to predict high percent body fat by sensitivity/
specificity analysis. This would help to develop population specific BMI
cut-off value for identifying individuals with truly excess adiposity. This
was more important for Asian populations, because for every level of BMI
the predicted fat mass was higher in Asian populations (Dudeja et al.,
2001; Deurenberg et al., 2002). Thus, the purpose of this study was to
examine the sensitivity and specificity of BMI in adult Asian Indian
women to detect excess adiposity.

MATERIALS AND METHODS
The present community-based cross-sectional study comprised adult
Asian Indian women living in and around Kolkata, India. A total of 364
participants aged 18–70 years took part in the study. Pregnant and lactating
women, women undergoing hormone therapy as well as under medication
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or with chronic disease were not included in the study. Prior to
participation, individuals were informed by public advertisement and oral
communication about the study with the help of the local officials.
Individuals who responded to the advertisement were selected randomly.
Informed verbal consent was obtained from each participant before
commencement of the study. Age was obtained by interview and verified
with horoscope or birth certificate whenever possible.
Anthropometric measurements namely height (HT) and weight (WT)
were measured using standard procedures (Lohman et al., 1988). HT was
measured to the nearest 0.1 cm using moveable anthropometer. WT was
measured to the nearest 0.5 kg using weighing machine. BMI (kg/m2) was
derived subsequently. Percent body fat (PBF) was measured using
bioelectrical impedance analysis (BIA) (OMRON HBF-302). Several
studies have shown a strong correlation between PBF, FM, and FFM as
measured by BIA and dual-energy-X-ray-absorptiometry (DEXA)
(Goldfield et al., 2006; Boneva-Asiova and Boyanov, 2008). The BIA has
also been validated for Asian Indians (Vasudev et al., 2004).
Descriptive statistics for anthropometric variables were computed by
mean and standard deviation (SD). Pearson correlation coefficient was
used to quantify the relation between BMI and PBF. The receiver operating
characteristic (ROC) curve analysis was used to evaluate the ability of
BMI for assessing excess adiposity and the accuracy was determined by
examining the sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), Youden’s index and overall
misclassification. Excess adiposity was defined as total body fat greater
than thirty percent (Hortobagyi et al., 1994; Dudeja et al., 2001). Statistical
analyses were performed using the Statistical Package for Social Sciences
(SPSS). A p value of <0.05 was considered as significant.

RESULTS
Characteristics of the studied population are shown in Table I. The
mean age was 31.88 years (SD 14.26 years), with a range of 18 to 70 years.
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The mean BMI and PBF was 23.61 kg/m2 (SD 4.43) and 28.47 (SD 6.45),
respectively. When conventional BMI cut-off value of ≥30 kg/m2 was
applied, 30 (8.2%) women were obese or have excess adiposity. However,
the result varied considerably when PBF was used as the measurement of
excess adiposity. Based on PBF, 132 (36.3%) women had excess adiposity.
Result of the Pearson correlation analysis revealed significant positive
correlation between BMI and PBF (r = 0.561) and BMI explained 31.4% of
variance of PBF (p < 0.01). Table II shows the results of the ROC curve
analysis for the BMI cut-off values in relation to excess adiposity by PBF.
The results revealed that the sensitivity and specificity as well as the PPV
and NPV of the conventional BMI cut-off value for excess adiposity were
18.93%, 97.84%, 83.32% and 67.93%, respectively. However, based on
the ROC curve (Figure 1) and the trade-offs between improving BMI’s
sensitivity and specificity, the optimal cut-off value was BMI ≥ 23.4 kg/m2
with a sensitivity and specificity 77.27% and 72.84%, respectively in
assessing excess adiposity. With this cut-off value, the sensitivity of BMI
in relation to PBF increased but the PPV was low. Moreover, lowering the
BMI cut-off value from ≥ 30 kg/m2 to ≥ 23.4 kg/m2 increased Youden’s
index from 0.17 to 0.50 and decreased overall misclassification 5.22%.
1.00

Sensitivity

.75

.50

23.4 (kg/m2)
.25

0.00
0.00

.25

.50

.75

1.00

1 - Specificity
Figure 1. Receiver operating characteristic curve of BMI (kg/m2) in assessing obesity.
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Table I. Characteristics of the study population
Variables
Age (year)
Height (cm)
Weight (kg)
Percent body fat
Body mass index (kg/m2)
SD, standard deviation.

Mean
31.88
152.81
55.19
28.47
23.61

SD
14.26
6.14
11.13
6.45
4.43

DISCUSSION
The present study examined the sensitivity and specificity of BMI to
detect excess adiposity in adult Asian Indian women. In epidemiological
studies and in clinical practice BMI was widely used as a proxy measure of
excess adiposity. However, the efficiency of BMI is depends on its
sensitivity and specificity to detect excess adiposity. This varied with
ethnicity, due to the biological variation in body shape and composition.
However, the ROC curve analysis in the present study demonstrated low
sensitivity (18.93%) and high specificity (97.84%) of the conventional
BMI cut-off value to detect excess adiposity. Such a low value of
sensitivity and high specificity suggested that this BMI cut-off value failed
to detect excess adiposity in ~ 80% of subjects who had truly excess
adiposity. In other words, conventional BMI cut-off value was not useful
to detect individuals with excess adiposity. A recent study in Saudi adults
also revealed low sensitivity and high specificity of BMI in assessing
excess adiposity (Habib, 2013). Study in Asian-American women also
revealed poor sensitivity of BMI to detect PBF (Carpenter et al., 2013).
Dudeja et al. (2001) and Hortobagyi et al. (1994) also observed similar
results.
The ROC analysis revealed that the best compromise between
sensitivity and specificity for optimal BMI cut-off value to detect excess
adiposity was 23.4 kg/m2, and the corresponding sensitivity and specificity
was 77.27% and 72.84%, respectively. However, this cut-off value was
lower than the conventional cut-off value to detect excess adiposity and
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thus, could identify individuals who would otherwise be considered as
normal by the conventional cut-off value. In relation to the conventional
cut-off value for excess adiposity, a lower BMI cut-off of 23.4 kg/m2
produced increased sensitivity (18.93% vs. 77.27%) and moderately
decreased specificity (97.84% vs. 72.84%). In reality, it was difficult to
achieve high sensitivity and specificity simultaneously, thus relative
importance of sensitivity vs. specificity was taken into consideration.
However, the BMI cut-off value of 23.4 kg/m2 instead of 30 kg/m2
increased the likelihood (Youden’s index 0.50 vs. 0.17) ~ three times for
detecting individuals with excess adiposity, who had truly excess
adiposity. Additionally, this lower BMI cut-off value decreased 5.22%
overall misclassification. However, it is noteworthy to mention that for
women in our sample, the proposed BMI cut-off value (≥25 kg/m2) of
WHO (2000) revealed only 44.7% sensitivity and 83.6% specificity. In a
study, Bozkirli et al. (2007) also observed that the conventional BMI cutoff value underestimated the prevalence of excess adiposity in Turkish
population. Moreover, several other studies also revealed that lowering the
BMI cut-off value improved its ability to assess excess adiposity (Dudeja
et al., 2001; Ko et al., 2001; Ghosh and Bandyopadhyay, 2007).
Table II. Sensitivity and specificity of BMI (kg/m2) as
a measure of obesity
Cut-off
points
BMI ≥
30 kg/m2
BMI ≥
25 kg/m2
BMI ≥
23.4
kg/m2

Sensitivity
(95%CI)
18.93%
(14.9-22.9)

Specificity
(95%CI)
97.84%
(96.4-99.3)

44.7%
(39.6-49.8)
77.27%
(73.8-80.8)

83.6%
(79.8-87.4)
72.84%
(68.3-77.4)

83.32%

67.93%

Youden’s
index
0.17

60.83%

72.62%

0.28

26.64%

61.81%

84.91%

0.50

25.56%

PPV

NPV

Overall
misclassification
30.78%

PPP, positive predictive value; NPV, negative predictive value; BMI, body mass index

The cardinal feature of the present study was the predictive values (i.e.,
PPV and NPV) of BMI in relation to the PBF. As shown by the PPV of the
conventional BMI cut-off value, almost 17% of women with high PBF
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(PBF >30%) had BMI < 30 kg/m2. On the other hand, high NPV indicates
that almost one out of three (~32%) women with normal PBF (<30%) had
high BMI (≥30) kg/m2. However, the PPV of the optimal BMI cut-off
value in our sample was 61.81%. Indicated that approximately 38% of
women who had a BMI ≥ 23.4 kg/m2 did not have high PBF (<30%). Thus,
the results indicated that BMI was a relatively poor predictor of excess
adiposity in the studied population. One possible reason might be the
weaker association between BMI and PBF in the studied population.
Because, BMI as a proxy measure of adiposity explained only 31.4% of
variance of PBF. A recent study by Carpenter et al. (2013) also observed
weak association between BMI and PBF among Asian-American women.
Moreover, the weak association between BMI and PBF might be due
to the fact that BMI does not measure fat mass or percentage fat only, but
measures both fat mass and fat free mass without distinguish between them
(Garn et al., 1986; Hortobagyi et al., 1994; Charbonneau-Roberts et al.,
2005; Rona et al., 2011). Therefore, individuals with the same BMI may
have different proportions of fat mass. Furthermore, it has been observed
that BMI underestimate excess adiposity among those with long legs and
overestimate excess adiposity among those with short legs relative to torso
length (Garn et al., 1986; Charbonneau-Roberts et al., 2005).

CONCLUSION
Therefore, measuring body fat instead of BMI could be an appropriate
way to categorize individuals with excess adiposity. Although BIA is a
validated measure of body composition, acknowledging that the use of
more accurate measures like DEXA would have improved our analysis.
However, this preliminary finding warranted further studies in other Asian
ethnic groups to understand whether the same relationships exist. Since, it
is the amount of excess body fat, rather than the amount of excess weight
that determines the health risks of obesity (Deurenberg et al., 1998;
Deurenberg et al., 2001).
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Chapter 11

FRAMING OBESITY AND UNDERNUTRITION
AS PROBLEMS FOR GOVERNMENTS
Stanley Ulijaszek
Institute of Social and Cultural Anthropology,
Oxford University, UK

INTRODUCTION
The epidemiologies of obesity and undernutrition are conducted using
standardized metrics in very regulated ways. From the 1950s,
anthropometric measures have been used overwhelmingly as measures of
social welfare in public health, economics and national statistics (Ulijaszek
and Komlos 2010). Their predominant use in most recent decades has been
as proxies of human nutritional health (both under- and over-nutrition) and
well-being (or lack thereof), as well as of physical productivity and health,
in relation to measures of economic productivity, morbidity and mortality
risk, where non-normative values of body size, usually height and weight,
are interpreted as carrying risk. The procedures and protocols involved in
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these specific usages have been critiqued in various ways. For example,
measurement in public health practice has been criticized as universalizing
the human body when relating individuals to norms (Mol 2009) and of
health to measurement (Yates-Duerr 2013). Issue has also been taken with
the stigma that accompanies the measurement and medicalization of bodies
(Rubin and Joseph 2013). Bodies are physical entities with economic,
social and medical correlates, and the standardization of bodily measures
of obesity and undernutrition have political and economic implications.
This paper describes the now-historical process of nutritional assessment in
public health anthropometry, and examines how public health reporting of
obesity and undernutrition informs the discourse about nutritional health at
governmental level. Examples are predominantly taken from India and the
United Kingdom (UK).

NUTRITIONAL CLASSIFICATION USING ANTHROPOMETRY
In nutritional epidemiology, anthropometry can be used as a proxy for
nutritional status, or as a measure of exposure to nutritional stress.
Anthropometry became a proxy for nutritional status with the World
Health Organization Technical Report ‘Assessment of the Nutritional
Status of the Community’ (Jelliffe 1966). This became the standard text for
relating anthropometry to nutrition and to social welfare in the subsequent
two decades. The use of anthropometry in health and nutritional
assessment has a formal scientific basis which stems from life insurance
estimation of mortality prediction from the early twentieth century. The
publication of ‘standard height-weight’ tables by the life insurance industry
began with the Medico-Actuarial Mortality Investigations of 1912 (Keys
et al., 1972). These tables provided ‘ideal’ weight for ranges of height for
use among insured adults in the United States (US) and Canada, according
to sex and three categories of body frame. The first version of these
standard tables, based on actuarial data relating to blood pressure (as a
proxy for chronic disease risk), was brought into general use for assessing
ideal body weight in the US in 1942/43 by the Metropolitan Life Insurance
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Company (Weigly 1984). Stature and weight continue to be the most
widely used measures of nutritional status and disease risk at both
extremes of body size. They give the simplest measure of attained frame,
or skeletal size, and of soft tissue mass (Ulijaszek 1997).
Obesity came to be measured with the body mass index (BMI),
subsequent to its being described as the least-worst anthropometric
measure of this phenomenon. The BMI had its origins in the Metropolitan
Life Insurance Company tables. While body weight is always related to
stature, the relationship is non-linear, and even direct correction for height
does not remove this relationality completely. The height dependency of
weight and stature-based measures of nutritional status was of concern for
early epidemiological investigation of the health impacts of excess body
fatness (Boe et al., 1957), because it made nutritional assessment difficult.
After examining the height dependency of a number of weight-height
indices and ratios, Boe et al., (1957) concluded that weight over height
squared (W/H2) gave the best height independent measure of relative
weight. Subsequent studies in British, Cook Islander and US populations
confirmed this view (Ulijaszek 2017). In an analysis of the relative height
independence of body fat prediction using different weight to height ratios,
Keys et al., (1972) found generally much lower correlations of height with
W/H2 than with either weight over height (W/H) or weight over height
cubed (W/H3). These authors concluded that the ratio W/H2 was clearly
better than other measures of relative weight, and declared that this ratio be
named the body mass index.
The cut-offs for ideal weight used in the Metropolitan Life Insurance
Company tables are similar to those that were subsequently recommended
for nutritional assessment using BMI by the Royal College of Physicians
(1983) in the UK. The adoption of the closest whole-number BMI
equivalent value to the very lowest and very highest boundaries for healthy
weight in the Metropolitan Life Insurance Company tables by the Royal
College of Physicians (1983) permitted ideal healthy weight to be
determined without having to consider or measure frame-size (an
undefined construct within these tables), simplifying anthropometric
obesity assessment (James 2004). The BMI cut-offs of 18.5, 17.0 and 16.0
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kg/m2 were accepted for the assessment of different grades of adult
undernutrition, or chronic energy deficiency, in 1992 (Shetty and James
1994), while BMI cut-offs of 25 and 30 kg/m2 were accepted for
classifying overweight and obesity by the World Health Organization
(WHO) in 1997 (World Health Organization 2000). Alongside the
acceptance of BMI as the measure of nutritional status of adults came the
standardization of risk of mortality (Flegal et al., 2007) and morbidity
(Campbell and Ulijaszek 1994; Canoy et al., 2007) at both lower and
higher extremes of BMI.
At the upper end of population distribution, BMI shows strong
associations with morbidity and mortality from number of chronic diseases
and disorders for adults (World Health Organization 2000), and among a
limited number of risk markers for chronic disease among adolescents
(Bhargava et al., 2004). Figure 1 shows all-cause mortality according to
BMI from the largest meta-analysis of BMI against mortality to date, the
Prospective Studies Collaboration (2009), which includes nearly a million
adults from 57 prospective studies.
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Figure 1. All-cause mortality relative to body mass index, for 894,576 adults in 57
prospective mortality studies in industrialized countries (data from Prospective Studies
Collaboration 2009).
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Epidemiological studies relating BMI to mortality have
methodological biases, however, including reverse causation and
confounding by related factors such as smoking (Hu 2008).
Epidemiological critiques of BMI include its inconsistent relationship with
body fatness (Gallagher et al., 1996; Freedman and Sherry 2009), that it
does not distinguish between potentially harmful fat in the liver and viscera
(Carroll et al., 2008), and that it does not reflect health risk very well,
except at the extremes (Lee et al., 2008).
BMI persists as a standard anthropometric measure of adult obesity,
however, for both pragmatic and historical reasons. The BMI has been
used for far longer than any other anthropometric measure, and was the
first to be appropriated for the assessment of obesity rates in populations,
after measures of stature and weight had been formalized for predicting
mortality. Furthermore, there is no alternative measure of obesity that is
collected nearly as systematically as the BMI. While waist circumference
and waist hip ratio show as good, if not better, associations with mortality
and morbidity risk (World Health Organization 2011), their possible
adoption for international comparison would risk delegitimising programs
and policies for obesity control that have used population monitoring of
BMI as the measure of success or failure, at a time when adult obesity rates
continue to rise (Stevens et al., 2012).
While the BMI has been universally adopted for obesity assessment, it
does not have the best fit for all the purposes to which it has been assigned:
individual classification; screening and monitoring for medical purposes;
population monitoring for public health purposes; and econometric
modelling. As the relationships between BMI, fatness and morbidity vary
across populations (World Health Organization Expert Consultation 2004),
there remain problems of how best to classify obesity using BMI.
Relationships with morbidity and mortality vary according to the measure
of obesity used, the population under investigation (be it of European,
Asian, of African ancestry, whether it is young or old, male or female), and
among the various classificatory boundaries that are used in obesity
research and practice (World Health Organization 2000). In some Chinese
(Li et al., 2002) and Asian (World Health Organization Expert
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Consultation 2004) populations, there is increased chronic disease risk at
lower levels of BMI than among European populations (Li et al., 2002),
and this has prompted recommendations for lower cut-offs for overweight
and obesity for people of Asian origin (World Health Organization Expert
Consultation 2004). At the other extreme, Pacific Islander populations
generally have lower body fatness relative to lean body mass at any level
of BMI, prompting the suggestion that higher BMI cut-offs should be used
to assess overweight and obesity in these populations (Swinburn et al.,
1999).
The BMI is also used to classify childhood obesity. This is more
problematic than among adults, because of the variability in the growth
rates of children both within- and between-populations which alters the
normative range of BMI according to different normative bodily
proportions at different ages, making fixed obesity cut-offs inappropriate.
Age-specific cut-offs for childhood overweight and obesity that pass
through adult classification cut-offs for overweight and obesity have been
accepted for international use, however, using normative distributions that
vary by age and sex (Cole et al., 2000). Evidence from systematic reviews
of adult chronic disease subsequent to childhood obesity shows there to be
significantly increased risk of premature mortality with child and
adolescent overweight or obesity, as well as significantly increased risk of
cardiometabolic morbidity (diabetes, hypertension, ischaemic heart
disease, and stroke) in adult life (Reilly and Kelly 2011). Cardiovascular
disease risk is, however, dependent on the tracking of BMI from childhood
to adulthood, with the risk of raised blood pressure in adult life being
highest among those at the lower end of the BMI scale in childhood, but
overweight in adulthood (Lloyd et al., 2010).
In the formalization of BMI for international use for the measurement
of obesity (World Health Organization 2000), the overarching aim was to
provide simplicity for assessment and monitoring of obesity world-wide.
Standardized classification of obesity was accepted by the World Health
Organization (2000) because it claimed that it allowed meaningful
comparisons within and between populations, the identification of
individuals and groups at increased risk of morbidity and mortality, the
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identification of priorities for intervention at individual and community
levels, and a firm basis for evaluating interventions.

Reporting Obesity
Both height and BMI are positively associated with socioeconomic
status (SES) in India (Som et al., 2014), and a positive secular trend in
increased body size has been observed in some populations there (Khanna
and Kapoor 2004). There has also been an increase in obesity rates among
children and adolescents (Mistry and Puthussery 2015) and among adults
in most Indian States (Bharati et al., 2007). While there has been an
emergence of the dual burden of undernutrition and obesity across much of
India (Bharati et al., 2007) (Table 1), such dual burden does not exist yet
among those of low SES, suggesting that transition towards energy-dense,
nutrient-poor diets and low physical activity (Popkin 2002) in India is at an
early stage (Subramanian et al., 2009).
In the UK, various surveys from the start of the nineteen hundreds
onwards show there to have been a secular trend towards increased height
and weight until the 1970s (Floud et al., 1990), followed by emergent
overweight and obesity among children (Chinn and Rona 2001) and adults
(Garrow 1978) especially among those of lower SES (Ulijaszek 2014). In
the UK and other high income countries (HICs), rates of childhood
overweight and obesity appear to have plateaued (Wabitsch et al., 2014),
although this effect has been shown mostly in studies of short duration
(Visscher et al., 2015). Where rates of childhood and adolescent obesity
have been shown to plateau, socioeconomic inequalities in obesity rates
have persisted or increased (Ulijaszek et al., 2016), as in the US (Frederick
et al., 2013) and the UK (Stamatakis et al., 2010). Data that is taken to be
nationally-representative in England show this effect between 2007 and
2015 (Figure 2) (Public Health England 2016), expressed as percentage
differences in obesity rates between the least and most deprived Local
Authority Districts.
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Table 1. Percent obesity, overweight and undernutrition, India, adult
women (data from Bharati et al., 2007)

Figure 2. Percentage difference in obesity rates between the least (1st decile) and most
(10th decile) deprived Index of Multiple Deprivation Local Authority Districts based on
school postcode, England, between 2007/8 and 2013/14, children aged between
four and five years, and between ten and eleven years (data from Public Health
England 2016).
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Anthropometry as Evidence in Policy Making
The most basic form of evidence for policy on nutritional status is
nationally-representative data across administrative units and across time.
The use of the concept of human capital, which includes adult height,
educational achievement, income and birth weight, expresses the economic
logics that underpin the intervention, that good nutrition is a prerequisite
for economic development (Bryce et al., 2008). Nutrition came to the
policy forefront in India in the 1990s, with the National Nutrition Policy
(1993) and the 1995 National Plan of Action on Nutrition (Mohmand
2012). With respect to undernutrition in India, two data sources for
nationally-assessed nutritional status for policy purposes have
predominated. The first of these, the National Family Health Survey
(NFHS) is collected periodically by the International Institute for
Population Sciences, and is a large-scale, household level sample survey
conducted across India that provides information on the main outcome
indicators of malnutrition - underweight, stunting and wasting, along with
a host of other health indicators. This survey has been repeated
periodically, with NFHS-1 having been conducted in 1992-93, NFHS-2 in
1998-99 and NFHS-3 in 2005-06. The second of these, the Integrated
Child Development Services (ICDS) scheme of the Ministry of Women
and Child Development carries out regular monitoring of the weight of
children under the age of 6 years, among its many functions.
Anthropometric nutritional assessment has been used in both NFHS and
ICDS surveys to identify the regions of India with highest burdens of
undernutrition. Obesity has never been measured or reported
systematically using the NFHS or ICDS surveys. However, at the national
level, obesity policy in India is observed in the reporting of data to the
WHO and some compliance to WHO obesity policy (World Health
Organization 2000; 2016).
As with measures of anthropometric undernutrition, the measurement
of obesity rates and its reporting provides evidence for the existence of
population obesity and its changing patterns across time, and for
identifying possible governmental interventions against it. Speaking to the
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importance of data collection for childhood obesity policy, Nathan et al.,
(2005) assert that policy can be made in the absence of strong research
evidence, but where powerful and competing groups contest possible
policy options, the evidence required needs to be substantial. Nationallyrepresentative data on obesity rates are often illustrated using obesity
prevalence maps, where obesity rates are shown according to
administrative units within-nation. Figure 3 shows such a map for England,
according to Local Authority. Such maps have been used to illustrate
inequalities in rates of obesity according to social class, gender, ethnicity
and geography across the country and within cities. By combining
categories, such mapping has also been used to demonstrate regional
differences due to variations in proportions of the population of low SES
across the country and according to levels of deprivation (Moon et al.,
2007).

Obesity rate (%)

Figure 3. Obesity rates in adults, England 2012.
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Epidemiological data collection and reporting, and the use of obesity
epidemiology in econometric modelling of the impacts of obesity, are
usually starting points for state-led obesity interventions (Malik et al.,
2013). The spur to policy action by most nation-states is overwhelmingly
economic (Ulijaszek 2017). The most persuasive political arguments
usually involve framing obesity as a significant burden to the economy and
health service, usually through costs to employers, its medical
management, and of the chronic diseases associated with it (Wang et al.,
2011). In the UK, obesity has also been compellingly depicted as a drag on
the economy, both in terms of lost productivity and in terms of costs to
state-provided health care provision (House of Commons Health
Committee 2004). Obesity assessment from annual data collection of adult
heights and weights by Health Survey for England (HSE) was initiated in
1993, while the National Child Measurement Programme (NCMP) was set
up to monitor childhood obesity in 2007 by the National Obesity
Observatory (NOO). The NCMP continues as an annual programme of
measurement of heights and weights of the vast majority of children in the
first and final years of State-funded primary schools in England. Both HSE
and NCMP obesity monitoring hold UK National Statistics status in the
same way that the reporting of births, deaths and marriages does.
The categorization of obesity as a disease in the US and by the WHO
has aimed to raise the profile of obesity for medical intervention, but this
categorization continues to be contested (Rich et al., 2011). Obesity as risk
factor also has a place in the framing of health policy, because it sits
among other risk categories such as smoking, unhealthy diet, and physical
inactivity for chronic disease onset and progression (Erlichman et al.,
2002). Categories of risk have ambivalent status in policy-making,
however. For example, smoking damages health and human productivity,
but its taxation gives a steady stream of reliable income to governments
(Chaloupka and Warner 2000). Similarly, unhealthy diet is damaging, but
the food industry, which supplies uncontaminated and affordable food to
large populations, primarily seeks to continue its operations without undue
regulation (Ulijaszek and McLennan 2016).
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Figure 4. Distribution of self-reported health scores (the higher the healthier) according
to obesity (according to body mass index) and chronic illness, after adjusting for age,
gender, and frequency of health service utilization, United Kingdom (data from Doll
et al., 2000).

DISCUSSION
Undernutrition reduces work capacity and productivity among adults,
reducing earning capacity and aggravating poverty, as well as enhancing
mortality and morbidity among children (Anish et al., 2013). Furthermore,
poverty in childhood increases risk of non-communicable diseases in adult
life (Conroy et al., 2010). While nutrition policy in India remains focused
on undernutrition, the collection of nationally-representative data on
anthropometric nutritional status has highlighted the decline in nutritional
stunting, if not of wasting (Mohmand 2012), and the rise in obesity in more
recent years (Bharati et al., 2007). The emergence of the dual burden of
both undernutrition and obesity across the nation, even if not yet located
among those of low SES (Subramanian et al., 2009), has led to calls for
national nutrition policy that can address this new problem (Mohmand
2012). The economic costs of obesity to India include those of lost
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productivity, but increasingly the costs of treating the rapidly rising rates of
type two diabetes (Mohan et al., 2007).
While BMI cut-offs for obesity classification are viewed as being
meaningful according to epidemiological analyses (World Health
Organization Expert Consultation 2004), they can differ from individual
health perceptions of health and well-being. For example, self-reported
health status of adults in the UK among obese people who have not
experienced chronic disease is similar to that of people categorized as
being of normal weight (Figure 4), with respect to physical function,
bodily pain, general health and vitality, social functioning and mental
health (Doll et al., 2000).
Obesity may not be perceived as a problem among those carrying
excess body fatness prior to experiencing any of the chronic diseases
associated with it. Anthropometric measurement of obesity has been
critiqued by social scientists for its medical distancing of the individual
experience of living with a fat body (Yates-Doerr 2013), whether or not
such experience has been linked to chronic disease experience. It has also
been viewed by social scientists as a way of universalizing the human body
by governmental institutions through epidemiological reporting, by relating
individuals to norms and health to measurement (McCullough and Hardin
2013). Brewis et al., (2011) note the stigma that accompanies the
measurement and medicalization of fat bodies, while Puhl and Brownell
(2001) have reported the widespread stigma attached to obesity. The
stigma attached to undernutrition has also been reported to be a barrier to
the uptake of medical treatment and nutritional rehabilitation by mothers
and young children in Pakistan (Mull 1991), Tanzania (Howard and
Millard 1997) and Kenya (Bliss et al., 2016).
The policy uses of anthropometric nutritional status combine it with
other nationally-oriented data such as birth, death, disease and economics.
The reported numbers and their use in policy are a long way from the
individuals that data collection is designed to serve. Undernutrition in India
persists, and is framed as an object for policy intervention, as good
nutrition is seen as a prerequisite of economic development in low income
countries. In HICs, obese people are shamed and obesity is viewed as a
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drag on the economy. Through reporting nutritional status, ideal citizenbodies are constructed through growth and body size references, not in
relation to individual well-bring, but in relation to the best economic
functioning of the State. Neoliberal politics forces ideal body citizenship
on the individual, however, despite individuals and populations being
urged, in the case of India, to develop (Berg 1973), and in the case of the
UK, to consume (Ulijaszek and McLennan 2016). Thus measuring and
reporting nutritional status and obesity raises questions about differing
forms of biological citizenship.
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OBESITY: CONCEPT AND EPIDEMIOLOGY
Overweight and obesity are defined as abnormal or excessive fat
accumulation that may impair health. Body Mass Index (BMI) is a simple
index of weight-for-height that is commonly used to classify overweight
and obesity in adults. It is defined as a person’s weight in kilograms
divided by the square of his height in meters (kg/m2) i.e., BMI = Wt in
Kg/Ht in m². The WHO defines overweight as BMI greater than or equal to
25kg/m2 but less than 29.9kg/m2; and obesity as BMI greater than or equal
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to 30 kg/m2(WHO, 2017a).Though for the Asian population a BMI of
27kg/m2 is equivalent to a value of 30 kg/m2 in other groups (WHO,
1998). Overweight means excess in body weight and may be the resultant
of higher lean body mass(muscle, bone, or body water content) but not
only because of the weight of the total body fat. Obesity, on the other hand,
denotes the presence of excess body fat. All obese persons are overweight,
but all overweight persons are not necessarily obese as the excess body
weight may arise from the lean body mass as well (Mandal, 2010). The
adverse health outcomes associated with overweight and obesity range
from an increase risk of mortality to a non-fatal debilitating disease (WHO,
1998). Obesity therefore is a medical condition of excess of body weight
due to the accumulation of fat leading to an adverse effect on health,
reduced life expectancy and/or increased health problems.
Genetics, environmental, metabolic, behavioral, and socio-cultural
factors play major roles in pre disposing a person to obesity. Genetics
plays an important role in shaping the BMI status of an individual. How
much variation in weight gain among individuals can be accounted for by
genetic factors? Obesity frequently begins in childhood and generally the
obese parents may likely have overweight children. Familial association is
not a proof of genetic inheritance for families having shared eating and
exercise habits. However, familial association cannot be considered as a
proof of genetic inheritance-as families share common lifestyle pattern
such as dietary pattern and exercise habit. It is claimed that about 200
different genes or loci have been linked with controlling obesity in humans
(Lau, 1999). However, the pattern of inheritance of obesity suggests that
the effect is polygenic, with each variant of many different genes making a
small difference in effect (Sorensen and Soren, 2001). Apart from this,
both age and sex have role to play in causing obesity. Many studies have
shown that excessive weight gain leading to overweight and obese
condition usually develops slowly through adulthood and most weight gain
occurs between the age of 25 to 44 years. Again females are more prone to
obesity as compared to males because of their anatomical structure and
physiological features such as not losing the weight they have gained
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during pregnancy and gaining body weight by about 12-15 pounds with the
attainment of menopause.
When we talk of the environmental factors, it encompasses the totality
of the surrounding in which we find ourselves. Gaining excessive body
weight leading to overweight and obese condition is a long term process
brought about by a number of socio-cultural practices and habits. The way
of eating during childhood can affect the way one eats as adults. The way
of eating over many years becomes a habit. What we eat, when we eat, and
how much we eat is certainly a determinant of weight gain and obesity.
Certain habits such as eating more food than our body can use, drinking
too much alcohol, not getting enough exercise, quit smoking, stress,
anxiety, feeling sad, or not sleeping well are said to be important
contributory factors for gaining excessive weight and obesity. At the same
time certain medical problems or treatments cause weight gain including
underactive thyroid gland (hypothyroidism), medicines such as birth
control pills, antidepressants, and antipsychotics.
On the whole, the potential contributory factors culminating to global
increase in overweight and obesity in the past three decades are changing
lifestyle patterns such as increase in calorie intake, changes in the
composition of diet, decreasing levels of physical activity, and changes in
the gut microbiome as well (Bleichet al., 2008, Astrup and Brand-Miller J,
2012, Drewnowski and Popkin, 1997, Popkin, 2001, Blair, 2013). Though
there are multiple causal factors associated with the rise in obesity in
developing countries, the two most important factors are urbanization and
globalization (Benjamin Caballero, 2007, Nanan, 2002). In short,
urbanization and globalization have resulted in modernization which is the
key causal factor for overweight and obesity. The urban lifestyle as
compared to the rural setting has difference in energy balance as a result of
difference in energy intake and energy expenditure. The energy consuming
manual labor, long walks to work places for earning their livelihood and
also procuring their subsistence typical of rural areas are replaced by
sedentary lifestyle characterized by mechanized system of transportation,

Complimentary Contributor Copy

252

Soibam Jibonkumar Singh and Thoudam Bedita Devi

machineries and desk or sidewalk job. In short the urban lifestyle demands
much lower energy expenditure as compared to the rural way of living in
rural settings. On the other hand, the urban dwellers consume more energy
dense food readily available in the urban market in contrast with low
energy expenditure thus culminating to gradual weight gain. Whereas the
reverse is the condition of the rural dwellers as they expend more energy
and consume low nutrient and less energy content food conditioned by low
economy on one hand, and unavailability of energy dense food on the
other. As such the children in rural areas cannot achieve normal growth
thus resulting into underweight adults. As economic development bring
some characteristics of urban lifestyle to rural communities, these
populations also begin to show increasing rates of obesity, particularly
among women these days (Mendez, 2005). Unhealthy deitary habits and
less physical activity are likely to endure thereby increasing the risk among
today’s youth for obesity and chronic diseases in future unless the public
health initiatives are designed to be multilevel and take into consideration
the multiple correlations that influence behaviour surrounding dietary
intake and physical activity (Sandra et al., 2012).
Obesity is a major risk factor for cardiovascular disease (CVD) and
Type 2 diabetes mellitus (DM) and in the presence of other risk factors for
non-communicable diseases (NCDs) such as smoking, hypertension,
elevated blood cholesterol and it has a multiplicative effect (Thorkhildet
al., 2000, Blackburn and Luepker, 1986). A number of literatures reveals
that the consequences of obesity include various diseases and morbid
conditions which increase the chances of mortality such as Diabetes,
Coronary Heart Disease, Peripheral Artery Disease, Stroke, Hypertension,
Hyperlipidemia, Arthritis, Obstructive sleep apnea, Pulmonary disease,
PCOS/infertility, Dysmenorrhea, Pregnancy complications, Gallbladder
disease, Skin infections, Urinary incontinence, Depression, Eating
disorders, social stigma, Cancers: breast, endometrial, colon, prostate,
gallbladder, kidney, esophagus, etc.
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OBESITY: GLOBAL SCENARIO
The worldwide prevalence obesity has nearly tripled since 1975. In
2016, more than 1.9 billion adults, 18 years and older, were overweight. Of
these over 650 million were obese. As many as 39% of adults aged 18
years and above were overweight in 2016, and 13% were obese. Most of
the world’s population live in countries where overweight and obesity kill
more people than underweight. As many as 41 million children under the
age of 5 were overweight or obese in 2016. Over 340 million children and
adolescents aged 5-19 were overweight or obese in 2016 (WHO, 2017a).
Obesity has reached pandemic proportions globally with at least 2.8
million people dying each year as a result of being overweight or obese.
Once associated with high-income countries, obesity is now also prevalent
in low- and middle-income countries (WHO, 2017b). It has been reported
that number of overweight and obese individuals increased from 857
million in 1980, to 2.1 billion in 2013. The worldwide prevalence of
overweight and obesity combined rose by 27.5% for adults and 47.1% for
children between 1980 and 2013 (Emmanuelaet al., 2014).
It is a well-established and known fact that the prevalence of
overweight and obesity is overwhelmingly increasing globally during the
last few decades. Several studies have revealed that it has become a global
pandemic issue (Roth et al., 2004, Swinburnet al., 2011, Popkin and Adair,
2012). In 2010, a worldwide estimate reveals that overweight and obesity
resulted in 3.4 million deaths, 4% of years of life lost, and 4% of disabilityadjusted life-years (Lim SS, 2010), thus resulting in future fall of life
expectancy.
Getting little bit acquaintance with the numerical figure, the total
population of the world is 7,505,257,673 while 774,000,000 of them are
obese thus constituting almost 10.5%. New research suggests that, there
are about 775 million obese people in the world including adults, children,
and adolescents. Our research suggests that, there are nearly 650 million
obese adults on the planet, as defined as a body mass index (BMI) over 30.
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There are also about 125 million obese children and adolescents in the
entire world according to a BMI over 30 kg/m2. The majority of the obesity
on the planet resides in a few countries. The following data will reveal top
ranking status in relation to obesity parameter.
Top 10 Countries with most obese population size in order of ranking
as of July 1st, 2017
1.
US
2.
China
3.
India
4.
Brazil
5.
Mexico
6.
Russia
7.
Egypt
8.
Turkey
9.
Iran
10.
Nigeria
Source of Data; Renew Bariatrics, 2017.

–
–
–
–
–
–
–
–
–
–

109,342,839
97,256,700
65,619,826
41,857,656
36,294,881
34,701,531
28,192,861
23,819,781
21,183,488
20,997,494

Top 10 Countries with most obese population percentage in order
of ranking as of July 1st, 2017
1
Cook Islands
2
Palau
3
Nauru
4
Samoa
5
Tonga
6
Niue
7
Marshal Islands
8
Qatar
9
Kiribati
10
Tuvalu
Source of Data; Renew Bariatrics, 2017.

–
–
–
–
–
–
–
–
–
–

50.80%
47.60%
45.60%
43.40%
43.30%
43.20%
42.80%
42.30%
40.60%
40.30%
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Top 10 Countries with least obese population percentage in order
of ranking as of July 1st, 2017
1.
Central African Repoublic
2.
India
3.
Uganda
4.
Somalia
5.
Democratic Republic of the Congo
6.
Niger
7.
Eritrea
8.
Rwanda
9.
Bangladesh
10.
Source of Data; Renew Bariatrics, 2017.

–
–
–
–
–
–
–
–
–
–

5.10%
4.90%
4.90%
4.60%
4.40%
4.30%
4.10%
4.00%
4.00%
3.60%

The health risks associated with rising obesity being well aware
universally; member states of WHO have introduced a voluntary target to
stop the rise in obesity by 2025, (WHO 66.10, 2013) and also to address
the issue by regular monitoring and assessing the trend in the prevalence of
overweight and obesity in all populations (Swinburn BA, 2008, Cole TJ et
al., 2000, Gortmaker SL et al., 2011).
Substantial rise in the prevalence of overweight and obesity with
marked variations and distinct regional patterns across countries has been
observed in the past three decades. Though the trend of increasing
overweight and obesity is expected to continue in developing countries, as
suggested by the fact that two in three of the world’s obese people live in
such countries, it has started gradually attenuating in the past 8 years in
developed countries where increase in obesity that began in the 1980s
(Emmanuela et al., 2014).
Excess adiposity/body weight is now widely recognized as one of
today’s leading health threats in most countries around the world and as a
major risk factor for type 2 diabetes, cardiovascular disease, and
hypertension (Fogel, 1986). Until the last decades of the 19th century,
developed countries were still struggling with poverty, malnutrition, and
communicable diseases. These health problems were considered a major
cause of low industrial productivity (Fogel, 1997).
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Until relatively recently, obesity was considered a condition associated
with high socio-economic status. Indeed, early in the 20th century, most
populations in which obesity became a public health problem were in the
developed world primarily the United States and Europe. In more recent
decades, available data shows that the most dramatic increases in obesity
are in developing countries such as Mexico, China, and Thailand (Popkin
and Gordon, 2004). The global nature of the obesity epidemic was
formally recognized by a World Health Organization consultation in 1997
(WHO, 2004).

OBESITY: INDIAN SCENARIO
According to a study published in the noted journal Lancet, India is
just behind the US and China in this global hazard list of top 10 countries
with highest number of obese people (Emmanuela, 2014, Sharma, 2014)).
Report of the first phase of the National Family Health Survey (NFHS-4)
2015-16 shows that among the males the highest obesity is observed in the
population of Andaman and Nicober Union territory, followed by Goa,
Andhra Pradesh, Sikkim, Punjab, Dadra & Nagar Haveli, Daman and Diu,
Puducherry, Mizoram and Telangana in order of ranking. As for female
population is concerned, the top 10 ranking States and Union territories are
Chandigarh, Lakshadweep, Andhra Pradesh, Puducherry, Delhi, Goa,
Punjab, Telangana, Tamil Nadu and Daman and Diu. The report also
clearly reveals that in all the states and Union Territories, the number of
obese women almost doubled that of males. On comparing the report of
NHFS 4 with that of NFHS 3 and NFHS 2, the percentage of overweight
and obese population has risen substantially in India during the last one
and a half decade among the female population. The overweight and obese
population increased by almost 60% and 80% respectively among the
females during the said period. As for male population is concerned, a
marked increase of almost 90% for overweight population and 400% for
obese population is seen during the last decade.
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Top 10 States/Union Territory of India with most obese population
Percent in order of ranking, 2015-2016
Ranking Most obese male population
State/ Union Territory
Percentage
1
Andaman & Nicobar
8.1
2
Goa
7.7
3
Andhra Pradesh
7.7
4
Sikkim
5.9
5
Punjab
5.1
6
Dadra & Nagar Haveli
4.8
7
Daman & Diu
4.8
8
Puducherry
4.8
9
Mizoram
4.8
10
Telangana
4.8
Source: NFHS data.

Most obese female population
State/ Union Territory
Percentage
Chandigarh
14.9
Lakshadweep
14.6
Andhra Pradesh
10.3
Puducherry
10.2
Delhi
10.1
Goa
9.9
Punjab
9.2
Telangana
8.6
Tamil Nadu
8.3
Daman & Diu
8.1

Top 10 States/Union Territory of India with least obese population
Percent in order of ranking, 2015-2016
Ranking Least obese male population
State/ Union Territory
Percentage
1
Jharkhand
1.2
2
Nagaland
1.3
3
Bihar
1.3
4
Meghalaya
1.4
5
Chhattisgarh
1.4
6
Uttar Pradesh
1.6
7
Madhya Pradesh
1.6
8
Tripura
1.7
9
Assam
1.7
10
West Bengal
1.8
Source: NFHS data.

Least obese female population
State/ Union Territory
Percentage
Meghalaya
1.7
Jharkhand
2.1
Assam
2.1
Bihar
2.2
Tripura
2.4
Chhattisgarh
2.4
Nagaland
2.7
Arunachal Pradesh
2.9
Madhya Pradesh
3.1
Rajasthan
3.3
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Top 10 States/Union Territory of India with Normal BMI population
Percent in order of ranking, 2015-2016
Ranking Normal BMI male population
State/ Union Territory
Percentage
1
Meghalaya
78.4
2
Nagaland
74.7
3
Mizoram
71.9
4
Arunachal Pradesh
71.1
5
Manipur
69.1
6
Haryana
68.7
7
Tripura
68.4
8
Jammu and Kashmir
68.0
9
Lakshadweep
67.7
10
Assam
66.4
Source: NFHS data.

Normal BMI female population
State/ Union Territory
Percentage
Meghalaya
75.7
Arunachal Pradesh
72.7
Nagaland
71.6
Mizoram
70.6
Sikkim
66.9
Manipur
65.2
Tripura
65.0
Haryana
63.2
Chhattisgarh
61.4
Uttarakhand
61.1

While considering the Union territory and State-wise distribution of
least obese population among the males, it is observed that Jharkhand has
the least obese population followed by Nagaland, Bihar and Meghalaya. As
for female population, the least is observed in Meghalaya followed by
Jharkhand, Assam and Bihar. Interestingly almost all the States of North
East India has a very high percentage of normal BMI ranging from 66.4%
to 78.4% among the males and 65% to 75.8% among the females.
According to World Health Organization (WHO), many low-and
middle-income countries are now facing a double burden of disease which
means that while they continue to struggle with infectious disease and
under-nutrition, they are also experiencing a sharp rise in noncommunicable disease risk factors such as obesity and overweight. Several
research findings reveals that obesity is rising during the last few decades
and NFHS, 1998-199, 2005-2006 and 2015-2016 data confirms the trend.
This could be a result of lifestyles changing over the years and is a
confounder of a large number of non-communicable diseases,” said Sutapa
Agrawal, an epidemiologist with Public Health Foundation of India, a
public-private initiative involving Indian and international academics, and
state and central governments (Live Mint, 2016).
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OBESITY: STRATEGY FOR MANAGEMENT
AND PREVENTION
It is globally known fact that, excessive weight gain carries significant
high mortality health risks diseases - cancers, diabetes, heart diseases and
strokes. And it is not a time to keep watching the menace, allowing
ourselves to be controlled by a “pandemic” but to address it through timely
intervention. Swinging back the pendulum for achieving a healthier
bodyweight and desirable BMI level is the need of the hour so as to
prevent from undesirable morbid condition. For the last few decades,
numerous scientists and organizations around the world have worked
tirelessly to address the issue of obesity though with only modest success.
Continuous efforts are needed for improving and standardizing strategic
planning for fighting this pandemic issue.
One of the most effective steps is changing the “obesogenic”
environment toward reducing obesity. Reducing the excess caloric intake
and equalizing it with energy expenditure by way of increasing physical
activities is one of the best ways to fight obesity. There is no single or
simple solution to the obesity epidemic. So this complex problem can be
addressed by a multifaceted approach. Policy makers, state and local
organizations, business and community leaders, civil society organizations,
educational institutions, childcare and healthcare professionals, and
individuals must put their heads together and work together to create an
environment that supports a healthy lifestyle. To reverse the obesity
epidemic, community efforts should focus on supporting healthy eating
and active living in a variety of settings. Learn about different efforts that
can be used in early childhood care, hospitals, schools, and food service
venues (CDC, 2015). There are several ways by which state and local
organizations and NGOs and Government allied system can create a
supportive environment and awareness to the general public to promote
healthy living behaviours that prevent obesity. The etiology of obesity is
multifaceted; there are factors from multiple contexts, and interactions
between factors that led to obesity are not yet well understood (Jhanet al.,

Complimentary Contributor Copy

260

Soibam Jibonkumar Singh and Thoudam Bedita Devi

2010). Indeed, a comprehensive approach is needed to potentially reverse
the global pandemic of obesity (Jhanet al., 2010, Reed, 2011). Globally,
there is also solid consensus on the steps taken up to stop the obesity
epidemic which were outlined in the Food and Agriculture
Organization/World Health Organization global strategy for the prevention
of diet-related chronic diseases (WHO, 2003). Researchers and medical
scientists can also play major roles by researching the epidemiology and
etiology of obesity in order to fight this pandemic issue.

Source of Data: NFHS.
Figure 1. BMI Trend of Indian Women Population Observed from 1998 to 2016.

Source of Data: NFHS.
Figure 2. BMI Trend of Indian Male Population Observed from 2005 to 2016.
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Chapter 13

OBESITY AND SYNDROME X
Anup Adhikari*
Anthropometrica, Toronto, Canada

Metabolic Syndrome is a group of health conditions like obesity, high
blood pressure, high blood sugar, high serum triglycerides and low high
density lipoprotein (HDL) level. This combination is also known as
Syndrome X. Hence, metabolic syndrome is a group of risk factors but not
a disease. The main sign of metabolic syndrome is obesity. Obesity goes
together with unhealthy level of cholesterol, high blood pressure and
excess blood sugar (Ganong 2008).
Obesity turned into epidemic and became a public health challenge
throughout the world. In past few years, the prevalence of obesity has been
increased significantly across the world no matter whether it is a developed
or developing or underdeveloped country. According to World health
Organization, more than 1.9 billion adults aged 18 or older were reported
overweight. Of these, over 650 million were obese. 39% of adults aged 18
year and over were overweight and 13% were obese in 2016 according to
WHO report. 41 million children under the age of 5 were overweight or
*
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obese, whereas 340 million children and adolescent aged 5-19 were
overweight or obese in 2016. Once considered to be a high-income country
problem, overweight and obesity are now on the rise in low, and middle
income countries also, particularly in urban settings (WHO 2012; Adhikari
2014; WHO 2018).
Obesity is a health problem associated with accelerated atherosclerosis
and increased incidence of gall bladder and other diseases like type two
diabetes. Not only that, recent studies reported death from many kinds of
cancer in obese people. The causes for obesity in general population are
due to multiple reasons. The primary cause of obesity is excess intake of
energy over energy expenditure. The other causes are genetic and decrease
sensitivity to leptin. Genetic factors are also responsible for obesity in
some cases and causes excessive accumulation of body fat.Though, genetic
tendency does not necessarily cause obesity, but it helps to accumulate
more fat in right environment for the genetically susceptible individuals. A
faulty gene or obese gene inside the fat cell produce Leptin, which after
entering into blood, stimulates the hypothalamic area which controls the
appetite and metabolism, causing fat accumulation. But genetic factors are
not the reason for worldwide obesity epidemic. Instead, misbalance
between energy intake and energy expenditure is the main reason for
obesity (Frisch et al. 1987; Frisch et al. 1989; Bouchard et al. 1990; Stager
& Halter 1995; Bouchard 1997; Fogelholm et al. 1998; Elchebly 1999).
While expressing body composition and related health risks of
excessive body fat, three terms are used -over weight, overfat and obese.
There is a confusion over the meaning of precise terms for overweight,
overfat, and obese. Each term has a different meaning when using in
different circumstances. Still there is a need to make a distinction between
overweight, overfat and obese during interpretation. In most cases the term
overweight is meant for an overfat condition even in the absence of
accompanying body fat. Within this context, obesity then refers at the
extreme of overweight continuum. This is precisely the frame of reference
which is used to define the body fat range by means of BMI. Thus, weight
-for-height at a given age has provided the most suitable index to express
body fat and accompanying health risks. However, the overweight refers to
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a body weight greater than the average for stature. Overweight is not
always due to presence of fat, it may be due to presence of muscle mass.
For example, man with more muscle mass will be overweight (male power
athletes). The overweight condition may or may not go with glucose
intolerance, insulin resistance, dyslipidemia, and hypertension (e.g.,
physically fit overfat men and women). But obesity or overfat condition
will go with one or all of the following components of the syndrome X like
insulin resistance, glucose intolerance, dyslipidemia, type 2 diabetes,
hypertension, high serum triglycerides, elevated plasma leptin
concentrations, increased visceral adipose tissue, and increased risk of
coronary heart disease and cancer etc. Syndrome X is related with excess
body fat not with excess body weight which is due to more muscle mass or
having more mesomorphic component which was revealed by different
studies. Person may be overweight or overfat but does not have the
syndrome X sign and symptoms. Men above 20% and women above 30%
may be considered as overfat but it may vary population to population.
There are two types of regional fat distribution. When fat deposits
more in abdominal area causing obesity, is called Android type obesity.
This is particularly internal visceral deposition which is due to
catecholamine secretion resulting lively lipolysis of tissues. The other type
of deposition where fat deposit more in gluteal and femoral region, is
called as Gynoid type obesity. The Android type obesity which causes
deposition of more fat in central region causes heart disease. For men,
percentage of visceral fat increases gradually with age, whereas in women,
it starts at the onset of menopause. In Android-type obesity where
fat deposits centrally, results risk of hyperinsulinemia, glucose
intolerance, type 2 diabetics, hypertriglyceridemia, endometrial cancer,
hypercholesterolemia and negative altered lipoprotein profile,
hypertension, and atherosclerosis. The waist to hip ratio can be considered
as an indicator of health risk when the ratio exceeds 0.80 for women and
0.95 for men. Excess fat distribution in abdomen area also increases the
risk for colorectal cancer. Thus Android -type obesity has a greater risk
than gynoid-type obesity where fat deposit at thighs and buttocks instead
of central region of the body.
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Less energy expenditure than energy intake causes fat accumulation
which results body weight gain. Similarly when energy expenditure is
more than energy intake causes weight loss. Thus three ways can reduce
body weight. If calorie intake goes down below the daily energy
requirement by dieting, it causes weight loss. Similarly, when energy
expenditure exceed than normal calorie intake by means of physical
activities causes weight loss. One more method, when reducing the daily
calorie intake by dieting but increasing the daily energy expenditure by
means of physical activities, causes weight loss.
Weight loss through dietary restriction for short period results more
water and carbohydrate loss per unit weight loss than the loss of fat. But
dieting by low carbohydrate for long period may have some adverse effects
which are dehydration, frequent urination, muscle cramp, constipation,
irregular menstruation etc. Studies reveal that long term maintenance of
weight loss through dietary restriction could be followed by return of lost
weight within few years once restriction is stopped. Though careful dieting
results weight loss but it may cause loss of Fat Free Mass (FFM), lethargy,
possible malnutrition, and depressed resting metabolism (Miller 1999;
Jeffrey et al. 2000; National Task Force 2000).
The best way to reduce body weight or excess body fat is regular
physical exercise. Increased physical activity with dietary restriction
causes weight loss more effectively than long term caloric restriction
alone. Aerobic exercise and resistance training are more effective for
weight loss for obese population. Aerobic exercise reduces the amount of
fat and resistance training increase muscle strength and muscle mass which
ultimately increase Fat Free Mass (FFM). Studies revealed that 40 -50 min
aerobic exercise comprises of running and jogging for five days a week for
3-4 months significantly reduces excess body fat for obese population
(vanEtten et al. 1994; Kraemer et al. 1995; Owens et al. 1999). Active
children gain more Fat Free Mass (FFM) and loss total fat compare to their
inactive children. Similarly, adolescent males who do regular aerobic
exercise, reduce total body fat significantly faster than their sedentary
counterparts.
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Aerobic exercise or endurance run very effective for the obese
population to reduce excess body weight by burning excess body fat.
Endurance run or aerobic exercises increase the aerobic metabolism where
energy releases from the breakdown of carbohydrate and fat in the
presence of oxygen.. Walking, jogging, running, biking, aerobic dances are
the best examples of aerobic exercises which help the obese people to
reduce fat as well improve cardiovascular fitness, reduce syndrome X risk
factors. While walking, it is recommended for more than one hours
walking with fast pace for 3-4 days in a week. If someone wants jogging, it
is recommended to walk first, then after few weeks start jogging and then
running gradually. Biking is also very good aerobic exercise. Obese people
also can join with aerobic dance program in a gymnasium which is also an
effective aerobic exercise for reducing excess body fat. Dancing is also an
effective aerobic exercise. But before starting any exercise program, one
must see the family physician if they already have syndrome X rich factors
and should take the physicians advice before any aerobic exercise program.
To fight against the obesity epidemic, promotion of aerobic exercise is
needed which will increase the total energy expenditure significantly and
regularly rather than increase exercise intensity.An obese person can
expend more calories if he or she starts with slow walking or jogging with
simply extending for long duration as duration of exercise significantly
affects fat loss. It is important to note that recommended aerobic exercise
should be minimum 3 days in week to have a good impact on fat loss.
Regular aerobic exercise delay lean tissue loss, while resistance training
increases Fat Free Mass. To combat against obesity and syndrome X,
aerobic exercise should be popularized more and more across the world.
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Syndrome X or Metabolic Syndrome (MetS) is defined as a
constellation of several cardiovascular disease (CVD) risk factors
including genetic and environmental factors that is responsible for ultimate
predisposition of the disease (Grundy 2005). The constellation of centrally
distributed obesity; decreased high density lipoprotein cholesterol (HDLc);
elevated triglycerides; elevated blood pressure and hyperglycemia is
known as the MetS. Persons with MetS are at twice the risk for CVD
compared with those without the syndrome. It further raises the risk for
type 2 diabetes mellitus (T2DM) by about five-fold (Zimmet et al., 2005;
Grundy et al., 2008). This chapter will highlight the common
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determinants/factors associated with Syndrome X worldwide, which
include: Family history of chronic diseases, Physical Inactivity, Dietary
Intake of Fatty Acids, and Epigenetic Modifications.

FAMILY HISTORY OF CHRONIC DISEASES
Most of the common chronic diseases are the result of interactions
between multiple genetic variants and environmental vis-à-vis lifestyle
factors. Although there have been significant advances in the last decade in
the understanding of our genome, there are certain limitations in
epidemiological and analytic approaches to studying the effects of chronic
diseases. Family history has been shown to be a risk factor for a majority
of chronic diseases of public health significance, including Syndrome X,
CVD, diabetes etc. Family history of specific diseases reflects the
consequences of genetic susceptibility, shared environment and common
behaviors (Yoon et al., 2002). Family history has been recognized in
clinical medicine as an important, yet non-modifiable, disease risk factor
that when present could influence the probability of a suspected diagnosis.
However, collection and interpretation of family history has rarely been
applied in the practice of preventive medicine to assess disease risk and
influence early detection and prevention strategies (Scheuner et al., 1997;
Williams et al., 2001). The advantages of family history over other
genomic tools include a lower cost, greater acceptability, and a reflection
of shared genetic and environmental factors. However, the utility of family
history in public health has been poorly explored (Valdez et al., 2010).
Professional guidelines usually include family history to assess health risk,
initiate interventions, and motivate behavioral changes.
Family history of diabetes is not only a risk factor for the disease but is
also positively associated with risk awareness and risk- reducing behaviors.
It may provide a useful screening tool for detection and prevention of
diabetes (Hariri et al., 2006). In a study among the adult Chinese, it was
found that sufficient physical activity and negative family history of
diabetes might jointly reduce the risk of developing hyperglycemia and
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T2DM (Xu et al., 2011). In the US population, family history of diabetes
showed significant, independent, and graded association with the
prevalence of diabetes. This association not only highlights the importance
of shared genes and environment in diabetes but also opens the possibility
of formally adding family history to public health strategies aimed at
detecting and preventing the disease (Valdez et al., 2007). In another study
on a nationally representative sample of US adults without diabetes, family
history of diabetes showed a significant, independent association with
syndrome X and its traits. This association supports the idea that shared
genes and environment contribute to the expression of complex traits such
as diabetes and syndrome X (Ghosh et al., 2010). Evidence suggests that
family history by itself is most useful for predicting disease when there are
multiple family members affected, the relationship among relatives is
close, and disease is premature, that is, it occurs at younger ages than
would be expected. It has been mentioned that family history information
in combination with other known risk factors could be used to provide
more personalized information about our risk for common diseases (Yoon
et al., 2002). Moreover, it has been suggested that adding family history of
diabetes could provide significant improvements in detecting undiagnosed
diabetes (Yang et al., 2010). In an another study, it was found that not only
the adults, even the youths with a positive family history showed signs of
increased risk for these conditions which indicates the importance of
family history approach to screening for children at risk of diabetes and
CVD (Valdez et al., 2007). In a study from India, it was found that
individuals with positive family history of diabetes had significantly higher
prevalence of syndrome X and its confounding factors as compared to their
counterparts (Das et al., 2012).
It suggests that family history could be used as a tool for genomic
studies among the Asian Indians as well as in other world populations. It is
however reasonable to argue that in developing countries including India, a
large section of the community remains undiagnosed and therefore
accuracy of self-reported family history could be challenging. In addition
to risk assessment, family history information can be used to personalize
health messages, which are potentially more effective in promoting healthy
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lifestyles than standardized health messages (Janssens et al., 2012). Having
a family history of a disease increases its salience and does not change
one’s perceived ability to prevent the disease (Acheson et al., 2010). To
establish family history as a public health tool, it needs to be evaluated
within the ACCE (analytical validity; clinical validity; clinical utility; and
ethical, legal, and social issues) framework. These advances will help
realize the potential of family history as a public health tool (Valdez et al.,
2010). It seems that population screening would be of substantial
importance for further research as family history of chronic diseases plays
a vital role in better understanding of the etiological factors related to such
complex traits, and hence could be used as a tool for preventive strategies.

PHYSICAL INACTIVITY
The identification and modification of the root cause,
overweight/obesity, physical inactivity, and the closely associated
condition - syndrome X, needs to be one of the initial strategies that are
addressed by the clinician (Borgman et al., 2006). Each component of
syndrome X predisposes people to atherosclerosis, and when clustered
together, these components promote atherosclerosis even more
prominently. It has been found that lifestyle modification, such as physical
activity level (PAL) and dietary habits reduces the risk of syndrome X
(Yao et al., 2003; Katzmarzyk et al., Panagiotakos et al., 2004).
Studies have shown that sedentary lifestyle could predict the
development of syndrome X. Both vigorous and moderate leisure-time
activities were found to be beneficial to the metabolic syndrome cluster of
cardiovascular risk factors among the adult men and women of U.K It was
suggested that even modest increases in physical activity was worthwhile
in public health targets (Rennie et al., 2003). In a study from India, it was
found that individuals with low physical activity level (PAL) had much
higher prevalence of MetS than individuals with moderate PAL. The
lowest prevalence was observed among the individuals with high PAL
(Das et al., 2012). It has been evidenced that Asian Indians who are
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physically active have a favorable metabolic profile which highlights the
need to encourage physical activity in Asian Indian immigrants,
particularly women, to reduce prevalence of MetS (Misra et al., 2005).
Physical inactivity has also been found to be associated with the
components of MetS and coronary artery disease (CAD) among the urban
south Indian population. Lifestyle changes focusing on increasing physical
activity supposed to prevent the exploding epidemic of MetS and CAD in
India (Mohan et al., 2005).
The China National Nutrition and Health Survey (2002) reported that
individuals who were active or very active were 40% less likely to have
MetS compared with those who were leading sedentary life (Ma et al.,
2008). Among the middle-aged and old Chinese adults, physically active
individuals were found to have been associated with a better profile of
inflammatory factors and adipocytokines and a reduced risk of having
MetS (Zhijie et al., 2009). In a Finnish cohort study, baseline total leisuretime physical activity was found to be inversely associated with the risk of
developing MetS during a 4-year follow-up (Laaksonen et al., 2002). In an
another study among the adult men and women of Chinese Taipei, it was
also found high amount of physical activity was inversely correlated with
the left ventricular hypertrophy (LVH) and prevalence of MetS (Dao et al.,
2009). Moderate and vigorous physical leisure-time activities were each
associated with reduced risk of being classified with MetS independently
of age, smoking, and high alcohol intake both among the U.S. men and
women (Rennie et al., 2003). Total physical activity (measured as habitual
energy expenditure) and fitness (measured as maximal oxygen
consumption per kilogram) shown to have independent effects on the
components of MetS (Wareham et al., 1998). It has been found that insulin
action could be modulated by body weight and physical fitness which is a
core feature of MetS (Reaven 2001). It therefore seems that modulation of
MetS is a plausible biological pathway through which physical inactivity
may affect cardiovascular health.
To prevent increasing morbidity and mortality due to obesity-related
diabetes and CVD in developing countries, there seems to be an urgent
need to initiate large-scale community intervention programs focusing on

Complimentary Contributor Copy

278

Mithun Das and Kaushik Bose

increased physical activity and healthier food options (Misra & Khurana
2008). In the World Health Survey (2002– 2003), data of 212,021 adults
from 51 countries, most of which were from developing countries showed
that about 15% of men and 20% of women were at risk for chronic
diseases due to physical inactivity (Guthold et al., 2008). Among the Asian
Indian immigrants living in U.S (Misra et al., 2005) as well as those living
in Indian (Mohan et al., 2005) it was found that physical inactivity was
highly associated with MetS phenotypes. Although at what intensity
activity may be of benefit in reducing the risk of MetS is not yet clearly
understood, but one thing is clear that active lifestyle could curb this
epidemic of obesity related metabolic disorders.

DIETARY INTAKE OF FATTY ACIDS
Lack of habitual physical activity and certain dietary patterns,
including high saturated fatty acids (SFA) and low vegetable intakes,
contribute to weight gain and increase the risk of metabolic disturbances
(Feskens et al., 1995). Saturated fat intake is associated with increased risk of
coronary heart disease (CHD); the greatest risk reduction is associated
with poly unsaturated fatty acids (PUFA) followed by mono unsaturated
fatty acids (MUFA) (Kris-Etherton et al., 2001). In Asian Indians, there
existed significant inverse association between central obesity measures
and intake of unsaturated fatty acids due to recent shift in dietary habits
causing an increase in the prevalence of obesity and dyslipidemia in this
region. It was that intake of saturated fat may be a major risk factor for the
onset of MetS in adult Asian Indians. Moreover, it appears that it is not the
total fat but the amount of saturated fat consumed in association with
TFA:SFA, SFA:MUFA, and SFA:PUFA was adversely affecting the
adiposity level, lipids, blood pressures, and blood glucose levels in this
population and in turn cumulatively enhancing the possibility to predispose
to MetS phenotypes ((Ghosh 2006; Ghosh 2007; Das et al., 2010). The
findings of an adverse impact of TFA:SFA intake and inverse relation of
adiposity with PUFA, i.e., protection of polyunsaturated fat concerning the
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association with MetS is in accordance with the finding of several other
investigations (Das et al., 2010).
Certain dietary patterns, including high SFA and low vegetable
intake, contribute to weight gain and increase the risk of metabolic
disturbances, whereas such potentially modifiable lifestyle factors may
reduce cardiovascular risk (Feskens et al., 1995; van Dam et al., 2002). In a
study from India revealed that increased dietary ω-6 PUFA and saturated fat
intake are significantly associated with fasting hyperinsulinemia and
subclinical inflammation, respectively, and found to be responsible for the
increasing prevalence of insulin resistance, the MetS and diabetes (Feskens
et al., 1995; Misra & Misra 2003; Misra & Khurana 2009; Ghosh 2009). In
another study, it was found that the dietary total fat may increase whereas
linoleic acid intake may reduce the risk of MetS in Japanese descendants
living in Brazil (Cardoso et al., 2005). Study from the United Arab
Emirates (UAE) pointed out that poor dietary habits including consumption
of high-energy foodstuffs, diets high in total carbohydrates, fat, and simple
sugars were associated with MetS (Al-Sarraj et al., 2010). In a multiethnic
study (comprising of African-Americans, Whites and Hispanics) on healthy
children aged 7–12 years revealed that diet composition was more closely
related to the components of the MetS than was physical activity, with
carbohydrate intake being adversely related to WC, TG levels, and glucose
levels. Moreover, relationships among diet and MetS outcomes were stronger
among African-American children (Casazza et al., 2009) reflecting ethnic
variation. It seems that while dealing with MetS in Asian Indians, or any
world populations, researchers and clinicians should consider obesity
measures, metabolic profiles and dietary fatty acids simultaneously. Since
it is not the amount of calorie intake but the amount of fatty acids which
seems to be associated with obesity related metabolic disorders.

EPIGENETIC MODIFICATIONS
The term epigenetics itself describes the concept as ‘epi’ means above
and it was Conrad Waddington who, in 1940, provided the first broad and
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operational definition of epigenetics as “the causal interactions between
genes and their products, which bring the phenotype into being”
(Waddington 1940). Epigenetics has been defined as the study of heritable
changes in gene expression that occur in the absence of a change in the
DNA sequence itself. In mammals, these changes are mediated through
DNA methylation, covalent histone modifications, microRNA, and polycomb group complex recruitment (Dolinoy 2008; Schwartz & Pirrotta.,
2008). The epigenetic marks either alone or in combination alter the
chromatin structure and function, and thereby promote or inhibit gene
transcription. Therefore, chromatin is the ideal substrate for nutrientsensitive transcriptional instructions, existing in multiple permutations
leading to multiple phenotypes. In addition, the epigenetic state of
chromatin can undergo transgenerational epigenetic inheritance, a process
facilitated by the incomplete erasure of epigenetic modifications during
gametogenesis and embryogenesis, resulting in a maintained epigenetic
state in future generations (Bruce & Hanson 2010).
Susceptibility to Syndrome X has an inherited or familial component.
Although some fixed genomic variations have been associated with high
risk but such single nucleotide polymorphisms attribute very little to the
overall risk in the population (Gluckman et al., 2007). Whereas, subtle
alterations in gene expression are responsible for an increased risk of
disease outcome in many members of the population to a variable extent,
rather than genomic alterations, such as those involved in placental nutrient
transport. In recent years, epigenetic regulation leading to such subtle
modulations in gene expression (without a change in DNA sequence) of
key metabolic genes has emerged as a contributing factor to increased
susceptibility to Syndrome X (Bruce & Hanson 2010).
Positive natural selection describes the increase in the prevalence of
beneficial traits in a population, and is one of the factors driving evolution.
A trait under positive selection must be beneficial, thus increasing survival
and reproduction, and the trait must also be heritable. This positive
selection has been attributed to particular DNA variants that become more
common since of the beneficial effects on those who carry them (Kelley &
Swanson 2008). However, a trait that may be advantageous at one point in
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human history may be detrimental under different environmental
conditions. Here comes the classic example of ‘thrifty genotype,’ a concept
coined by the geneticist James Neel to explain the prevalence of obesity
and diabetes (Neel 1962). Neel hypothesized that people with diabetes
often have allelic variations in certain genes that enable them to efficiently
collect and utilize food. The human variations which were favorable in
populations facing challenges of episodic undernutrition might be
disadvantageous when food supplies became abundant. It provides a
possible explanation for why the propensity to diabetes varies greatly
among populations. Carriers of these variations are, therefore, at a high risk
of developing obesity and diabetes when exposed to abundant and cheap
supply of energy, and a dramatic reduction in energy expenditure. This
thrifty genotype would have been beneficial during periods of history
characterized by food instability (Stoger 2008). In contrast to the long-term
nature of the selective forces that are hypothesized to have positively
selected the thrifty genotype, epigenetic changes occur rapidly to alter
metabolism. There are ways in which epigenetic changes increase disease
risk, perhaps in combination with evolutionarily mediated phenotypes.
Throughout history, humans have had to cope with adverse
environmental changes such as periods of plague or famine. Famines
provide an ideal setting to examine the biological adaptation and long-term
consequences of unfavorable conditions, especially during human
development. One of the most well documented events is the Dutch
Hunger during the winter of 1944–1945. It was suggested that epigenetic
mechanisms underlie the increased incidence of Syndrome X in adults
prenatally exposed to the Dutch famine and the transgenerational effects of
prenatal exposure to the Dutch famine in the grandchildren of women
exposed (Painter et al., 2008). A sex-specific increased risk of obesity,
dyslipidemia, and cerebrocardiovascular-related deaths has been observed
six decades later among those whose mothers were exposed to famine
early in gestation (Kyle & Pichard 2006). The outcomes of these studies
strongly support that in utero exposure to famine may result in adverse
metabolic phenotypes, which depend on the sex of the exposed individual,
and the timing of exposure during gestation as the embryo is more
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vulnerable around the time of conception. Similar observations inspired the
Barker's hypothesis almost three decades ago, also known as the ‘thrifty
phenotype’ that malnutrition acts not as a selection acting over many
generations to alter the genetic make-up of the population, rather the early
environmental (including prenatal environment) influence acting in an
individual to increase the susceptibility of the disease (Hales & Barker
2003).
In Neel’s hypothesis, entire populations have an increased
predisposition to diabetes due to genetic selection. They are better adapted
to different nutritional circumstances than those they experience today. In
Baker’s hypothesis, maladaptive responses occur as a result of
environmentally induced alteration of physiology in the early life of the
individual. Both hypotheses offer explanations of why the frequency of
diabetes and obesity differ in different populations. People in the Indian
subcontinent, for example, have faced undernutrition for many generations,
and Indian babies (new born) are among the smallest in the world (Yajnik
2003). However, diabetes epidemic is of recent origin, and it is more
common among urban than rural Indians despite the higher birth weight of
urban babies. The two explanations (hypotheses) are therefore not
necessarily exclusive and may complement each other. Then there is a
third hypothesis called the ‘common soil’ hypothesis as proposed by
Lebovitz (2006) that diabetes and CVD might share underlying cause(s) –
hence termed common soil. It was mentioned that insulin resistance is
central to the progression from normal glucose tolerance to diabetes and to
a constellation of CVD risk factors known as Syndrome X. Changes in
adipose tissue and metabolism (perhaps mediated through epigenetic
changes) might link insulin resistance and visceral obesity – a condition
that is common in diabetes.
Epigenetics may provide a mechanism by which developmental
plasticity mediates developmental priming. Therefore, epigenetics may be
the interface between nutritional stimuli during development and resulting
phenotype, thus being central to the developmental origins of the
Syndrome X (Bruce & Hanson 2010). The genomic information is the
same in all our cells and during our entire lifespan, whereas, the
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epigenomic information varies from cell to cell and during the lifetime of
the individual. An increased understanding of epigenetic mechanisms may
lead to the development of novel and targeted therapies that will act not
only at the risk-factor level, but also directly on the vascular system
(Ordovas & Smith 2010). This makes epigenomic information more
important for pharmacological interventions. In a recent epigenome wide
association study (EWAS) it was found that methylation in CPT1A was
significantly associated with syndrome X and it’s confounding factors in
both European and African ancestry participants. It indicated a promising
epigenetic marker for metabolic disorder which could become useful for
treatment target (Das et al., 2016).
Several compounds have been identified that are able to regulate DNA
methyl transferase or histone deacetylase activity. DNA methylation is not
just the driving force behind the developmental priming of disease but also
a channel that transfers information of the transcriptional patterns required
in a particular environment. Epigenetic modifications facilitate a
transcriptional state, which may be inherited and may impart an increased
risk of Syndrome X development in the context of unfavourable
environmental conditions. Therefore, it is not the epigenetic landscape that
is ultimately causal to the phenotype but the stimulus that it receives at the
cellular level. This in part explains tissue-specific epigenetic modulations,
because each particular tissue will receive specific stimuli and resides
within a unique milieu (Bruce & Hanson 2010). Epigenetic control of key
genes is central to the developmental priming of the metabolic syndrome
(Syndrome X) phenotype, and provides a likely target for pharmacological
therapies in near future.
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