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Abstract

Objectives We examined the nationwide geographic

variation of overweight and obesity in India, as well as a

range of potential correlates of excess body fat.

Methods We conducted cross-sectional analyses of the

2005–2006 Indian Demographic Health Survey (IDHS),

based on 161,050 individuals (age range 18–54 years).

Multivariate logistic regression models were used to

determine odds ratios (OR) of overweight and obesity

compared to normal weight with associated correlates.

Results The overall prevalence was 12.4 % for over-

weight, 3.2 % for obesity, and 26.5 % for underweight.

After multivariate adjustment, obesity was nearly thrice

more likely in urban areas than in rural (OR 2.73, 95 % CI

2.53–2.94). Women were 2.71 times more likely to be

obese than men (95 % CI 2.50–2.95). Better socioeco-

nomic status was significantly associated with overweight

and obesity. Overweight (OR 1.38, 95 % CI 1.31–1.47) and

obesity (OR 1.46, 95 % CI 1.32–1.61) were most likely to

occur in India’s Southern zone, when controlled for con-

founding factors.

Conclusions High-risk estimates for overweight/obesity

in urban settings, along with socioeconomic prowess in

India and the resulting nutritional transition make a com-

pelling case for public health policy on healthy lifestyles to

avert the growing burden of non-communicable diseases

associated with overweight/obesity.

Keywords India � Epidemiology � Nutrition � Obesity �
Risk factors � Geographic variation

Introduction

Obesity and overweight are considered to be the fifth-

leading risk factor for deaths worldwide, and at least 2.8

million adults die each year as a result of chronic condi-

tions associated with excess body weight, in both more and

less developed countries (Haslam and James 2005; WHO

2013b). The burden of non-communicable diseases (NCDs)

such as diabetes, cardiovascular disease and hypertension

associated with overweight/obesity (Whitlock et al. 2002;

Sun et al. 2010; Jayawardena et al. 2012) is on the rise in

India: the International Diabetes Federation projects the

population affected by diabetes to rise to more than 101

million by 2030 (Gupta et al. 2012), while India’s hyper-

tensive population is estimated to increase beyond 214

million by 2030 (Devi et al. 2012).

The Indian National Family Health Survey of 2006

(NFHS-3) demonstrated that the prevalence of overweight

and obesity [body mass index (BMI) C25.00 kg/m2] was

9 % in men and 13 % among women (15–54 years);

however, the results of the survey were limited to crude

national prevalence estimates, with no examination of

regional variation or the potential influence of urbanisation

on prevalence estimates (IIPS 2007). Additionally, a
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review by Kalra and Unnikrishnan (2012) showed that

there has been an overall increase in the prevalence of

overweight/obesity among men and women (15–49 years)

from 11 % as reported by NFHS-2 to 15 % as updated by

NFHS-3.

The present study investigated the nationwide geo-

graphic variation of combined overweight and obesity for

adults in India, and its association with urbanisation by

examining prevalence estimates at the zone-level using the

Indian Demographic Health Survey 2005–2006 (IDHS)

data, while accounting for a number of potential risk fac-

tors and socio-demographic correlates. A supplementary

analysis of underweight was also conducted in order to

examine the association of urbanisation and socioeconomic

status with the whole spectrum of BMI categories. The

public health policy in India with regard to nutrition has

originally been focused on addressing the prevalent under-

nutrition (Khandelwal and Reddy 2013). The findings from

studies investigating obesity in India and other low-re-

source settings will be valuable in informing a distribution

of this policy focus with regard to the prevention of aver-

table chronic conditions associated with obesity

(Khandelwal and Reddy 2013; Kandala et al. 2013, 2014;

Kandala and Stranges 2014).

Methods

Study population

The 2005–2006 IDHS—also called the NFHS-3—covered

29 Indian states and was ‘‘designed to provide estimates

of key indicators for India as a whole (and) … for all 29

states by urban–rural residence’’ (IIPS 2007). The survey

included demographic, socioeconomic and health data for

124,385 women and 74,369 men between the ages of 15

and 49. For the present analysis, the following exclusion

criteria were employed: (a) all pregnant women (5911

women); (b) all individuals of age less than 18 years at

the time of the survey (22,413 individuals)—since our

scope was limited to adult obesity; and (c) all individuals

with missing BMI data (4732 women and 4648 men). The

resulting sample had 161,050 individuals (61,208 men

and 99,842 women), which was used for prevalence

estimates and baseline demographic characteristics. For

the multivariate regression analysis, missing data from

each variable and ‘‘not de jure residents’’ from the stan-

dard of living variable were excluded since the standard

of living index could not be determined without infor-

mation on asset-ownership. Thus, the multivariate

regression analysis for overweight analysis included

106,713 individuals, and the analysis for obesity included

92,742 individuals.

Outcome variable

We studied overweight and obesity as the two main out-

comes in terms of BMI (kg/m2). The continuous BMI

variable from the DHS dataset was converted into a cate-

gorical variable, with categories defined as per World

Health Organisation (WHO) classifications: B18.49 kg/m2

as ‘‘underweight’’; 18.50 to 24.99 kg/m2 as normal; 25.00

to 29.99 kg/m2 as ‘‘overweight’’; and C30.00 kg/m2 as

‘‘obese’’ (WHO 2013a, b).

The outcome variable was re-coded into a binary vari-

able with ‘‘normal weight’’, and ‘‘overweight/obese’’ as the

two possible outcomes for sex-stratified and zone-stratified

analyses.

Exposure variables

The main exposure variable in the analysis was the ‘‘type

of residence’’ in terms of the categories ‘‘urban’’ and

‘‘rural’’—as defined by the Indian Census (Census Com-

missioner of India 2001). Other socio-demographic,

lifestyle and geographic factors—sex, age, education level,

standard of living, use of alcohol, tobacco smoking, reli-

gion and zonal council—that may influence the outcome

were also included as confounders. Age was recorded by

the DHS as a continuous variable, and was re-coded into a

categorical variable of four 10-year categories, with a

truncated first category for 18–24 year-olds. Education

level was measured as ‘‘None’’, ‘‘Primary’’, ‘‘Secondary’’

and ‘‘Higher’’, and a standard of living index was pre-

calculated in the IDHS, categorised as ‘‘Low’’, ‘‘Medium’’

and ‘‘High’’ (ICF International 2010). This index was

created by the NFHS team as an economic measure using

ownership of assets, arrived at with the help of a 27-item

list of assets weighted according to the economic signifi-

cance of ownership in India (IIPS 2007). Frequency of

alcohol use was converted to a binary variable which

reported consumption of alcohol in any frequency against

no consumption. This was done in order to reduce the

inherent recall and respondent bias in the variable.

The variable for religion was re-coded from eleven into

six categories by combining the categories with the lowest

numbers of adherents into an ‘‘Other’’ category. The 29

Indian states were re-coded into six zones as per admin-

istrative Zonal Council divisions set up with the States Re-

organisation Act, 1956 in order to make populations sizes

more comparable (Ministry of Home Affairs 2010). The

category ‘‘Hindus’’ in the religion variable and the category

‘‘Northern’’ in the zone variable were used as references,

since the former is the most populous (73.5 % of the

sample), and the latter included the National Capital

Region of Delhi, which is also the most populous urban

area (Registrar General of India 2011).
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Statistical analysis

The data were analysed using SPSS version 21 (IBM

Corp. 2012). The prevalence of each BMI classification

and the descriptive percentages of each socio-demographic

factor were reported according to BMI category. The

mean, standard deviation, and range were reported for

BMI and age using existing continuous variables in the

dataset. Odds ratios (ORs) and 95 % confidence intervals

were used to determine a crude association between BMI

and covariates.

The independent combined effect of all factors found to

have significant (p\ 0.05) relationships with BMI and

type of residence in bivariate analysis—sex, age, educa-

tion, standard of living, alcohol use, tobacco smoking, zone

and religion—was assessed with a backwards multivariate

logistic regression model.

The same model was then used by stratifying sex-wise,

and obtaining the ORs and 95 % confidence intervals of

overweight/obesity in both sexes for urban settings using

rural settings as the reference categories. After stratifying

zone-wise, the multivariate model was used to obtain ORs

for urban vs. rural areas for each zone along with 95 %

confidence intervals. The prevalence estimates of urban

obesity and urban residence were obtained for each zone,

re-coded into categorical variables and presented on a map

of India for graphical comparison.

Results

Descriptive results

Baseline socio-demographic and lifestyle characteristics by

BMI classification are presented in Table 1 (N = 161,050).

Overall, the mean age of the sample was 31.9 years ±

9.3 (age range 18–54). The mean BMI was 21.19 ±

3.94 kg/m2 (range 12.03–59.90 kg/m2). The prevalence of

overweight was 12.4, 3.2 % for obesity, 26.4 % for

underweight and 58.0 % for normal weight. The preva-

lence of overweight and obesity was 11.3 and 1.9 % among

men, respectively, and 13.0 and 4.0 % among women.

More than 52 % of the individuals lived in rural settings.

More than 26 % of those with a higher education were

either overweight or obese. Among those with a high living

standard, 24 % were overweight/obese. A large majority in

all categories did not smoke tobacco or drink alcohol.

Nearly 21.0 % of the sample from the Southern zone was

overweight/obese, while only 10.3 % of the sample from

the North-eastern zone was overweight/obese. The vast

majority of the sample (73.5 %) was Hindu, followed by

12.4 % Muslims and 9.0 % Christians.

Regression analysis results

Results of the unadjusted and multivariate analyses are

presented in Table 2. After adjusting for all factors, the

likelihood of overweight in urban areas was almost twice

that of rural areas (OR 1.78, 95 % CI 1.71–1.85), while it

was nearly three times for obesity (OR 2.73, 95 % CI

2.53–2.94).

Females were 1.50 times more likely to be overweight

and nearly three times more likely to be obese than males

(OR 2.71, 95 % CI 2.50–2.95); the oldest age group was

nearly 12 times more likely to be obese than the youngest

age group (OR 11.73, 95 % CI 10.26–13.41); the highest

education level was nearly twice as likely to be overweight

or obese than no education; and odds of obesity in a high

standard of living were 4.40 times that of low living

standards (95 % CI 3.63–5.35). Tobacco smoking had a

reduced association with overweight and obesity (OR 0.77

and OR 0.70, respectively), and alcohol use had a slightly

increased significant association with overweight (OR 0.79,

95 % CI 0.76–0.82), but an insignificant and reduced

association with obesity (OR 0.95, 95 % CI 0.84–1.08).

After adjustment, Christians were the least likely to be

overweight when compared to Hindus (OR 0.87, 95 % CI

0.81–0.93), while Buddhists were the least likely to be

obese (OR 0.66, 95 % CI 0.49–0.89). Sikhs were the most

likely to be obese when compared to Hindus (OR 3.28,

95 % CI 2.81–3.82).

Individuals in the North-eastern zone were the least

likely to be overweight (OR 0.71, 95 % CI 0.66–0.77) or

obese (OR 0.35, 95 % CI 0.30–0.41). Overweight and

obesity were both most likely in the Southern zone (OR for

overweight = 1.38, 95 % CI 1.31–1.47; OR for obe-

sity = 1.46, 95 % CI = 1.32–1.61).

Sex-wise stratification

The results of the sex-wise stratification are presented in

Table 3. When adjusted for confounding factors, urban

women were 2.01 times more likely than rural women to be

overweight/obese (95 % CI 1.93–2.11), while urban men

were 1.79 times more likely than rural men to be over-

weight/obese (95 % CI 1.69–1.91).

Zone-wise analysis

Results of zone-wise analysis are presented in Table 4 and

Fig. 1. The highest combined prevalence of urban over-

weight/obesity was in the Southern zone (28.4 %), but the

highest prevalence of urban obesity was in the Northern

zone (7.1 %). The odds of overweight/obesity in an urban

area as compared to rural areas were highest for the Eastern
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Table 1 Baseline characteristics according to body mass index (BMI) classification (India Demographic Health Survey, India 2005–2006)

n (%) Normal % Overweight % Obese % p valueb

N = 161,050a N = 93,439,
58.0 %

N = 19,906,
12.4 %

N = 5102,
3.2 %

Sex \0.001

Male 61,208 (38.0) 62.2 11.3 1.9

Female 99,842 (62.0) 55.5 13.0 4.0

Age group \0.001

18–24 43,670 (27.1) 59.8 4.8 0.8

25–34 54,003 (33.5) 59.4 11.9 2.5

35–44 43,633 (27.1) 56.0 17.6 5.2

45? 19,744 (12.3) 54.7 18.9 5.7

Type of residence \0.001

Urban 76,283 (47.4) 57.1 17.8 5.2

Rural 84,767 (52.6) 58.8 7.4 1.3

Education levelc \0.001

None 43,695 (27.1) 55.3 7.3 1.7

Primary 24,323 (15.1) 58.8 10.0 2.5

Secondary 71,246 (44.2) 59.1 13.6 3.7

Higher 21,752 (13.5) 59.0 21.0 5.3

Standard of livingd \0.001

Low 25,493 (16.8) 54.2 2.9 0.5

Middle 47,015 (31.0) 59.8 7.1 1.2

High 79,372 (52.3) 58.0 18.7 5.3

Tobacco smokinge \0.001

Yes 50,544 (31.4) 60.9 8.6 1.4

No 110,483 (68.6) 56.7 14.1 4.0

Alcohol usef \0.001

Yes 26,473 (16.4) 63.1 11.0 1.7

No 134,556 (83.6) 57.0 12.6 3.5

Zone \0.001

Northern 21,898 (13.6) 57.3 14.8 4.6

North Central 32,621 (20.3) 56.1 10.0 2.6

North-eastern 26,040 (16.2) 71.3 9.1 1.2

Eastern 22,892 (14.2) 56.7 9.7 2.3

Western 22,397 (13.9) 53.4 13.7 3.8

Southern 35,202 (21.9) 54.3 16.3 4.5

Religiong \0.001

Hindu 118,285 (73.5) 56.4 12.1 3.0

Muslim 19,918 (12.4) 55.7 13.6 3.9

Christian 14,523 (9.0) 73.1 10.7 2.1

Sikh 3157 (2.0) 51.7 23.9 9.8

Buddhist 2415 (1.5) 62.2 11.6 2.1

Other 2619 (1.6) 67.5 12.8 3.6

a Total and n for all categories in this column includes underweight; total prevalence calculation for ‘‘normal’’, ‘‘overweight’’ and ‘‘obese’’

includes underweight subjects (26.4 %)
b p values for comparison between normal and overweight/obese subjects
c 34 missing cases
d 5482 ‘‘not de jure residents’’ excluded; 3688 missing cases
e 23 missing cases
f 21 missing cases
g 133 missing cases
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Table 2 Unadjusted and multivariate logistic regression analysis

results for overweight and obesity as opposed to normal weight

according to each confounding factor; odds ratio (OR) in multivariate

regression is adjusted for each factor in the table (India Demographic

Health Survey, India 2005–2006)

Factor Overweight vs. normal Obese vs. normal

Unadjusted regression
(N = 113,345)

Multivariate regression
(N = 106,713)a

Unadjusted regression
(N = 98,541)

Multivariate regression
(N = 92,742)b

Crude OR (95 % CI) Adjusted OR (95 % CI) Crude OR (95 % CI) Adjusted OR (95 % CI)

Type of residence

Rural 1.00 1.00 1.00 1.00

Urban 2.47 (2.40–2.56) 1.78 (1.71–1.85) 3.97 (3.71–4.24) 2.73 (2.53–2.94)

Sex

Male 1.00 1.00 1.00 1.00

Female 1.30 (1.25–1.34) 1.50 (1.43–1.57) 2.34 (2.19–2.50) 2.71 (2.50–2.95)

Age groups

18–24 1.00 1.00 1.00 1.00

25–34 2.48 (2.36–2.62) 2.71 (2.56–2.86) 3.31 (2.93–3.73) 3.74 (3.30–4.24)

35–44 3.90 (3.71–4.11) 4.71 (4.45–4.98) 7.19 (6.41–8.07) 9.16 (8.10–10.36)

45? 4.29 (4.05–4.55) 5.42 (5.09–5.78) 7.99 (7.06–9.04) 11.73 (10.26–13.41)

Educationc

None 1.00 1.00 1.00 1.00

Primary 1.29 (1.22–1.36) 1.20 (1.13–1.28) 1.37 (1.23–1.53) 1.34 (1.19–1.50)

Secondary 1.74 (1.67–1.82) 1.53 (1.46–1.62) 2.03 (1.87–2.20) 1.89 (1.71–2.08)

Higher 2.70 (2.57–2.84) 1.90 (1.79–2.03) 2.91 (2.65–3.21) 2.09 (1.86–2.34)

Standard of livingd

Low 1.00 1.00 1.00 1.00

Medium 2.22 (2.04–2.41) 1.81 (1.66–1.97) 2.27 (1.86–2.77) 1.61 (1.32–1.98)

High 6.06 (5.62–6.54) 3.46 (3.18–3.76) 10.76 (8.95–12.93) 4.40 (3.63–5.35)

Tobacco smokinge

No 1.00 1.00 1.00 1.00

Yes 0.57 (0.55–0.59) 0.77 (0.74–0.81) 0.33 (0.30–0.35) 0.70 (0.63–0.77)

Alcohol usef

No 1.00 1.00 1.00 1.00

Yes 0.79 (0.76–0.82) 1.09 (1.03–1.15) 0.44 (0.40–0.49) 0.95 (0.84–1.08)

Religiong

Hindu 1.00 1.00 1.00 1.00

Muslim 1.14 (1.09–1.20) 1.30 (1.23–1.37) 1.31 (1.21–1.42) 1.51 (1.38–1.65)

Christian 0.68 (0.65–0.72) 0.87 (0.81–0.93) 0.55 (0.48–0.61) 0.91 (0.79–1.05)

Sikh 2.17 (1.98–2.37) 2.07 (1.87–2.30) 3.55 (3.13–4.02) 3.28 (2.81–3.82)

Buddhist 0.87 (0.76–0.99) 0.93 (0.81–1.07) 0.64 (0.48–0.84) 0.66 (0.49–0.89)

Other 0.89 (0.79–1.00) 1.06 (0.93–1.21) 1.00 (0.81–1.23) 1.50 (1.19–1.90)

Zone

Northern 1.00 1.00 1.00 1.00

North Central 0.69 (0.66–0.73) 0.85 (0.80–0.91) 0.59 (0.54–0.65) 0.84 (0.75–0.93)

North-eastern 0.49 (0.47–0.52) 0.71 (0.66–0.77) 0.21 (0.18–0.23) 0.35 (0.30–0.41)

Eastern 0.67 (0.63–0.71) 0.85 (0.79–0.91) 0.50 (0.45–0.56) 0.72 (0.64–0.82)

Western 0.99 (0.94–1.05) 0.95 (0.89–1.01) 0.90 (0.82–0.99) 0.92 (0.82–1.02)

Southern 1.16 (1.11–1.22) 1.38 (1.31–1.47) 1.03 (0.95–1.12) 1.46 (1.32–1.61)

a 6632 missing cases and ‘‘not de jure residents’’ excluded from multivariate analysis
b 5799 missing cases and ‘‘not de jure residents’’ excluded from multivariate analysis
c 19 missing cases in overweight analysis; 20 missing cases in obesity analysis
d 6510 missing cases and ‘‘not de jure residents’’ excluded from overweight analysis; 5695 missing cases and ‘‘not de jure residents’’ excluded

from obesity analysis
e 16 missing cases in overweight analysis; 15 missing cases in obesity analysis
f 15 missing cases in overweight analysis; 13 missing cases in obesity analysis
g 89 missing cases in overweight analysis; 73 missing cases in obesity analysis
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Table 4 Zone-wise results (India Demographic Health Survey, India 2005–2006)

Zone N (%)a Prevalence in rural

areasa n (%)

Prevalence in urban

areasa n (%)

Adjusted odds ratio for combined

overweight/obesity in urban

areas vs. rural areasb

Overweight Obesity Overweight Obesity Rural Urban (95 % CI)

Northern 21,898 (13.6) 1391 (10.9) 346 (2.7) 1850 (20.2) 651 (7.1) 1.00 1.84 (1.69–2.01)

North Central 32,621 (20.3) 855 (4.8) 136 (0.8) 2419 (16.3) 722 (4.9) 1.00 2.14 (1.95–2.34)

North-eastern 26,040 (16.2) 880 (5.9) 83 (0.6) 1481 (13.4) 220 (2.0) 1.00 1.78 (1.63–1.96)

Eastern 22,892 (14.2) 569 (4.3) 84 (0.6) 1662 (17.2) 435 (4.5) 1.00 2.44 (2.19–2.72)

Western 22,397 (13.9) 734 (8.4) 152 (1.7) 2329 (17.0) 704 (5.2) 1.00 1.69 (1.55–1.86)

Southern 35,202 (21.9) 1863 (10.8) 341 (2.0) 3873 (21.6) 1228 (6.8) 1.00 1.85 (1.74–1.97)

a Analysis includes underweight
b Analysis excludes underweight; adjusted for type of residence, sex, age, education, standard of living, tobacco smoking, alcohol use and

religion; 5482 ‘‘not de jure residents’’ from ‘‘Standard of Living’’ excluded from analysis; missing cases in Northern zone, 469; North Central,

437; North-eastern, 949; Eastern, 597; Western, 684; Southern, 653

Table 3 Sex-wise stratification results (India Demographic Health Survey, India 2005–2006)

Sex N (%)a Prevalence in

rural areasa n (%)

Prevalence in urban

areasa n (%)

Adjusted odds ratio for combined

overweight/obesity in urban

areas vs. rural areasb

Overweight Obesity Overweight Obesity Rural Urban (95 % CI)

Males 61,208 (38.0) 1971 (6.5) 243 (0.8) 4925 (16.0) 915 (3.0) 1.00 1.79 (1.69–1.91)

Females 99,842 (62.0) 4321 (7.9) 899 (1.7) 8689 (19.1) 3045 (6.7) 1.00 2.01 (1.92–2.09)

a Analysis includes underweight
b Analysis excludes underweight; adjusted for type of residence, age, education, standard of living, tobacco smoking, alcohol use, zonal council

and religion; 5482 ‘‘not de jure residents’’ from ‘‘Standard of Living’’ excluded from analysis; 1505 missing cases for males; 2310 missing cases

for females

Fig. 1 Zone-wise overweight/obesity prevalence in urban areas, and urbanisation for each zone in India (India Demographic Health Survey,

India 2005–2006; Dalet 2007)
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zone (OR 2.44, 95 % CI 2.19–2.72), despite the fact that

urbanisation and overweight/obesity prevalence were rel-

atively low in this zone. The North-eastern zone had a low

prevalence of urban overweight/obesity (15.4 %), as well

as low urbanisation (Fig. 1). In the Northern zone, the

prevalence of urban overweight/obesity was high ([25 %),

but the level of urbanisation appeared to be low (40–45 %

urban dwellers). In general, urban areas were consistently

associated with a higher risk of overweight/obesity across

all zones.

Discussion

To our knowledge, this is the largest epidemiological

investigation of geographic variations across the whole

spectrum of BMI categories for both sexes in a nationwide

representative sample of the Indian population, with the

focus on differences between urban and rural settings. The

main hypothesis—a positive association between urban-

dwelling and overweight/obesity—was strongly supported

by the results of this study. When adjusted for confounders,

an individual residing in an urban area was almost twice as

likely to be overweight/obese as compared to an individual

living in a rural area.

These findings are corroborated by previous studies,

which demonstrated significantly higher odds for obesity in

urban areas, while also illustrating the urban–rural differ-

ences in their findings as different for either sex (Pednekar

et al. 2008; Yadav and Krishnan 2008). For example, a

study in North India demonstrated that urban areas had the

highest prevalence of overweight and obese individuals,

followed by urban slums and then rural areas, even though

the study was limited by not considering potential con-

founding factors such as socioeconomic status and

education (Yadav and Krishnan 2008).

Previous studies have been confined to either cross-

sectional surveys of a single site, or compared locations

which occurred within a single region. Gouda and Prusty

(2014) utilised the same dataset from the Indian DHS

survey, but limited their study to overweight and obesity

among urban women in India. Other than prevalence

results in the official report of the Third National Family

Health Survey (IIPS 2007), we were unable to find studies

which explored geographic variation of overweight/obesity

across India as a whole. This analysis is unique since it is

able to examine the variation and draw comparisons

between Indian zones.

In our study, when looking at prevalence of overweight/

obesity in urban areas alone, the results showed that the

Southern zone had the highest prevalence (28.4 %), fol-

lowed by the Northern zone (27.4 %) and then the Western

zone (22.2 %). The high prevalence of overweight/obesity

despite low levels of urbanisation in the Northern and

Eastern zones could be due to a high occurrence of over-

weight/obese cases in urban areas, a reduction in physically

demanding labour in rural areas due to mechanisation of

agriculture, or even proliferation of sugary drinks. On a

very crude level, this finding is salient because it poten-

tially suggests that within a relatively small urban

population, the likelihood of overweight/obesity is still

high. This is illustrated by the very high odds of urban

overweight/obesity and relatively high prevalence of

overweight and obesity in urban areas found in the Eastern

zone, while the rural prevalence of overweight and obesity

is the lowest in this zone.

Regarding socioeconomic factors, results demonstrated

that better education and better living standards were

associated with higher odds of overweight/obesity after

adjusting for confounders, including urban vs. rural setting.

This is likely a consequence of the ongoing nutritional and

epidemiological transition occurring in these settings. In

fact, developing countries have not yet reached the same

phase of nutritional transition as an economically affluent

country, and while high-calorie diets comprising fast-food

are the more economically affordable option in the latter,

such diets are still reserved for the more affluent individ-

uals in a country like India, where economic growth has

only just begun to allow affluent individuals to afford fast-

food (Pednekar et al. 2008). This relationship between

socioeconomic affluence and overweight/obesity was also

reported during a similar nutritional phase for Brazil, and

corroborated for India (Chhabra and Chhabra 2007;

Sichieri et al. 1994). A more specific example in the con-

text of this epidemiological and nutritional transition is the

rising socioeconomic status of Tangkhul Naga tribal

women in North-eastern India, resulting in a transition to

high-calorie foods and a sedentary lifestyle, and con-

tributing to overweight/obesity among the tribal women

(Mungreiphy and Kapoor 2010).

The association of urban overweight/obesity with edu-

cation, while consistent with existing literature (Dinsa et al.

2012; Khandelwal and Reddy 2013; Gouda and Prusty

2014), could be due to sedentary occupations which usually

result from better levels of education, as opposed to

physically intensive occupations that follow from lower

education levels.

The study of overweight and obesity among urban

women in India demonstrated that media exposure was

significantly associated with overweight and obesity

(Gouda and Prusty 2014). Exposure to media could be

correlated to affordability of television sets due to eco-

nomic status. This could lead to inactivity, compounded by

exposure to marketing of high-calorie diets and sugary

drinks, eventually contributing to the nutritional transition

evidenced in low-income countries.
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The results of this study demonstrate that the odds of

being overweight/obese increase with increasing age, cor-

roborating the existing literature (Dinsa et al. 2012;

Khandelwal and Reddy 2013; Gouda and Prusty 2014).

This could be due to decreasing physical activity with

age—especially among women—compounded with an

increasing general access to high-calorie diets in India

(Misra and Khurana 2008), as well as the high-calorie diets

that are culturally recommended for Indian pregnant

women (Choudhry 1997), the effects of which might linger

beyond their gravid status.

Body image ideals in India are changing along with the

economic and nutritional transition: while the results of a

study from 1993 suggested that South Asian women in

Britain were less likely to be dissatisfied with their body

weight or describe themselves as ‘‘too fat’’ when compared

with Caucasian women (Wardle et al. 1993), more recent

studies suggest that Indian youth are more likely to idealise

a slimmer body image, at times to an unhealthy extent

(Goswami et al. 2012; Priya et al. 2010; Stigler et al. 2011;

Swaminathan et al. 2013). This could only partially explain

the low OR of overweight/obesity in the younger age

group, since socioeconomic status and media exposure

have been demonstrated as important combined factors of

overweight and obesity for urban populations (Gouda and

Prusty 2014). At present, any inference of a direct rela-

tionship between the high prevalence of socioeconomically

affluent individuals and overweight/obesity in urban areas

should be treated as being speculative with the available

data, since urban areas in India also have large slum pop-

ulations with economically deprived residents and it has

been demonstrated that an urban-slum population had a

significantly higher mean BMI than rural populations

(Yadav and Krishnan 2008). Our study was limited by the

lack of distinction between urban slum and settled or more

affluent urban areas, and further study with a larger sample

size is required to compare both types of urban settlements

with rural settlements in order to build on the findings of

Yadav and Krishnan (2008).

Women were found to consistently bear a greater burden

than men. Furthermore, when stratified according to sex,

the OR of overweight/obesity among urban women was

twice that of rural women. This finding is consistent with

all previous studies, which had similar results with varying

degrees due to specific contexts (Gouda and Prusty 2014;

Mungreiphy and Kapoor 2010; Pednekar et al. 2008;

Yadav and Krishnan 2008). Gouda and Prusty (2014)

demonstrated that non-poor urban women were 2–3 times

more likely to be overweight/obese as compared to women

from lower economic strata. Our results suggest that there

is a need for investigating the geographic and socioeco-

nomic variation between urban and rural settings for both

sexes separately. The overwhelming evidence in the

literature establishes that women are at a higher risk for

overweight/obesity than men, and women are worse-af-

fected than men during nutritional transitions: in rural

areas, women are victims of under-nutrition and being

underweight when compared to men, while women in

urban areas are more likely to be obese than men (Montiero

et al. 2004; Yadav and Krishnan 2008).

Overall, the findings are strong and consistent, but

temporality regarding urbanisation and the increase in

prevalence of overweight/obesity cannot be established

(Hill 1965). It has previously been shown that extended

exposure to urban risks and lifestyle does not necessarily

result in overweight/obesity (Ebrahim et al. 2010). At this

juncture, therefore, causality cannot be ascertained.

As a secondary data-analysis, the study was constrained

by intrinsic limitations of the DHS dataset. While the

dataset had variables on potentially influential pre-existing

conditions such as tuberculosis infection, diabetes, anaemia

and asthma, the available data were not complete for most

of the individuals. Data on important correlates of body

weight, such as physical activity, dietary habits, sleep

patterns, chronic and psychiatric comorbidities, were also

not available. As a result, only women reported as ‘‘cur-

rently pregnant’’ were excluded from analysis. The analysis

also excluded all individuals who were under 18 years at

the time of the survey, since the scope of our study was

limited to adult obesity. However, we believe that child-

hood obesity is an urgent concern for countries undergoing

nutritional transition, and needs to be studied at length.

The cut-offs used for BMI classifications were as

defined by WHO (WHO 2013a). However, the WHO has

recently recommended different cut-offs for the Asia–

Pacific region, based on the notion that body-fat compo-

sition for Asian individuals is underestimated for the same

BMI values as other ethnicities; under the new classifica-

tions, Asian individuals with BMI [23 kg/m2 should be

considered overweight. While Pednekar et al. (2008) did

not find any substantial changes to their results with the use

of these values, these new classifications were not

employed since there is no agreement on what BMI scale

should be employed for each ethnicity. The Asian scale

developed by the WHO is based on Chinese studies (WHO

2000), and the results of Dudeja et al. (2001) show that the

scale is not the same for Indian ethnicities. Waist circum-

ference measures for central adiposity is better suited to the

South Asian context, since this measure has been shown to

be associated with high risks of diabetes and hypertension,

and the South Asian population is particularly at risk for

insulin resistance (Khandelwal and Reddy 2013).

In India’s case, this policy on nutrition and healthy

lifestyles would have to be tailored to address under-nu-

trition as well, since the country—like other developing

countries—is affected on both sides of the spectrum.
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Therefore, future studies are warranted to assess the rela-

tionship between urbanisation and malnutrition in more

detail, since the underweight aspect was not within the

scope of this study.

From a public health perspective, the conditions of

overweight and obesity are preventable and could poten-

tially attenuate the health and social burden associated with

excess body fat. Awareness for overweight and obesity

could be developed using mass media, educational cam-

paigns and workplace campaigns, since our findings

suggest that the well-educated and the most affluent are at

the greatest risk.
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