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Abstract
Adolescents, pregnant women and mothers of children under 2 years of age are in stages of life character-
ized by higher nutritional demands. The study measured the dietary diversity of 17,680 adolescent girls,
pregnant women and mothers of children under age 2 years in the eastern Indian states of Bihar,
Chhattisgarh and Odisha using data from the Swabhimaan baseline survey conducted in 2016. The asso-
ciation of women’s mean Dietary Diversity Scores with socioeconomic, health and nutrition service indi-
cators was assessed. The sampled population was socioeconomically more vulnerable than the average
Indian population. There was not much variation in the types of foods consumed daily across target
groups, with diet being predominantly cereal (98%) and vegetable (83%) based. Nearly 30% of the mothers
had low Dietary Diversity Scores, compared with 25% of pregnant women and 24% of adolescent girls. In
each target group, more than half of the respondents were unable to meet the Minimum Dietary Diversity
score of at least five of ten food groups consumed daily. Irrespective of their background characteristics,
mean Dietary Diversity Scores were significantly lower in Bihar than in Chhattisgarh and Odisha for all
target groups. Having at least 6 years of education, belonging to a relatively rich household and possessing a
ration card predicted mean dietary diversity. Project interventions of participatory women’s group meet-
ings improved mean Dietary Diversity Scores for mothers and adolescent girls. Considering the association
between poverty and dietary diversity, the linkage between girls and women and nutrition-focused live-
lihoods and supplementary nutrition programmes needs to be tested.
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Introduction
Nutrition for women during adolescence, pregnancy and during the first 2 years of their child’s life
is of utmost importance for the survival, health and development of mothers and their children,
and the dietary requirements of women peak during these three critical periods in their life cycle
(National Institute of Nutrition, 2011). An imbalanced diet before and during pregnancy and dur-
ing lactation can affect both women and their offspring and precipitate the intergenerational
transmission of malnutrition. Additionally, adequate nutrition is vital during adolescence, as
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50% of women’s adult weight, 20% of their height and 50% of their skeletal mass is built during
this stage (WHO, 2006). However, in India, 45–60% of adolescent girls have a sub-optimal dietary
intake, which leads to micronutrient deficiencies (Deaton & Dreze, 2009; Shashikantha et al.,
2016).

Systematic reviews of the dietary intake of pregnant women based on 62 studies and of ado-
lescent girls based on 227 studies in low- and middle-income countries indicate a predominantly
cereal-based diet with a daily consumption of milk or milk products at less than 20% and that of
fruit and vegetables in the range of 30% to 50% (Lee et al., 2012; Keats et al., 2018). Among all
nutrients, the intake of iron and folate was most commonly found to be below average require-
ments. Based on a national nutrition survey conducted in rural India in 2012, the diets of 71% of
pregnant women were deficient in protein, while 90% were deficient in iron (IIPS, 2016). Diet
inadequacy remains one of the immediate causes of the high burden of malnutrition among
women of reproductive age (15–49 years) in India, with 175 million women being anaemic
(51.4%), 72 million thin (23%), an almost equal number being overweight or obese and nearly
40 million short (National Nutrition Monitoring Bureau, 2012).

In India, socioeconomic factors, namely, education and income, are known to influence dietary
diversity among women, including those who are pregnant (Nithya & Bhavani, 2018; Rammohan
et al., 2018). Among adolescents, gender differentials in dietary diversity are notable, with boys
eating more diverse diets than girls (Aurino, 2017; Rathi et al., 2017). Concomitantly, the positive
effects of higher dietary diversity, measured as a lower risk of low-birth-weight babies for pregnant
women and an improvement in BMI-for-age z-scores and height-for-age z-scores for adolescent
girls, have been reported in India (Nithya & Bhavani, 2018; Rammohan et al., 2018) (Table 1).

Methods
Study setting and survey data source

Data were from the baseline survey of the Swabhimaan programme – a prospective, non-
randomized controlled evaluation conducted in 2016 in three Indian states with low development
indices (Bihar, Chhattisgarh and Odisha). Swabhimaan is a multi-sector intervention programme
aimed at improving the nutrition of adolescent girls and women in the study area. It offers essen-
tial nutrition interventions targeted at adolescent girls and women through the National Rural
Livelihoods Mission (NRLM) (Chattopadhyay et al., 2019; Reshmi et al., 2019). The survey col-
lected data from adolescent girls, pregnant women and mothers of children under 2 years of age. It
was used for the present study because, unlike other large-scale demographic surveys in India
(NFHS and District Level Household and Facility Survey), it provides data for young adolescent
girls aged 10–14 years and incorporates detailed information on the food consumption and dietary
diversity of women in the study area.

Study respondent sample selection

The survey household sample was selected through a two-stage sampling design. In the first stage,
villages were used as primary sampling units (PSUs). In the second stage, complete mapping was
conducted to list the households in the selected PSUs, and households were then selected through
random sampling. The estimated required sample size, based on the size needed to produce reli-
able indicator estimates at the block level and district level, was 14,974 women. However, to adjust
for the non-response rate, this was inflated to 17,680.

In Bihar, Kasba and Jalalgarh (blocks in the Purnea district) were divided into three clusters of
27, 41 and 36 villages. Cluster 2 served as the intervention area and Cluster 3 served as the control
area. In Chhattisgarh, 40 villages each were selected from the Bastar and Bakawand blocks of
Bastar district; the former served as the intervention area and the latter as the control area.
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Table 1. Summary of previous research on dietary diversity among adolescent girls, pregnant women and lactating mothers in India, 2014 to 2019

Study Sample size Location Measures of dietary diversity Key findings

Adolescent girls

Nithya & Bhavani
(2018)

110a (12–17 years) Koraput (11 villages),
Odisha and Wardha
(8 villages), Gujarat

Three methods: A total of 63% had low
individual DDSs, 47% had low household DDSs
and 34.3% had low food frequency scores. A
positive association was found between dietary
diversity and BMI for age z-score irrespective of
dietary diversity index used.

1. 24-h recall based individual
dietary diversity

2. Household dietary diversity using
Berry’s Index

3. Food score based on food
frequency

Nutrient adequacy also investigated

Aurino (2017) 976b (girls and boys
aged 12–15)

Andhra Pradesh (Young
Lives Study)

Commonly consumed foods
organized under seven food groups

The DDSs for 12- and 15-year-olds
were 4.24 and 4.31, respectively. Gender
differentials peaked at 15 years age.

Rathi et al. (2017) 670 (14–16 years) Kolkata, West Bengal
(private school)

Food frequency based food scoring
(59 food items grouped under 9
food groups as per Bowman’s Food
Frequency Questionnaire)

Energy-dense snacks were the most commonly
consumed foods (6.25 servings/day, SD 7.22).
Nearly 60% did not consume pulses daily. Food
intakes varied significantly between girls and
boys.

Pregnant women or
lactating mothers

Rammohan et al.
(2018)

230 (recently
delivered mothers)

Lucknow, Uttar Pradesh
(3 government and
private maternity
hospitals)

Food frequency based index
including 54 food items

Apart from known
socioeconomic variables (education, income),
contact with health service provider reduced the
likelihood of low dietary diversity.

aAdolescent boys and adults were other target groups.
bYounger cohort (5–8 years) also included in this study.
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In Odisha, the Koraput and Pallahara districts were chosen for the study. Six intensive and
seven non-intensive village panchayats from each district were selected to serve as intervention
and control areas, respectively. Based on the outcome indicators, a representative sample of
5252 respondents from Bihar, 6283 from Chhattisgarh and 6145 from Odisha were selected from
the surveyed households giving a total sample of 17,680 adolescent girls and women (Table 2).
However, the present study excluded 1210 cases to account for unusual diet pattern due to fasting
or feasting and respondents who did not eat at all on the reference day. Therefore, the analytical
sample for the present study was 16,470 respondents.

Study instruments and tools

A pre-tested and bilingual (in English and the state-specific local language) questionnaire was
developed to gather information on the socioeconomic and demographic characteristics of
the sample women and their household characteristics. Questions on dietary diversity; food
security; access to health and nutrition services, such as Integrated Child Development
Services (ICDS) and State Rural Livelihood Mission (called JEEViKA in Bihar, Bihan in
Chhattisgarh and Odisha Livelihood Mission in Odisha); and social and economic empowerment

Table 2. Baseline sample of the Swabhimaan survey collected using simple random sampling in
five blocks

Estimated sample
Final sample
(interviewed)

(N= 14,974) (N= 17,680)

Control and Interventiona State Interventionb Controlb

7487 7944 8526

2673 Bihar 2495 2472

2570 Chhattisgarh 2885 2886

2244 Odisha 2564 3168

2503 Adolescent girls 2846 3177

875 Bihar 782 825

1098 Chhattisgarh 1410 1384

530 Odisha 654 968

1122 Pregnant women 1188 1255

374 Bihar 420 458

374 Chhattisgarh 425 365

374 Odisha 343 432

3862 Mother of children under 2 years 3910 4094

1424 Bihar 1293 1189

1098 Chhattisgarh 1050 1137

1340 Odisha 1567 1768

aEstimated sample from control and intervention areas.
bFinal interviewed sample from intervention and control areas.
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support services, such as public distribution systems (PDSs) and self-help groups (SHGs), were
also included. Additionally, data were collected for ANC service utilization, knowledge of family
planning and the decision-making power of respondents.

The Food and Agriculture Organization (FAO) guidelines on Minimum Dietary Diversity
(MDD) for women were used to assess the dietary intake of the sample women. This suggests
the use of ten food groups to assess the dietary adequacy of women (FAO & FHI 360, 2016).
The ten food groups used in the study are listed in Table 4. Data on the intake of various food
groups during the day prior to the survey were recorded using 24-hour recall methodology (FAO,
2018) by trained investigators. All data collection teams were overseen by supervisors. The ques-
tionnaires were administered to adolescent girls, pregnant women and mothers of children under
2 years of age through face-to-face computer-assisted personal interviewing by the investigators.
Quality control checks were performed for 10% of the sampled women to maintain the quality of
the data.

Outcome variable

The outcome variable was the food diversity of respondents, assessed with the FAO measure
described above. A Food Group Score (FGS) was computed from the reported intake of the
ten food groups listed in Table 4. The intake of each food group was recorded dichotomously,
where 0 denoted ‘no’ and 1 denoted ‘yes.’ The 10-point FGS rated the dietary intake from
0 to 10. The FGS was then used to create a Dietary Diversity Score (DDS) of the respondents.
The DDS was divided into three categories: 1–3 (low diversity), 4–6 (medium diversity) and >6
(high diversity).

Independent variables

The independent variables included in the study were state (Bihar/Odisha/Chhattisgarh), age
group, education (never attended school/1–5 years/6–8 years/>8 years), religion (Hindu/
Muslim/other), ethnicity (Scheduled Caste/Scheduled Tribe/Other Backward Class/General),
household wealth quintile (poorest/poor/middle/rich/richest) and household food security
status (food secure/mildly food insecure/moderately food insecure/severely food insecure). The
employment status variable was based on whether the respondent had worked in the last
12 months. Other covariates were the consumption of food from the homestead kitchen garden
in the past 7 days prior to the survey and ration cardholder status (with no ration card/any ration
card/have BPL or Antyodaya card). Other variables included the parity of women (1/2/3/≥4),
trimester of pregnancy (first/second/third), use of iron–folic acid (IFA) tablets, consumption
of deworming tablets in the last 6 months and access to Adolescent Health Day or Village
Health and Nutrition Day in the last 6 months (attended Kishori (adolescent) meeting/Poshan
Sakhi (women’s) meeting).

Analysis

First, the descriptive statistics of the study sample by socioeconomic and demographic character-
istic were described. Then, for each target group of respondents (adolescents, pregnant women
and mothers of children under 2), mean DDSs and differences in mean DDSs were calculated
by socioeconomic characteristics and state of residence. Finally, the associations between mean
DDSs and socioeconomic characteristics for each target group were assessed using sequential mul-
tiple regression analysis (95% CI) using Stata Version 14.
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Results
Sample profile

Table 3 presents the descriptive statistics of the respondents. The highest proportions of pregnant
women and mothers of children under the age of 2 were in the 20–24 year age group (41.8% and
35%, respectively). Over 90% in each target group belonged to a socially disadvantaged group,
with over 40% from Scheduled Tribes. Overall, 80% of the households received some food subsidy
as ration cardholders. Slightly more than 20% of the households were food secure. Approximately
12% of the sampled population belonged severely poor households, as measured by their entitle-
ment to the Antyodaya card, and the highest proportion was among adolescent girls (16.4%). Over
half of the mothers, 45% of the pregnant women and 6% of the adolescent girls never attended
school. Over 20% of participants in each target group were engaged in economically gainful activ-
ity in the year preceding the survey. Among both pregnant women and mothers, over 40% had a
parity of three or more (Table 3).

Dietary diversity and variation in DDS by life stage

Grains and tubers were consumed daily by almost all respondents, followed by other vegetables
(82.7%), yellow fruits/vegetables (69.4%) and pulses and beans (60%) (Table 4). Nuts and seeds
were consumed the least (7.7%), followed by eggs (9.4%). Daily milk or milk product consumption
was also low, at an average of 17%. Approximately 60% of the total sample consumed fewer than
five food groups daily, with 9% consuming one or two food groups only. The majority of the
sample had medium DDSs (65.8%) and low DDSs (27%). These patterns were consistent across
the three life stages.

Dietary Diversity Scores of adolescent girls across states

The mean DDSs of adolescent girls ranged from 3.98 (in Bihar) to 4.76 (in Odisha) (Table 5). In
Bihar and Odisha, the mean DDSs of adolescent girls aged 15–19 years were better (4.04 and 4.80,
respectively) than those aged 10–14 years (3.93 and 4.71, respectively), unlike Chhattisgarh (4.45
and 4.49, respectively). Irrespective of age, adolescent girls in Bihar had significantly lower mean
DDSs than those from the other two states (p< 0.001). The mean DDSs of adolescent girls
increased as the level of education progressed from no schooling to over 8 years of schooling
in Bihar (3.58 to 4.47), Odisha (4.14 to 5.03) and Chhattisgarh (4.38 to 4.49). Adolescent girls
who worked in the last 12 months had lower mean DDSs than those who did not work
(Bihar 3.74 vs 4.00, Odisha 4.36 vs 4.86 and Chhattisgarh 4.43 vs 4.49). Hindu adolescent girls
had lower mean DDSs than those practising other religions in Odisha (4.74 vs 5.02) and
Chhattisgarh (4.47 vs 4.80), but not Bihar (4.00 vs 3.74). In Bihar, adolescents from the general
ethnic group had lower mean DDSs than those from other ethnic backgrounds (3.70 vs 3.90–4.02),
unlike Odisha (5.03 vs 4.57–4.96) and Chhattisgarh (4.83 vs 4.45–4.81), where Scheduled Tribe
adolescent girls had the lowest mean DDS. Adolescent girls from poorest and poor wealth quin-
tiles had the lowest mean DDSs in all the states (Bihar ≤3.86, Odisha ≤4.96 and Chhattisgarh
≤4.29). Adolescent girls having a BPL/Antyodaya ration card had lower a mean DDS than girls
who did not have a ration card or had an APL/other card (Bihar 3.91 vs 4.40, Odisha 4.65 vs 4.80
and Chhattisgarh 4.45 vs 4.77). Irrespective of state, the mean DDS was better for adolescent girls
who attended Kishorimeetings (4.40–5.38 vs 3.96–4.70) and who consumed food from homestead
gardens (4.35–4.94 vs 3.86–4.66) than girls who did not. Similarly, in all the states, compared with
adolescent girls who consumed IFA and deworming tablets, those who did not consume IFA
(4.26–4.90 vs 3.96–4.69) and deworming tablets (4.02–4.95 vs 3.94–4.65) had poor mean
DDSs. Regardless of background characteristic, adolescent girls in Bihar had significantly lower
mean DDSs compared with Odisha and Chhattisgarh (p< 0.001).
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Table 3. Distribution of adolescent girls, pregnant women and mothers of children under 2 by individual and household
characteristics

Adolescent girls Pregnant women Mothers Total

(N= 6023) (N= 2443) (N= 8004) (N= 16,470)

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

Age group

10–14 56.9 (3427) NA NA 20.8 (3427)

15–19 43.1 (2596) 10.6 (260) 5.8 (460) 20.1 (3316)

20–24 NA 41.8 (1020) 35.0 (2803) 23.2 (3823)

25–29 NA 31.0 (758) 34.4 (2756) 21.3 (3514)

30� NA 16.6 (405) 24.8 (1985) 14.5 (2390)

Education

Never attended school 5.7 (345) 45.2 (1104) 51.6 (4132) 33.9 (5581)

1–5 years 28.7 (1727) 20.4 (499) 17.0 (1360) 21.8 (3586)

6–8 years 38.3 (2305) 13.9 (339) 13.1 (1046) 22.4 (3690)

>8 years 27.3 (1646) 20.5 (501) 18.3 (1466) 21.9 (3613)

Employment status

Worked in last 12 months 22.8 (1373) 28.3 (691) 28.1 (2248) 26.2 (4312)

Religion of household head

Hindu 82.2 (4953) 78.6 (1919) 78.2 (6263) 79.8 (13,135)

Muslim 15.9 (956) 19.4 (473) 19.2 (1538) 18.0 (2967)

Other 1.9 (114) 2.1 (51) 2.5 (203) 2.2 (368)

Ethnicity of household head

Scheduled Caste 10.2 (615) 12.9 (315) 15.0 (1201) 12.9 (2131)

Scheduled Tribe 46.1 (2779) 41.1 (1003) 41.6 (3328) 43.2 (7110)

Other Backward Class 37.4 (2253) 38.4 (938) 35.8 (2863) 36.8 (6054)

General 6.2 (376) 7.7 (187) 7.7 (612) 7.1 (1175)

Ration card

Any ration card 92.7 (5583) 71.9 (1756) 75.4 (6031) 81.2 (13,370)

BPL card 53.8 (3241) 37.3 (911) 35.3 (2825) 42.2 (6997)

Antyodaya card 16.4 (988) 10.7 (262) 8.7 (696) 11.8 (1946)

Parity

1 NA 28.7 (700) 26.9 (2154) 27.3 (2854)

2 NA 27.0 (660) 25.6 (2051) 26.0 (2711)

3 NA 20.4 (499) 20.4 (1633) 20.4 (2132)

≥4 NA 23.9 (584) 27.1 (2166) 26.3 (2750)

Trimester of pregnancy

First NA 15.7 (383) NA 15.7 (383)

Second NA 37.5 (916) NA 37.5 (916)

Third NA 46.8 (1144) NA 46.8 (1144)

(Continued)
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Table 3. (Continued )

Adolescent girls Pregnant women Mothers Total

(N= 6023) (N= 2443) (N= 8004) (N= 16,470)

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

Household food security status

Food secure — 29.3 (715) 21.7 (1737) 23.5 (2452)

Mildly food insecure — 22.1 (539) 19.2 (1535) 19.9 (2074)

Moderately food insecure — 35.7 (873) 42.0 (3358) 40.5 (4231)

Severely food insecure — 12.9 (316) 17.2 (1374) 16.2 (1690)

NA: not applicable/available.

Table 4. Dietary diversity amongst adolescent girls, pregnant women and mothers of children under 2 years of age

Adolescent
girls

Pregnant
women Mothers Total

(N= 6023) (N= 2443) (N= 8004) (N= 16,470)

% n % n % n % n

Type of food groups consumed

Grains/white tubers 99.3 5982 92.5 2259 99.1 7934 98.2 16,175

Pulses, beans or peas 60.6 3648 60.8 1486 59.3 4747 60.0 9881

Nuts or seeds 8.7 526 8.5 208 6.7 533 7.7 1267

Milk or milk products 17.8 1074 21.0 512 15.7 1255 17.3 2841

Meat, poultry, seafood or animal
product

28.2 1699 30.0 732 29.0 2318 28.8 4749

Eggs 9.6 576 9.3 228 9.4 748 9.4 1552

Dark green vegetables 39.6 2382 50.1 1224 42.6 3406 42.6 7012

Yellow fruits/vegetables
(vitamin A rich)

74.7 4496 66.4 1623 66.3 5310 69.4 11,429

Other vegetables 82.4 4960 83.8 2047 82.6 6607 82.7 13,614

Other fruits 21.2 1276 24.8 605 16.1 1291 19.3 3172

Number of food groups consumed

1 0.7 44 1.4 35 1.7 137 1.3 216

2 5.7 346 7.3 177 8.6 690 7.4 1213

3 17.9 1080 16.4 401 19.4 1549 18.4 3030

4 30.8 1855 28.1 686 29.2 2333 29.6 4874

5 25.4 1529 24.3 593 23.5 1877 24.3 3999

6 12.8 769 13.6 332 10.8 865 11.9 1966

7 4.6 275 5.4 131 4.7 376 4.8 782

≥8 2.1 124 3.5 85 2.2 172 2.3 381

DDS

1–3 (low) 24.4 1471 25.2 616 29.8 2381 27.1 4468

4–6 (medium) 69.0 4153 65.9 1611 63.4 5075 65.8 10,839

>6 (high) 6.6 399 8.8 216 6.9 548 7.1 1163
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Table 5. Mean DDS and differences in mean DDS of adolescent girls by background characteristics in Bihar, Odisha and
Chhattisgarh

Mean DDS (SD) Difference in mean DDS

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

Total 3.98 (1.42) 4.76 (1.50) 4.48 (1.18)

Age group

10–14 3.93 (1.40) 4.71 (1.46) 4.49 (1.18) −0.78*** −0.56*** 0.22***

15–19 4.04 (1.45) 4.80 (1.53) 4.45 (1.18) −0.76*** −0.40*** 0.34***

Education

Never attended school 3.58 (1.36) 4.14 (1.47) 4.38 (1.12) −0.56*** −0.80*** −0.23

1–5 years 3.84 (1.44) 4.54 (1.42) 4.47 (1.12) −0.70*** −0.63*** 0.06

6–8 years 4.09 (1.37) 4.82 (1.40) 4.48 (1.18) −0.72*** −0.38*** 0.33***

>8 years 4.47 (1.32) 5.03 (1.58) 4.49 (1.16) −0.55*** −0.02 0.54***

Employment status

Did not work in last 12
months

4.00 (1.41) 4.86 (1.50) 4.49 (1.17) −0.85*** −0.48*** 0.36***

Worked in last 12 months 3.74 (1.47) 4.36 (1.43) 4.43 (1.21) −0.61*** −0.69*** −0.07

Religion of household head

Hindu 4.07 (1.37) 4.74 (1.50) 4.47 (1.18) −0.66*** −0.39*** 0.27***

Other 3.90 (1.45) 5.02 (1.41) 4.80 (1.34) −1.12*** −0.92*** 0.21

Ethnicity of household

Scheduled Caste 3.90 (1.31) 4.96 (1.55) 4.81 (1.38) −1.05*** −0.90*** 0.14

Scheduled Tribe 3.94 (1.35) 4.57 (1.49) 4.45 (1.20) −0.62*** −0.50*** 0.12**

Other Backward Class 4.02 (1.46) 4.95 (1.40) 4.46 (1.12) −0.93*** −0.44*** 0.49***

General 3.70 (1.28) 5.03 (1.55) 4.83 (1.11) −1.32*** −1.13*** 0.19

Household wealth quintile

Poorest 3.85 (1.37) 4.19 (1.43) 4.29 (1.20) −0.33*** −0.43*** −0.10

Poor 3.73 (1.35) 4.52 (1.39) 4.11 (1.30) −0.78*** −0.60*** 0.18**

Middle 3.90 (1.41) 4.76 (1.47) 4.46 (1.14) −0.86*** −0.56*** 0.29***

Rich 3.93 (1.46) 4.91 (1.36) 4.51 (1.11) −0.97*** −0.58*** 0.39***

Richest 4.44 (1.40) 5.37 (1.58) 4.77 (1.17) −0.92*** −0.32*** 0.60***

Ration card

No card/APL/other 4.09 (1.44) 4.80 (1.50) 4.77 (1.31) −0.71*** −0.68*** 0.03

BPL/Antyodaya 3.91 (1.40) 4.65 (1.48) 4.45 (1.17) −0.73*** −0.54*** 0.19***

Attended Kishori meeting

No 3.96 (1.42) 4.70 (1.47) 4.46 (1.83) −0.74*** −0.50*** 0.24***

Yes 4.40 (1.51) 5.38 (1.59) 4.48 (1.84) −0.98*** −0.08 0.90***

Consumed food from homestead garden in last 7 days

No 3.86 (1.41) 4.66 (1.42) 4.45 (1.19) −0.80*** −0.59*** 0.20*

Yes 4.35 (1.37) 4.94 (1.50) 4.61 (1.25) −0.58*** −0.26*** 0.32***
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Dietary Diversity Scores of pregnant women across states

The mean DDSs of pregnant women were 4.05 in Bihar, 4.67 in Odisha and 4.75 in Chhattisgarh
(Table 6). In Bihar and Odisha, pregnant women aged 15–19 years had higher mean DDSs
(4.65 and 4.91 respectively) than those aged 20–29 (4.06 and 4.66, respectively) and 30–49 years
(3.77 and 4.41). On the other hand, pregnant women aged 15–19 years in Chhattisgarh had a
lower mean DDS (4.67) than those aged 20 years and older (~4.74). As the level of education
increased the mean DDS of pregnant women also increased – from 3.77 for no schooling to
4.71 for >8 years of schooling in Bihar, from 4.21 to 5.46 in Odisha and from 4.52 to 5.12 in
Chhattisgarh. In Bihar and Odisha, pregnant women who worked in the last 12 months had a
lower mean DDS than those who did not work (3.92 vs 4.06 and 4.48 vs 4.72, respectively), unlike
Chhattisgarh (4.78 vs 4.71). Hindu pregnant women in Bihar had a higher mean DDS than others
(4.14 vs 3.96), as opposed to Odisha (4.67 vs 4.75) and Chhattisgarh (4.73 vs 5.09). As opposed to
Bihar, where pregnant Scheduled Tribe women had the highest mean DDS (4.25) than other
ethnic groups (3.61–4.10), pregnant Scheduled Tribe women in Odisha and Chhattisgarh had
lower mean DDSs (4.37 and 4.68, respectively) than other ethnic groups (4.73–5.30 and 4.84–
5.10, respectively). Irrespective of the possession or type of ration card, pregnant women in
Bihar had a lower mean DDS (~4.00) than Odisha (>4.60) or Chhattisgarh (>4.50) (p< 0.001).
As the parity of pregnant women increased from 1 to 4 or more their mean DDS decreased in
Odisha (from 4.96 to 4.14), Chhattisgarh (from 4.83 to 4.50) and Bihar (from 4.40 to 4.01). In
Bihar, pregnant women in the first trimester had a higher mean DDS than their counterparts in
the second and third trimesters (4.40 vs ~4.00), unlike Odisha and Chhattisgarh where pregnant
women in the third trimester had the highest mean DDS (4.80 each). Pregnant women who con-
sumed food from homestead gardens had a higher mean DDS than those who did not (Bihar 4.58
vs 3.94 and Odisha 4.87 vs 4.51), except Chhattisgarh (4.69 vs 4.78). Unlike Bihar, in Odisha and
Chhattisgarh, pregnant women who did not consume IFA or deworming tablets had better mean
DDSs. Surprisingly, in all three states, mean DDS was lowest among pregnant women from food-
secure households. For almost all the indicators, pregnant women in Bihar had significantly lower
mean DDSs than those from Odisha and Chhattisgarh (Table 6).

Dietary Diversity Scores of mothers of children under age 2 years across states

The mean DDSs of mothers of children under age 2 years in Bihar, Odisha and Chhattisgarh were
3.76, 4.47 and 4.53, respectively (Table 7). Unlike Chhattisgarh (4.38 vs ~4.53), adolescent moth-
ers aged 15–19 in Bihar (3.96 vs 3.57–3.85) and Odisha (4.60 vs 4.31–4.49) had higher mean DDSs

Table 5. (Continued )

Mean DDS (SD) Difference in mean DDS

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

Consumed IFA tablets

No 3.96 (1.41) 4.69 (1.51) 4.45 (1.17) −0.73*** −0.49*** 0.23***

Yes 4.26 (1.59) 4.90 (1.44) 4.50 (1.20) −0.64*** −0.24* 0.40***

Consumed deworming tablets in last 6 months

No 3.94 (1.46) 4.65 (1.47) 4.39 (1.21) −0.70*** −0.45*** 0.25***

Yes 4.02 (1.35) 4.95 (1.52) 4.52 (1.15) −0.93*** −0.50*** 0.42***

***p< 0.001; **p< 0.05; *p< 0.10.
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Table 6. Mean DDS and differences in mean DDS of pregnant women by background characteristics in Bihar, Odisha and
Chhattisgarh

Mean DDS (SD) Difference in mean

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

Total 4.05 (1.42) 4.67 (1.76) 4.75 (1.27)

Age group

15–19 4.65 (1.37) 4.91(1.82) 4.67 (1.22) −0.26 −0.02 0.24

20–29 4.06 (1.45) 4.66 (1.82) 4.74 (1.28) −0.60*** −0.68*** −0.08

30–49 3.77 (1.29) 4.41 (1.51) 4.75 (1.20) −0.63*** −0.98*** −0.34*

Education

Never attended school 3.77 (1.30) 4.21 (1.69) 4.52 (1.13) −0.44*** −0.74*** −0.30**

1–5 years 4.00 (1.42) 4.63 (1.66) 4.59 (1.20) −0.63*** −0.59*** 0.03

6–8 years 4.41 (1.49) 4.93 (1.66) 4.93 (1.66) −0.52* −0.51*** 0.05

>8 years 4.71 (1.48) 5.46 (1.68) 5.12 (1.68) −0.74 *** −0.40** 0.33**

Employment status

Did not work in last 12
months

4.06 (1.41) 4.72 (1.74) 4.71 (1.28) −0.65*** −0.64*** 0.06

Worked in last 12
months

3.92 (1.50) 4.48 (1.80) 4.78 (1.24) −0.55** −0.85*** −0.29**

Religion of household head

Hindu 4.14 (1.42) 4.67 (1.77) 4.73 (1.26) −0.52*** −0.59*** −0.06

Other 3.96 (1.42) 4.75 (1.42) 5.09 (1.42) −0.78*** −1.12** −0.30

Ethnicity of household

Scheduled Caste 4.06 (1.41) 4.73 (1.54) 5.10 (1.04) −0.67*** −1.04** −0.36

Scheduled Tribe 4.25 (1.55) 4.37 (1.78) 4.68 (1.25) −0.12 −0.43** −0.31**

Other Backward Class 4.10 (1.42) 5.14 (1.74) 4.84 (1.29) −1.03*** −0.74*** 0.29*

General 3.61 (1.34) 5.30 (1.66) 5.00 (1.54) −1.69*** −1.38*** −0.30

Household wealth quintile

Poorest 3.72 (1.45) 4.07 (1.74) 4.78 (1.05) −0.35** −1.38*** −0.71***

Poor 3.85 (1.31) 4.25 (1.66) 4.77 (1.37) −0.39** −0.91*** −0.51***

Middle 3.93 (1.38) 4.52 (1.52) 4.64 (1.33) −0.59*** −0.71*** −0.11

Rich 4.18 (1.42) 4.99 (1.80) 4.72 (1.25) −0.80*** −0.53*** −0.27

Richest 4.56 (1.46) 5.57 (1.55) 4.77 (1.55) −1.01*** −0.21 0.79***

Ration card

No card/APL/other 4.03 (1.38) 4.69 (1.72) 4.57 (1.31) −0.66*** −0.54*** 0.12

BPL/Antyodaya 4.08 (1.51) 4.61 (1.87) 4.76 (1.25) −0.52*** −0.67*** −0.15

Parity

1 4.25 (1.53) 4.96 (1.81) 4.83 (1.29) −0.53** −0.41** 0.12

2 4.12 (1.28) 4.67 (1.74) 4.79 (1.25) −0.54*** −0.66*** −0.11
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than those aged between 20 and 49 years. Mothers who never attended school had a poorer mean
DDS than those who had more than 8 years of schooling in Bihar (3.52 vs 4.46), Odisha (4.18 vs
5.12) and Chhattisgarh (4.48 s 4.71). Unlike in Bihar (3.90 vs 3.66), Hindu mothers in Odisha
(4.49 vs 5.09) had lower mean DDSs than those of other religions, while in Chhattisgarh there
was no difference in the mean DDSs of mothers based on religion. Scheduled Tribe mothers
in Odisha had a lower mean DDS than other ethnic groups (4.19 vs >4.74); in Chhattisgarh,
mothers from Scheduled Tribes and Other Backward Classes had lower mean DDSs compared
with others (~4.50 vs >4.84); in Bihar, mothers from Scheduled Tribes and General groups
had lower mean DDSs than those from other ethnic groups (~3.58 vs >3.63). Mothers from
the poorest wealth quintile had lower mean DDSs than those from the richest wealth quintiles
(Bihar 3.47 vs 4.17, Odisha 3.84 vs 5.23 and Chhattisgarh 4.27 vs 4.88). In all three states, mothers
who possessed BPL ration cards had lower mean DDSs than those who had an APL card or no

Table 6. (Continued )

Mean DDS (SD) Difference in mean

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

3 3.97 (1.49) 4.53 (1.61) 4.79 (1.25) −0.56*** −0.82*** −0.26*

≥4 3.78 (1.34) 4.14 (1.67) 4.50 (1.24) −0.35** −0.71*** −0.36**

Trimester of pregnancy

First 4.40 (1.34) 4.69 (1.67) 4.73 (1.17) −0.28 −0.33 −0.04

Second 4.08 (1.51) 4.57 (1.71) 4.70 (1.24) −0.49*** −0.62*** −0.12

Third 4.01 (1.40) 4.80 (1.87) 4.80 (1.35) −0.79*** −0.78*** 0.00

Attended Poshan Sakhi meeting

No 4.06 (1.42) 4.60 (1.77) 4.74 (1.25) −0.54*** −0.68*** −0.14*

Yes 2.71 (0.95) 5.01 (1.65) 4.74 (1.35) −2.30*** −2.02*** 0.27

Consumed food from homestead garden in the last 7 days

No 3.94 (1.39) 4.51 (1.76) 4.78 (1.22) −0.57*** −0.83*** −0.26**

Yes 4.58 (1.47) 4.87 (1.72) 4.69 (1.31) −0.28* −0.10 0.18

Consumed IFA tablets

No 4.02 (1.40) 4.75 (1.68) 4.66 (1.28) −0.74*** −0.65*** 0.08

Yes 4.08 (1.44) 4.63 (1.79) 4.80 (1.24) −0.55*** −0.71*** −0.16

Consumed deworming tablets in last 6 months

No 4.04 (1.43) 4.70 (1.68) 4.75 (1.26) −0.66*** −0.70*** −0.04

Yes 4.19 (1.36) 4.54 (1.74) 4.00 (0.92) −0.34 −0.19 0.54

Household food security status

Food secure 3.99 (1.33) 4.55 (1.68) 4.72 (1.31) −0.55*** −0.73*** −0.17

Mildly food insecure 3.84 (1.29) 4.82 (1.94) 4.76 (1.30) −0.98*** −0.92*** 0.06

Moderately food insecure 4.12 (1.56) 4.66 (1.68) 4.73 (1.11) −0.54*** −0.60*** −0.06

Severely food insecure 4.19 (1.23) 4.72 (1.86) 4.79 (1.20) −0.52** −0.59** −0.07

***p< 0.001; **p< 0.05; *p< 0.10.
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Table 7. Mean DDS and differences in mean DDS of mothers of children under age 2 years by background characteristics in
Bihar, Odisha and Chhattisgarh

Mean DDS (SD) Difference in mean DDS

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

Total 3.76 (1.44) 4.47 (1.52) 4.53 (1.26)

Age group

15–19 3.96 (1.36) 4.60 (1.51) 4.38(1.21) −0.64** −0.42** 0.22

20–29 3.85 (1.44) 4.49 (1.50) 4.53(1.24) −0.64*** −0.68*** −0.04

30–49 3.57 (1.40) 4.31 (1.52) 4.54 (1.36) −0.74*** −0.97*** −0.23**

Education

Never attended
school

3.52 (1.31) 4.18 (1.46) 4.48 (1.32) −0.66*** −0.95*** −0.30***

1–5 years 3.78 (1.45) 4.51 (1.49) 4.40 (1.11) −0.72*** −0.61*** 0.11

6–8 years 4.18 (1.46) 4.52 (1.50) 4.58 (1.71) −0.34** −0.40*** −0.05

>8 years 4.46 (1.62) 5.12 (1.45) 4.71 (1.68) −0.66*** −0.24 0.41***

Religion of household head

Hindu 3.90 (1.43) 4.43 (1.49) 4.53 (1.26) −0.53*** −0.62*** −0.09**

Other 3.66 (1.42) 5.09 (1.72) 4.53 (1.16) −1.42*** −0.87*** −0.55**

Ethnicity of household

Scheduled Caste 3.64 (1.35) 4.74 (1.46) 4.88 (1.15) −1.09*** −1.23*** −0.14

Scheduled Tribe 3.59 (1.30) 4.19 (1.50) 4.50 (1.25) −0.60*** −0.91*** −0.31***

Other Backward Class 3.82 (1.46) 4.74 (1.48) 4.51 (1.29) −0.92*** −0.69*** 0.23**

General 3.58 (1.48) 4.97 (1.43) 4.85 (1.29) −1.69*** −1.26*** 0.12

Household wealth quintile

Poorest 3.47 (1.38) 3.84 (1.40) 4.27 (1.31) −0.37*** −0.80*** −0.43***

Poor 3.60 (1.33) 4.18 (1.43) 4.53 (1.20) −0.57*** −0.93*** −0.35 ***

Middle 3.73 (1.36) 4.37 (1.41) 4.51 (1.17) −0.63*** −0.72*** −0.07

Rich 3.80 (1.47) 4.73 (1.47) 4.50 (1.17) −0.93*** −0.70*** 0.23**

Richest 4.17 (1.51) 5.23 (1.46) 4.88 (1.35) −1.06*** −0.70*** 0.35***

Ration card

No card/APL/other 3.83 (1.47) 4.49 (1.50) 4.56 (1.42) −0.65*** −0.73*** −0.07

BPL/Antyodaya 3.63 (1.35) 4.39 (1.53) 4.52 (1.23) −0.76*** −0.89*** −0.13**

Parity

1 4.06 (1.47) 4.66 (1.53) 4.58 (1.26) −0.59*** −0.51*** 0.07

2 3.81 (1.49) 4.52 (1.46) 4.51 (1.28) −0.71*** −0.70*** 0.08

3 3.77 (1.47) 4.36 (1.51) 4.52 (1.41) −0.59*** −0.75*** −0.15*

≥4 3.59 (1.34) 4.19 (1.49) 4.49 (1.25) −0.59*** −0.90*** −0.30**

Attended Poshan Sakhi meeting

No 3.75 (1.44) 4.39 (1.52) 4.49 (1.25) −0.64*** −0.74*** −0.10**

Yes 3.83 (1.22) 4.77 (1.42) 4.82 (1.22) −0.94*** −0.98*** 0.04
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ration card (3.63–4.52 vs 3.83–4.56). Irrespective of state, mothers of parity 1 had better mean
DDSs than those of parity 4 or more (Bihar 4.06 vs 3.59, Odisha 4.66 vs 4.19 and
Chhattisgarh 4.58 vs 4.49). In all the states, mothers who attended Poshan Sakhi meetings and
consumed food from homestead gardens had better mean DDSs than those who did not
(3.83–4.82 vs 3.75–4.49 and 4.25–4.56 vs 3.66–4.47, respectively). Regardless of state, women
who consumed IFA and deworming tablets had higher mean DDSs than those who did not
(3.84–4.58 vs 3.67–4.35 and 3.81–4.71 vs 3.75–4.49, respectively). In Bihar and Odisha, mothers
from food-secure households had higher mean DDSs than those from food-insecure households
(4.28 vs < 3.86 and 4.90 vs < 4.50), unlike Chhattisgarh where mothers from food-secure and
severely food-insecure households had similar mean DDSs (~4.50). In comparison to Odisha and
Chhattisgarh, mothers in Bihar had significantly lower mean DDSs, irrespective of background
characteristics (p< 0.001) (Table 7).

Predictors of Dietary Diversity Scores by life stage

Table 8 shows that older adolescent girls (15–19 years) were likely to have lower mean DDSs than
girls aged 10–14 years (−0.12; CI −0.25, 0.10, p< 0.10); pregnant women aged 30–49 years were
likely to have a lower mean DDS than those aged 15–19 years (−0.96; CI −0.99, −0.93, p< 0.001).
However, age did not influence the mean DDS of the mothers. Compared with no schooling, pro-
gressively increasing level of schooling improved the mean DDS of adolescent girls (0.22–0.50;
CI 0.01, 0.75, p< 0.001). Gains in mother’s mean DDS were noted with at least 6 years of educa-
tion (0.16–0.42; CI 0.01, 0.56, p< 0.05). Employment status did not influence the mean DDS in
any of the target groups. Adolescent girls from ‘other’ religions were more likely to have a poor

Table 7. (Continued )

Mean DDS (SD) Difference in mean DDS

Bihar Odisha Chhattisgarh
Bihar–
Odisha

Bihar–
Chhattisgarh

Odisha–
Chhattisgarh

Consumed food from homestead garden in last 7 days

No 3.66 (1.41) 4.17 (1.45) 4.47 (1.49) −0.51*** −0.80*** −0.29**

Yes 4.25 (1.43) 4.66 (1.55) 4.56 (1.25) −0.40*** −0.30** 0.10

Consumed IFA tablets

No 3.67 (1.37) 4.14 (1.60) 4.35 (1.24) −0.46*** −0.68*** −0.21**

Yes 3.84 (1.49) 4.52 (1.49) 4.58 (1.26) −0.67*** −0.73*** −0.06

Consumed deworming tablets in last 6 months

No 3.75 (1.42) 4.44 (1.49) 4.49 (1.24) −0.69*** −0.74*** −0.05

Yes 3.81 (1.55) 4.62 (1.52) 4.71 (1.31) −0.80*** −0.90*** −0.09

Household food security status

Food secure 4.28 (1.48) 4.90 (1.49) 4.51 (1.32) −0.61*** −0.22** 0.39***

Mildly food insecure 3.85 (1.50) 4.49 (1.35) 4.46 (1.23) −0.63*** −0.60*** 0.03

Moderately food
insecure

3.54 (1.30) 4.45 (1.44) 4.64 (1.22) −0.91*** −1.10*** −0.18**

Severely food
insecure

3.53 (1.49) 4.24 (1.64) 4.51 (1.27) −0.71*** −0.98*** −0.26*

***p< 0.001; **p< 0.05; *p< 0.10.
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Table 8. Association of mean DDS of adolescent girls, pregnant women andmothers of children under 2 years with selected
socio-demographic characteristics and services

Adolescent girls Pregnant women Mothers

Coeff. 95% CI Coeff. 95% CI Coeff. 95% CI

Age group

10–14 NA NA NA NA

15–19 −0.12* (−0.25, 0.10)

20–29 NA NA — — — —

30–49 NA NA −0.96*** (−0.99, −0.93) — —

Education

Never attended school

1–5 years 0.22* (0.01, 0.45) — — — —

6–8 years 0.44*** (0.21, 0.67) — — 0.16** (0.01, 0.32)

>8 years 0.50*** (0.25, 0.75) — — 0.42*** (0.27, 0.56)

Employment status

Did not work in last 12 months — — — — — —

Worked in last 12 months — — — — — —

Religion of household head

Hindu

Other −0.16** (−0.30, −0.02) — — — —

Ethnicity of household

Scheduled Caste

Scheduled Tribe — — — — — —

Other Backward Class 0.18** (0.06, 0.31) — — — —

General — — — — — —

Household wealth quintile

Richest

Rich −0.32*** (−0.48, −0.16) — — −0.38*** (−0.54, −0.23)

Middle −0.37*** (−0.53, −0.20) — — −0.37*** (−0.53, −0.21)

Poor −0.51*** (−0.68, −0.34) — — −0.37*** (−0.53, −0.21)

Poorest −0.55*** (−0.73, −0.37) −0.03* (−0.06, −0.01) −0.53*** (−0.69, −0.36)

Ration card

No card/APL/other

BPL/Antyodaya −0.17** (−0.28, −0.05) 0.02* (0.00, 0.04) −0.14** (−0.24, −0.04)

Parity

1 NA NA

2 NA NA 0.22*** (0.19, 0.25) −0.16** (−0.29, −0.04)

3 NA NA 0.27*** (0.23, 0.30) — —

≥4 NA NA 0.26*** (0.22, 0.29) −0.20*** (−0.32, 0.78)

(Continued)
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mean DDS than Hindu adolescent girls (−0.16; CI −0.30 to −0.02, p< 0.05). Compared with
Scheduled Caste, adolescent girls belonging to Other Backward Classes were likely to have better
mean DDSs (0.18; CI 0.06, 0.31, p< 0.05). Caste and religion did not influence the mean DDSs
of pregnant women and mothers. In comparison to the richest wealth quintile, adolescent girls
(−0.55 to −0.32; CI −0.73, −0.16, p< 0.001) and mothers (−0.53 to −0.37; CI −0.69, −0.21,
p< 0.001) from all lower wealth quintiles and pregnant women (−0.03; CI −0.06 to −0.01,
p< 0.10) from the poorest wealth quintile were likely to have poorer mean DDSs. Increasing par-
ity positively influenced the mean DDSs of pregnant women (0.22–0.27; CI 0.19–0.30, p< 0.001).
However, mothers of parity 2 (−0.16; CI −0.29, −0.04, p< 0.05) and 4 or higher (−0.20; CI −0.32,
0.78, p< 0.001) were likely to have lower mean DDSs than mothers of parity 1. Pregnant women
in the third trimester were likely to have better mean DDSs than women in the first trimester
(0.02; CI 0.00, 0.04, p< 0.05). Adolescent girls (0.23; CI 0.03, 0.42, p< 0.05) and mothers
(0.28; CI 0.10, 0.46, p< 0.05) who attended Kishori Sakhi and Poshan Sakhimeetings, respectively,

Table 8. (Continued )

Adolescent girls Pregnant women Mothers

Coeff. 95% CI Coeff. 95% CI Coeff. 95% CI

Trimester of pregnancy

First NA NA NA NA

Second NA NA — — NA NA

Third NA NA 0.02** (0.00, 0.04) NA NA

Attended Poshan Sakhi meeting

No NA NA

Yes NA NA — — 0.28** (0.10, 0.46)

Attended Kishori meeting

No NA NA NA NA

Yes 0.23** (0.03, 0.42) NA NA NA NA

Consumed food from homestead garden in last 7 days

No

Yes 0.27*** (0.16, 0.39) — — 0.38*** (0.27, 0.49)

Consumed IFA tablets

No

Yes 0.13* (0.00, 0.27) — — 0.19*** (0.08, 0.30)

Consumed deworming tablets in last 6 months

No

Yes — — — — 0.13* (−0.01, 0.27)

Household food security status

Food secure NA NA

Mildly food insecure NA NA — —

Moderately food insecure NA NA — — −0.10** (−0.20, 0.00)

Severely food insecure NA NA — — — —

***p< 0.001; **p< 0.05; *p< 0.10.
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were likely to have higher mean DDSs than those who did not attend. Adolescent girls who con-
sumed food from homestead gardens (0.27; CI 0.16, 0.39, p< 0.001) and consumed IFA tablets
(0.13; CI 0.00, 0.27, p< 0.10) were likely to have better mean DDSs than those who did not.
Similarly, consuming food from homestead gardens (0.38; CI 0.27, 0.49, p< 0.001), IFA tablets
(0.19; CI 0.08, 0.30, p< 0.001) and deworming tablets (0.13; CI −0.01, 0.27, p< 0.10) positively
influenced the mean DDS of mothers. Compared with food-secure households, mothers living in
moderately food-insecure households were likely to have lower mean DDSs (−0.10; CI −0.20,
0.00, p< 0.05) (Table 8).

Discussion
Methodological variations in ascertaining dietary diversity across studies make comparisons
across regions and over time challenging. The Indian Council of Medical Research recommends
the categorization of foods into thirteen food groups to measure dietary diversity (National
Institute of Nutrition, 2011). Other global categorizations are also available, including seven food
groups (Swindale & Bilinsky, 2006). Most recently, the FAO recommended a listing of ten food
groups, with a daily consumption of foods from at least five of these as a measure of Minimum
Dietary Diversity (MDD) or micronutrient adequacy among women (FAO & FHI 360, 2016).
A study from Bangladesh, which used dietary diversity scores derived by this method, revealed
comparable scores between pregnant adolescents and pregnant women (Nguyen et al., 2018).
Studies comparing dietary diversity across different life stages of women are not available in
India. Using the method recommended by FAO, the present study revealed a consistent pattern
in the types of foods consumed daily by adolescent girls, pregnant women and mothers of children
under 2 years of age in Bihar, Chhattisgarh and Odisha.

As noted in earlier research, cereals were found to be the most commonly consumed food
group (Lee et al., 2012; Aurino, 2017; Rathi et al., 2017; Keats et al., 2018; Nithya & Bhavani,
2018; Rammohan et al., 2018). The daily diet of the respondents was predominantly based on
a cereal–vegetable mix, as pulses were the fourth most commonly consumed food group, following
cereals, other vegetables and yellow fruits/vegetables. Interestingly, while nearly 30% of the sam-
pled population consumed meat/poultry/animal products daily, eggs accounted for less than 10%
of overall consumption for all three target groups. Milk consumption was also low at 15% to 20%,
which also matched findings from systematic reviews (Lee et al., 2012; Keats et al., 2018).

This study noted that daily consumption peaked at four food groups for adolescent girls,
pregnant women and mothers of children under 2 years of age, and that over half the sampled
population was unable to meet the FAOMean Dietary Diversity cut-off of at least five food groups
daily. This finding implies that over 50% of adolescent girls, pregnant women and mothers were
unable to meet their micronutrient requirements with their daily diet. Compared with a quarter of
adolescent girls and pregnant women, a higher proportion of the mothers (~30%) had a low DDS
that ranged from 1 to 3. In all three study states (Bihar, Chhattisgarh and Odisha), the mothers
had a lower mean DDS than pregnant women. The present study documented that irrespective of
their background characteristics, the dietary diversity of all target groups in Bihar was consider-
ably poorer than those in Odisha and Chhattisgarh.

The findings identified two factors that influenced Mean Dietary Diversity for all three stages of
the women’s life cycle (adolescence, pregnancy and lactation): level of poverty and possession of a
ration card. Education predicted the dietary diversity of the adolescent girls and mothers. Higher
parity was found to be related to the dietary diversity of pregnant women and mothers, showing
positive and negative association, respectively. Other predictors selectively influenced dietary
diversity. Religion and ethnicity only influenced the dietary diversity of adolescent girls; no con-
nection was established among pregnant women and mothers. Food insecurity predicted mean
dietary diversity among mothers but not among pregnant women. Attending women’s group
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meetings (Poshan Sakhi meetings) and adolescent girl meetings (Kishori Sakhi meetings)
improved the dietary diversity of mothers and adolescent girls, respectively. Similarly, consuming
food from homestead gardens and IFA tablets positively predicted the dietary diversity of adoles-
cent girls and mothers; however, no relation was established among pregnant women. Deworming
tablets were related to better dietary diversity in mothers. The study identified the maximum
number of predictors for adolescent girls (9 of 11 variables investigated), followed by 10 of 13 for
mothers and 5 of 14 for pregnant women.

The findings contribute to a discussion of strategies that could improve dietary diversity for
adolescent girls, pregnant women and mothers in these eastern Indian states. First, every rural
household with access to even a small landholding should be encouraged to create a kitchen gar-
den. A study in the rural southern region of India concluded that access to better diets that could
be sustained through crop and income diversification, the ownership of cows and buffaloes and
market access to sell crops improved dietary diversity (Nithya & Bhavani, 2018). Second, while
participating in monthly women’s group meetings positively influenced dietary diversity for
mothers only, these results were from a very short period of the intervention (supporting infor-
mation in Table 1). When the baseline data were collected, the project interventions were not fully
launched. Under Swabhimaan, these meetings are designed to involve the participation of women,
identifying and prioritizing their health and nutrition challenges and arriving at plans to address
these challenges with financial support through self-help group platforms under NRLM. Financial
support through these thrift–credit platforms is used to develop nutrition-focused livelihood
(nutri-livelihood) activities, including poultry, fishery and integrated land–water farming systems,
to name a few. In Nepal, participatory learning and action with women’s groups, along with either
cash transfers or food transfers, have been found to improve maternal diets with cash transfers,
thus improving the dietary diversity of pregnant women (Harris-Fry et al., 2018). Additionally,
most lifestyle patterns, including dietary habits, are established in the teenage years and have
cumulative effects on health in adulthood, as well as intergenerational effects (Stephenson
et al., 2018). Thus, participatory meetings with adolescent girls focusing on dietary habits in addi-
tion to other themes, as is being undertaken in Swabhimaan, need to be institutionalized. The
Rashtriya Kishore Swasthya Karyakram (RKSK), or national adolescent health programme, is
designed to promote peer learning, but its implementation is inadequate (Desai, 2017)

The target groups’ compliance with IFA consumption showed a higher mean DDS. It may be
inferred that these women were aware of the benefits of IFA due to having more contacts with
health service providers or information providers/counsellors, who also discussed the need for an
appropriate diet and antenatal care. The World Health Organization (WHO) has recommended
eight antenatal contacts, which is being considered in India (WHO, 2016). Finally, considering
that the sampled population came from socioeconomically vulnerable regions (as measured by
over 80% households having ration cards and 93% belonging to Scheduled Caste, Scheduled
Tribe or Other Backward Caste households), improving the linkage of all three target groups
to available food subsidies and supplementary nutrition schemes is needed. Through the
Integrated Child Development Service (ICDS) scheme, the Government of India provides 600
calories and 18–20 g protein from micronutrient-fortified foods or energy-dense take-home
rations to pregnant women and lactating mothers (Ministry of Woman and Child Development,
2009). Ideally, this supplementary food adds much-needed pulses to women’s diets. The country’s
National Human Rights Commission has further recommended the addition of eggs and milk to
the ICDS menu, which is being implemented in selected districts of the states of Bihar and Odisha
(Indian Express, 2017). It was noted that women’s diets decreased in diversity after pregnancy – a
period when they need to breastfeed and build stores for the next pregnancy. Furthermore, the
mean DDS decreased with parity, and ICDS remains one of the key platforms to reach this target
group, in addition to pregnant women. However, like RKSK, this scheme faces many systemic
challenges (NITI Aayog, Government of India, 2015).
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The study has its strengths and limitations. In the sampled population, a much higher propor-
tion than the national average belonged to socially vulnerable and poor households, which limited
the generalizability of the results. Daily and seasonal variations in food intake were not estimated,
as 24-hour recall method was used. Multiple 24-hour recall periods on non-consecutive days
increase the quality control and reliability of results (Baranowski, 2012). Nonetheless, care was
taken to perform the 24-hour recall on a typical day not associated with any changes in dietary
patterns such as fasting or feasting.

In conclusion, more than half of the sampled adolescent girls, pregnant women and mothers of
children under 2 years of age did not meet the MDD standard, under which at least five of ten food
groups are consumed daily. A predominantly cereal- and vegetable-based diet was consumed con-
sistently across the target groups. Household food insecurity was shown to affect mothers’ diets,
who had lower DDSs than pregnant women in all three states and adolescent girls in Bihar and
Odisha. Compared with other two states, Bihar needs special attention in terms of nutrition and
related services given the very poor dietary diversity across all target groups. Strategies to promote
kitchen gardens; contact with health service providers/counsellors; collective action on nutrition
through women’s groups; fortnightly or monthly meetings among adolescent girls on diet, nutri-
tion and other relevant themes; and poverty alleviation through nutri-livelihood activities may
improve dietary diversity for all target groups. More research is needed on the effectiveness of
expanding the ICDS menu on the dietary diversity of pregnant women and mothers of children
under 2 years of age in low-resource settings.
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