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Objectives: Developing countries are increasingly characterised by the simultaneous occurrence of under-
and overnutrition. This study examined the association between contextual income inequality and the double
burden of under- and overnutrition in India.
Design: A population-based multilevel study of 77 220 ever married women, aged 15–49 years, from 26
Indian states, derived from the 1998–99 Indian National Family Health Survey data. The World Health
Organization recommended categories of body mass index constituted the outcome, and the exposure was
contextual measure of state income inequality based on the Gini coefficient of per capita consumption
expenditure. Covariates included a range of individual demographic, socioeconomic, behavioural and
morbidity measures and state-level economic development.
Results: In adjusted models, for each standard deviation increase in income inequality, the odds ratio for
being underweight increased by 19% (p = 0.02) and the odds ratio for being obese increased by 21%
(p,0.0001). Income inequality had a similar effect on the risk of being overweight as it did on the risk of
obesity (p = 0.01), and state income inequality increased the risk of being pre-overweight by 9% (p = 0.01).
While average levels of state economic development were strongly associated with degrees of overnutrition,
no association was found with the risk of being underweight.
Conclusions: Rapidly developing economies, besides experiencing paradoxical health patterns, are typically
characterised by increased levels of income inequality. This study suggests that the twin burden of
undernutrition and overnutrition in India is more likely to occur in high-inequality states. Focusing on
economic equity via redistribution policies may have a substantial impact in reducing the prevalence of both
undernutrition and overnutrition.

T
he paradoxical co-occurrence of under- and overnutrition,
and perhaps, more generally, the coexistence of diseases of
poverty and affluence, is characteristic of rapidly develop-

ing economies. In recent years, considerable attention has been
focused on documenting the rise in overweight and obesity in
developing economies,1–3 and potential contributing factors that
have been investigated include changes in the nature of work
and transportation, the expansion of mass media and the
increased consumption of energy-dense processed foods.4 5 At a
fundamental level, the simultaneous presence of under- and
overnutrition within a society is likely to reflect the differential
distribution of resources at the individual level, i.e. some people
do not have sufficient resources to meet their caloric require-
ments, while others have the resources to purchase their calorie
requirements and more. Indeed, in the context of developing
economies, there is considerable evidence to support the
hypothesis that undernutrition is primarily concentrated
among the poor while overnutrition is a problem among
better-off groups,6 even though this social pattern is likely to
change as countries attain a certain level of economic
development. In the present study, we focus on a contextual
variable – income inequality – that we hypothesise to be a
predictor of the co-occurrence of under- and overnutrition. In
addition to being an aggregate measure of the distribution of
economic resources, income inequality has also been suggested
as a marker of social cohesion.7 Socially cohesive communities
have been hypothesised to be more generous in their provision
of social safety nets, including the provision of food security. A
study conducted in the United States reported that community-
level social capital was significantly associated with a reduced
risk of experiencing hunger among low-income individuals
(adjusted odds ratio (AOR) = 0.47, 95% CI 0.28 to 0.81), even

after controlling for household socioeconomic status.8 Higher
income inequality has also been linked to an increased risk of
overweight and obesity (adjusted for individual income),9

although inconsistent findings have also been reported.10

We hypothesised that, given the same level of income or
socioeconomic position, an individual might be better off in a
more egalitarian area,11 in terms of having a reduced risk both
of being undernourished and of being overnourished.
Specifically, we examine whether the contextual measure of
income inequality measured at the level of the state in India (a
rapidly developing economy, and one that is experiencing the
double burden of under- and overnutrition) is independently
predictive of under- and overnutrition in adult women. The
health risks associated with overnutrition,12 as well as with
chronic energy deficiency,13–18 are well known. Moreover, the
combination of maternal undernutrition and overnutrition later
in life is now believed to increase the risks of obesity, type II
diabetes and cardiovascular disease.2 19 20

METHODS
Data
The analyses are based on the representative cross-sectional
1998–99 Indian National Family Health Survey (INFHS) of
90 303 women in 26 Indian states.21 The survey, which
addressed various demographic and health aspects of women
between the ages of 15 and 49, was conducted in one of the 18
Indian languages in respondents’ homes and produced high
response rates.21 Women were geo-coded to the primary
sampling unit, district and state to which they belong. The
primary sampling units were villages or groups of villages in
rural areas, and wards or municipal localities in urban areas.
After restricting our sample to women for whom complete data
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were available on the outcome and predictors considered for
the analysis, to women who were not pregnant and to women
who were not attending school, our final sample for analysis
comprised 77 220 women. Table 1 shows categories of each of
the variables considered in the study and the number and
percentage of women in each group tabulated across five
categories of body mass index.

Outcome
We used body mass index (BMI), calculated as weight in
kilograms divided by height in metres squared (kg/m2), as the
outcome for this study. Weight was measured using a solar-
powered scale with an accuracy of ¡ 100 g, while height was
measured using an adjustable wooden measuring board,
designed to provide accurate measurements (to the nearest
0.1 cm) in the field in developing countries.22 Following World
Health Organization (WHO) conventions,23 the following cut-
off points of BMI (in kg/m2) were adopted: , 18.5 (under-
weight), 18.5–22.9 (normal weight), 23–24.9 (at risk for
overweight), 25–29.9 (overweight) and >3 0 (obese). Given
the identification of BMI 23 kg/m2 as a public health cut-off
point for risk of obesity in Asian populations,23 and the
emerging evidence suggesting that lower cut-off points are
appropriate for populations from the Indian subcontinent,24 25

we narrowed the ‘‘normal’’ BMI range of 18.5–24.9 kg/m2 to
18.5–22.9 kg/m2.

Table 2 shows the substantial between-state variation in the
prevalence of undernutrition and the different categories of
overnutrition. While the all-India prevalence of underweight
was 33%, it ranged from a low of 11% in Arunachal Pradesh to a
high of 47% in Orissa. At the other extreme of the nutritional
spectrum, 3% of all Indian women were found to be obese,
again with considerable variation between states, with Punjab
having the highest prevalence (10%) of obesity and the states of
Bihar and Mizoram the lowest, with only 0.5% of their
population being classified as obese. Nationally, 10% of women
were overweight, with a range from 25% (Delhi) to 3% (Bihar).
Some 9% of all women fell into the Asian-specific BMI category
of ‘‘pre-overweight’’ or ‘‘at risk for overweight’’, again with
substantial state-level variation, the figure ranging from 15% in
Sikkim to 5% in Bihar. These results show that a high level of
undernutrition often coexists with an appreciable prevalence of
overnutrition, although there is considerable between-state
variation, suggesting that there is a need to determine the state-
level factors that could account for this double burden of poor
nutrition.

Exposure
We used the 1999–2000 state Gini coefficient of per capita
consumption expenditure (estimated from the 55th round of
the national survey of household consumer expenditure
undertaken by the National Sample Survey Organization) as
the measure of income inequality26 (Table 2). In most
developing economies income is largely ascertained from
expenditure data on various consumption-related items, and
no direct income data are available on a routine basis. However,
income measures based on consumption expenditure are very
useful in developing countries; since households are both
consumption and production units, not only is separating the
two challenging, but such a distinction may be unrealistic from
the perspective of the households. Consequently, focusing on
expenditure provides direct insight into the overall economic
standard of living.27 Moreover, given the lack of availability of
income data for a majority of households, expenditure data
allow for the ‘‘smoothing’’ of income fluctuations. This is
especially important in developing economies, such as India,
where the majority of the labour force is engaged in the

agricultural sector or informal (unorganised) employment.
Finally, consumption expenditure-based measures of income
implicitly include non-monetary transactions, which may have
a significant bearing on the economies of poor, backward rural
areas and influence a person’s or household’s command over
resources.

The 1999–2000 state Gini coefficients for per capita con-
sumption expenditure were obtained from the 2001 National
Human Development Report published by the Government of
India (see table 2.3, p. 148).28 While there are different ways to
measure inequality, Gini ratios are most commonly used to
quantify the degree of inequality within a given community or
society.29 Algebraically, the Gini coefficient is defined as half of
the arithmetic average of the absolute differences between all
pairs of incomes in a population, the total then being
normalised on mean income. If incomes in a population are
distributed completely equally, the Gini value is 0 (the
condition of complete equality); if one person has all the
income, the Gini coefficient is 1 (the condition of maximum
inequality).30 The all-India average for the Gini ratio was 0.25
(median = 0.26) with a standard deviation of 0.03 and range of
0.17 (Meghalaya) to 0.33 (Tamil Nadu) (Table 2).

Covariates
We considered a range of individual demographic, socio-
economic, behavioural and morbidity-related covariates
(Table 1). Age was divided into 5-year ranges from age 15 to
49. Religious affiliation was categorised into Hindu, Muslim,
Christian, Sikh and others. Marital status was defined as
married or living with a partner, widowed or separated/
divorced. Caste was based on the women’s self-identification
as belonging to a scheduled caste, scheduled tribe, other
backward class, other caste or no caste group. Scheduled tribe
and scheduled caste are the most socially disadvantaged
groups. Scheduled caste consists of castes that are lowest in
the traditional Hindu caste hierarchy31 and as a consequence
experiencing intense social and economic exclusion and
disadvantage. Scheduled tribes comprise ,700 tribes which
tend to be geographically isolated with limited economic and
social interaction with the rest of the population. Other
backward class is a diverse collection of ‘‘intermediate’’ castes
that were considered low in the traditional caste hierarchy, but
above scheduled castes. The ‘‘other’’ caste category is thus a
default residual group that enjoys higher status in the caste
hierarchy. We classified members of groups for which caste
may not always be applicable (e.g. Muslims, Christians or
Buddhists) and participants who did not report any caste
affiliation in the survey as ‘‘no caste’’.

Socioeconomic measures included women’s standard of
living, educational status and current occupation. Standard of
living was defined in terms of household assets and material
possessions, which have been shown to be reliable and valid
measures of household material well-being.32 Each woman was
assigned a standard of living score that was based on a linear
combination of the scores for different items that were recorded
for the household in which the woman resided and weighted
according to a ‘‘proportionate possession weighting’’ proce-
dure.33–35 The weighted scores were divided into quintiles for the
analytical models. Women’s educational status was measured
as years of schooling. We adopted cut-off points for years of
schooling based on typical education benchmarks: 0 (illiterate),
1–5 (primary), 6–8 (secondary), 9–12 (higher), 13–15 (college)
and . 15 years (postgraduate). Women’s current occupation
was defined as non-manual work (e.g. professional/managerial
positions or clerical or sales or generally employed in the service
sector); skilled or unskilled manual work (including paid
household or domestic work); agricultural work either as an
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employee or as an owner; or not currently participating in the
labour force (including those not seeking work, such as home-
makers).

Other covariates included women’s residential living envir-
onment, which was characterised according to whether the

household in which the woman resided is located in a large city
(population > 1 million), a small city (population, 100 000–1
million), a town (population ( 100 000) or in a village or rural
area. Health behaviours included self-reported current smok-
ing, alcohol use and tobacco chewing. Parity in terms of

Table 1 Number and percentage of women in each category of the predictor variables
according to body mass index (data from the 1998–99 Indian National Family Health Survey)

Body mass index (kg/m2)

, 18.5 18.5–22.9 23–24.9 25–29.9 > 30

Variable n (%) n (%) n (%) n (%) n (%) n (%)

All-India 77 220 (100.0) 24 761 (32.1) 36 102 (46.8) 6877 (8.9) 7406 (9.6) 2074 (2.7)

Age (years)
15–19 4958 (6.4) 1954 (39.4) 2744 (55.3) 180 (3.6) 76 (1.5) 4 (0.1)
20–24 12 284 (15.9) 4788 (39.0) 6408 (52.2) 641 (5.2) 396 (3.2) 51 (0.4)
25–29 15 339 (19.9) 5393 (35.2) 7464 (48.7) 1240 (8.1) 1027 (6.7) 215 (1.4)
30–34 14 124 (18.3) 4323 (30.6) 6534 (46.3) 1381 (9.8) 1481 (10.5) 405 (2.9)
35–39 12 535 (16.2) 3437 (27.4) 5531 (44.1) 1405 (11.2) 1652 (13.2) 510 (4.1)
40–44 10 115 (13.1) 2793 (27.6) 4213 (41.7) 1116 (11.0) 1539 (15.2) 454 (4.5)
45–49 7865 (10.2) 2073 (26.4) 3208 (40.8) 914 (11.6) 1235 (15.7) 435 (5.5)

Religion
Hindu 60 311 (78.1) 20 558 (34.1) 27 861 (46.2) 5103 (8.5) 5343 (8.9) 1446 (2.4)
Muslim 8809 (11.4) 2676 (30.4) 4064 (46.1) 828 (9.4) 952 (10.8) 289 (3.3)
Christian 4281 (5.5) 855 (20.0) 2381 (55.6) 469 (11.0) 472 (11.0) 104 (2.4)
Sikh 1880 (2.4) 316 (16.8) 731 (38.9) 254 (13.5) 413 (22.0) 166 (8.8)
Other 1939 (2.5) 356 (18.4) 1065 (54.9) 223 (11.5) 226 (11.7) 69 (3.6)

Caste
Other 13 055 (16.9) 5208 (39.9) 6033 (46.2) 873 (6.7) 776 (5.9) 165 (1.3)
Scheduled caste 9220 (11.9) 3150 (34.2) 5028 (54.5) 598 (6.5) 373 (4.0) 71 (0.8)
Scheduled tribe 22 601 (29.3) 7734 (34.2) 10694 (47.3) 1893 (8.4) 1844 (8.2) 436 (1.9)
Other backward class 31 930 (41.3) 8479 (26.6) 14158 (44.3) 3498 (11.0) 4396 (13.8) 1399 (4.4)
No caste 414 (0.5) 190 (45.9) 189 (45.7) 15 (3.6) 17 (4.1) 3 (0.7)

Marital status
Married 72 240 (93.6) 23 037 (31.9) 33 831 (46.8) 6454 (8.9) 6955 (9.6) 1963 (2.7)

Widow 3341 (4.3) 1130 (33.8) 1494 (44.7) 303 (9.1) 334 (10.0) 80 (2.4)
Separated/divorced 1639 (2.1) 594 (36.2) 777 (47.4) 120 (7.3) 117 (7.1) 31 (1.9)

Education (in years)
0 38 513 (49.9) 15 258 (39.6) 18 654 (48.4) 2348 (6.1) 1852 (4.8) 401 (1.0)
1–5 12 977 (16.8) 4167 (32.1) 6113 (47.1) 1169 (9.0) 1219 (9.4) 309 (2.4)
6–8 9668 (12.5) 2535 (26.2) 4502 (46.6) 1080 (11.2) 1191 (12.3) 360 (3.7)
9–12 12 265 (15.9) 2386 (19.5) 5437 (44.3) 1653 (13.5) 2134 (17.4) 655 (5.3)
13–15 2840 (3.7) 722 (25.4) 1060 (37.3) 463 (16.3) 742 (26.1) 250 (8.8)
.15 957 (1.2) 226 (23.6) 336 (35.1) 164 (17.1) 268 (28.0) 99 (10.3)

Standard of living index
Bottom quintile 12 471 (16.1) 6085 (48.8) 5751 (46.1) 421 (3.4) 187 (1.5) 27 (0.2)
Second quintile 12 900 (16.7) 5470 (42.4) 6349 (49.2) 653 (5.1) 368 (2.9) 60 (0.5)
Third quintile 15 754 (20.4) 5689 (36.1) 7922 (50.3) 1158 (7.4) 839 (5.3) 146 (0.9)
Fourth quintile 17 036 (22.1) 4505 (26.4) 8368 (49.1) 1828 (10.7) 1889 (11.1) 446 (2.6)
Top quintile 19 059 (24.7) 3012 (15.8) 7712 (40.5) 2817 (14.8) 4123 (21.6) 1395 (7.3)

Occupation
Homemaker 48 160 (62.4) 14 024 (29.1) 22 299 (46.3) 4755 (9.9) 5470 (11.4) 1612 (3.3)
Non-manual 4433 (5.7) 750 (16.9) 1857 (41.9) 680 (15.3) 885 (20.0) 261 (5.9)
Agricultural work 17 758 (23.0) 7511 (42.3) 8768 (49.4) 896 (5.0) 506 (2.8) 77 (0.4)
Manual 6869 (8.9) 2476 (36.0) 3178 (46.3) 546 (7.9) 545 (7.9) 124 (1.8)

Living environment
Rural 8620 (11.2) 1411 (16.4) 3314 (38.4) 1289 (15.0) 1917 (22.2) 689 (8.0)
Large city 4995 (6.5) 1089 (21.8) 2010 (40.2) 678 (13.6) 910 (18.2) 308 (6.2)
Small city 10 799 (14.0) 2561 (23.7) 4696 (43.5) 1363 (12.6) 1676 (15.5) 503 (4.7)
Town 52 806 (68.4) 19 700 (37.3) 26 082 (49.4) 3547 (6.7) 2903 (5.5) 574 (1.1)

Smoker
No 75 139 (97.3) 23 925 (31.8) 35 071 (46.7) 6758 (9.0) 7326 (9.7) 2059 (2.7)
Yes 2081 (2.7) 836 (40.2) 1031 (49.5) 119 (5.7) 80 (3.8) 15 (0.7)

Drinker
No 75 012 (97.1) 24 071 (32.1) 34 827 (46.4) 6734 (9.0) 7326 (9.8) 2054 (2.7)
Yes 2208 (2.9) 690 (31.3) 1275 (57.7) 143 (6.5) 80 (3.6) 20 (0.9)

Chew tobacco
No 67 927 (88.0) 21 131 (31.1) 31 658 (46.6) 6287 (9.3) 6883 (10.1) 1968 (2.9)
Yes 9293 (12.0) 3630 (39.1) 4444 (47.8) 590 (6.3) 523 (5.6) 106 (1.1)

Tuberculosis
No 76 782 (99.4) 24 515 (31.9) 35 939 (46.8) 6863 (8.9) 7394 (9.6) 2071 (2.7)
Yes 438 (0.6) 246 (56.2) 163 (37.2) 14 (3.2) 12 (2.7) 3 (0.7)

Malaria
No 74 076 (95.9) 23 478 (31.7) 34 618 (46.7) 6678 (9.0) 7265 (9.8) 2037 (2.7)
Yes 3144 (4.1) 1283 (40.8) 1484 (47.2) 199 (6.3) 141 (4.5) 37 (1.2)

Note: Parity at the individual level (number of children ever born to a woman) was used as continuous measure.
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children ever born to women was also included as a predictor of
nutritional status. Self-reported current morbidities associated
with malaria and whether the respondent was receiving
treatment for tuberculosis were also included.

We also adjusted models for the overall level of economic
development of the state, by including two separate measures: (i)
the 1999–2000 average per capita consumption expenditure
(PCCE) (in Indian rupees, INR) and (ii) the 1997–98 per capita
net state domestic product (PCSDP) (INR at 1980–81 prices); both
were obtained from the 2001 National Human Development
Report (tables 2.1 and 2.2, pp. 146–7).28 While data on PCCE were
available for all the states, data on PCSDP were not available for
Mizoram, for which we imputed the overall Indian average. For
the states of Sikkim and Nagaland we used the 1993–94 PCSDP as
data for 1997–98 were not available.28 The all-India PCSDP in
1998–99 was 2840 INR, with a range of 1126 INR (Bihar) to 6478
INR (Delhi). The all-India PCCE in 1999–2000 was 591 INR, with
a range of 414 INR (Orissa) to 1015 INR (Goa). While the two
measures capture approximately the same construct of aggregate
economic well-being, there remain important differences in the
ways these measures are constructed.36 37 Typically, higher PCSDP
and PCCE are associated with higher levels of economic
development, and the two measures exhibit a high degree of
correlation (r = 0.70, p ,0.0001). Since complete data were
available for PCCE, the results presented in the tables and the
figure are based upon models that used PCCE as the control.
However, in the results section we also report the results for Gini
coefficient when we consider PCSDP as a control. Meanwhile,
PCSDP and PCCE were not correlated with the Gini coefficient
(r = 0.24, p = 0.23, and r = 20.22, p = 0.27, respectively).

Statistical analysis
Given the multilevel structure of the sample with an explicit
interest in modelling the effects of state-level exposure and

with the individual outcome consisting of multiple categories, a
multilevel multinomial modelling approach was adopted.38–40

Formally, yijkl is the categorical outcome with t categories, for
woman i in primary sampling unit j in district k, state l. We
denote the probability of being in category s by
p(s)

ijkl = Pr(yijkl = s). In a multinomial logistic model, one of the
outcome categories is taken as the reference categories, just as
the category coded ‘‘0’’ is usually taken as the ‘‘reference’’
category in more commonly used binary response models.
Using the BMI category of 18.5–22.9 kg/m2 as the reference, we
estimated a simultaneous set of t–1 logistic regression for the
undernutrition and three overnutrition categories, contrasting
each of the categories with the reference category, and
specifying a multilevel multinomial logistic regression model
with logit link:

A separate intercept and slope parameter was estimated for
the undernutrition and three overnutrition categories, as
indicated by the s superscripts. The notation b(s) represents
the fixed part of the model, and is interpreted as the effect of a
1-unit increase in X (the set of independent variables) on the
log odds of being in category s (i.e. the undernutrition or one of
the three overnutrition categories) compared with category t
(the ‘‘normal’’ BMI category). For presentation and discussion,
we used exp(b(s)), which is the effect of a unit increase in X on
the odds of being in category s rather than category t. The terms
inside the brackets in equation (1), u(s)

jkl, v(s)
kl and f(s)

l, represent
the random effects associated with primary sampling units,
districts and states, respectively, assumed to be normally

Table 2 Distribution of women in different body mass index categories and distribution of
state-level variables in 26 Indian states

Percentage of women with body mass index
(kg/m2)

State n , 18.5 18.5–22.9 23–24.9 25–29.9 > 30 PCNSDP* PCCE Gini

All India 77 220 32.1 46.8 8.9 9.6 2.7 2840 590.98 0.29
Andhra Pradesh 3761 37.1 42 8.6 10 2.3 2550 550.53 0.27
Assam 2866 25.9 60.2 8.2 4.7 0.9 1675 473.42 0.26
Bihar 6129 39.5 52 4.9 3.1 0.5 1126 417.18 0.26
Goa 1134 27.4 38.4 13.2 16.6 4.4 5640 1014.78 0.26
Gujarat 3427 37.3 37.3 9.6 11.4 4.4 3918 678.27 0.26
Haryana 2628 26.2 47.9 9.6 12.4 3.8 4025 767.89 0.26
Himachal Pradesh 2797 27.3 45 10.6 13.5 3.6 2556 737.82 0.27
Jammu 2441 25.1 48.4 11.2 11.9 3.4 1932 746.74 0.20
Karnataka 3912 39.5 39 7.9 10.7 2.9 2866 638.81 0.28
Kerala 2617 18.3 45.4 15.2 17.2 3.9 2490 816.76 0.30
Madhya Pradesh 6106 36.6 50.7 6.3 5.2 1.2 1922 478.92 0.28
Maharashtra 4796 33.8 38.5 10.1 13.1 4.5 5032 697.42 0.30
Manipur 1267 19.1 58.6 11.7 9.5 1.1 1948 596.36 0.20
Meghalaya 677 25.4 60.7 8.1 4.6 1.2 1804 639.13 0.18
Mizoram 922 21.8 64.9 8 4.8 0.5 2840 935.53 0.21
Nagaland 676 18.3 60.7 12.4 7.8 0.7 2164 1005.99 0.18
Orissa 4022 47.0 42.5 5.4 4.4 0.8 1666 413.71 0.27
Punjab 2535 16.5 38.9 13.3 21.7 9.6 4389 792.07 0.26
Rajasthan 5696 36.4 50.5 6.3 5.2 1.5 2226 611.19 0.25
Sikkim 949 11.0 58.8 15.4 12.4 2.4 3461 559.97 0.24
Tamil Nadu 4252 27 44.8 11.7 13.4 3.1 3141 681.37 0.34
West Bengal 3882 38.9 39.7 8.6 10.6 2.3 2977 571.66 0.28
Uttar Pradesh 5736 36.3 49.5 6.9 5.8 1.5 1725 516.99 0.29
New Delhi 2070 12.3 37.8 16 24.6 9.2 6478 1316.3 0.25
Arunachal Pradesh 951 10.9 76.8 7 4.6 0.6 3571 672.31 0.30
Tripura 971 35.6 47.1 9.5 6.1 1.8 2117 589.5 0.24

*PCNSDP, per capita net state domestic product (1997–98 figures in rupees at 1980–81 prices); PCCE, per capita
consumption expenditure (1999–2000, Indian rupees); Gini, Gini ratio for per capita consumption expenditure (1999–
2000).
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distributed with mean 0 and variances, s(s)
u, s(s)

v and f(s)
1. The

random effects are specific to each of the contrasted category,
as indicated by the s superscript, because different unobserved
factors, at each level, may affect each contrast. We allow for the
possible correlation in the random effects at each level across
different contrasts. Regression and variance parameters are
based on penalised quasi-likelihood estimation, with second-
order Taylor series linearisation.38 41

RESULTS
Table 3 presents the mutually adjusted odds ratios (ORs) and
the 95% confidence intervals (CIs) for the risk of being
underweight, pre-overweight, overweight and obese for the
exposure variable and the covariates, using the normal BMI
category as the reference. State-level income inequality was
strongly associated with the levels of BMI (p,0.0001), even
after controlling for a range of individual and state-level
covariates. As shown in Figure 1, a one-standard deviation
increase in Gini coefficient (which corresponds to approxi-
mately a 3% change in the Gini coefficient) increased the OR for
being underweight by 1.19 (95% CI 1.03 to 1.37). The risk of
being obese also increased by 21% (95% CI 1.13 to 1.29) for a
one-standard deviation change in the Gini coefficient. The
effect of Gini coefficient on the risk of being overweight was
similar to that for obesity (OR 1.19, 95% CI 1.04 to 1.37). The
Gini coefficient was also positively associated with the risk of
being pre-overweight (OR 1.09, 95% CI 1.05 to 1.13). When we
considered PCSDP as a control variable, instead of PCCE, the
results were largely similar: a one-standard deviation increase
in Gini coefficient increased the odds ratio for being under-
weight by 1.19 (95% CI 1.02 to 1.39). The OR of being obese
increased by 10% (95% CI 1.04 to 1.18) for a one-standard
deviation increase in the Gini coefficient. The effect of Gini
coefficient on the risk of being overweight was similar to that
for obesity, except that the estimate had lower statistical
precision. The Gini coefficient was also positively associated
with the risk of being pre-overweight.

We conducted additional tests of interaction (not reported)
between state Gini coefficient and women’s standard of living
index to verify if the effect of state Gini coefficient was confined
to specific socioeconomic groups, but we did not find support
for this hypothesis. We also considered models in which the
state Gini coefficient measured in 1993–94 was used and
obtained results similar to those reported here. Indeed, the
correlation between state Gini coefficient in the two periods
(1993–94 and 1999–00) was 0.78.

Other notable results included the strong positive association
between state per capita consumption expenditure and risk of
being pre-overweight (OR 1.12, 95% 1.09 to 1.16), overweight
(OR 1.18, 95% 1.02 to 1.36) and obese (OR 1.24, 95% 1.19 to
1.30), with the ORs expressing one standard deviation increase
in state per capita consumption expenditure (Table 3).
However, increases in state per capita consumption expenditure
did not substantially decrease the risk of being underweight
and the relationship was statistically insignificant (OR 0.96,
95% CI 0.83 to 1.13). These associations were largely similar
when we considered state average per capita net state domestic
product. At the individual level, socioeconomic position was a
strong predictor of body mass index: on average, higher levels
of education or standard of living decreased the risk of being
undernourished and increased the risk of being overnourished
(Table 3).

DISCUSSION
This analysis found an association between state income
inequality and levels of nutritional status, as measured by
BMI, even after adjusting for a range of individual and state-

level covariates in India. The adverse contextual effect of state
income inequality is observed for the risk of being underweight
as well as for each of the categories that characterise
overnutrition (i.e. pre-overweight, overweight and obese). It is
important to emphasise that what we report is a contextual
effect of income inequality, after adjusting for individual-level
factors, including economic standard of living, which we know
has a clear relationship to nutritional status (in that women of
low socioeconomic status experience the greatest risk for
underweight and those in high socioeconomic status experience
the greatest risk for being pre-overweight, overweight and
obese)6 42–44, a pattern also observed in this study. Thus, the
context of inequality seems to accentuate the income-based
disparities in consumption (reflected in people’s BMI).

Why should income inequality be adversely associated with
both undernutrition and overnutrition? An insightful analogy
can be drawn with the causes of famines. Famines, as we now
understand, are caused not so much by a shortage of food as by
the maldistribution of food.45 In a similar manner, the
simultaneous presence of under- and overnutrition probably
reflects the maldistribution of resources in food and as well
other domains of critical importance to nutritional status. Thus,
highly unequal states are characterised by the simultaneous
existence of overconsumption by privileged groups and food
insecurity among the poor. In addition to being an indicator of
maldistributed resources, income inequality may also be a
marker of a less generous, or inefficient, public distribution
system, e.g. as a result of corruption.7 For instance, it has been
shown that the non-poor are more likely than the poor to use
public systems designed to provide shelter, water, sanitation
and sewerage, health care and food grains,46 suggesting that
public distribution systems in many communities are poorly
designed to meet the needs of the poor, a necessary condition
for overcoming the burden of undernutrition. At the same time,
it is likely that existing public distribution systems are
vulnerable to manipulation by vested interests, a characteristic
more likely to be present in states with high levels of income
inequality and low social cohesion.

Indeed, there is evidence to suggest that one of the flagship
programmes aimed at improving nutrition of children and
mothers – the Integrated Child Development Scheme (ICDS) –
is regressive in several ways.47 First, coverage of the programme
is highest in states with the lowest levels of undernutrition.
Second, coverage of the ICDS programme tends to be higher in
states with high economic growth. Finally, in the poorer states,
government budgetary allocations for the ICDS programme per
undernourished child is lower. Indeed, poorer states also tend
to spend only 65–75% of their allocation, suggesting poor

Figure 1 Plot showing the odds ratios (ORs) and 95% confidence interval
(CI) for one-standard deviation change in Gini coefficient for the risk of
being underweight, pre-overweight, overweight and obese.

806 Subramanian, Kawachi, Smith

www.jech.com



Table 3 Mutually adjusted odds ratios (ORs) and 95% confidence interval (CI) from the fixed part of unordered multinomial
multivariable model (using BMI 18.5–22.9 kg/m2 as the reference) conditional on the random effects associated with primary
sampling units, districts and states

Body mass index (kg/m2)

, 18.5 23–24.9 25–29.9 > 30

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

State income inequality
Gini coefficient 1.19 (1.03 to 1.37) 1.09 (1.05 to 1.13) 1.19 (1.04 to 1.37) 1.21 (1.13 to 1.29)
Age (years)

15–19 1.00 1.00 1.00 1.00
20–24 1.15 (1.07 to 1.23) 1.25 (1.05 to 1.48) 1.44 (1.13 to 1.83) 3.13 (1.16 to 8.43)
25–29 1.10 (1.02 to 1.19) 2.11 (1.79 to 2.48) 3.09 (2.45 to 3.89) 11.02 (4.20 to 28.95)
30–34 0.96 (0.89 to 1.04) 2.80 (2.37 to 3.30) 5.29 (4.19 to 6.68) 24.70 (9.44 to 64.69)
35–39 0.88 (0.81 to 0.95) 3.55 (3.00 to 4.20) 7.47 (5.91 to 9.44) 41.64 (15.90 to 109.02)
40–44 0.90 (0.83 to 0.99) 3.75 (3.15 to 4.45) 9.12 (7.20 to 11.56) 48.57 (18.51 to 127.42)
45–49 0.88 (0.80 to 0.96) 4.15 (3.47 to 4.96) 9.76 (7.67 to 12.41) 63.62 (24.21 to 167.18)

Religion
Hindu 1.00 1.00 1.00 1.00
Muslim 1.04 (0.98 to 1.11) 1.22 (1.12 to 1.33) 1.36 (1.24 to 1.49) 1.66 (1.45 to 1.91)
Christian 0.81 (0.72 to 0.90) 1.07 (0.95 to 1.21) 1.13 (0.99 to 1.29) 0.91 (0.73 to 1.14)
Sikh 0.97 (0.81 to 1.14) 1.19 (1.04 to 1.37) 1.27 (1.08 to 1.49) 2.12 (1.78 to 2.53)
Other 0.80 (0.70 to 0.91) 1.39 (1.19 to 1.61) 1.42 (1.21 to 1.67) 1.64 (1.28 to 2.11)

Caste
Other 1.00 1.00 1.00 1.00
Scheduled caste 1.14 (1.08 to 1.20) 0.90 (0.83 to 0.98) 0.80 (0.73 to 0.88) 0.66 (0.56 to 0.78)
Scheduled tribe 0.98 (0.91 to 1.05) 0.88 (0.79 to 0.99) 0.78 (0.68 to 0.90) 0.61 (0.46 to 0.80)
Other backward class 1.05 (1.00 to 1.10) 1.00 (0.93 to 1.06) 0.87 (0.82 to 0.94) 0.78 (0.69 to 0.88)
No caste 1.17 (0.95 to 1.45) 0.61 (0.36 to 1.02) 0.84 (0.52 to 1.36) 0.51 (0.16 to 1.67)

Marital status
Married 1.00 1.00 1.00 1.00
Widow 1.05 (0.97 to 1.13) 0.97 (0.85 to 1.10) 0.95 (0.84 to 1.07) 0.79 (0.63 to 1.00)
Separated/divorced 1.11 (1.00 to 1.24) 0.87 (0.72 to 1.06) 0.89 (0.73 to 1.09) 0.89 (0.61 to 1.31)

Education (years)
0 1.00 1.00 1.00 1.00
1–5 0.98 (0.94 to 1.03) 1.17 (1.08 to 1.26) 1.26 (1.16 to 1.37) 1.34 (1.15 to 1.56)
6–8 0.93 (0.88 to 0.99) 1.34 (1.23 to 1.45) 1.45 (1.33 to 1.58) 1.70 (1.46 to 1.99)
9–12 0.85 (0.80 to 0.91) 1.39 (1.28 to 1.51) 1.60 (1.47 to 1.75) 1.74 (1.49 to 2.03)
13–15 0.75 (0.66 to 0.86) 1.41 (1.24 to 1.60) 1.76 (1.56 to 1.99) 1.86 (1.52 to 2.27)
. 15 0.72 (0.57 to 0.90) 1.44 (1.19 to 1.75) 1.84 (1.54 to 2.19) 2.26 (1.74 to 2.94)

Standard of living index
Bottom quintile 1.00 1.00 1.00 1.00
Second quintile 0.91 (0.87 to 0.96) 1.27 (1.12 to 1.44) 1.40 (1.18 to 1.66) 1.52 (0.97 to 2.38)
Third quintile 0.86 (0.81 to 0.90) 1.57 (1.39 to 1.76) 1.95 (1.67 to 2.29) 2.08 (1.38 to 3.13)
Fourth quintile 0.67 (0.64 to 0.72) 1.80 (1.60 to 2.02) 2.80 (2.40 to 3.27) 3.44 (2.32 to 5.11)
Top quintile 0.53 (0.49 to 0.57) 2.27 (2.00 to 2.56) 4.32 (3.69 to 5.06) 6.40 (4.30 to 9.51)

Occupation
Homemaker 1.00 1.00 1.00 1.00
Non-manual 0.85 (0.78 to 0.93) 1.12 (1.01 to 1.23) 1.00 (0.92 to 1.10) 0.89 (0.77 to 1.04)
Agricultural work 1.05 (1.00 to 1.10) 0.74 (0.68 to 0.80) 0.53 (0.47 to 0.58) 0.42 (0.33 to 0.53)
Manual 1.05 (0.99 to 1.12) 0.84 (0.77 to 0.93) 0.76 (0.69 to 0.84) 0.65 (0.53 to 0.78)

Living environment
Rural 1.00 1.00 1.00 1.00
Large city 0.84 (0.75 to 0.95) 1.54 (1.42 to 1.67) 1.93 (1.72 to 2.17) 2.89 (2.53 to 3.30)
Small city 0.85 (0.78 to 0.94) 1.49 (1.36 to 1.64) 1.78 (1.60 to 1.98) 2.68 (2.31 to 3.12)
Town 0.90 (0.84 to 0.96) 1.36 (1.27 to 1.46) 1.58 (1.46 to 1.71) 2.08 (1.82 to 2.36)

Parity
No children 1.00 1.00 1.00 1.00
Children 1.02 (1.01 to 1.03) 0.97 (0.96 to 0.99) 0.99 (0.97 to 1.01) 0.98 (0.95 to 1.01)

Smoking
No 1.00 1.00 1.00 1.00
Yes 1.33 (1.20 to 1.46) 0.79 (0.65 to 0.96) 0.69 (0.55 to 0.86) 0.57 (0.34 to 0.96)

Drinking
No 1.00 1.00 1.00 1.00
Yes 0.86 (0.78 to 0.96) 1.14 (0.95 to 1.37) 0.81 (0.62 to 1.04) 1.31 (0.82 to 2.08)

Chew tobacco
No 1.00 1.00 1.00 1.00
Yes 1.15 (1.09 to 1.21) 0.77 (0.70 to 0.85) 0.88 (0.79 to 0.97) 0.61 (0.50 to 0.75)

Tuberculosis
No 1.00 1.00 1.00 1.00
Yes 2.13 (1.75 to 2.60) 0.45 (0.27 to 0.77) 0.40 (0.23 to 0.71) 0.35 (0.11 to 1.10)

Malaria
No 1.00 1.00 1.00 1.00
Yes 1.12 (1.03 to 1.21) 0.96 (0.82 to 1.11) 0.84 (0.71 to 0.99) 0.93 (0.68 to 1.27)

State economic development
PCCE 0.96 (0.83 to 1.13) 1.12 (1.09 to 1.16) 1.18 (1.02 to 1.36) 1.24 (1.19 to 1.30)

Income inequality and the double burden of under- and overnutrition in India 807

www.jech.com



governance. The regressive nature of this programme increased
in the 1990s.47 Thus, it is possible that there may be other
contextual features of high-inequality states that make the goal
of eliminating undernutrition difficult.

The fact that, on average, coverage of the ICDS programme
tends to be greater in the richer states has led to the hypothesis
that economic growth may eventually lead to a reduction in
undernutrition through a trickle-down mechanism. However,
in our analysis we could find only partial support for this. For
instance, although women in richer states were more likely to
be overnourished, there was no evidence that in these states the
risk for underweight was actually lower than in states with
considerably lower levels of economic growth. In a previous
study, it was reported that for women in richer states the risk of
being underweight increased for those in the lowest quintile of
standard of living and decreased for those in the highest
quintile.6 This again suggest that the health dividends of
aggregate economic development seem to accrue largely to
better-off sections of the population.

The following caveats should be borne in mind when
considering our study findings. BMI was the only measure of
nutritional status available. While a low level of BMI is likely to
be a valid proxy for chronic energy deficiency in an individual,
BMI does not adequately correlate with measures of body fat,
which, for any value of BMI, may be higher in Indians than in
other populations.48 49 Thus, for any given BMI, the risk for the
consequences of obesity, such as diabetes and cardiovascular
disease, may be greater among Indians than in the populations
on which BMI standards were initially developed.50 These
factors may limit the ability of our study to estimate the true
burden of chronic diseases and mortality associated with
undernutrition and overnutrition; however, in the Indian
context, women’s BMI may have particular relevance because
of its impact on the health of their offspring. Women of low
pre-pregnancy BMI have lower-birthweight babies,51 and the
evidence that low birthweight and low maternal BMI are
associated with increased risk of adulthood chronic disease
among offspring is consistent and universal.52 Indeed, the
coexistence of undernutrition and overnutrition in India also
means that the consequences of maternal obesity – high
birthweight and a higher risk of diabetes among offspring – will
increasingly be seen.52 As Osmani and Sen point out,20 gender
inequality can contribute to the intergenerational transmission
of poor health through poor intrauterine and early life course
exposures. It should also be noted that our findings relate to
ever-married women between the ages of 15 and 49, even
though it has the advantage of being nationally representative.
However, the patterns observed in this study with regards to
the relationship between nutritional status and individual
covariates (including socioeconomic position) is consistent with
prior studies on women and men,42–44 thus strengthening the
general relevance of our findings.

In conclusion, our study has shown an association between
state income inequality and the concurrent presence of risk of
individual underweight and overweight. Focusing on overall
economic equity – especially during phases of health and
economic transition – is likely to address this dual burden.
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