Clinical Epidemiology and Global Health 6 (2018) 181–187

Contents lists available at ScienceDirect

Clinical Epidemiology and Global Health
journal homepage: www.elsevier.com/locate/cegh

Trends of nutritional status among rural adults in six states of India:
ﬁndings from national survey data
Subhashisa Swaina,* , Sayantan Chowdhuryb
a
b

University of Padova, Department of Cardio Thoracic Vascular Surgery, Unit of Public Health, Epidemiology and Biostatistics, Via Loredan, 18, Italy
BRAC University, Department of Public Health, UB01, Mohakhali, 66 Bir Uttam AK Khandakar Road, Dhaka 1212, Bangladesh

A R T I C L E I N F O

A B S T R A C T

Article history:
Received 21 November 2017
Received in revised form 23 December 2017
Accepted 29 December 2017
Available online 29 December 2017

Introduction: There is lack of evidence available on understanding of exact trend and distribution of dual
burden of nutrition in India.
Objective: The study aimed to ﬁnd out 25 years trend of nutritional status among rural adults of six states
in India, pooled estimate for India and predict the estimate for future 20 years.
Design: The body mass index (BMI) data of both men and women of six states and India for the year 1992–
2011 was collected from the publicly available reports of National Nutrition Monitoring Bureau (NNMB)
and for 2014–15 was taken from National Family and Health Survey –IV (NFHS-IV). The data for monthly
per capita expenditure was extracted from national sample survey (NSS) reports. The 25-year historical
BMI prevalence data between 1991–92 and 2014 were tested for linear, quadratic and cubic trends. The
analysis was done using STATA.
Settings: Data for six states of India and pooled estimate of India was collected and analyzed.
Main ﬁndings: All states show a decline trend in underweight and increase trend in overweight/obesity.
The pooled estimates for India reports though the trend of underweight is declining in both men and
women still it is above 20% and after 20 years the prevalence will be 10%. The trend test for overweight/
obesity was found to be signiﬁcant at P value < 0.05 in all the six states and India in both the sex.
Conclusion: The regional variances in prevalence of the nutrition among rural Indians and suggests state
speciﬁc nutritional policy should be developed for double burden of nutrition.
© 2017 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of INDIACLEN.
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1. Introduction
There is global consensus on epidemiological transitions of
diseases occurring in low and medium income countries (LMIC).1,2
These countries are struggling with both communicable and noncommunicable diseases 3 and the transition is being seen
prominently in line with nutritional transition in most of the
developing countries.4,5 It is evident that non-communicable
diseases in LMIC is attributable to modiﬁable risk factors such as
increase in overweight or obesity and lack of physical activity.6 At
the same time, an undernutrition person is predisposed to
infectious and chronic diseases because of poor immunity and
the vicious cycle of the poverty and disease.7–9
Studies from developed countries report obesity epidemic,
which is one of the major reasons for non-communicable
diseases.10 Developing countries witnessing the economic growth
are also experiencing predominant change in dietary patterns
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especially the in composition and have started experiencing the
obesity epidemic. For example, in India the traditional highcarbohydrate diets are getting replaced with higher in fat,
saturated fat and sugars.11 These changes in the nutritional proﬁle
of human populations is decided by expenditure patterns, which is
determined by interplay of economic, demographic, environmental and cultural changes occurring in the society.12
Considering the change in nutritional status in the population,
countries like USA, China, UK and Canada have studied the trend of
the overweight and obesity to formulate nutritional policies.13–16
There are patchy studies available from India demonstrating the
increasing burden of obesity and overweight in all age group but
very less is known about the underweight adult population.17–19
Also within India there are interstate variation in nutritional
indicators of adults because of the diversity of life style, culture,
eating habits and economic condition of the states.20 It is
important to have knowledge on co-existence of both overweight/obesity and underweight in order frame a national
nutrition policies. Scanty evidence is available on trends in the
distribution of dual burden of malnutrition (underweight,
overweight/obesity) among Indian adults and difference across
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the states. In this study, we have explored the 25 years of trends
(1991–2015) of the prevalence of underweight, obesity/overweight
in adults aged 18 years in India and its six states of the country
separately for men and women and its association with monthly
per capita expenditure, fat and oil consumption, sugar consumption and calorie intake.
2. Methods
2.1. Setting
We analyzed body mass index (BMI) data extracted from crosssectional Indian nutrition surveys administered to rural adults
aged 18 years and older from the year 1991–92 to 2011 and health
survey done in 2014–15. The age group of study participants in the
health survey done in 2014–15 was restricted to 15–49 years for
women and 15–54 for men.
2.2. Data sources
To examine the national obesity rates before 2014, we used data
published from the 1972 to 2010 cross-sectional national nutrition
monitoring survey done in rural areas of 6 states of India.21 For this
paper we have collected information from national nutrition
monitoring bureau (NNMB) survey reports of the year 1991–92,
1996–97, 2000–01, 2005–06 and 2011–12 for six states of India
namely, Andhra Pradesh, Gujarat, Tamil Nadu, Maharashtra, Kerala
and Odisha. The BMI data for rural areas in year 2014–15 has been
collected from National Family Health Survey-IV (NFHS). The

nutrition survey was conducted by NNMB, established by Indian
Council of Medical Research in the year 1972, with a central
reference laboratory at the National Institute of Nutrition,
Hyderabad. Since 1971, NNMB conducts survey of diet and
nutrition on a continuous basis in 10 states in India.21 In o some
occasions the NNMB surveys have been linked with the National
Sample Survey Organization (NSSO) and the National Council of
Applied Economic Research (NCAER). National Family Health
Survey (NFHS) is supported by the Ministry of Health and Family
Welfare and coordinated by the International Institute for
Population Sciences, Bombay. The NFHS surveys cover 24 states
and provide anthropometric data on women aged 15 to 49 years
and for men 15 to 54 years.22 Data on the fat consumption, sugar
consumptions and calorie intake for the year of 1991–92, 1996–97,
2000–01, 2005–06 and 2011–12 was obtained from national
nutrition monitoring bureau for each of the study states from
NNMB published reports. We have collected monthly per capita
expenditure [MPCE] for the rural areas of study states for the years
1988–89, 1994–95, 1998–99, 2004–05 and 2011–12 from national
sample survey reports.23 MPCE has been standardized with the
base year 2011–12 using wholesale price index (WPI) as per the
guideline.
2.3. Outcome measures
Body mass index values are categorized as follows: underweight (BMI < 18.5) and overweight or obese (BMI 3 25.0) across
men and women separately. Given the focus of the paper, we also
did not include data from the normal category.

Fig. 1. Trends and projection of overweight/obesity among rural adult men in six states of India.
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2.4. Statistical analysis

2.5. Result

National and state speciﬁc trends are presented from the year
1991–92 to 2014–15. We conducted subgroup analyses for national
and provincial data, and for existence of dual burden (underweight
and overweight or obese), by sex, and included percentage changes
over time 1991–92 to 2014. Data from NFHS-IV should be
interpreted with caution as the age group of the study participants
were limited to 54 years in men and 49 years for women. The 25year historical BMI prevalence data between 1991–92 and 2014
were tested for linear, quadratic and cubic trends. Based on visual
inspection and evaluation of the models, we chose a linear model
as the best ﬁt for the data and used it in the prediction analysis for 4
points i.e. 20 years. Chochrane- Armitage test was done to examine
the statistical signiﬁcance of the trend test for each state.
Spearman correlation test was done to test the strength of
association between MPCE, fat consumption and sugar consumption with underweight and overweight for each state at the
signiﬁcance level 0.05. We performed data analyses using IBM SPSS
Version 20 and STATA version 13 (STATA Corp, Texas).

The trend of underweight (BMI < 18.5) and overweight/obesity
(BMI 3 25) in men is depicted in Fig. 1 for six states of India. All the
states show a decline trend in underweight and increase trend in
overweight/obesity. In the year 1992 the prevalence of underweight among men was highest in Gujarat (56.82%) and
overweigh/obese prevalence was highest in Andhra Pradesh
(6.1%), which is seen to be similar after 25 years (Fig. 1). In the
year 2014–15, two states namely, Kerala and Andhra Pradesh had
more prevalence of overweight/obesity compared to underweight
(Fig. 1d & e). We estimated point change in prevalence from 1991–
92 to 2014–15 in both underweight and overweight/obesity for
both men and women. In Andhra Pradesh and Kerala the
prevalence of overweight/obesity among men has gained more
than 20 points and in four states (AP, KL, GJ, OD) the prevalence of
underweight has been reduced by 20 points (Fig. 3a).
In the year 1992 more than 45% women in Maharastra, Odisha,
Andhra Pradesh, Tamil Nadu and Gujarat were underweight.
Whereas, in the year 2014–15 the prevalence of underweight in

Fig. 2. Trends and projection of overweight/obesity and underweight in India.
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rural women of Maharastra and Gujarat was more than 30% and
highest among six states, and the proportion of overweight/obese
in the same year was highest in Kerala (31.5%), Andhra Pradesh
(27.6%) and Tamil Nadu (25.4%). The prevalence of overweight/
obesity in women is seen to be more than the prevalence of
underweight in Tamil Nadu, Kerala and Andhra Pradesh (Fig. 2a, b &
d). In women of three states (AP, KL, TN) the prevalence of
overweight/obesity have increased more than 19 points. The
decline in underweight prevalence in women is seen to be more
than 20 points in four states (Fig. 3b).
The pooled estimates for India reports the trend of underweight
is declining in both men and women from [46% to nearly 23%
among men and 46% to 26% in women]. It is estimated that, after 20
years nearly, 10% would be still underweight (Fig. 2). The trend test
for overweight/obesity was found to be signiﬁcant at P value < 0.05
in all the six states and India in both the sex. The trend test of
underweight and overweight/obesity was signiﬁcant for both men
and women in all the states except Gujarat. The point change in
over the year from 1992 to 2014 is described in Fig. 4.
2.6. Projection of the trend
As per the projection, based on the point change, after ten years,
the prevalence of overweight/obesity in men of Maharashtra, Tamil
Nadu and Gujarat will be more than the prevalence of underweight
(Fig. 1c, a & e) and Odisha will achieve it after 15 years (Fig. 1b).
Kerala and Andhra Pradesh will be the leading states among these
six to achieve zero prevalence of underweight in 15–20 years. The
negative value in the underweight percentage in Kerala is based on
the unadjusted rate of the decline in underweight, which needs to
be interpreted with caution. For women, the reversal of burden of
overweight/obesity with underweight will happen after ﬁfteen
years in Maharashtra and Gujarat, while Odisha will reach the
situation after 20 years from now. It might take another 20 years to

report zero prevalence of underweight in women in Kerala, Tamil
Nadu and Andhra Pradesh. The dual burden of malnutrition in
India will be reversed after 10 years in women and 15 years in men
(Fig. 2).
Because of difﬁculty in gathering other state speciﬁc information for last 20 years we conducted only univariate analysis for
preliminary ﬁndings. Spearman correlation test was done to
explore the level of association between overweight/obesity with
monthly per capita expenditure. Both men and women of all states
showed signiﬁcant association with MPCE and overweight/obesity.
Fat consumption was seen to be positively signiﬁcantly correlated
with MPCE in Tamil Nadu men and women of Odisha. The
prevalence was seen to be negatively correlated in men of
Maharashtra, Kerala and Gujarat (Table 1).
3. Discussion
This is the ﬁrst study from India reporting trends of nutrition
over last 25 years for both men and women. In our study the
prevalence of underweight among rural adults is seen to be
reducing in all the states with linear rise in prevalence of
overweight/obesity. This conﬁrms the existence of dual burden
of malnutrition in India and its six states. Developed states like
Kerala, Andhra Pradesh and Tamil Nadu currently have higher
prevalence of overweight/obesity than underweight. Our prediction model for next 20 years suggests that, in all the six states and
India the prevalence of overweight/obesity would be much higher
than underweight and Odisha will be last state to achieve it mostly
after 15 years.
Overweight and obesity has been proved to be linked with
urbanisation, life style changes and economic development, which
is also reﬂected in this study as developed states have more
prevalence of overweight and obesity. Similar ﬁndings have been
reported from Latin America and Nigeria.24,25 The GDP of the states

Fig. 3. Trends and projection of overweight/obesity among rural adult women in six states of India.
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Fig. 4. Point change in prevalence of overweight/obesity and underweight in last 20 years.

Table 1
Correlation between monthly per capita expenditure (MPCE), monthly fat consumption, monthly sugar consumption and calorie intake for men and women.
Men
States

MPCE

Fat consumption

Tamil Nadu
Odisha
Maharashtra
Kerala
Gujarat
Andhra Pradesh

1
0.900[0.037]
1
1
0.800[0.104]
0.9[0.037]

0.900[0.037]
0.800[0.104]
0.700[0.188]
0.051[0.935]
0.600[0.285]
0.718[0.172]

Women
Tamil Nadu
Odisha
Maharashtra
Kerala
Gujarat
Andhra Pradesh

1
1
1
1
0.90[0.037]
0.90[0.037]

0.821[0.089]
0.900[0.037]
0.700[0.188]
0.821[0.089]
0.600[0.285]
0.564[0.322]

like Kerala, Tamil Nadu and Andhra Pradesh is higher than the
national average and lead in all development indicators.26 After the
year 2000, the states like Odisha, UP and MH are developing faster
than other states. These rapid change in economy and life style of
the people might have been responsible in change in dietary
pattern and consumption leading to increasing numbers of
overweight/obesity among adults. We could not ﬁnd consistent
signiﬁcant correlation with fat consumption and overweight/
obesity. This ﬁndings suggests, dietary changes are not be blamed
alone for increasing trends of overweight/obesity but other factors
like physical activity, nutritional policies and genetic predisposition need to be explored in detail.
It is surprise to know the higher prevalence of underweight
among adults, which lack enough evidence from LMIC. The current
nutrition program for underweight adults are focused towards
anemic girls and pregnant women or disease speciﬁc.27 Even
though a decline in trend of underweight is being observed, the
slower rate of change is seen among women in three states namely
Kerala, Odisha and Gujarat whereas, among men of states like MH,
Tamil Nadu and Odisha. According to the government data, nearly
30% of the population in these states are poor and the
unemployment rate is higher compared to other states. Previous
studies have reported similar ﬁndings from national survey
data.28,29 Poverty, change in crop pattern, availability of nutritious
diets and life style changes might be responsible for underweight.30 The current public distribution system aims to provide

Sugar consumption

Calorie intake

0.872[0.054]
1
0.900[0.037]
0.900[0.037]
0.900[0.037]
0.359[0.553]

0.800[0.200]
0.400[0.600]
0.400[0.600]
0.800[0.200]
0.200[0.800]

0.718[0.172]
0.667[0.219]
0.700[0.188]
0.051[0.935]
0.800[0.104]
0.700[0.188]

0.500[0.667]
0.500[0.667]
0.500[0.667]
1
0.500[0.667]
0.500[0.667]

food security to all the poor in the country but its utilization and
the quality of food has always been debatable.
However, the coexistence of both overweight/obesity and
underweight is still a concern for all the six states and India. This
predisposes the risk of dual burden of diseases which is also
evident. Similar ﬁndings have been reported from other developed
and developing countries.31–34 Few studies done among Indian
women have documented similar double burden of nutrition.35,36
All of the six states are experiencing equal rate of change in
prevalence over the last 20 years. This shows that nearly 5–10% of
the adult population are becoming overweight/obese, which is
seen in earlier studies from India. The trend in change of the
pattern in India is consistent with the ﬁndings from other countries
like US, China and Canada.13–16 However, the dual burden of
malnutrition is more in India compared to other countries.37 A
study done on in 39 countries has mentioned about the issue of
shifting of overweight to poor population.38
Our prediction model forecast the prevalence of malnutrition
among men and women for next 20 years. The linear model
suggests after 15 years the burden of overweight/obesity would be
higher compared to underweight in all the states, with an
assumption of no intervention or any other calamities. By 2035
nearly 30% of the population in the country would be either
overweight or obese and states like Kerala, Tamil Nadu will have
more than 50% of adult men and women. The burden of disease
estimate also projects the burden of NCD to be higher in India by
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2030 which corroborates our ﬁndings. However, complete
elimination of underweight among men and women in India
and for states of TN, OD, MH and GJ might take more than 20 years.
The global burden of obesity reports by 2030 nearly 58% of adults
in the world could be either overweight or obese.39
4. Conclusion
Rural Indian is experiencing the dual burden of malnutrition
which is a matter of concern. Even though the literacy rate is
considered to be low and rural people are perceived to have more
physical activities, the rise trend of overweight/obesity is posing a
great threat for rise in non-communicable diseases. Regional
variances in prevalence of the malnutrition could be due to
difference in culture, food habits, crops production and economic
growth which need to be studied in detail. Individual level of data
for each state can be used to analyze the factors responsible for the
coexistence of malnutrition in the states. The states are in need to
have their own policies for adults to promote healthy foods and
physical activities.
5. Limitations
We have collected BMI information from the reports of the
surveys to calculate the nutritional status of adults. As we have
data from three different national surveys the sampling strategy
may differ and the study population for the year 2015–16 is limited
to 15–49 years among women and 15–54 years in men. However,
these surveys have covered adequate sample size from these
states. Another limitation is the use of cross-sectional surveys with
limited sample size instead larger samples and longitudinal data
would provide a more valid and reliable estimate of the prevalence
of nutritional status across the states. Still, the use of large,
nationally representative data sets is a major strength of this study.
Finally, the trend analysis was based on the survey data collected in
last 20 years and we used linear prediction model without
adjusting for other factors such as nutritional policies, physical
activity levels and food consumption pattern. The projection
ﬁndings should be used as a proxy indicator which needs robust
model for better prediction considering various other factors. A
robust model of different other sociodemographic information
using the primary data could be more helpful.
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