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Abstract

Obesity is a global preventable epidemic inundating health care resources by increasing mortality and morbidity. The present study
aimed to determine prevalence, risk factors, and co-morbidities associated with body mass index (BMI) ranges. A cross-sectional study
was conducted to assess physical activity, dietary habits, alcohol, family history, sleep, stress, gender, age, education, employment and
socioeconomic status as determinants of BMI. Total prevalence of overweight and obesity was reported among 33.34% and 18.24% of
subjects, respectively; which increases with age (76.55%) and declines thereafter (21.87%). Female gender, primary and secondary edu-
cation, middle social class, unemployment, positive family history, physical inactivity (p<0.001), non-vegetarian diet (p<0.05), adequate
sleep, and significant stress was found associated with overweight and obesity. The prevalence of hypertension (p<0.05), hyperglycaemia
(p<0.05), and hyperlipidemia was found directly proportional to increase in BMI. A rapidly rising obesity and its associated co-
morbidities show that almost all the factors were potentially modifiable and preventable through lifestyle modification, which includes

Dietary Approach to Stop Hypertension, daily 30minutes moderate-intensity physical activity and stress management.
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1. Introduction

Obesity is a global preventable epidemic inundating health care
resources by increasing mortality and morbidity (WHO 2002).
Around 35% of adults aged 20 years and over were overweight,
and 11% were obese accounting nearly 2.0 billion people world-
wide at a risk of overweight and obesity associated morbidities,
including 44% of the diabetes burden, 23% of the ischemic heart
disease burden, and between 7% and 41% of certain cancer bur-
dens, and thus listing overweight and obesity as the fifth leading
risk for global deaths. Furthermore, 65% of the world's population
lives in countries where overweight and obesity kills more people
than underweight
(http://www.who.int/mediacentre/factsheets/fs311/en/).  Nearly,
280,000 and 325,000 deaths could be attributed to obesity annual-
ly in the United States with more than 80% of these deaths among
people with a body mass index (BMI) greater than 30 kg/m? (Alli-
son et al. 1999). Moreover, the Centre for Disease Control and
Prevention estimated an extra 400,000 lives may be lost per year
when sedentary lifestyle is coupled with a poor diet; putting this
lifestyle issues just behind smoking as a leading cause of death in
the United States (Mokdad et al. 2004).

Obesity constitutes excess body fat which has accumulated to the
extent that can cause adverse health effects leading to a reduced
life expectancy and/or increased health problems (Haslam &
James 2005). BMI defined as the weight in kilograms divided by
the height in meters squared (kg/m?), is the most widely used

measure of obesity due to its low-cost and simplicity. The World
Health Organization (WHO) and the National Institutes of health
(NIH) have defined overweight as having a BMI between 25.00
and 29.99 kg/m?; and obesity as a BMI greater than 30.00 kg/m?
(WHO 2008). However, BMI does not discriminate between mus-
cle and adipose tissue, and does not directly assess regional adi-
posity. Furthermore, waist circumference, hip circumference, and
waist-to-hip ratios are the commonly used measures of abdominal
obesity, rather than total body fat, which are found highly corre-
lated with cardiovascular disease risk factors and diabetes than
BMI (Stevens et al. 2008).

A complex interplay of individual genetic predisposition and envi-
ronmental factors of surplus energy dense food availability and
sedentary lifestyle contributes to obesity (Haslam & James 2005).
Genetic predisposition has shown a child of two obese parents has
about 80% chance of becoming obese, whereas the risk is only
15% for the offspring of two normal-weight parents (O'Rahilly &
Faroogi 2006). However, few cases are caused primarily by endo-
crine disorders (e.g., hypothyroidism, Cushing's syndrome, growth
hormone deficiency), medications (e.g., steroids, sulfonylureas,
thiazolidinediones, atypical antipsychotics, antidepressants, phen-
ytoin, valporate), or psychiatric illnesses (Haslam & James 2005).
The effects of an obesity result from two factors: an increased
adipose tissue and increased secretion of pathogenetic products
from enlarged fat cells. In the former, categories are the social
disabilities resulting from the stigma associated with obesity (Fon-
taine et al. 1996); sleep apnoea from an increased parapharyngeal
fat deposit (Strohl et al. 2004); and osteoarthritis resulting from
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the wear and tear on joints from carrying an increased fat mass
(Felson et al.1988). The second category includes an insulin-
resistant state; development of diabetes mellitus from battling
against insulin resistance; procoagulant state from an increased
prothrombin activator inhibitor-1 secretion; endothelial dysfunc-
tion with an increased risk of atherothrombosis, cardiovascular
disease and hypertension; cancers from an increased estrogen
production; and thus constitutes metabolic syndrome (Kaur 2014).

Obesity should be approached as a chronic disease with genetic,
environmental, and behavioral components. Although prospective
studies of weight loss by obese persons have not demonstrated
improvements in a long-term morbidity and mortality; reductions
have been shown in the risk factors for several cardiovascular,
pulmonary, and cancer conditions (WHO 2002). Thus, an orienta-
tion need for those tending towards being overweight and obesity
on how to adopt healthier lifestyles is of paramount interest in
public health. However, assessing the prevalence of overweight
and obesity in the current study population is an initial process
towards achieving this orientation. Hence, the present comparative
study of socio-demographic variables and cardiovascular parame-
ters of normal weight, overweight and obese subject was designed.

2. Materials and methods

2.1. Design overview: A multi cohort cross-sectional study was
designed to observe the cardiovascular risk factors on the basis of
BMI ranges. Patients who were registered with Ex-Servicemen
Contributory Health Scheme (ECHS) Polyclinic located at Sultan-
pur Lodhi, Punjab (India) were recruited for the project. The selec-
tion for the present study was patients who had been retired from
the defense services; their family members comprising spouse,
parents and children; both genders aged above 20 years; and who
attended the polyclinic from June, 2013 to Oct, 2013. The study
was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Institutional ethical committee.
All subjects gave their written informed consent for inclusion
before they participated in the study. The results were analyzed by
Chi-Square test with p value <0.05 as statistically significant.

2.2. Information sources: We designed a multi-parameter, and
pre-tested data collection forms on which the clinical history data,
physical examination and biochemical tests were recorded. Ques-
tionnaire, Measuring Tape, Weighing Scale, BP Apparatus, Steth-
oscope, bacteriological incubator, Erba glucose kit (GOD-POD
method, end point) and Erba cholesterol kits (CHOD-PAP meth-
od, end point) were used to collect the information. All instru-
ments were checked for calibration before using them.

2.3.Body Mass Index (BMI): Weight measurements were taken
with each subject standing at the centre of the weighing scale in
light clothing, without shoes and socks. Height was determined
using a wall mounted, non-extendable measuring tape with sub-
jects standing in an erect barefoot position, arms by side, and feet
together. The WHO (2008) has divided the weight into three cate-
gories: Normal weight (18.50-24.99kg/m?), Overweight (>25.00-
29.99kg/m?) and Obesity (>30.00 kg/m?).

2.4. Clinical variables: Socio-demographic variables, lifestyle
and cardiovascular risk factors were elaborated. Education level
was classified into four categories: no/little formal, primary, sec-
ondary and graduation. Income adequacy was defined into lower,
middle and upper on the basis of retired ranks of ex-servicemen,
including their household income and assets. The regular aerobic
physical activity (e.g., brisk walking) of at least 30 minutes per
day for most days of the week was considered adequate
(Chobanian et al. 2003). The family history was defined as posi-
tive if a first-degree male relative (e.g. father, brother) and female
relative have the cardiovascular disease before the age of 55 or 65
years respectively (Chobanian et al. 2003). Job strain, social con-

straints, financial un-stability, and emotional distress in the form
of anxiety and/or depression were included under “stress." Men
alcohol intake is limited to <2 drinks per day; and for women and
lighter-weight persons, it is limited to <1 drink per day (1 drink =
1/20z or 15ml ethanol (e.g., 120z beer, 50z wine, 1.50z 80-proof
whiskey)) (Chobanian et al. 2003). Subjects who presently use
alcoholic beverages and/or exceed their limits were categorized
under “Current” group; and those who had never or left their habit
of heavy alcohol consumption were counted under “Ex/Never”
group. Sleep adequacy evaluated on the basis of sleep duration (7
to 8 hrs), difficulty in initiating, multiple arousals and early awak-
enings. Blood pressure (BP) was measured in the right arm of the
subject seated and rested for 5 minutes using a standard mercury
sphygmomanometer and a suitable calibrated cuff. Hypertension
was defined as a BP >140/>90mmHg or a previous diagnosis with
being on anti-hypertensive therapy (Chobanian et al. 2003).

2.5. Biochemical analysis: A blood sample was obtained from all
the pre-informed individuals after 8-10hours of fasting. Hypergly-
caemia was diagnosed on the basis of fasting blood-glucose levels
>100mg/dl (>5.6mmol/l) and/or 2hour postprandial blood-glucose
levels >140mg/dl (>7.8mmol/l) (American Diabetes Association
2005). Hyperlipidemia was defined by a total cholesterol level
>200mg/dl (>5.2mmol/l) (National Cholesterol Education Pro-
gram 2002). It further includes those previously diagnosed with
high cholesterol, impaired fasting glucose (IFG), impaired glucose
tolerance (IGT) or diabetes mellitus and being on treatment for
these disorders.

3. Results

All patients (N=351) were divided into three groups on the basis
of the BMI ranges: normal weight (N=170; 48.44%); overweight
(N=117; 33.34%) and obesity (N=64; 18.24%). Table 1 displays
04.11%, 18.23%, 39.42% and 38.26% of subjects with normal
BMI were in 20-35years, 36-50years, 51-65years and >65years of
age group, while, overweight was seen among 03.41%, 27.35%,
34.18% and 35.04%; and obesity in 01.56%, 28.12%, 48.43% and
21.87% for the same age groups, respectively. It shows an in-
crease in obesity as age advances and decline by 65years of age
(Figure 1).

Table 1: Comparisons of the Socio-Demographic Variables in All the
Study Subjects*

Normal Weight ~ Over Weight Obesity p

Category  (179) (117) (64) value
AGE (years)
20-35 04.11 (07) 03.41 (04) 01.56 (01)
36-50 18.23 (31) 27.35(32) 28.12 (18) 10.12
51-65 39.42 (67) 34.18 (40) 48.43 (31) :
>65 38.26 (65) 35.04 (41) 21.87 (14)
GENDER
Male 51.77 (88) 48.71 (57) 4375 (28) | ,q
Female 48.26 (82) 51.28 (60) 56.25 (36) :
EDUCATION
Nol/Little 32.95 (56) 31.63 (37) 21.87 (14)
Primary 30.59 (52) 23.07 (27) 40.62 (26) 8.97
Secondary 30.59 (52) 40.17 (47) 37.50 (24) '
Graduation 05.89 (10) 05.12 (06) 00 (00)
SOCIO ECONOMIC STATUS
Middle 64.71 (110) 59.82 (70) 62.50 (40) 075
Upper 35.30 (60) 40.17 (47) 37.50 (24) '
OCCUPATION

Stays at
o 70.00 (119) 72.64 (85) 67.18 (43) 062
Employed 30.00 (51) 27.35 (32) 32.81 (21)

*parentheses represent absolute number of the subjects in a sample.
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Fig. 1: Age Specific Prevalence of Body Mass Index Ranges

Among both genders, females were reported with a higher preva-
lence of obesity (56.25%) and over-weight (51.28%) than males
(overweight: 48.71%; and obesity: 43.75%). Individuals with
no/little, primary, secondary and graduation level education had
32.95%, 30.59%, 30.59% and 05.89% of normal weight respec-
tively, while, 31.63%, 23.07%, 40.17% and 05.12% of them had
been overweight; and 21.87%, 40.62%,37.50% and 00.00% had
obesity for the same education categories. This shows normal BMI
range among individuals with little/no education (32.95%) and
graduation (05.89%); and obesity (40.62%) and overweight
(40.17%) in subjects with primary and secondary education, re-
spectively. Taking socioeconomic status into consideration, obesi-
ty (62.50%) and overweight (59.82%) was more prevalent among
middle than upper social class subjects (overweight: 40.17%; and
obesity: 37.50%). Similarly, a higher prevalence of overweight
(72.64%) and obesity (67.18%) was observed in subject who stays
at home than employed individuals (over-weight: 27.35%; and
obesity: 32.81%).

Table 2 reflects a higher prevalence of obesity (37.50%) and over-
weight (33.33%) among subjects with positive cardiovascular
family history than normal weight (30.00%). An inverse associa-
tion of alcohol and BMI was found, where subjects under no ef-
fects of alcoholic beverages had a higher prevalence of overweight
(76.92%) and obesity (73.43%) than with a history of heavy alco-
hol consumption (overweight: 23.07%; and obesity: 26.56%). A
statistically significant sedentary lifestyle had shown a predisposi-
tion to obesity (71.87%; p<0.001) and overweight (65.81%;
p<0.001); and active lifestyle to normal weight (55.30%;
p<0.001). Furthermore, a statistically significant relation of non-
vegetarian diet with obesity (53.12%; p<0.05), and vegetarianism
with normal weight (65.30%; p<0.05) was found. A positive rela-
tion between sleep and BMI was reported, where adequate sleep
promotes obesity (73.43%) and overweight (70.94%) than inade-
quate sleep (overweight: 29.05%; and obesity: 26.56%)., Moreo-
ver, stress had shown a relation with overweight (21.36%) and
obesity (20.31%) than normal weight (18.24%).

Table 2: Comparison of Risk Factors in All the Study Subjects*

Table 3 reveals a statistically significant higher prevalence of
hypertension, hyperglycemia and hyperlipidemia in overweight
(hypertension:  51.29%  (p<0.05); hyperglycemia: 27.36%
(p<0.05); and hyperlipidemia: 32.48%) and obese (hypertension:
64.07% (p<0.05); hyperglycemia: 35.94% (p<0.05); and hyper-
lipidemia: 32.82%) than normal weight subjects (hypertension:
42.36% (p<0.05); hyperglycemia: 18.83% (p<0.05); and hyper-
lipidemia: 24.71%). Figure 2 further reveals an increase in preva-
lence of hypertension, hyperglycemia and hyperlipidemia with
BMI.

Table 3: Comparisons of the Comorbidities in Body Mass Index Ranges
Among All the Study Subjects*

Cateao Normal Over Weight ~ Obesity p
gory Weight (170)  (117) (64) value
Hypertension  42.36 (72) 51.29 (60) ?fg
. 35.94 SOl
Normotension 57.65 (98) 48.72 (57) 23)
. 35.94
Hyperglycaemic  18.83 (32) 27.36 (32) 23)
<0.05
Euglycemic 81.18 (138) 72.65 (85) ?:1())7
Hyperlipidemic ~ 24.71 (42) 32.48 (38) ?22532
2.67
Normolipidemic ~ 75.30 (128)  67.53 (79) ?ng

Normal Weight ~ Over Weight Obesity p

CEEsEY (170) (117) (64) value
FAMILY HISTORY
Positive 30.00 (51) 33.33 (39) 37.50 (24) 128
Negative 70.00 (119) 66.66 (78) 62.50 (40) :
ALCOHOL CONSUMPTION
Yes 24.71 (42) 23.07 (27) 26.56 (17) 031
No 75.30 (128) 76.92 (90) 7343 (47)
PHYSICAL ACTIVITY
Adequate 55.30 (94) 34.18 (40) 28.12 (18) <0.001
Inadequate  44.71 (76) 65.81 (77) 71.87 (46) :
DIETARY HABITS
Vegetarian 65.30 (111) 59.82 (70) 46.87 (30)
Non- <0.05
vegetarian 34.71 (59) 40.17 (47) 53.12 (34)
SLEEP
Adequate 71.77 (122) 70.94 (83) 7343(47) e
In adequate 28.24 (48) 29.05 (34) 26.56 (17) :
STRESS

Yes 18.24 (31) 21.36 (25) 20.31 (13) 0.49
No 81.77 (139) 78.63 (92) 79.68 (51) )

*parentheses represent absolute number of the subjects in a sample

*parentheses represent absolute number of the subjects in a sample.
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Fig. 2: Graphical Presentation of Comorbidities of Body Mass Index
Ranges

4. Discussion

WHO has described obesity as a first defined cluster of non-
communicable diseases called “New World Syndrome,” creating
an enormous socioeconomic burden by affecting every global
region (Pednekar 2008). The current study was designed to elabo-
rate the determinants and effects of body mass index ranges on the
cardiovascular health of the study subjects.

The current study observed overweight and obesity among
33.34% and 18.24% of subjects, respectively. Similarly,
Chukwuonye et al. (2013) has found the prevalence of overweight
and obese individuals ranged from 20.3%-35.1% and 8.1%—
22.2% in Nigeria, respectively. However, Adienbo et al. (2012)
has a contrary finding of higher prevalence of obesity (49.34 %)
than overweight (22.04%). Transport facilities, medical care, food
resources, educational status, and family income had been dramat-
ically improved in the rural areas and/or small towns/cities which
along with an easy access to established cities, television watching
and internet access resulted in changed lifestyle, and subsequently
contributed to obesity and its associated metabolic co-morbidities
(Ramachandran & Snehalatha 2010). Furthermore, the number of
drugs, including antidepressants (e.g. serotonin re-uptake inhibi-
tors), oral hypoglycemic agents (e.g. insulin, sulphonylureas and
thiazolidinediones) and antihypertensive (e.g. beta adrenergic
receptor antagonists) taken by the study population might have led
to an increased weight and BMI (Haslam & James 2005).
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The current study (Table 1) reported a higher prevalence of obesi-
ty among subjects belonging to be 35-65years of age group
(76.55%) and found a decline in weight (21.87%) thereafter. Data
from both National Health and Nutrition Examination Survey 111
(NHANES) and Behavioral Risk Factor Surveillance System
shows an increase in obesity until age of 60 years, with a steady
and subsequent decrease in the older age groups (Mokdad et al
.2001). The prevalence of obesity has been shown to be age-
dependent, with a characterizing ‘“U”’ or “‘J*” shaped distribution
pattern. Further, Tiwari et al. (2009) has depicted an increase in
BMI with age advancement with maximum prevalence among age
groups 50-60years in males and more than 70years in females. An
increase in obesity with age probably results from a reduced phys-
ical activity (Amira et al .2012), decrease in height (Lim et al
.2000), drop in energy expenditure due to a decline in resting met-
abolic rate (Luhrmann et al .2010), and further, an age-related
reduction in fat-free mass with proportionate loss of the more
metabolically active and energy-burning muscle tissue with age
(St-Onge & Gallagher 2010).

A higher prevalence of overweight (51.28%) and obesity (56.25%)
in females than males in the present study was found supported by
al-Nuaim et al. (1996). Alterations in ovarian hormones and a shift
to an abdominal fat distribution from gynaeoid obesity due to a
relative increase in the androgen-estrogen ratio in postmenopausal
women might contribute to a higher BMI among women than
men, especially after 50years of age (Bjorntorp 1993). Conversely,
Tiwari et al. (2009) has observed an increased BMI among taller
and heavier males than females.

The current study noticed normal weight among subjects with
little/no education (32.95%) and graduated subjects (05.89%); and
overweight and obesity in subjects with primary (63.69%) and
secondary education (77.67%), respectively. However, studies in
Europe and USA have noticed that educational inequalities are
related with increased BMI, which shows overweight or obesity
among individuals with lower educational attainment (Roskam et
al .2010; Yu 2012). A higher education provides lifestyle and
nutritional awareness with active lifestyle preventing the obesity
(Yusuf et al .2012). Conversely, a national survey in South Africa
demonstrated that women with greater than 12years of education
had higher BMIs than women with 1-12years of education, which
might be contributed to a higher levels of manual labour in the
latter group than the more educated women being employed in a
corporate sector (Puoane et al .2002). The present study found a
higher prevalence of overweight and obesity among middle than
upper social class subjects, which might be attributed to limited
opportunity to have a healthy eating choices and physical leisure-
time activity for being involvement of the former groups in low
activity jobs with prolonged working hours. However, McLaren
(2007) stated that women, men, and children from high social
classes in the developing world are seen to have greater rates of
obesity due to the globalization effects.

The current study observed being at home, either as a homemaker,
retiree or unemployed person has shown a predisposition to obesi-
ty than being employed. Similarly, Kang et al. (2013) has reported
unemployment to be significantly related to a higher obesity risk
regardless of age, lifestyle, socioeconomic factors, and inflamma-
tory factor. Contrarily, Ko et al. (2007) found subjects employed
with long working hours (>9hours) and short sleeping hour
(6hours or less) had the highest BMI and waist circumference in
both sexes.

A higher prevalence (Table 2) of overweight (33.33%) and obesity
(37.50%) than normal weight (30.00%) among the present study
subjects with positive cardiovascular family history has been
found consistent to Hajian-Tilaki and Heidari (2007). Similarly,
Van der Sande et al. (2001) found family history of hypertension,
obesity, diabetes, or stroke was a significant risk factor for obesity
and hyperlipidemia. The current study found a negative associa-
tion between obesity and alcohol consumption, where various
epidemiologic data showed that a positive, negative, or no rela-
tionship between alcohol intake and body weight was influenced
by body weight, diet, genetic factors, gender and physical activity

levels as well as frequency, pattern, amount of consumption and
types of drinks consumed (Suter 2005). Furthermore, French et al.
(2010) noticed alcohol as a complement to sedentary activities of
watching television and attending sporting events which subse-
quently promotes weight gain.

A statistically significant association of sedentary behavior with
overweight (65.81%; p<0.001) and obesity (71.87%; p<0.001) has
shown persistence to Davis et al (2006) in the present study. Simi-
larly, Yancey et al. (2004) studied an association between seden-
tary behavior and overweight; and found lower educational at-
tainment, female gender, advancing age, poorer self-perceived
health status, self-perceived depression, smoking, leisure-time
television watching/computer use, and receiving a diabetes diag-
nosis to be significantly related to sedentariness.

A statistically significant association of non-vegetarian and vege-
tarian diet with obesity (53.12%; p<0.05), and normal weight
(65.30%; p<0.05) was found in the present study, respectively.
Similarly, Serena et al. (2009) reported mean BMI was lowest in
vegans (23.6kg/m?) and incrementally higher in lacto-ovo-
vegetarians (25.7kg/m?), pesco-vegetarians (26.3kg/m?), semi-
vegetarians (27.3kg/m?), and non-vegetarians (28.8kg/m?). Con-
versely, Brathwaite et al. (2003) observed a significant association
between vegetarian diet and obesity. However, Tiwari et al. (2009)
has noted no significant difference in the BMI ranges and dietary
profile of the participant. Vegetarian diet is rich in vegetables and
fruits, and typically includes foods with low glycemic index such
as beans, legumes, and nuts, which reduces oxidative stress and
chronic inflammation and thus favor low BMI (Serena et al.
2009).

The present study observed a higher BMI in subjects who take
adequate sleep. Garcia et al. (2008) noticed sleeping <5hours or
>8-9hours was associated with obesity among older adults. How-
ever, Vioque et al. (2000) reported sleep >9 h/day presented a
lower prevalence of obesity than those sleeping <6h/day. The
present study found a predisposition of stress to be overweight
(21.36%) and obesity (20.31%) than normal weight (18.24%).
Furthermore, Barrington et al. (2012) found association of per-
ceived stress with several obesogenic behaviors of lower eating
awareness levels with fewer fruit and vegetables servings, greater
fast food consumption, and being sedentary.

The current study recorded a statistically significant higher preva-
lence of hypertension (p<0.05), hyperglycemia (p<0.05), and hy-
perlipidemia in overweight and obese than normal-weight subjects
(Table 3). Similarly, NHANES (1998) has shown a remarkable
and linear relationship between a rise in BMI and systolic, diastol-
ic, and pulse pressures in the American population. Furthermore,
Gothankar (2011) and Veghari et al. (2013) found a similar posi-
tive association of BMI with diabetes and serum cholesterol lev-
els, respectively.

A lifestyle modification should be encouraged for weight loss and
maintenance, which includes dietary approach to stop hyperten-
sion (DASH), daily minimum 30minutes of moderate-intensity
physical activity for the most days of the week and stress man-
agement. Persons who combine calorie restriction and exercise
with behavioral modifications should expect to lose 5-10% of pre-
intervention weight over a period of four to six months, which
helps to improve various obesity-related co-morbidities.

5. Conclusion

A rapidly rising obesity and its associated co-morbidities cost an
enormous burden on the health care system due to its long-term
health consequences affecting individual, family and nation. How-
ever, almost all the factors were potentially modifiable and pre-
ventable, which requires better understanding of the causes to
overcome the barriers for the primary prevention of obesity among
youth and adults to achieve a healthy weight, and to ensure the
country’s health.
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