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ABSTRACT
The burden of diabetes is to a large extent the consequence of macrovascular (coronary artery disease, peripheral vascular disease, and atherosclerosis) and
microvascular (like retinopathy, neuropathy, and nephropathy) complications of the disease. In this study, a prevalence survey of various atherosclerosis risk
factors was carried out on hitherto poorly studied in Sultanpur Kunhari and its surrounding area, Haridwar Uttarakhand, with the aim of studying
anthropometric and metabolic characteristics of this population in socio-economic transition. A single time cross-sectional study was carried out. A total of
500 subjects (270 males and 230 females) were included in the study. In this study, diabetes mellitus was recorded in 11.12% of males and 10.87% of females,
the overall prevalence being 11%. Based on body mass index (BMI), obesity was more prevalent in females 13.9% compare to males 11.1%. On the other
hand, classifying obesity based on percentage body fat (%BF), 10% of males and 36.9% of females were obese. Appreciable prevalence of obesity, diabetes
mellitus, substantial increase in body fat, generalized and regional obesity in middle age, particularly in females, need immediate attention in terms of
prevention and health education in such economically deprived populations.
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INTRODUCTION
T2DM is a non-autoimmune, complex, heterogeneous and
polygenic metabolic disease condition in which the body fails
to produce enough insulin, characterized by abnormal
glucose homeostasis1. Its pathogenesis appears to involve
complex interactions between genetic and environmental
factors1. T2DM occurs when impaired insulin effectiveness
(insulin resistance) is accompanied by the failure to produce
sufficient cell insulin2. It has been estimated that the global
burden of type 2 diabetes mellitus (T2DM) for 2015 would
be 305 million people which is projected to increase to 438
million in 2030; a 65 % increase3. Similarly, for India this
increase is estimated to be 58%, from 56 million people in
2015 to 87 million3 in 2030. The impacts of T2DM are
considerable: as a lifelong disease, it increases morbidity and
mortality and decreases the quality of life4. At the same time,
the disease and its complications cause a heavy economic
burden for diabetic patients themselves, their families and
society. A better understanding about the cause of a
predisposition of Indians to get T2DM is necessary for future
planning of healthcare, policy and delivery in order to ensure
that the burdens of disease are addressed4.
In the urban population, an Indian Council of Medical
Research (ICMR) study in 1972 reported a prevalence of
2.3%5 which rose to 12.1% in the year 20006. More recently,
Mohan et al. (2008) provided estimates from a nationwide
surveillance study of T2DM and found that in urban areas
there was prevalence 7.3% of known T2DM and a prevalence
osf 3.2% in peri-urban/slum areas7. A study conducted by
Ahuja et al 1991 in rural areas of Delhi indicated that the
prevalence rate for T2DM ranged from 0.4-1.5%8. Prevalence
rates vary according to measuring criteria used e.g. using the
American diabetes association criteria, Sadikot et al. in 2004
have recently been estimated to be 1.9% in the rural areas;
but with using the WHO criteria the estimate increased to
2.7%9. In developing countries like India, the brunt of
diabetes and cardiovascular disease occurs among the
economically productive age group (20-45 year olds)10.
According to ICMR 2006 diabetes mellitus is responsible for
1157 thousand years of life lost due to the disease, and for

2263 thousand11 DALYs during 2004. Contribution of dietary
practices and lifestyle factors are crucial, making incidence
and prevalence of obesity and diabetes mellitus significantly
more in the urban population. Recently, considerable concern
has been caused by the increasing prevalence of diabetes in
India12, particularly in the urban population6.
To study the lifestyle, anthropometric and metabolic
attributes of such a population of low socio-economic strata,
we attempted a cross-sectional prevalence survey of obesity,
diabetes mellitus, and related lifestyle factors in Sultanpur
Kunhari and its surrounding areas, Haridwar Uttarakhand in
northern India.
MATERIAL AND METHODS
The urban slum area of Sultanpur Kunhari and its
surrounding area situated in Dist haridwar Uttarakhand in
northern India were selected for the study. An approximately
10 square kilometer area includes 2000 dwellings. The total
population of the area is approximately 10000 people. The
area was arbitrarily divided into two equal sectors using an
electoral list available from the Slum Development Wing,
Government of India. The list provided the name, age and
address of those eligible for voting (>18 y). Pregnant
females, disabled subjects, drug abusers and acutely ill
subjects were excluded from the study. The fieldwork was
completed within a period of 6 months, starting in Mar 2010.
A detailed questionnaire incorporating demographic profile,
socio-economic data, migration pattern, relevant symptoms,
tobacco and alcohol consumption, physical activity pattern,
and food frequency questionnaire was administered to the
recruited subjects. A complete physical examination was
performed on all the subjects. Blood pressure was recorded in
sitting position after 5 min rest with a mercury
sphygmomanometer according to the standard guidelines. If
one abnormal reading was observed, a second reading was
recorded after 15 min of rest.
Anthropometric Measurements
The height was measured using a 200 cm Stature Meter
manufactured by BIOCON. The subjects with bare foot were
made to stand on a flat floor with feet parallel and with heels,
shoulders and back of head touching the wall. The head was
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kept erect so that the orbit was in the same horizontal plane
as the external auditory meatus. The scale then was brought
down making a firm contact with the vertex and was parallel
to the floor; readings were recorded to the nearest 0.5 cm.
The weight was measured in kilograms using electronic
digital weighing machine to the nearest measure of 0.1 kg.
The subjects were weighed with minimal clothing, without
foot wear and the subjects were asked to empty the bladder
before weighing.
Biochemical samples and analysis
A fasting venous blood sample was obtained after
anthropometry and physical examination for blood glucose
and lipid profile. Estimation of total cholesterol (TC), serum
triglycerides (TG), and high-density lipoprotein cholesterol
(HDL-c), was performed on the sample drawn after 12 h
overnight fast. TC was estimated with the ferric chloride
method13. The method described by Rosenberg and Gottfried
was used for the determination of TG. After precipitation of
very low-density lipoprotein cholesterol and low-density
lipoprotein cholesterol (LDL-c) from the serum by
phosphotungstic acid and magnesium chloride, the
supernatant was taken and HDL-c estimation performed by
the method described for TC. The value of LDL-c was
calculated using Friedwald’s equation.
Statistical Analysis
Data were entered into an Excel spreadsheet. All the entries
were double-checked for any possible keyboard error. For
both anthropometric and biochemical parameters, the
distribution was confirmed for approximate normality. Mean
and standard deviation then summarized the variables. The Ztest was applied to compare the difference in various
anthropometric parameters amongst males and females.
Correlation between various anthropometric and biochemical
parameters was evaluated using Pearson’s correlation
coefficient. For comparing the mean difference in various
anthropometric parameters across three groups as stratified
by various biochemical parameters, one-way analysis of
variance (ANOVA), followed by a multiple range test was
used. P-value<0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
Out of 587 subjects screened, 500 subjects (270 males, 230
females) had complete records of clinical profile (Fig 1).
Biochemical tests, although performed in all individuals,
remained incomplete in a few subjects. Overall, there was
preponderance of Muslims population 63%, followed by
Hindus 32% and others 5% (Fig 2).
Impaired fasting glucose (IFG) was observed more in females
as compared to males, although the difference was not
statistically significant (Table 1). Type 2 diabetes was
observed in 11.12% and 10.87% of males and females,
respectively; the overall prevalence being 11%. Prevalence of
hypertension was similar in both males and females (Table
1).
Obesity was more prevalent in females 13.9% than males
11.1 %.( Table 1). The overall prevalence of obesity was
12.4%. Taking %BF as the measurement of obesity, 10%
males and 36.9% females were classified as obese. The
overall prevalence of obesity, determined by %BF, was
22.4%. The mean BMI of males and females were
comparable.
The remarkably high prevalence of obesity in the study
population is of particular note despite their poor
socioeconomic strata. Although the mean BMIs are in the
range of 20 – 21, the prevalence of obesity, as defined by
BMI, is high. The prevalence of obesity recorded in the

current study is lower compared to that recorded 27.8% in an
urban sample of adults in New Delhi14 conducted by
Gopinath N et al 1994. Unfortunately, few comparable
studies performed in the urban slums are available in the
literature. Studies from developed countries indicate higher
prevalence of atherosclerosis risk factors among men and
women with lower socio-economic status. In developing
countries, the problem of poverty and scarcity of food is
particularly acute in the slum areas. In the Klong Toey slums
of Bangkok, 25.5% of the subjects were overweight and 10%
were obese, a study involving women in a low-income area in
Karachi showed 42 and 8% of women to be overweight and
have abdominal obesity respectively15.
The detailed observations on anthropometric measurements
and %BF have rarely been explored in the studies done on
Asian Indian people living in India. The most striking
observation in the current study is high %BF in females. In
males, only 10% had excess %BF, a figure generally
approximating the percentage prevalence of high BMI in this
group. There is, however, a marked discordance between the
two measures of obesity in females; 36.9% show %BF more
than 30%, while only 15.6% show BMI higher than 25. The
most striking observation is the increase in body fat with
advancing age (about 50% had high body fat above the age of
30 y). The conspicuous feature in women, therefore, is underrepresentation of obesity when defined by BMI alone. These
observations are of considerable practical relevance,
questioning BMI as a valid epidemiological tool in Asian
Indian population, particularly in females. Further, all the
metabolic complications of excess fat are likely to be present
in these women with high body fat, even when their BMI is
in a normal range. Such women, when postmenopausal and
without the benefit of hormonal protection, are more likely to
develop occlusive consequences of atherosclerosis.
Variable prevalence (3 – 11.2%) of diabetes has been
reported from urban areas of India depending upon on the
region, caste and type of survey, diagnostic tool and
diagnostic terminology6. In the rural Indian population,
Tripathy et al 1991 reported to be in the range of 1 – 5%16. In
one of the well-designed studies conducted by Patandin S et
al 1999 in rural areas of North Arcot District in south India,
the prevalence of impaired glucose tolerance (IGT) and
diabetes mellitus was 6.6 and 4.9%, respectively, as
investigated by 2 h post-75 g oral glucose load values17. In
our study prevalence of DM 11.12% in males and 10.87% in
females, and overall prevalence 11% carried out. It is also
noteworthy that the prevalence of IFG is greater in females as
compared to males in the current study, although it was
statistically insignificant. In a recent study from Kashmir
valley, author’s record higher prevalence of IGT and diabetes
mellitus in females18.
The observed prevalence of IFG and diabetes mellitus in the
present study is higher than that reported from the rural
population, and equal to or more than that observed in the
urban population. However, it is difficult to compare most
studies done in India, since diagnostic criteria of diabetes,
methodology of tests, and sampling modes were different.
Nonetheless, the prevalence of IFG and type 2 diabetes
mellitus in this sample of urban slum population is
impressive.
CONCLUSION
The non-communicable diseases, particularly the upsurge of
diabetes mellitus, hypertension and CHD pose a grim
challenge to India in this century. Findings of the present
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study are particularly ominous, and dispel the notion that the
policy makers need to be concerned only about
communicable diseases in the people of low socio-economic
strata in urban slums. There is, therefore, an urgent need for
concerted governmental and non-governmental efforts and
firm political will to tackle this important problem.
Moreover, further studies are needed to delineate the problem
in detail and specify the adverse factors, particularly the
changes in the nutrition and activity profile.
RECOMMENDATION
A nutrition assessment should be done at diagnosis and at
least once a year thereafter by a registered dietitian
experienced with diabetes and adolescent nutrition. The
assessment includes an evaluation of typical food intake and
eating habits in addition to identifying the many factors that
influence food intake. A 24-hour dietary recall and an age
appropriate nutrition questionnaire are useful tools to obtain
this information. Then an initial meal plan can be determined
and adjustments in total energy intake may be made to allow
for stage of growth and activity level. Information about
family support and barriers to learning will help the dietitian
individualize the educational experience. Use body mass
index to assess physical growth. A teen with weight loss prior
to diagnosis often needs additional calories for catch-up
growth. Once healthy weight gain has occurred, it is
important to check the meal plan 3-4 weeks after diagnosis
and decrease total food intake, if necessary, to prevent excess
caloric intake and unwanted weight gain. Total energy and
protein requirements can be estimated by a combination of
typical food intake and the Recommended Dietary
Allowances. Adolescent energy and protein intake is often
calculated by height to allow for changes in energy
requirements related to growth during puberty rather than
chronological age.
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Table 1 Demographic characteristics and prevalence of hypertension,
Diabetes mellitus and obesity
Variables
Males (n = 270)
Females (n = 230)
Age (y) (Mean + S.D)
38.7+13.5
35.6+12.8
Occupation %
Unemployed/Housewife
4.4% (12)
78.3% (180)
Household worker
3.7% (10)
4.4% (10)
Laborer
44.5% (120)
0.8% (2)
Government service
7.4% (20)
6.5% (15)
Others
40% (108)
1.3% (3)
Smoking
75.9% (205)
9.1% (21)
Tobacco chewing
20% (54)
10% (23)
Alcohol consumption
16.7% (45)
7.8% (18)
Impaired fasting glucose
15.2% (41)
17.4 (40)
Diabetes mellitus
Hypertension
11.12% (30)
10.87% (25)
Obesity
12.9% (35)
13% (30)
11.1% ((30)
13.9% (32)

Fig 1: Distribution according to sex

Fig 2: Distribution according to religion
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Fig 3: Prevalence of addictions among study group (n = 500)

Fig 4: Prevalence of DM among study group (n = 500)
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