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OBJECTIVES: India still faces the burden of undernutrition and communicable diseases, and the prevalence of overweight/
obesity is steadily increasing. The discourse regarding the dual burden of underweight and overweight/obesity has not yet been
widely explored in both men and women. The present study assessed the determinants of underweight and overweight/obesity
in India among adult men and women aged 15-49.

METHODS: Population-based cross-sectional and nationally representative data from the National Family Health Survey-4
(2015-16), consisting of a sample of men and women, were analyzed. Stratified 2-stage sampling was used in the NFHS-4 study
protocol. In the present study, bivariate and adjusted multinomial logistic regression analyses were performed to determine the
correlates of underweight and overweight/obesity.

RESULTS: The results suggested a persistently high prevalence of underweight coexisting with an increased prevalence of over-
weight/obesity in India. The risk of underweight was highest in the central and western regions and was also relatively high
among those who used either smoking or smokeless tobacco. Overweight/obesity was more prevalent in urban areas, in the
southern region, and among adults aged 35-49. Furthermore, level of education and wealth index were positively associated with
overweight/obesity. More educated and wealthier adults were less likely to be underweight.

CONCLUSIONS: In India, underweight has been prevalent, and the prevalence of overweight/obesity is increasing rapidly,
particularly among men. The dual burden of underweight and overweight/obesity is alarming and needs to be considered; public

health measures to address this situation must also be adopted through policy initiatives.
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INTRODUCTION

The rising prevalence of overweight/obesity—coexisting with
undernutrition—is a significant health challenge in low-income
and middle-income countries. On one hand, improved economic
conditions, urbanization, the prevalence of sedentary lifestyles,
and dietary changes have caused a steady increase in overweight/
obesity [1-3]. On the other hand, many South Asian and sub-Sa-
haran African countries are also facing challenges posed by un-
dernutrition and its consequences [4]. In India, the share of un-
derweight adults is the highest globally, even as the country expe-
riences an ongoing rise in overweight/obesity [4,5]. Similarly,
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other South Asian countries such as Bangladesh and Nepal have a
high proportion of underweight adults, along with a growing prev-
alence of overweight/obesity [6,7]. The presence of underweight
coexisting with a rising prevalence of overweight/obesity is de-
fined as the dual burden of malnutrition, and it poses major health
challenges among the adult populations of developing countries,
including India.

Both undernutrition and overnutrition are associated with ad-
verse health outcomes. It is well-documented that overweight/
obesity are significant predictors of overall mortality [8], chronic
diseases such as diabetes [9], cardiovascular disease [10], multi-
morbidity [11,12], and disabilities [13]. Similarly, underweight is
strongly associated with premature mortality, disabilities, and
poor self-rated health and well-being, and this association is par-
ticularly strong in developing countries [14,15].

The determinants of the dual burden of malnutrition differ con-
siderably based on gender, socioeconomic, and behavioural fac-
tors. Economic status has emerged as an important determinant
of overweight/obesity, particularly in developing countries [15-
18]. In contrast, less educated and socially disadvantaged adults
tend to be underweight [19,20]. Studies also suggest that several
risk factors are associated with low and high body mass index
(BMI), including physical inactivity, poor diet, and tobacco use
[21-23].

In India, few studies have examined the relationships among
socioeconomic status (SES), tobacco use, dietary patterns, and
BMI. Furthermore, most studies of BMI have focused on women
respondents. However, it is also necessary to examine changing
patterns in men’s body weight in order to understand the impact
of modifiable health factors on men. Furthermore, considerable
variations in BMI have been noted across states in India [24,25],
as these states exhibit diverse and unequal patterns of economic
development, and demographic and epidemiological transitions
are occurring differently across different regions [26,27]. There-
fore, it is necessary to understand the existence of the dual burden
of undernutrition and overnutrition among the population (men
and women) of India. In this context, the present study assesses
the determinants of underweight and overweight/obesity in India
for both men and women.

MATERIALS AND METHODS

Data source

The present study used data from the National Family Health
Survey (NFHS-4), the fourth in the series of NFHS. The survey
was conducted in 2015-16 and obtained information about popu-
lation, nutrition, and health for the states of India and for the coun-
try as a whole. The NFHS-4 was conducted by interviewing ran-
domly-selected women aged 15-49 and men aged 15-54. Strati-
fied 2-stage sampling was used as the sampling design for the
NFHS-4 study. In the first stage, the primary sampling units were
selected, and in the second stage, the households for the study
were selected. Primary sampling units with at least 300 households
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were divided into segments of approximately 100-150 households.
Two of the segments were selected using systematic sampling with
probability proportional to size. From each selected rural and ur-
ban cluster, 22 households were selected using systematic sam-
pling (Figure 1).

Measures
Dependent variable

BMI is defined as the individuals weight in kilograms divided
by the square of the individual’s height in meters (kg/m’). In this
study, objectively measured height and weight were used to calcu-
late BMI. We followed World Health Organization standards for
the categorisation of BMI. Subjects were categorised into the fol-
lowing 3 groups according to BMI: underweight, less than 18.5
kg/m’ normal, between 18.5 and 24.9 kg/m’; and overweight/
obesity, equal to or greater than 25.0 kg/m® [28].

Predictor variables

The study population was categorised into 4 groups by educa-
tion level: no education, primary education, secondary education,
and more than secondary education.

The wealth index was calculated using the number and type of

The NFHS-4 sample is a stratified
two-stage sample

CEBs in urban areas
selected

PSUs were villages in
rural areas

v

28,586 PSUs and 28,522 clusters from
urban area selected by PPS

v

The total sample of ever married women
aged 15-49 in NFHS-4 (n=699,686) and
eligible men age 15-54 in households
selected (n=122,051)

Total women
selected (age group
15-49), pregnant
women excluded
(n=646,262)

Total men
(age group
15-49)
(n=100,410)

Figure 1. Flow chart for the sampling and sample selection, NFHS-4,
2015/16, India. NFHS, National Family Health Survey; PSUs, primary
sampling units; CEB, census enumeration block; PPS, probability
proportional to size.
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consumer goods owned by a household, as well as housing char-
acteristics. Each household asset was allocated a weight or factor
score measure through principal component analysis, and values
were standardized in relation to a normal distribution. The sam-
ple was then divided into quintiles: poorest, poorer, middle, rich-
er, and richest.

Subjects were categorised into 4 groups according to their to-
bacco use: no tobacco, only smoking tobacco (cigarettes, bidis, ci-
gars, or hookah pipes), only smokeless tobacco (paan masala or
gutkha, khaini, paan with tobacco, any other type of chewing to-
bacco, or snuff), and both smoking and smokeless tobacco.

To identify the impact of food consumption on underweight
and overweight/obesity, the frequency of intake of various food
items was obtained. Respondents could rate their food intake of
each item as never, occasionally, or daily.

The regions of India were divided into 6 categories: northern,
central, eastern, western, northeastern, and southern. The north-
ern region consisted of Chandigarh, Delhi, Haryana, Himachal
Pradesh, Jammu and Kashmir, Punjab, Rajasthan, and Uttarakhand.
The central region included Chhattisgarh, Madhya Pradesh, and
Uttar Pradesh, and the eastern region included Jharkhand, Odis-
ha, West Bengal, and Bihar. The northeastern region included Na-
galand, Sikkim, Arunachal Pradesh, Manipur, Mizoram, Tripura,
Meghalaya, and Assam; the western region included Dadra and
Nagar Haveli, Daman and Diu, Gujarat, Maharashtra, and Goa.
Lastly, the southern region consisted of Andaman and Nicobar
Islands, Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, Telan-
gana, Puducherry, and Lakshadweep.

Covariates

The selected covariates included age group (15-19, 20-34, and
35-49), place of residence (rural or urban), caste (Scheduled Caste,
Scheduled Tribe, Other Backward Class, or other), religion (Hin-
du, Muslim, or other), currently employed (no or yes), and mari-
tal status (unmarried, currently married, widowed, or divorced/
separated).

Statistical analysis

In this study, bivariate analysis was performed to determine the
relationship of background characteristics with the weighted prev-
alence of underweight and overweight/obesity. State-level differ-
ences in underweight and overweight/obesity were also assessed.
In addition, multinomial logistic regression analysis was used to
evaluate the determinants of underweight and overweight/obesi-
ty. Relative risk (RR) ratios were presented with confidence inter-
vals (Cls). Moreover, separate analyses were conducted for men
and women. The analysis was restricted to women aged 15-49
who were not pregnant and who had not given birth within 2
months prior to the survey (n=646,262) and men aged 15-49
(n=100,410). All data analysis was carried out using Stata version
14.0 (StataCorp., College Station, TX, USA).

Ethics statement

This research does not have an ethical code because the data
source used in this study gathered from publically available data
and these data considered as secondary data.

RESULTS

During the study period, the prevalence of underweight decre-
ased and the prevalence of overweight/obesity increased among
both men and women (Figure 2). The prevalence of both under-
weight and overweight/obesity were higher among women than
men. The prevalence of overweight/obesity among men almost
doubled from 2005-06 to 2015-16.

Figure 3A and 3B shows the distribution of underweight and
overweight/obesity among men in different Indian states. Among
men, a higher prevalence of underweight was clustered in Uttar
Pradesh, Bihar, and Madhya Pradesh. In contrast, the prevalence
was low in the southern and northern regions, as well as in some
of the northeastern region. A high prevalence of overweight/obe-
sity was found in Goa, Andhra Pradesh, and Sikkim, where more
than 30% of men were overweight/obese; this was followed by
Kerala, Tamil Nadu, and Punjab, where 25% to 30% of men were
found to be overweight/obese. Telangana was the state with the
most similar prevalence (20 to 25%) of underweight and over-
weight/obesity.

Figure 3C and 3D shows the prevalence of underweight and
overweight/obesity among women in the Indian states. Bihar and
Jharkhand displayed a higher prevalence of underweight than the
other states. Furthermore, a relatively high risk of underweight
was found to cluster in the middle part of India, including Ra-
jasthan, Gujarat, Madhya Pradesh, Chhattisgarh, Odisha, Uttar
Pradesh, and Assam. Figure 3D shows a lower prevalence of over-
weight/obesity in the abovementioned states. Overweight/obesity
was found to be highly clustered in the southern states of India. In
addition, Punjab, Goa, and Delhi displayed a high prevalence of
overweight/obesity. Maharashtra and Karnataka showed a similar

NFHS-3 (2005-06) men
= NFHS-4 (2015-16) men

m NFHS-3 (2005-06) women
B NFHS-4 (2015-16) women

Prevalence (%)

Underweight Overweight/obesity

Body mass index

Figure 2. Distribution of underweight and overweight/obesity among
men and women in India, National Family Health Survey (NFHS)-
2005/06-2015/16.

www.e-epih.org | 3




. . [ ]
Epidemiology e ’ H
Epidemiol Health 2019;41:22019050 and Health
70°00'E 80°0'0'E 90°p'0"E | 70°00'E | 80°00'E | 90°00'E
z z z £
o =3 o o
gl e =3 re
g g E g
u
w ,
z z z z
o = o i LS
° ° ° s I
R R R b | @
o
e
z z z z
o = o =]
=} =3 =} o
& B & &
K ) 4
=z . z = * £
S B S E
= = 2 ) e
. m‘ — . 4 -
Underweight among men 3 Overweight/obesity among men 3
B <150 I <150
[ 15.1-20.0 [ 15.1-200
[ 201250 [ 1201250
[ 25.1-300 085170 340 510 680 0 B 25.1-300 085170 340 510 680 9
I >30.1 miles I >30.1 miles
T i T T T T
70°00'E 80°0'0'E 90°0'0"E 70°00'E 80°0'0'E 90°0'0"E
70°00°E 80°00'E 9000 70°00°E 80°00°E 90°00'E
£ z
2 z sl S
g s 2 g
=] <
<
z z -
2 Lz =4 L5
] S 3 g
R R
= z
g L= gl =
< g g g
o ]
NN - VY -
= Al X3 = & o
£  abadmep ) Z £ £ tavtainep . =
=2 |55 o4 | o
o o o I=}
™ o - S
¢ 5 2 g -
Underweight among women 4 Overweight/obesity among women i
B <150 I <150
I 15.1-20.0 [ 15.1-20.0
[ 201-250 20.1-25.0
I 25.1-30.0 085170 340 510 680 0 I 25.1-300 085170 340 510 680 0
LS miles >30.1 miles
T T T T T T
70°00'E 80°0'0'E 90°0'0"E 70°00E 80°0'0'E 90°0'0"E

Figure 3. Distribution of underweight and overweight/obesity among men (A, B) and women (C, D) across the states of India, National Fam-
ily Health Survey-4, 2015/16, India.

4

I www.e-epih.org



Dutta M et al. : The double burden of malnutrition among adults in India

Table 1. Distribution of underweight and overweight/obesity by socioeconomic characteristics, NFHS-4, 2015-16, India

Men, % Women, %
e ) .
Characteristics Underweight Overwglght/ Total (n) Underweight Overwglght/ Total (n)
obesity obesity

Age (yr)***

15-19 449 4.8 18,493 420 43 117,924

20-34 16.6 17.7 45,927 22.8 17.9 294,396

35-49 123 27.6 35,990 14.0 322 233,942
Region***

Northern 16.5 19.5 22,161 19.4 22.2 129,946

Central 26.4 11.9 25,446 26.4 15.4 170,828

Eastern 222 13.8 15,433 26.7 15.4 116,030

Western 213 223 10,901 24.7 237 52,276

Northeastern 18.2 14.0 12,922 22.0 14.7 91,146

Southern 14.2 27.5 13,547 17.0 29.7 86,036
Place of residence***

Rural 23.0 14.3 69,022 26.8 15.1 456,728

Urban 155 26.6 31,388 15.5 314 189,534
Caste***

SC 229 15.0 17,963 253 17.3 114,935

ST 25.1 9.8 17,887 31.8 10.1 116,898

OBC 203 19.6 39,059 23.0 209 253,061

Other 16.6 24.7 19,919 17.8 274 131,157
Religion***

Hindu 20.7 184 74,920 236 19.9 480,743

Muslim 193 19.9 13,886 216 237 86,135

Other 13.9 24.5 11,604 16.4 26.5 79,384
Currently employed***

No 328 1.1 25,772 227 222 85,597

Yes 16.1 21.5 74,638 227 20.6 27,239
Marital status***

Never married 30.7 10.2 38,688 374 6.6 167,696

Married 13.6 24.5 60,458 184 252 450,995

Widowed 24.2 13.5 577 18.1 26.5 20,000

Divorced/separated 223 15.4 687 20.2 227 7,571
Education level***

Not educated 22.6 12.0 12,251 247 16.9 183,128

Up to primary 21.7 16.4 12,335 220 218 81,509

Up to secondary 223 18.0 59,890 24.0 214 308,908

More than secondary 10.4 285 15,934 16.0 259 72,717
Wealth index***

Poorest 319 4.8 16,639 36.0 5.9 121,389

Poorer 26.6 9.8 21,039 29.6 114 137,673

Middle 20.5 16.6 21,970 231 18.8 136,665

Richer 16.2 244 20,798 17.1 28.2 129,062

Richest 10.6 327 19,964 11.6 36.2 121,473
Tobacco use***

No tobacco 209 21.0 51,663 22.5 21.2 577,413

Only smoking tobacco 16.6 19.2 15,473 31.9 122 5,462

Only smokeless tobacco 20.8 15.7 22,335 284 15.0 60,988

Both smoking and smokeless tobacco 20.1 13.2 10,939 26.1 13.0 2,399

NFHS, National Family Health Survey; SC, Scheduled Caste; ST, Scheduled Tribe; OBC, Other Backward Class.
'Significance level is obtained from chi-square test.
**%p<0.001.
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Table 2. Distribution of underweight and overweight/obesity by food consumption, NFHS-4, 2015-16, India
Men, % Women, %
_— - .
RS EOTRITE Underweight Overwe.|ght/ Total (n) Underweight Overwe.|ght/ Total (n)
obesity obesity

Milk/curd***

Never 26.3 12.8 6,045 27.7 17.8 55,707

Occasionally 226 16.0 51,468 259 17.2 332412

Daily 17.0 22.7 42,897 19.0 25.0 258,143
Pulses***

Never 21.7 14.6 456 289 19.9 3,586

Occasionally 21.2 17.9 55,127 23.7 19.9 367,030

Daily 19.0 20.1 44,827 219 21.8 275,646
Vegetables***

Never 25.6 129 418 30.6 16.8 2,117

Occasionally 215 18.0 52,730 239 20.0 326,903

Daily 18.6 20.1 47,262 218 21.7 317,242
Fruits***

Never 269 9.9 2015 30.1 14.0 15,451

Occasionally 20.8 18.0 88,024 23.9 19.4 563,351

Daily 14.2 284 10,371 14.5 31.8 67,460

Never 214 18.7 20,378 23.2 20.8 19,825

Occasionally 20.1 18.6 75,671 23.1 20.3 429,937

Daily 16.5 243 4,361 17.7 27.7 20,500
Fish***

Never 21.2 18.3 28,481 233 20.5 233,755

Occasionally 20.2 18.9 67,796 23.5 20.3 385,262

Daily 13.6 234 4,33 14.6 27.6 27,245
Chicken***

Never 21.2 18.3 23521 231 20.6 211,694

Occasionally 19.9 19.1 75153 230 20.7 426,757

Daily 18.8 21.0 1736 17.7 28.0 7,811
Fried food***

Never 19.5 20.2 7,659 22.1 241 29,181

Occasionally 203 18.9 81,140 231 20.5 540,818

Daily 19.8 18.1 11,611 217 21.0 76,263
Aerated drinks***

Never 21.0 16.2 12,549 259 17.8 106,120

Occasionally 20.3 19.0 81,401 225 213 509,147

Daily 17.2 22.8 6,460 20.3 22.3 30,995

NFHS, National Family Health Survey.
'Significance level is obtained from chi-square test.
*®%p<0,001.

prevalence for both underweight and overweight/obesity.

Table 1 illustrates the prevalence, by percentage, of underweight
and overweight/obesity depending on background characteris-
tics. The prevalence of underweight was highest among men and
women in the 15-year to 19-year age group, while overweight/
obesity was highest among men and women aged 35-49 years.
The prevalence of overweight/obesity was highest in the southern
region for both men and women. Underweight was more prevalent
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in rural areas, whereas overweight/obesity was higher in urban
areas. The prevalence of underweight was highest among Sched-
uled Tribe members, Hindus, those who had never married, those
who were less educated, and those in the poorest quintile for both
men and women. The prevalence of overweight/obesity was high-
est among men and women belonging to “other” castes and reli-
gions, those with more than a secondary education, those with a
high wealth index, and non-tobacco consumers. Unemployed
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Table 3. Adjusted relative risk ratio of underweight and overweight/obesity by socioeconomic characteristics as determined through mul-
tinomial logistic regression analysis, NFHS-4, 2015-16, India’

Characteristics

Men

Women

Underweight

Overweight/obesity

Underweight

Overweight/obesity

Age (yr)
15-19
20-34
35-49
Region
Northern
Central
Eastern
Western
Northeastern
Southern
Place of residence
Rural
Urban
Caste
SC
ST
OBC
Other
Religion
Hindu
Muslim
Other
Currently employed
No
Yes
Marital status
Never married
Married
Widowed
Divorced/separated
Education level
Not educated
Up to primary
Up to secondary
More than secondary
Wealth index
Poorest
Poorer
Middle
Richer
Richest
Tobacco
No tobacco
Only smoking tobacco
Only smokeless tobacco
Both smoking and smokeless tobacco

1.00 (reference)
0.40 (0.38, 0.42)***
0.34(0.32,0.37)***

1.00 (reference
1.32(1.25,1.40
1.04(0.98, 1.11
1.58(1.48,1.70
0.65 (0.60, 0.71
0.98(0.91, 1.05

XXX

*%¥

*%%

= =0 = =0 =

1.00 (reference)
1.01 (0.96, 1.05)

1.00 (reference)
0.79 (0.75, 0.84)
0.97 (0.92,1.01)
0.87 (0.82, 0.92)***

XXX

1.00 (reference)
0.93 (0.88,0.99)**
0.69 (0.63, 0.74)***

1.00 (reference)
0.72 (0.69, 0.75)***

1.00 (reference)
0.76 (0.72, 0.80)***
1.14(0.92,1.41)
1.06 (0.86, 1.31)

1.00 (reference)
1.03(0.97,1.11)
0.87 (0.83, 0.93)***
0.59 (0.54, 0.64)***

1.00 (reference)

0.85 (0.80, 0.89)***
0.68 (0.65, 0.72)***
0.59 (0.56, 0.64)***
0.43 (0.40, 0.47)***

1.00 (reference)
1.09 (1.03, 1.15)
1.05 (1.00, 1.10)**
1.04(0.98,1.11)

XXX

1.00 (reference)
2.14(1.95, 2.34)***
3.15(2.85, 3.48)***

1.00
0.89
1.17
1.22
1.29
1.57

reference)

0.83, 0.94)***
1.09, 1.26)***
1.14, 1.31)***
1.19, 1.40)***
1.47, 1.68)***

—_ o~~~ =~

1.00 (reference)
1.18 (1.13, 1.23)***

1.00 (reference)
0.83 (0.77, 0.90)***
1.07 (1.01, 1.13)**
1.22 (1.15, 1.30)***

1.00 (reference)
0.99(0.93, 1.06)
1.15(1.07, 1.23)***

1.00 (reference)
1.00 (0.94, 1.06)

1.00
191
1.34
1.31

reference)
1.80, 2.02)***
1.02, 1.78)**
1.03, 1.66)**

—_—~ o~ =

1.00
1.20
1.23
1.38

reference)

1.10, 1.30)***
1.15, 1.32)***
1.27, 1.50)***

—_ o~ —~ =

1.00 (reference)

1.61(1.47,1.76)%**
249 (2.27,2.72)%**
3.69 (3.37, 4.04)***
5.10 (4.63, 5.62)***

1.00
0.78
0.85
0.73

reference)

0.74, 0.83)***
0.81, 0.89)***
0.68, 0.78)***

P

1.00 (reference)
0.68 (0.65, 0.72)***
0.44 (0.41,0.47)***

1.00 (reference
1.08(1.02,1.13
1.15(1.09, 1.22
1.62(1.52,1.72
0.60 (0.55, 0.65
1.07 (1.00, 1.14

XXX

XXX

*%¥

*%¥

*%

fa i e B N L)

1.00 (reference)
0.89 (0.85, 0.93)***

1.00 (reference)
0.974(0.92, 1.03)
0.967 (0.93,1.01)

0.88 (0.83, 0.93)***

1.00 (reference)
0.91 (0.86, 0.96)***
0.60 (0.56, 0.64)***

1.00 (reference)
0.96 (0.93, 1.00)**

1.00 (reference)
0.64 (0.61,0.67)***
0.69 (0.62, 0.77)***
0.83(0.72,0.96)**

1.00 (reference)
0.89 (0.84, 0.94)
0.86 (0.82, 0.90)***
0.71 (0.66, 0.76)***

XXX

1.00 (reference)

0.84(0.81,0.89)***
0.73(0.69, 0.76)***
0.60 (0.57, 0.64)***
0.47 (0.44,0.57)***

1.00 (reference)
1.49(1.25,1.77)
1.37 (1.30, 1.45)***
1.06 (0.77, 1.45)

XXX

1.00 (reference)
2.30(2.10, 2.53)***
452 (4.11,4.98)***

1.00
0.99
1.06
1.14
1.06
1.44

reference)
0.93,1.04)
0.98,1.13)
1.07, 1.22)%**
0.98, 1.15)
1.36, 1.54)***

—_ =~ = =~~~

1.00 (reference)
1.28 (1.23, 1.33)***

1.00
0.76
1.02
1.13

reference)
0.71,0.81)%**
0.97,1.07)
1.07, 1.20)***

—_ = =

1.00 (reference)
1.29 (1.22, 1.37)***
1.09 (1.02,1.16)***

1.00 (reference)
0.93 (0.89, 0.97)***

1.00 (reference)

2.19(2.05, 2.34)***
2.00(1.79, 2.23)***
1.90 (1.62, 2.23)***

1.00
1.15
1.19
1.04

reference)
1.09, 1.22)***
1.13, 1.25)***
0.97,1.12)

—_ o~ —~ =

1.00 (reference)

1.75(1.62, 1.90)***
2.76 (2.55, 2.99)***
4.33(3.99,4.71)%**
5.63(5.15, 6.15)***

1.00
1.02
0.88
0.80

reference)
0.83,1.25)
0.83, 0.95)***
0.61,1.05)

P

Values are presented as relative risk (95% confidence interval).
NFHS, National Family Health Survey; SC, Scheduled Caste; ST, Scheduled Tribe; OBC, Other Backward Class.
'The results were adjusted for age, marital status, caste, religion, place of residence, schooling, wealth quintile, employment status, and tobacco use.

**p<0.01, ***p<0.001.
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Table 4. Adjusted relative risk ratio of underweight and overweight/obesity by food consumption patterns as determined through multi-

nomial logistic regression analysis, NFHS-4, 2015-16, India’

Men Women
Food consumption
Underweight Overweight/obesity Underweight Overweight/obesity

Milk/curd

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 0.82(0.76, 0.88)*** 0.94 (0.86, 1.03) 1.02 (0.96, 1.08) 0.97 (0.91, 1.04)

Daily 0.75(0.69, 0.81)*** 0.99 (0.90, 1.08) 0.92 (0.86, 0.98)*** 0.94(0.88,1.01)*
Pulses

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 1.03 (0.80, 1.34) 1.17 (0.85, 1.61) 1.04 (0.83, 1.29) 0.72 (0.57,0.92)***

Daily 1.05(0.81, 1.36) 1.24(0.90, 1.71) 1.02(0.82,1.27) 0.73(0.57,0.94)**
Vegetables

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 0.90 (0.71,1.14) 1.08 (0.78,1.51) 0.76 (0.59, 0.98)** 0.94 (0.68, 1.30)

Daily 0.85(0.67, 1.08) 1.14(0.82,1.59) 0.73(0.57,0.94)** 1.05(0.76, 1.45)
Fruits

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 1.02(0.91,1.14) 1.10(0.93,1.29) 0.91 (0.82, 1.00)* 1.01(0.88, 1.16)

Daily 1.01(0.89, 1.15) 1.25(1.05, 1.49)** 0.82(0.73, 0.92)*** 1.13(0.98,1.31)
Eggs

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 0.92 (0.86, 0.98)** 0.93(0.86, 1.01)* 0.98(0.92,1.04) 0.89 (0.83, 0.96)***

Daily 1.02(0.91,1.15) 1.02(0.91,1.15) 1.16 (1.03, 1.30)** 1.00(0.90, 1.12)
Fish

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 1.02 (0.96, 1.09) 1.10 (1.02, 1.19)** 0.98 (0.92, 1.04) 1.07 (0.99, 1.15)*

Daily 0.84 (0.74, 0.96)*** 1.04(0.92,1.17) 0.78 (0.70, 0.87)*** 1.08 (0.98, 1.20)
Chicken

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 0.95 (0.88, 1.03) 1.07 (0.98,1.17) 0.99(0.92,1.07) 1.06 (0.98,1.16)

Daily 1.09 (0.91, 1.30) 1.09 (0.92,1.29) 0.99(0.83,1.20) 1.07 (0.90, 1.27)
Fried food

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 1.00 (0.93,1.07) 0.96 (0.89, 1.03) 1.06 (0.98, 1.15) 0.86 (0.79, 0.94)***

Daily 1.01(0.92,1.10) 0.93 (0.85, 1.02) 1.03(0.94,1.14) 0.89 (0.81, 0.98)**
Aerated drinks

Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 0.98 (0.93, 1.04) 1.15(1.08, 1.22)*** 0.90 (0.86, 0.94)*** 1.11(1.06, 1.17)***

Daily 0.89(0.81,0.98)** 1.18(1.08, 1.30)*** 0.91 (0.83, 1.00)** 1.07 (0.98,1.18)

Values are presented as relative risk (95% confidence interval).

NFHS, National Family Health Survey.
'The results were adjusted for age, marital status, caste, religion, place of residence, schooling, wealth quintile, employment status, and tobacco use.

*p<0.05, **p<0.01, **p<0.001.

men were more likely than employed men to be underweight, but
the employment status of women did not make a significant dif-
ference in the prevalence of underweight. Moreover, the preva-
lence of overweight/obesity was higher among employed than
unemployed men, but the reverse was true for women. The prev-

alence of underweight and overweight/obesity according to food
consumption is shown in Table 2. As shown in the Table 3, indi-
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viduals were typically more likely to be overweight/obesity if the
assessed foods were consumed daily, whereas underweight was
more prevalent if the foods were never consumed. The estimated
predictive power of food consumption for underweight and over-
weight/obesity risk is presented in Table 4.
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Estimates of multinomial logistic regression to identify
factors affecting body mass index in India (National
Family Health Survey 2015-16)

The factors affecting underweight and overweight/obesity in
men and women according to background characteristics are
shown in Table 3. The likelihood of being underweight decreased
as age increased, while the likelihood of overweight/obesity tend-
ed to increase with age among both men and women. Men aged
35-49 years were 3.15 times more likely to be overweight/obese
than man subjects aged 15-19 years. Similarly, women aged 35-49
were 4.52 times more likely to be overweight/obese than woman
respondents aged 15-19 years. Compared to northern region,
men in all regions except for the central region were more likely
to be overweight/obese. In contrast, the likelihood of overweight/
obesity was higher among women in the western, and southern
regions than among women in the northern region. Men who
lived in urban areas were 1.18 times more likely to be overweight/
obese than men residing in rural regions. Women in urban areas
were 10.5% less likely to be underweight and 1.28 times more
likely to be overweight/obese than women living in rural areas.
Regarding caste, Scheduled Tribe members were least likely to be
overweight/obese, whereas people of “other” castes were most
likely to be overweight/obese for both men and women.

Men who were currently employed were less likely than unem-
ployed men to be underweight, and employed women were less
likely than unemployed women to be overweight/obesity. Fur-
thermore, with regard to marriage status, married men and wom-
en were least likely to be underweight, and the likelihood of being
overweight/obesity was much higher in this group than in other
groups. As education level increased, the prevalence of under-
weight tended to decrease, while the prevalence of overweight/
obesity tended to increase. Compared to less wealthy individuals,
individuals with a higher wealth index were more likely to be
overweight/obesity and less likely to be underweight. Those in the
highest wealth quintile for men and women were 5.10 and 5.63
times more likely than those in the lowest wealth quintile, respec-
tively, to be overweight/obese. The use of tobacco increased the
likelihood of underweight among both men and women, but it
decreased the likelihood of overweight/obesity.

The likelihood of underweight decreased with occasional and
daily consumption of milk among men, while among women, it
decreased with daily milk consumption (Table 4). Further, the oc-
casional and daily consumption of pulses decreased the likelihood
of overweight/obesity among women. In addition, the occasional
and daily intake of vegetables and fruit decreased the risk of un-
derweight among women. However, the daily intake of fruit was
associated with increased risk of overweight/obesity among men.
The occasional consumption of fish increases the risk of overweight/
obesity. Moreover, the daily and occasional intake of aerated
drinks significantly increased the risk of overweight/obesity
among men and women.

DISCUSSION

Using recent data from the NFHS-4, this study examined the
determinants of undernutrition and overnutrition among adult
men and women aged 15-49 in India. In particular, the aim was
to understand the association of SES, diet, and tobacco use on
underweight and overweight/obesity. We additionally studied
variations in BMI across the states of India.

We noticed a sharp rise in the prevalence of overweight/obesity
between 2005-2006 and 2015-2016. Nevertheless, the proportion
of men (19.6%) and women (22.4%) studied who were under-
weight, thus suggesting the presence of the dual burden of malnu-
trition among the adult population in India. It was also found that
underweight was prevalent in most of the Empowered Action
Group states, which are states that lag behind in various demo-
graphic and social indicators. However, the southern states dis-
played a high prevalence of overweight/obesity. Further, the prev-
alence of underweight and overweight/obesity was found to be
dependent on SES. In particular, the association between wealth
quintile and overweight/obesity was highly significant and posi-
tive for men and women. The highest percentage of underweight
subjects was observed among adults with the poorest SES.

The results of this study are consistent with previous findings
that showed a higher prevalence of underweight among adults
with low SES [20]. Similarly, overweight is more prevalent among
educated and wealthier people [16-18]. Previous studies conduct-
ed in India have identified SES as an important factor involved in
access to food, which can influence body weight. Higher SES also
appears to be strongly correlated with physical inactivity, which
subsequently plays an important role in determining body weight
[16]. Additionally, gender differences in BMI are notable. Though
the prevalence of obesity was higher among women respondents,
the gender gap in overweight/obesity is gradually declining. The
gender differences in overweight/obesity in India can be attribut-
ed to health risk factors, such as lower physical activity (PA) among
women respondents [21].

In this study, tobacco use was found to be significantly associ-
ated with BMI. This association was positive with underweight
and negative with overweight/obesity, and the results are in line
with those of previous studies conducted in India [22,23]. The
strength of the association between tobacco use and underweight
has been found to be stronger for women respondents than men.
The existing literature has identified tobacco use as a main cause
of appetite suppression, which is reflected in reduced food intake
and lower BMI [29-31]. Tobacco is smoked more commonly by
adults of low SES, which raises concern about tobacco use, as it
has shown a strong association with various adverse health out-
comes, including mortality.

Behavioural risk factors, such as the intake of milk/curd, vege-
tables, fruit, fish, eggs, and aerated drinks, were found to be asso-
ciated with BMI. The previous literature has shown that frequent
consumption of vegetables and dairy products is positively associ-
ated with BMI [1]. The consumption of pulses, milk, and vegeta-
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bles has been shown to reduce the risk of underweight, and high
consumption of fish and aerated drinks increases the risk of over-
weight/obesity [32].

The coexistence of underweight and overweight/obesity in de-
veloping countries like India calls for attention. Proactive meas-
ures to prevent underweight and overweight/obesity are impor-
tant. The results from this study strongly suggest that overweight/
obesity is prevalent among adults of higher SES, thus suggesting
possible measures to promote changes in dietary patterns and PA.
In this study; tobacco use emerged as a significant factor in deter-
mining BMI, and the prevalence of tobacco use is high in India.
In this context, creating awareness about the implications of to-
bacco use for nutritional status is important. Furthermore, meas-
ures to promote PA are also important. In India, more than half
of adults aged 20 or above are physically inactive [21]. In particu-
lar, women are at a higher risk than men of being inactive. In this
context, measures to promote PA will have significant implica-
tions for reducing the burden of overweight/obesity and chronic
conditions. In future research, the reasons for low levels of PA in
women, the reasons why high-income people tend to be over-
weight/obese, and public health strategies to address these prob-
lems should be investigated.

The limitations of this study include the cross-sectional nature
of the data used. Therefore, no causal relationships can be estab-
lished. Furthermore, we used only underweight and overweight/
obesity as measures of nutritional status. Additionally, NFHS pro-
vides no information on several other risk factors for underweight
and overweight/obesity, such as PA, sleep patterns, and amount of
stress.

However, the main strength of this study is that the data used
were large-scale and nationally representative. Therefore, the re-
sults of this study can be generalized to the national level. Further-
more, most of the previous literature has focused mainly on cor-
relates of BMI for women of reproductive age. This study provid-
ed information on the prevalence of underweight and overweight/
obesity across the states of India for both men and women and
their major correlates.

The findings suggest that the dual burden of malnourishment
persists in India. Underweight is already prevalent in India, and
the prevalence of overweight/obesity is increasing rapidly, par-
ticularly among men. The study further showed a high clustering
of underweight in most of the Empowered Action Group states,
whereas overweight/obesity was mostly clustered in the southern
states. The results of this study suggest significant associations be-
tween socioeconomic variables and underweight. The major risk
factor for underweight was found to be tobacco use; in particular,
the use of smoking tobacco was associated with underweight sta-
tus. However, adults aged 35-49, those residing in the northeast-
ern region, those who were currently employed and more highly
educated, and those who had a higher wealth index were at lower
risks of being underweight. In contrast, older adults, those resid-
ing in the western and southern regions, those residing in urban
areas, and more educated and wealthier individuals were more

10 I www.e-epih.org

prone to being overweight/obese. We found little difference in the
risk factors for underweight and overweight/obesity with respect
to gender in India. The dual burden of underweight and over-
weight/obesity is alarming and must be taken into consideration
so that public health measures can be implemented through poli-
cy initiatives. From this perspective, measures to prevent tobacco
use and overweight/obesity-related interventions may enhance
the nutritional status of the adult population in India.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this study.

ACKNOWLEDGEMENTS

None.

AUTHOR CONTRIBUTIONS

Conceptualization: YS, MD, PS. Data curation: MD. Formal
analysis: MD, LP, YS. Funding acquisition: None. Methodology:
MD, YS, PS. Visualization: MD, YS, LP. Writing - original draft:
MD, YS, PS, LP. Writing - review & editing: MD, YS, PS, LP.

ORCID

Mili Dutta: https://orcid.org/0000-0001-6539-6948; Y Selvama-
ni: https://orcid.org/0000-0002-1190-9127; Pushpendra Singh: htt-
ps://orcid.org/0000-0001-6900-1229; Lokender Prashad: https://
orcid.org/0000-0001-7820-8336

REFERENCES

1. Agrawal P, Gupta K, Mishra V, Agrawal S. Effects of sedentary
lifestyle and dietary habits on body mass index change among
adult women in India: findings from a follow-up study. Ecol Food
Nutr 2013;52:387-406.

2. GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH,
Reitsma MB, Sur P, Estep K, et al. Health effects of overweight
and obesity in 195 countries over 25 years. N Engl ] Med 2017;
377:13-27.

3. World Health Organization. Diet, nutrition and the prevention of
chronic diseases: report of a joint WHO/FAO expert consultation;
2003 [cited 2019 Aug 1]. Available from: https://apps.who.int/iris/
bitstream/handle/10665/42665/WHO_TRS_916.pdf?sequence = 1.

4. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult
body-mass index in 200 countries from 1975 to 2014: a pooled
analysis of 1698 population-based measurement studies with
19-2 million participants. Lancet 2016;387:1377-1396.

5. Razak E Corsi DJ, Slutsky AS, Kurpad A, Berkman L, Laupacis A,
et al. Prevalence of body mass index lower than 16 among wom-
en in low-and middle-income countries. JAMA 2015;314:2164-
2171.


https://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf?sequence=1

Dutta M et al. : The double burden of malnutrition among adults in India

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Hasan M, Sutradhar I, Shahabuddin A, Sarker M. Double burden

of malnutrition among Bangladeshi women: a literature review.
Cureus 2017;9:¢1986.

. Rawal LB, Kanda K, Mahumud RA, Joshi D, Mehata S, Shrestha

N, et al. Prevalence of underweight, overweight and obesity and
their associated risk factors in Nepalese adults: data from a Na-
tionwide Survey, 2016. PLoS One 2018;13:e0205912.

. Prospective Studies Collaboration, Whitlock G, Lewington S, Sher-

liker P, Clarke R, Emberson J, et al. Body-mass index and cause-
specific mortality in 900 000 adults: collaborative analyses of 57
prospective studies. Lancet 2009;373:1083-1096.

. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the de-

veloping world--a growing challenge. N Engl ] Med 2007;356:213-
215.

India State-Level Disease Burden Initiative CVD Collaborators.
The changing patterns of cardiovascular diseases and their risk
factors in the states of India: the Global Burden of Disease Study
1990-2016. Lancet Glob Health 2018;6:e1339-e1351.
Agborsangaya CB, Ngwakongnwi E, Lahtinen M, Cooke T, John-
son JA. Multimorbidity prevalence in the general population: the
role of obesity in chronic disease clustering. BMC Public Health
2013;13:1161.

Arokiasamy P, Uttamacharya U, Jain K, Biritwum RB, Yawson
AE, Wu E et al. The impact of multimorbidity on adult physical
and mental health in low- and middle-income countries: what
does the study on global ageing and adult health (SAGE) reveal?
BMC Med 2015;13:178.

Ferraro KE Su YP, Gretebeck R, Black DR, Badylak SE Body mass
index and disability in adulthood: a 20-year panel study. Am J
Public Health 2002;92:834-840.

Pednekar MS, Hakama M, Hebert JR, Gupta PC. Association of
body mass index with all-cause and cause-specific mortality: find-
ings from a prospective cohort study in Mumbai (Bombay), In-
dia. Int ] Epidemiol 2008;37:524-535.

Selvamani Y, Singh P. Socioeconomic patterns of underweight
and its association with self-rated health, cognition and quality of
life among older adults in India. PLoS One 2018;13:€0193979.
Bhan N, Millett C, Subramanian SV, Dias A, Alam D, Williams J,
et al. Socioeconomic patterning of chronic conditions and behav-
ioral risk factors in rural South Asia: a multi-site cross-sectional
study. Int ] Public Health 2017;62:1019-1028.

Gouda J, Prusty RK. Overweight and obesity among women by
economic stratum in urban India. ] Health Popul Nutr 2014;32:
79-88.

Rai RK, Jaacks LM, Bromage S, Barik A, Fawzi WW, Chowdhury
A. Prospective cohort study of overweight and obesity among ru-
ral Indian adults: sociodemographic predictors of prevalence, in-
cidence and remission. BMJ Open 2018;8:021363.

Chhabra P, Chhabra SK. Distribution and determinants of body

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

mass index of non-smoking adults in Delhi, India. ] Health Popul
Nutr 2007;25:294-301.

Subramanian SV, Perkins JM, Khan KT. Do burdens of under-
weight and overweight coexist among lower socioeconomic groups
in India? Am J Clin Nutr 2009;90:369-376.

Anjana RM, Pradeepa R, Das AK, Deepa M, Bhansali A, Joshi
SR, et al. Physical activity and inactivity patterns in India - results
from the ICMR-INDIAB study (Phase-1) [ICMR-INDIAB-5].
Int ] Behav Nutr Phys Act 2014;11:26.

Pednekar MS, Gupta PC, Shukla HC, Hebert JR. Association be-
tween tobacco use and body mass index in urban Indian popula-
tion: implications for public health in India. BMC Public Health
2006;6:70.

Shukla HC, Gupta PC, Mehta HC, Hebert JR. Descriptive epide-
miology of body mass index of an urban adult population in west-
ern India. ] Epidemiol Community Health 2002;56:876-880.
Chockalingham R, Raghavan R, Argrawal ], Lama G, Lai HY,
Yadama G. Understanding geographic variations in BMI in In-
dia; 2011 [cited 2019 Aug 1]. Available from: https://openscholar-
ship.wustl.edu/cgi/viewcontent.cgi?article = 1841 &context = csd_
research.

Sengupta A, Angeli E Syamala TS, Dagnelie PC, van Schayck CP.
Overweight and obesity prevalence among Indian women by place
of residence and socio-economic status: contrasting patterns from
‘underweight states’ and ‘overweight states’ of India. Soc Sci Med
2015;138:161-169.

India State-Level Disease Burden Initiative Collaborators. Nations
within a nation: variations in epidemiological transition across
the states of India, 1990-2016 in the Global Burden of Disease
Study. Lancet 2017;390:2437-2460.

James KS. India’s demographic change: opportunities and chal-
lenges. Science 2011;333:576-580.

International Institute for Population Sciences. National Family
Health Survey (NFHS-3), 2005-06; 2007 [cited 2019 Aug 1]. Avail-
able from: https://dhsprogram.com/pubs/pdf/frind3/frind3-vol-
landvol2.pdf.

Dallongeville ], Marécaux N, Fruchart JC, Amouyel P. Cigarette
smoking is associated with unhealthy patterns of nutrient intake:
a meta-analysis. ] Nutr 1998;128:1450-1457.

Jo YH, Talmage DA, Role LW. Nicotinic receptor-mediated ef-
fects on appetite and food intake. ] Neurobiol 2002;53:618-632.
Mineur YS, Abizaid A, Rao Y, Salas R, DiLeone RJ, Giindisch D,
et al. Nicotine decreases food intake through activation of POMC
neurons. Science 2011;332:1330-1332.

Basu S, McKee M, Galea G, Stuckler D. Relationship of soft drink
consumption to global overweight, obesity, and diabetes: a cross-
national analysis of 75 countries. Am J Public Health 2013;103:
2071-2077.

www.e-epih.org |11



https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf

