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ABSTRACT

Background: The steadily increase in prevalence of overweight/obesity 
coexisted with under-nutrition can pose a major public health problem 
among adult populations in most of developing countries. In India, the 
prevalence of overweight/obesity is increasing rapidly, particularly 
among men. So an attempt was made to study the regional disparities in 
duel burden of malnutrition among rural men aged 15-54 years in India.
Methods: Data from fourth round of National Family Health Survey 
(NFHS-4, 2015-16) of India was used for this study. Totally, 672,1779 men 
aged 15-54 years were interviewed from rural areas of India. Multinomial 
logistic regression analysis was used to quantify the results. 
Results: A total of 23% of men aged 15-54 years in rural regions of 
India were underweight and 15% were overweight or obese. The risk 
of underweight was highest in central regions followed by west and 
east regions, in men in younger age and among unmarried subjects. 
Overweight/obesity was more prevalent in southern regions followed by 
north and west regions, among men in older age, and in married cases. 
Educational level, wealth index, and access to media were positively 
associated with overweight/obesity. 
Conclusion: In India, the prevalence of overweight/obesity was shown 
to be double among men in rural areas; whereas underweight is still 
prevalent that denotes to an alarming and necessity for an effective policy 
and program implementations to address this situation.
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Introduction
Good nutrition is the cornerstone for survival, 
health and development of current and succeeding 
generations (1). However, many low and middle 
income countries (LMICs) are now experiencing 
escalating levels of diet-related chronic conditions; 
such as overweight, obesity, cardiovascular 

diseases and diabetes mellitus along with persistent 
nutritional deficiencies, such as under-nutrition 
or gaps in key micronutrients, such as iron (2, 3). 
Improved economical conditions, urbanization, 
rapid dietary and lifestyle changes coupled with 
only slow improvements in tackling nutritional 
deficiencies has left many LMICs facing a “double 
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burden of malnutrition”, overweight/obesity and 
non-communicable diseases (4, 5). 

The 2018 Global Nutrition Report indicates that 
the problem of malnutrition remains severe. The 
world is not on track to achieve the targets it has 
set itself. Malnutrition in all forms still remains 
unacceptably high across all regions of the world 
(6). The double malnutrition trap can be particularly 
dangerous for Asian economies such as India, where 
urban populations are rising, and where people 
increasingly face a sedentary lifestyle (7). Latest 
studies revealed that despite doubling the rate of 
stunting reduction in the past 10 years from the 
previous decade, India still has the largest share of the 
world’s undernourished population (5). At the same 
time, over nutrition is emerging as a silent epidemic 
in many parts of the country, as the prevalence of 
overweight and obesity in India is increasing faster 
than the world average (6). The double burden of 
malnutrition confers a serious and negative economic 
impact on individuals and populations. Most of the 
Indian studies have focused on malnutrition among 
children, adolescents and women (5). Few studies also 
examined the malnutrition among adults. However, 
it is also necessary to examine changing patterns 
in men’s nutritional status in order to understand 
the impact of modifiable health factors on men. 
Hence, our present study is an attempt to determine 
the regional variations in nutritional status among 
rural men aged 15-54 years in India. The levels and 
differentials of malnutrition and determinants of 
nutritional status among rural men aged 15-54 years 
in various regions in India would be investigated. 

Materials and Methods
Data from the fourth round of National Family 
Health Survey (NFHS-4) India, conducted from 
2015 to 2016 has been used for this study. NFHS 
is a nationally representative large scale cross-
sectional survey in representative samples of 
households throughout India. The survey has been 
conducted with the support of Ministry of Health 
and Family Welfare, Government of India and 
International Institute of Population Sciences, and 
Mumbai has been designated as the nodal agency 

for various rounds of NFHS. The survey used 
stratified two stage sampling method to collect the 
samples covering 2059 clusters from rural areas. 
In the first stage, clusters have been chosen using 
probability proportion to cluster size. In the second 
stage, 22 household were selected from each cluster 
with an equal opportunity systematic selection 
from the household listing. A total of 601,509 
household were taken and randomly selected. 
Totally, 672,1779 men in the age group of 15-54 
years were interviewed from rural areas from all 
states and union territories of India (8). The details 
about the NFHS-4 designs, tools and protocols are 
available in the national report of NFHS-4, India 
(8). The NFHS-4 data set is available in the DHS 
program website (9). We have divided the country 
into six regions, viz. north-east, north, central, east, 
west, and south for regional analysis. The details of 
the regions classification is given in Table 1.

Data sets are available in IND_2015_DHS_
v01_M and DDI Document id: DDI_IND_2015_
DHS_v01_M_WB at https://dhsprogram.com/data/
dataset/India_Standard-DHS_2015.cfm?flag=0.

The NFHS-4 collected anthropometric data 
on the height and weight of men age 15-54 years. 
Nutritional status among males has been assessed 
using the body mass index (BMI), which is defined 
as weight in kilograms divided by height in meters 
squared (kg/m2) and classified according to WHO 
cut-off values. A BMI below 18.5 indicated the 
chronic energy deficiency or undernutrition or 
underweight. Adults with a BMI of 25 or higher 
were considered to be overweight or obese.

In this study, we considered several social and 
demographic variables such as age, education (no 
education, primary, secondary and higher), religion 
(Hindu, Muslim, Christian, etc.), caste (Scheduled 
caste, Scheduled tribe, Other Backward classes and 
others), wealth index (poorest, poorer, middle, richer 
and richest), marital status (never married, currently 
married and widowed/divorce/separate), household 
structure (nuclear family and non-nuclear family), 
working status (currently working and not working), 
access to mass media (reading newspaper, watching 
TV, listening radio), and finally the region.

Table 1: Regional classification of states in India.
No. Regions States/UTs
1 North-East Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura
2 North Chandigarh, Delhi, Haryana, Himachal Pradesh, J&K, Punjab, Rajasthan, Uttarakhand
3 Central Chhattisgarh, Madhya Pradesh, Uttar Pradesh
4 East Bihar, Jharkhand, Odisha, West Bengal
5 West Dadra and Nagar Haveli, Daman and Diu, Goa, Gujarat, Maharashtra
6 South Andaman and Nicobar Islands, Andhra Pradesh, Karnataka, Kerala, Lakshadweep, 

Puducherry, Tamil Nadu, Telangana

https://dhsprogram.com/data/dataset/India_Standard-DHS_2015.cfm?flag=0
https://dhsprogram.com/data/dataset/India_Standard-DHS_2015.cfm?flag=0


Kathuria et al.

Int J Nutr Sci June 2022;7(2) 104

In order to examine the levels and differentials 
of nutritional status (underweight and overweight/
obese) among rural adult males, bivariate analysis 
has been used. To find out the determinants of 
underweight and overweight/obese multinomial 
logistic regression has been performed. Odds ratios 
(OR) are accustomed to interpret the results of the 
predictor variables for each of the outcome variable. 
The 95 percent confidence interval (CI) for the odds 
ratio is also presented to establish the precision of 
the estimates and p<0.05 has been considered as 
statistically significant. The data has been analyzed 
using IBM SPSS Statistics (Version 20, Chicago, 
Il, USA). 

Results 
The regional disparities in nutritional status 
(underweight and overweight/obese) among rural 
men has been shown in Figure 1, which shows that 
23 percent of men age 15-54 years were underweight 
and 15 percent of men were overweight or obese in 
rural India. The risk of underweight was highest in 
Central region (29%) followed by West (25.6%) and 
East (23.3%) regions; whereas overweight/obesity 
was more prevalent in Southern region (24%) 
followed by North (16.7%) and West (16.2%) regions.

The region-wise prevalence of underweight and 
overweight/obese among rural men aged 15-54 years 
by various background characteristics have been 
shown in Table 2. Table 2 illustrates that prevalence 
of underweight among rural men was highest among 
those who were 15-24 years, less educated, never 
married, belonging to poorest wealth quintile, living 
in nuclear family and those who had no access to 
media as compared to their counterparts. The table 
also shows that the prevalence of overweight/obesity 
was more prevalent among men in older age group 
of 40-54 years, those who were high school educated 
and above, belonged to richest wealth quintile, those 

who were currently married, lived in joint family 
and who had access to media almost every day. 
Similar kind of pattern has been observed in each 
region. In contrast, underweight was more prevalent 
among men who were not currently working. The 
prevalence of overweight/obese was higher among 
those who currently were working. This pattern was 
similar for all regions.

The factors affecting underweight and overweight/
obese status among rural men by various background 
characteristics has been shown in Table 3 revealing 
that the likelihood of underweight decreased as age 
increased and the likelihood of overweight/obesity 
tended to increase with age among rural men. Men 
aged 40-54 years were about 2.4 times more likely to 
be overweight/obese (OR=2.44, p<0.000) than men 
aged 15-24 years. Educational level had a negative 
association with the prevalence of underweight, while 
having a positive association with the prevalence 
of overweight/obesity (High school and above, 
OR=1.5, p<0.000). Hindu men were more likely to 
be underweight compared to men belonged to other 
religious groups and Hindu men were less likely to 
be overweight compared to men belong to Muslim 
and others. Regarding caste, scheduled tribe (ST) 
men and men from other castes were least likely to 
be under-weight compared to scheduled caste (SC) 
men, whereas scheduled tribe men were also less 
likely to be overweight/obese compared to men from 
SC category (OR=0.84, p<0.000). 

Men belonged to less wealthy quintile were more 
likely underweight compared to other higher wealthy 
groups and men with a higher wealth index were more 
likely overweight/obese compared to less wealthy 
men (Richer, OR=4.73, p<0.000). Furthermore, 
regarding marital status, currently married men were 
least likely to be underweight (OR=0.75, p<0.000), 
and the likelihood of being overweight/obesity was 
much higher among currently married men than in 

Figure 1: Regional disparities in nutritional status of rural men aged 15-54 years in India (NFHS-IV, 2015-16).
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Table 2: Prevalence of underweight and overweight/obese among rural men by various background characteristics in 
different regions of India (NFHS-IV, 2015-16).
Variable Underweight Overweight

North-
East

North Cen-
tral

East West South In-
dia

North-
East

North Cen-
tral

East West South In-
dia

Age-group (years)
15-24 26.3 30.9 41.1 37.3 43.7 32.1 37.0 5.8 6.7 3.1 4.3 6.4 9.7 5.6
25-39 15.9 11.5 21.4 16.6 18.3 9.2 15.6 13.9 19.6 11.1 13.9 18.2 28.5 17.8
40-54 16.5 12.2 22.8 17.5 16.6 10.2 16.2 14.6 25.4 13.0 15.7 24.1 30.2 20.9
Education
No 
education

23.6 18.8 28.4 24.7 25.8 16.5 23.4 7.5 12.9 5.4 6.8 11.2 22.6 10.8

Primary 21.3 18.7 30.3 23.6 26.2 11.6 22.8 7.4 17.6 7.3 10.6 17.0 26.2 14.0
Secondary 18.4 19.8 31.0 24.8 27.1 17.7 24.3 12.6 16.2 8.6 11.7 15.8 22.6 14.5
High 
school or 
above

10.3 10.9 18.0 10.9 17.4 11.0 13.5 24.4 21.8 16.0 21.7 21.1 28.5 22.3

Religion
Hindu 19.9 19.9 29.1 23.5 25.8 16.0 23.2 12.8 15.1 8.4 11.4 16.1 23.4 14.4
Muslim 23.0 16.7 28.0 22.3 21.4 13.6 21.4 8.4 14.8 10.6 12.5 19.8 27.9 14.7
Christian 9.5 24.3 21.6 22.1 20.3 11.6 13.3 11.2 7.6 2.6 4.9 24.5 29.6 20.3
Others 10.9 10.7 25.5 23.7 27.8 17.8 17.0 22.8 28.6 22.0 7.5 14.1 33.5 21.8
Caste
Scheduled 
caste

23.7 19.4 30.4 25.4 28.7 17.0 24.2 10.0 14.8 6.6 8.7 15.0 21.3 12.6

Scheduled 
tribe

7.6 30.2 28.4 22.9 33.4 21.6 25.7 13.5 8.5 4.2 6.9 9.5 15.1 8.5

Other 
backward 
class

24.2 19.2 29.5 24.7 25.4 15.1 23.1 12.1 15.2 9.1 12.4 17.8 25.4 15.8

Others 20.6 13.2 25.1 20.3 19.8 12.5 18.7 12.8 23.9 14.4 14.3 18.7 28.2 18.9
Wealth quintile
Poorest 28.2 32.7 34.5 29.5 37.8 23.3 31.9 5.3 5.6 3.9 4.8 6.2 10.1 4.9
Poorer 20.5 25.0 30.4 22.7 32.1 22.1 26.1 8.0 8.1 6.5 10.3 9.4 16.1 9.7
Middle 13.8 18.5 26.0 17.3 24.1 16.2 19.8 15.3 13.4 10.1 18.6 15.2 23.0 16.9
Richer 10.0 15.0 21.3 11.3 20.7 12.0 15.7 25.9 19.1 17.1 26.9 22.1 28.5 23.4
Richest 7.9 10.3 16.1 14.0 13.4 8.1 11.4 33.8 28.5 24.1 32.4 32.6 36.5 30.6
Marital status
Never 
married

22.6 28.9 40.7 35.5 40.0 27.5 34.3 7.9 7.9 3.4 4.9 7.6 12.5 7.0

Currently 
married

17.0 12.1 22.4 17.8 18.4 9.6 16.5 14.1 21.8 11.7 14.4 20.5 29.9 18.8

Widowed/
Divorced/
Separated

26.2 22.0 31.6 19.1 34.7 18.2 26.5 3.9 16.4 4.8 10.4 13.3 25.1 12.2

Household structure
Nuclear 20.4 20.5 31.1 25.6 27.3 17.2 24.3 11.0 15.4 7.2 9.9 15.1 22.6 13.6
Non-
nuclear

17.3 16.5 27.1 21.2 24.5 13.7 21.1 12.9 17.8 10.0 12.8 17.1 25.8 15.8

Currently working
No 25.1 29.5 39.2 34.2 45.8 30.4 35.1 9.1 9.1 6.1 8.3 8.1 14.4 8.9
Yes 17.7 13.8 25.2 19.4 21.5 11.9 18.7 12.4 19.8 9.6 12.5 17.9 26.5 16.6
Access to 
media
Not at all 23.4 29.5 36.4 275 35.6 21.5 30.9 7.0 7.6 4.1 6.2 10.4 15.3 6.7
Less than 
once a 
week

23.9 21.1 31.6 25.3 30.6 12.8 27.4 7.5 11.0 6.0 8.4 12.6 22.1 8.6
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At least 
once a week

20.6 19.3 28.9 25.3 26.7 17.3 24.8 8.8 14.3 7.3 10.0 14.9 22.0 11.3

Almost 
everyday

15.5 16.2 25.4 19.8 23.8 15.3 19.5 16.1 19.4 12.1 15.3 17.6 24.6 18.6

Total 19.1 18.3 29.0 23.3 25.6 15.6 22.6 11.8 16.7 8.7 11.4 16.2 24.0 14.8

Table 3: Odds ratio of underweight and overweight/obese among rural men in India by background characteristics 
determined through multinomial logistic regression (NFHS-IV, 2015-16).
Variable Underweight p values Overweight/Obese p values
Age group (years)
15-24 1.00 (Reference) 1.00 (Reference)
25-39 0.492 (0.482-0.502)*** 0.000 2.018 (1.960-2.078) *** 0.000
40-54 0.514 (0.501-0.526) *** 0.000 2.444 (2.367-2.524) *** 0.000
Education
No education 1.00 (Reference) 1.00 (Reference)
Primary 1.034 (1.011-1.058) ** 0.004 1.226 (1.190-1.262) *** 0.000
Secondary 0.917 (0.899-0.936) *** 0.000 1.237 (1.207-1.269) *** 0.000
High school or above 0.500 (0.485-0.515) *** 0.000 1.544 (1.497-1.593) *** 0.000
Religion
Hindu 1.00 (Reference) 1.00 (Reference)
Muslim 0.910 (0.889-0.931) *** 0.000 1.153 (1.122-1.185) *** 0.000
Christian 0.695 (0.658-0.734) *** 0.000 0.986 (0.940-1.034) 0.569
Others 0.845 (0.812-0.880) *** 0.000 1.429 (1.375-1.485) *** 0.000
Caste
Scheduled caste 1.00 (Reference) 1.00 (Reference)
Scheduled tribe 0.916 (0.896-0.936) *** 0.000 0.841 (0.815-0.868) *** 0.000
Other backward class 1.030 (1.013-1.046) *** 0.000 1.108 (1.086-1.131) *** 0.000
Others 0.910 (0.892-0.929) *** 0.000 1.108 (1.083-1.134) *** 0.000
Wealth quintile
Poorest 1.00 (Reference) 1.00 (Reference)
Poorer 0.849 (0.835-0.864) *** 0.000 1.661 (1.610-1.713) *** 0.000
Middle 0.695 (0.681-0.710) *** 0.000 2.522 (2.444-2.603) *** 0.000
Richer 0.585 (0.571-0.600) *** 0.000 3.485 (3.370-3.604) *** 0.000
Richest 0.476 (0.461-0.492) *** 0.000 4.731 (4.558-4.911) *** 0.000
Marital status
Never married 1.00 (Reference) 1.00 (Reference)
Currently married 0.749 (0.734-0.764) *** 0.000 1.813 (1.765-1.862) *** 0.000
Widowed/Divorced/Separated 1.132 (1.075-1.191) *** 0.000 1.475 (1.377-1.581) *** 0.000
Household structure
Non-nuclear 1.00 (Reference) 1.00 (Reference)
Nuclear 0.919 (0.908-0.931) *** 0.000 1.020 (1.005-1.036) * 0.010
Currently working
Yes 1.00 (Reference) 1.00 (Reference)
No 1.573 (1.549-1.597) *** 0.000 1.136 (1.110-1.163) *** 0.000
Access to media
Not at all 1.00 (Reference) 1.00 (Reference)
Less than once a week 0.818 (0.798-0.839) *** 0.000 1.206 (1.156-1.258) *** 0.000
At least once a week 0.792 (0.775-0.811) *** 0.000 1.236 (1.191-1.283) *** 0.000
Almost everyday 0.762 (0.745-0.779) *** 0.000 1.314 (1.268-1.362) *** 0.000
Region
North-East 1.00 (Reference) 1.00 (Reference)
North 1.209 (1.162-1.259) *** 0.000 0.887 (0.847-0.929) *** 0.000
Central 1.567 (1.510-1.627) *** 0.000 0.745 (0.712-0.780) *** 0.000
East 1.195 (1.151-1.242) *** 0.000 1.041 (0.995-1.089) 0.080
West 1.970 (1.895-2.048) *** 0.000 1.099 (1.050-1.150) *** 0.000
South 1.168 (1.123-1.215) *** 0.000 1.505 (1.441-1.573) *** 0.000
Significance levels: **p<0.05, ***p<0.001.
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never married men (OR=1.81, p<0.000). It was also 
found that the men who had access to media almost 
every day were less likely to be underweight and 
more likely to be overweight/obese as compared 
to those who did not have access to media at all 
(OR=0.76, p<0.000). Compared to North-Eastern 
region, men in all regions were more likely to be 
under weight and more likely to be overweight/obese 
except North and Central regions. 

Discussion 
This study examined the determinants of 
underweight and overweight/obesity among the 
rural adult males (15-54 years) and the regional 
variations in India using the NFHS-4 data. It was 
found that 23 percent of men aged 15-54 years 
were underweight and 15 percent were overweight 
or obese in rural India. The likelihood of being 
underweight decreased as age increased, while the 
likelihood of overweight/obese tended to increase 
with age among rural men. Similar findings were 
observed in a previous research conducted in 
Botswana that reported about 24 percent of the 
males aged 20-24 years compared to 15.6 percent 
of those aged 45-49 years were underweight (10). 

Another study conducted among male workers in 
Nepal found that age was significantly associated 
with nutritional status (11) and similar result was 
also shown by a study conducted in US among the 
different industrial workers (12). 

The other finding was the likelihood of 
underweight that decreased as the educational 
level increased, while the likelihood of overweight/
obese increased as educational level increased. 
Previous studies conducted in India have identified 
educational level of men as an important factor 
which can influence body weight (13-15). While a 
study conducted in Nepal found that education is 
not associated with overweight/obesity and it was 
supported by another study conducted in Nigeria too 
(11, 16). Regarding caste, scheduled tribe members 
were least likely to underweight and overweight/
obese, whereas men from other backward class 
were more likely underweight and overweight/obese 
compared to the reference category scheduled caste 
members. This result was supported by another 
Indian study by Dutta et al. too (5).

Compared to less wealthy individuals, individuals 
with higher wealth index were less likely to be 
underweight and more likely to be overweight/
obese. These results are in line with those of the 
previous studies conducted in Botswana and India 
(5, 10). While studies conducted in Nigeria and US 
were not in agreement with this finding (16, 17). As 
far as the marital status is concern, compared to 

never married men, the prevalence among currently 
married men were less likely to be underweight, 
while among widowed or divorced was more likely 
underweight. However, the prevalence of overweight/
obese was higher among currently married men 
and widowed/divorced compared to never married 
men. This result was corroborated with the study 
conducted by Odencrants et al. (18). Men who were 
currently working were less likely underweight than 
unemployed men, while overweight/obese were more 
likely among unemployed men than employed. 

Another interesting finding of this study was 
access to media that was significantly associated with 
over and under nutritional status. In addition to the 
above factors, men who lacked access to media were 
more likely to be under nourished, while overweight/
obese were more among those who had access to 
daily media. Radio and TV are the key sources of 
information on various health issues. Through access 
to media, people receive and learn information on 
healthy eating behavior and lifestyle. Similar result 
has been observed by another study conducted by 
Letamo and Navaneetham (10). 

The analysis also found that the prevalence of 
underweight and overweight/obesity were dependent 
on socioeconomic characteristics of men. These 
results were corroborated with the study done by 
Dutta et al. (5) and Subramanyan et al. (19) that 
showed a higher prevalence of underweight among 
adults with low socioeconomic status. Several studies 
have reported prevalence of overweight and obesity 
among adolescents with poor rural socioeconomic 
status, with the magnitudes being higher in higher 
socioeconomic groups residing in urban regions (20-
22). The prevalence of overweight/obesity coupled 
with several non-communicable diseases increased 
the relative risks of mortality and morbidities in the 
population. Other reasons for overweight/ obesity are 
sedentary lifestyle, which has lowered the physical 
activity resulting in lower energy consumption and 
higher socioeconomic status and increased per capita 
income (23).

Considering the regional variation, the likelihood 
of underweight was higher in all regions compared 
to north-eastern region. In contrast, the likelihood 
of overweight/obesity was higher in south, east and 
western regions compared to north-eastern region. 
This may be due to the fact that north-eastern 
region had higher proportion of tribal communities. 
Substantial variations were present across the regions 
in the prevalence of underweight and overweight/
obesity among rural men. Overall, the highest 
prevalence of underweight was found in the central 
region. It may be due the fact that central region 
constitutes Empowered Action Group (EAG) States 
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and these states are more vulnerable and need more 
attention. Similarly, the prevalence of overweight 
was higher in southern region followed by northern 
region. A cross national analysis conducted in 75 
countries on overweight/obesity found that high 
consumption of fish and aerated drinks increased 
the overweight/obesity status. The consumption of 
fish and fish products were higher in southern region 
compared to other regions. It may be the one of the 
factors for high prevalence of overweight/obese in 
southern region (24).

The limitation of the study was the cross-sectional 
type as no causal relationship could be recognized. 
We have used underweight and overweight/obese 
status to measure the nutritional status of rural men. 
Moreover, NFHS is not providing several other risk 
factors for underweight and overweight/obese status 
such as sleeping patterns, physical activity and level 
of stress.  

Conclusion
The situation of this double burden of malnutrition 
among rural men is alarming in India. The study 
also showed high clustering of underweight in 
central and eastern regions, whereas overweight/
obese was more clustered in southern region. The 
results of this study suggest that, underweight 
and overweight/obese have significant association 
with socioeconomic factors. It needs proactive 
measures to prevent underweight and overweight/
obesity which are important for effective policy 
making and program implementation to address 
this situation. Economic well-being of men should 
be considered by creating more job opportunities 
so that the underprivileged, and economically 
deprived men can get adequate income and can take 
care of themselves and their families in terms of 
proper food and diet to address this issue. Overall, 
this study suggested an overarching approach to 
be considered in fighting with the dual burden of 
malnutrition among rural men in India.

Acknowledgement
No financial support was received.

Conflict of Interest
None declared.

References
1 Tontisirin K, Yamborisut U. Appropriate weaning 

practices and foods to prevent protein-energy 
malnutrition: An Asian review. Food Nutr. Bull. 
1995;16:1-6. DOI: 10.1177/156482659501600107.

2 Popkin BM, Horton S, Kim S, et al. Trends 
in Diet, Nutritional Status, and Diet- Related 

Noncommunicable Diseases in China and India: 
The Economic Costs of the Nutrition Transition. 
Nutri Rev. 2001;59:379-90. DOI: 10.1111/j.1753-
4887.2001.tb06967.x. PMID: 11766908.

3 Popkin BM. Nutrition, Agriculture and the 
Global Food System in Low and Middle Income 
Countries. Food Policy. 2014;47:91-96. DOI: 
10.1016/j.foodpol.2014.05.001. PMID: 24932059.

4 Kadiyala S, Aurino E, Cirillo C, et al. Rural 
transformation and the double burden of 
malnutrition among rural youth in developing 
countries. Rural Develop Rep. 50 IFAD Research 
series. 2019.

5 Dutta M, Selvamani Y, Singh P, et al. The double 
burden of malnutrition among adults in India: 
Evidence from the National Family Health 
Survey-4 (2015-16). Epidemiol Health. 2019;41. 
DOI: 10.4178/epih.e2019050. PMID: 31962037.

6 Global Nutrition Report. The burden of 
malnutrition. Chapter 2, 2018. https://
globalnutritionreport.org/reports/global-
nutrition-report-2018/burden-malnutrition. 
Accessed March 01, 2021.

7 Bhattacharya P. India’s Double Burden of 
Malnutrition. 2017. https://www.livemint.com/
Science/Nn7jefcmos3CsizU5fbScN/Indias-
double-burden-of-malnutrition.html. Accessed 
March 04, 2021.

8 International Institute for Population Sciences 
(IIPS) & ICF. 2017. National Family Health 
Survey (NFHS-4), 2015-16. India, Mumbai: IIPS.

9 Demographic and Health Surveys. https://
dhsprogram.com/data/ dataset/India_Standard-
DHS_2015.cfm?flag=0. Accessed June 06, 2020.

10 Letamo G, Navaneetham K. Prevalence 
and Determinants of Adult Under-Nutrition 
in Botswana. PLoS One. 2014;9:e102675. 
DOI:10.1371/journal.pone.0102675. PMID: 
25054546.

11 Sangroula RK, Subedi HP, Tiwari K. Factors 
Associated with the Nutritional Status among 
Male Workers of Iron and Steel Industries 
in Bara District, Nepal. J Nutr Metab. 2020; 
2020:7432716. DOI: 10.1155/2020/7432716. 
PMID: 32685207.

12 Luckhaupt SE, Cohen MA, Li J, et al. 
Prevalence of obesity among U.S. workers and 
associations with occupational factors. Am J 
Prev Med. 2014;46:237-48. DOI: 10.1016/j.
amepre.2013.11.002. PMID: 24512862.

13 Bhan N, Millett C, Subramanian SV, et al. 
Socioeconomic patterning of chronic conditions 
and behavioral risk factors in rural South Asia: 
a multi-site cross-sectional study. Int J Public 
Health 2017;62:1019-1028. DOI: 10.1007/s00038-

https://doi.org/10.1177%2F156482659501600107
https://doi.org/10.1111/j.1753-4887.2001.tb06967.x
https://doi.org/10.1111/j.1753-4887.2001.tb06967.x
https://doi.org/10.1016/j.foodpol.2014.05.001
https://doi.org/10.4178/epih.e2019050
https://www.ncbi.nlm.nih.gov/pubmed/31962037
https://globalnutritionreport.org/reports/global-nutrition-report-2018/burden-malnutrition/
https://globalnutritionreport.org/reports/global-nutrition-report-2018/burden-malnutrition/
https://globalnutritionreport.org/reports/global-nutrition-report-2018/burden-malnutrition/
https://www.livemint.com/Search/Link/Author/Pramit-Bhattacharya
https://www.livemint.com/Science/Nn7jefcmos3CsizU5fbScN/Indias-double-burden-of-malnutrition.html
https://www.livemint.com/Science/Nn7jefcmos3CsizU5fbScN/Indias-double-burden-of-malnutrition.html
https://www.livemint.com/Science/Nn7jefcmos3CsizU5fbScN/Indias-double-burden-of-malnutrition.html
https://dhsprogram.com/data/
https://dhsprogram.com/data/
https://doi.org/10.1007/s00038-017-1019-9


Malnutrition among rural men in India

Int J Nutr Sci June 2022;7(2)  109

017-1019-9. PMID: 28756464.
14 Gouda J, Prusty RK. Overweight and obesity 

among women by economic stratum in urban 
India. J Health Popul Nutr. 2014;32:79-88. 
PMID: 24847596.

15 Rai RK, Jaacks LM, Bromage S, et al. Prospective 
cohort study of overweight and obesity among 
rural Indian adults: sociodemographic predictors 
of prevalence, incidence and remission. 
BMJ Open. 2018;8:e021363. DOI: 10.1136/
bmjopen-2017-021363. PMID: 30166296.

16 Fadupin GT, Adeoye A, Ariyo O. Lifestyle and 
nutritional status of urban school teachers in 
Ibadan, Nigeria. Nig J Nutr Sci. 2014;35:86-94.

17 Ogden CL, Fakhouri TH, Carroll MD, et 
al. Prevalence of obesity among adults, by 
household income and education—United 
States, 2011–2014. MMWR Morb Mortal Wkly 
Rep. 2017;66:1369-1373. DOI: 10.15585/mmwr.
mm6650a1. PMID: 29267260.

18 Odencrants S, Bjuström T, Wiklund N, et al. 
Nutritional status, gender and marital status in 
patients with chronic obstructive pulmonary 
disease. J Clin Nurs. 2013;22:2822-9. DOI: 
10.1111/jocn.12222. PMID: 23675677.

19 Subramanian SV, Perkins JM, Khan KT. Do 
burdens of underweight and overweight coexist 

among lower socioeconomic groups in India? 
Am J Clin Nutr. 2009;90:369-376. DOI:10.3945/
ajcn.2009.27487. PMID: 19515733.

20 Jain S, Pant B, Chopra H, et al. Obesity among 
adolescents of affluent public schools in Meerut. 
Indian J Public Health. 2010;54:158-160. DOI: 
10.4103/0019-557X.75740. PMID: 21245587.

21 Goyal JP, Kumar N, Parmar I, et al. Determinants 
of overweight and obesity in affluent adolescent 
in Surat City, South Gujarat region, India. 
Indian J Comm Med. 2011;36:296-300. DOI: 
10.4103/0970-0218.91418. PMID: 22279261.

22 Jain B, Jain S, Garg SK, et al. Impact of 
Sociodemographic factors on prevalence of 
overweight and obesity among adolescents of 
urban Meerut. Indian J Comm Health. 2018; 
30:90-5.

23 Debnath S, Mondal N, Sen J. Double burden of 
malnutrition among adolescents in India. Human 
Biol Rev. 2019;8:155-178.

24 Basu S, McKee M, Galea G, et al. 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. DOI: 10.2105/AJPH.2012.300974. PMID: 
23488503.

https://doi.org/10.1007/s00038-017-1019-9
https://www.ncbi.nlm.nih.gov/pubmed/24847596
http://dx.doi.org/10.3945/ajcn.2009.27487
http://dx.doi.org/10.3945/ajcn.2009.27487
https://dx.doi.org/10.4103%2F0970-0218.91418
https://www.ncbi.nlm.nih.gov/pubmed/22279261
https://doi.org/10.2105/ajph.2012.300974

