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Abstract 

Background: Improving nutrition for all requires understanding how interventions 1 

influence nutrition inequalities within society. Intersectionality, which considers how 2 

multiple disadvantages intersect, may offer more precise insight into the equity of 3 

these interventions.  4 

Objective: Using an intersectionality-informed approach and mediation with 5 

exposure-mediator interaction, we investigated how participation in nutrition-sensitive 6 

agriculture interventions tested in the ‘UPAVAN’ trial affected inequalities in women’s 7 

diets in Odisha, India.   8 

Methods: We analysed cross-sectional endline data from 3,294 mothers of children 9 

aged 0-23 months in 111 UPAVAN intervention villages. We estimated dietary 10 

inequalities as excess relative risk of minimum dietary diversity (MDD-W) according 11 

to Scheduled Tribe identity (ST, non-ST), education (≥5, <5 years), or wealth (higher, 12 

lower), and comparing intersectional groups that combine ST/non-ST with education 13 

or wealth group. We used a 4-way decomposition to estimate whether these MDD-W 14 

inequalities were affected by social group differences in: intervention participation 15 

rates (mediation only), participation benefits (interaction only), or both combined 16 

(mediated interaction). 17 

Results: Intervention participation and MDD-W were greater among the more 18 

advantaged groups of non-ST, higher education, or higher wealth. Often, the more 19 

disadvantaged groups had greater participation benefits (interaction only), which 20 

narrowed MDD-W inequalities. However, intersectional groups with two 21 

disadvantaged characteristics (e.g., poorer ST) had smaller participation benefits 22 

than those with one (e.g., wealthier ST), which widened MDD-W inequalities. 23 

Differences in participation rates had negligible effects on MDD-W inequalities. 24 
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 4 

Often, any marginal widening of MDD-W inequalities due to disadvantaged groups 25 

participating less (mediation only) was suppressed by their greater participation 26 

benefits (mediated interaction).  27 

Conclusion: To our knowledge, this is the first intersectionality-informed analysis of 28 

nutrition interventions. UPAVAN interventions mostly had equitable impacts, 29 

reducing several inequalities in maternal diet quality. We demonstrate how 30 

intersectionality-informed analyses can help identify inequities in nutrition 31 

interventions and inform the design of inclusive interventions that reach and benefit 32 

the most marginalised groups.   33 

Keywords: Nutrition-sensitive agriculture; Dietary diversity; Equity; Inequalities; 34 

India; Intersectionality; Participatory learning and action; Maternal nutrition. 35 
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Introduction 36 

The global burden of undernutrition remains disproportionately concentrated among 37 

marginalised groups (1). India carries the greatest burden, with striking inequalities 38 

across the population (2–4). For instance, half of women are anaemic, but the odds 39 

are 1.3 or 1.4 times higher among the poorest or ‘Scheduled Tribe’ (disadvantaged) 40 

groups (5). Similarly, around 20% of children are fed a minimally diverse diet, but the 41 

odds are up to twofold higher among those with more educated mothers (6).  42 

These trends reflect India’s distinctive social landscape shaped by factors such as 43 

caste, tribe, wealth, education and gender (7,8). These factors can intersect to shape 44 

nutrition inequalities, but how they do so is less well-known. ‘Intersectionality’ theory 45 

captures this complexity by recognising that individuals’ multiple social 46 

characteristics intersect within complex systems of interlocking power and 47 

oppression to shape unequal opportunities for health (9). Applying intersectionality in 48 

research is now recognised as valuable for understanding nutrition inequalities and 49 

advancing the Sustainable Development Goals of zero hunger, reducing inequality, 50 

and leaving no one behind (10–12). 51 

Rural India is a vital setting for such research as it faces the highest rates of 52 

maternal undernutrition (13) alongside multiple deep-rooted inequalities (7). In this 53 

context, nutrition-sensitive agriculture (NSA) interventions (i.e., agriculture 54 

interventions with nutrition objectives) are now understood to be an effective way to 55 

improve maternal and child dietary quality on average (14). However, there is sparse 56 

literature on their equity, i.e., the degree to which interventions address the social, 57 

economic, or political drivers of systematic differences in nutrition outcomes (15). 58 

NSA delivery platforms, such as extension services (16,17), mobile technologies 59 
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(18), and women’s groups (19–22), can vary in inclusivity. Structural barriers, such 60 

as high workload – which tend to affect the poorest and marginalised the most – can 61 

prevent the most nutritionally vulnerable from participating (23). Even when included, 62 

NSA practices may not be equally accessible or feasible. For example, many require 63 

land, water, and labour, meaning that better-off groups with more resources may 64 

benefit more (24).  65 

To our knowledge, no study has empirically examined NSA (or other nutrition) 66 

interventions from a lens of intersectionality (25). We address this gap by unpacking 67 

the impacts of NSA interventions tested in the ‘UPAVAN’ trial in rural India (20,26). 68 

The interventions worked with women’s groups, who viewed and discussed NSA and 69 

nutrition-specific videos and used a Participatory Learning and Action (PLA) 70 

approach. The impact evaluation found improvements in women’s and children’s 71 

dietary diversity, and per-protocol analyses suggested that intervention participation 72 

was important (26). Using mediation with exposure-mediator interaction, we 73 

investigated whether participation rates and the benefits of participating in the 74 

interventions varied across women based on their intersecting social characteristics 75 

and, in turn, whether this affected intersectional inequalities in women’s diets.  76 

Methods 77 

UPAVAN overview 78 

Study context  79 

The UPAVAN interventions were implemented in Keonjhar, a heavily forested and 80 

landlocked district in Odisha, India. Undernutrition is widespread. Almost 70% of 81 

women are anaemic (27), and nearly 80% consume inadequately diverse diets (24). 82 
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Most of the population depends on subsistence farming for food and income, and 83 

almost half live below the poverty line (28). Communities referred to as ‘Scheduled 84 

Tribes’ (ST) comprise over 45% of the population (28). These communities are 85 

considered the earliest settlers on the Indian subcontinent and were recognised as 86 

‘tribes’ during British colonial rule, then re-classified as STs in independent India (29). 87 

STs are a heterogeneous group, with around 700 officially recognised STs in India 88 

(30). Their marginalisation related to their indigeneity, land rights, distinct linguistic 89 

and cultural identities, and geographic isolation are well documented (31).  90 

Other disadvantaged groups, referred to as ‘Other Backward Castes’ and ‘Scheduled 91 

Castes’ also live in Keonjhar (24,32). These groups are marginalised due to their 92 

caste identity and share more commonalities with ‘mainstream’ Hindu society than 93 

STs (31). Scheduled Castes and STs—who have been beneficiaries of similar 94 

affirmation policies since India’s independence—are often grouped as one 95 

disadvantaged category. However, poverty reduction and political mobilisation have 96 

been greater among Scheduled Castes (31). Meanwhile, STs continue to face deep 97 

and persistent disadvantages, particularly in health and nutrition. They are the most 98 

undernourished in Indian society (33), even when compared to Scheduled Castes 99 

(3), and lag behind the national average in almost every indicator of sustainable 100 

development (34). 101 

UPAVAN interventions 102 

UPAVAN was a four-arm cluster-randomised controlled trial carried out in 148 103 

clusters (villages and their surrounding hamlets) in four blocks of Keonjhar. The 104 

UPAVAN interventions worked with women’s self-help groups, providing behaviour 105 

change communication through facilitated viewings and discussions of participatory 106 
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videos on NSA and nutrition-specific topics, and a cycle of nutrition-specific PLA 107 

meetings (26). Primary and secondary outcomes were the proportion of women and 108 

children consuming a minimally adequate diet (≥5 of 10 food groups for women; ≥4 109 

of 7 food groups for children), child wasting, and maternal BMI (20,26). 110 

Clusters were randomly allocated to one of four arms: 111 

AGRI: Fortnightly women’s group meetings with facilitated viewings and discussions 112 

of participatory NSA videos and follow-up home visits with group participants who 113 

were pregnant or had a child aged <2 years.  114 

AGRI-NUT: Fortnightly women’s group meetings with facilitated viewings and 115 

discussions of participatory videos, half on NSA topics and the other half on nutrition-116 

specific topics and follow-up home visits. 117 

AGRI-NUT+PLA: Fortnightly women’s group meetings, with half of them involving 118 

facilitated viewing and discussions of NSA videos, and the other half following a 119 

cycle of nutrition-specific PLA meetings once per month and follow-up home visits.  120 

Control: Standard agriculture, health and nutrition services from the government or 121 

any other organisations. 122 

Videos were 7-15 minutes long and featured local community members discussing 123 

and demonstrating the NSA or nutrition-specific practices. Facilitators screened the 124 

videos using low-cost projectors and paused the videos at specified points to 125 

encourage discussion. Videos on NSA topics included practices aiming to increase 126 

the production of nutrient-dense foods and agricultural income, reduce costs or 127 

labour inputs, and improve women’s decision-making. Videos on nutrition-specific 128 

practices focused on increasing the dietary adequacy of mothers and children.  129 
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The PLA approach incorporated into the AGRI-NUT+PLA arm involved a facilitated 130 

meeting cycle comprised of four phases: 1) group members identified and prioritised 131 

nutrition problems; 2) group members explored causes and effects of the prioritised 132 

problems, planned local strategies to address them, decided roles and 133 

responsibilities for implementing strategies and shared learning with the wider 134 

community; 3) group members implemented strategies; and 4) group members 135 

informally evaluated the process (26).  136 

All women in intervention clusters were eligible to participate in the interventions, 137 

which ran for 32 months between 2016 and 2019. More details of the UPAVAN 138 

interventions are found elsewhere (20,26).  139 

Data collection 140 

We evaluated the impacts of the UPAVAN interventions using cross-sectional 141 

surveys at baseline (Nov 2016-Jan 2017) and endline (Nov 2019-Jan 2020) on a 142 

random sample of households with a child aged 0-23 months and a female primary 143 

caregiver aged 15-49 years. At baseline and endline, we aimed for 32 households 144 

per cluster in all 148 clusters, giving a target sample of 4736 households (26).  145 

In this study, we use the cross-sectional endline data from 3,294 mothers of children 146 

0-23 months and their households in the 111 clusters where UPAVAN interventions 147 

were delivered (35). Trained data collectors administered pretested questionnaires 148 

translated into Odiya language to women and their spouses (or household heads, if 149 

unavailable). Enumerators entered data using Open Data Kit software (version 150 

1.29.3) on Android tablets. Data quality was assured by data managers doing spot-151 

check observations on 10% and back checks (revisiting households) on 20% of all 152 
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surveys. Data on dietary intake were obtained using the free recall method with 153 

standard, prespecified probes (36).  154 

Study variables 155 

The variables used in this study are described in Table 1.  156 

Our study outcome is the proportion of women consuming ≥5 of 10 food groups in 157 

the previous 24 hours, i.e., maternal minimum dietary diversity (MDD-W)—a 158 

validated measure of micronutrient adequacy (36). We selected this outcome based 159 

on the trial’s impact evaluation, which found improvements in dietary diversity among 160 

women and children but not women’s BMI or child wasting (26). We focus on MDD-161 

W to examine an outcome with a known effect, which provides a foundation for 162 

subsequently exploring the intersectional equity of the impacts. This focus also 163 

addresses the scarcity of intersectionality-informed analysis of women’s nutrition in 164 

India, as existing research has mostly focused on children (25). 165 

Our exposures comprise single and intersectional social groups. Given the stark and 166 

enduring disadvantage faced by STs (33), we focus on women who belong to ST 167 

communities versus those who do not (non-ST). Statistics from UPAVAN endline 168 

survey in the control arm reinforce this focus: the proportion of women that achieved 169 

MDD-W was 42%, 41%, and 44% among Scheduled Castes, Other Backward 170 

Castes, and ‘Other’, respectively, but 27% among STs.  171 

We also focus on women’s education level and household wealth, which are 172 

commonly seen as intersecting with caste and ST identity in the anthropological and 173 

sociological literature (37,38). For education, we compare women who had ≥5 or <5 174 

years of education (where the former indicates termination of schooling before the 175 

first cycle of mandatory education is complete). For wealth, we compare those in the 176 
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top or bottom 50% of a wealth score (where wealth score is derived as the first 177 

principal component from a Principal Component Analysis of ownership of 16 178 

household assets). Our intersectional groups then comprise each possible 179 

combination of non-ST/ST by education or wealth group, each of which is listed in 180 

Table 1. 181 

Our potential mediator is UPAVAN intervention participation, which is defined as the 182 

proportion of women who reported attending ≥1 video dissemination or PLA meeting 183 

in the last six months (out of a maximum of 11 sessions) and being a member of a 184 

women’s self-help group.   185 

Analysis 186 

We first describe intervention participation (the potential mediator) within each single 187 

and intersectional social group. We then describe MDD-W (the outcome) across 188 

intervention participation within these sub-groups. 189 

Next, we use state-of-the-art mediation methods, grounded in the potential outcomes 190 

framework (39–41), to investigate whether and how intervention participation 191 

affected social inequalities in MDD-W. The potential outcomes approach is widely 192 

recognised as more rigorous than traditional methods (42), like the Baron and Kenny 193 

approach (43), as it defines effects using counterfactual scenarios—for example, 194 

what would have happened to inequalities in MDD-W if the groups being compared 195 

had equal levels of intervention participation? 196 

Additionally, we apply a more advanced approach to potential outcomes-based 197 

mediation that allows for exposure-mediator interaction, which also cannot be 198 

accounted for within traditional methods (44). Specifically, we use a novel application 199 

of VanderWeele’s 4-way decomposition (39) to unpack three mechanisms by which 200 
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we hypothesised that the interventions may have affected intersectional inequalities 201 

in MDD-W: 1) differences in the benefits of participating (interaction only); 2) 202 

differences in participation rates (mediation only); and 3) their joint contribution 203 

(mediated interaction). Distinguishing between these mechanisms is important for 204 

informing the design of more equitable interventions, as it provides maximum insight 205 

into not only whether the interventions narrowed or widened MDD-W inequalities but 206 

also how they did so. This level of insight can only be achieved through this type of 207 

mediation decomposition grounded in the potential outcomes framework (39). 208 

The 4-way decomposition breaks down the observed inequalities in MDD-W 209 

between single or intersectional groups (i.e., the total effect) into four components 210 

(39). Our study-specific interpretations of these components are shown in Figure 1 211 

and described below. The mathematical expression is shown in Supplemental 212 

Methods 1. 213 

Controlled direct effect: Social group inequality in MDD-W that would have occurred 214 

without intervention participation. That is, the amount of inequality in MDD-W that is 215 

not caused by differences in participation rates or participation benefits. 216 

Interaction only: The amount of social inequality in MDD-W that is entirely caused by 217 

differences in participation benefits (i.e., average improvements in MDD-W among 218 

participants). That is, the effect of participating in the interventions on MDD-W depends 219 

on the social group, but the social group does not influence participation rates. 220 

Mediation only: The amount of social inequality in MDD-W that is entirely caused by 221 

differences in participation rates. That is, the social group influences intervention 222 

participation rates but does not influence the effect of participating on MDD-W.  223 
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Mediated interaction: The amount of social inequality in MDD-W caused by 224 

differences in participation benefits due to differences in participation rates. That is, 225 

the effect of participating in the interventions on MDD-W depends on the social group, 226 

as in ‘interaction only’, but here, the social group also influences participation rates.   227 

The use of the potential outcomes framework for causal interpretations requires 228 

assumptions to be defined and justified (39). A primary assumption is that the 229 

exposure temporally precedes the mediator and that both of these precede the 230 

outcome (45). Whether women belong to STs is determined at birth, and completion 231 

of 5 years of education is typically established in childhood. While our wealth 232 

indicator is at greater risk of violating this assumption, our wealth score was derived 233 

from major household assets that are unlikely to change from intervention 234 

participation. Likewise, diet quality in the previous 24 hours is unlikely to have 235 

influenced intervention participation. Therefore, we consider this assumption 236 

satisfied. 237 

A second key assumption is the absence of unmeasured confounding between the 238 

exposure and mediator, and between the mediator and outcome (39). Given that our 239 

exposures are social characteristics that influence multiple interconnected aspects of 240 

life, and that the interventions were designed to operate along multiple complex 241 

pathways (20), adjusting for intermediate factors could inadvertently block the 242 

mechanisms through which the social characteristics influence participation and 243 

diets. To avoid this, we rely on temporality assumptions and conceptual framing 244 

rather than statistical controls of potential confounders. This approach reflects 245 

considerations raised in intersectionality and disparity-focused causal analyses 246 

(46,47).   247 
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We conducted the 4-way decomposition using the user-written command ‘Med4way’ 248 

in Stata (48). The total effects and the four decomposition components are estimated 249 

using the parameter estimates from two regressions: 1) log-binomial regressions that 250 

predict the outcome (MDD-W) as a function of the exposure (single or intersectional 251 

social group comparisons), mediator (intervention participation), and an exposure-252 

mediator interaction term; and 2) logistic regression models that predict the mediator 253 

as a function of the exposure.  254 

We computed the decomposition for each single or intersectional group comparison 255 

and intervention arm. Results are crude total excess relative risk (ERR) or ERR due 256 

to each decomposition component (presented with 95% confidence intervals). 257 

Standard errors are estimated from bootstrapping (1000 replications). All analyses 258 

were conducted in Stata SE/18.0.  259 

Analytical sample  260 

The UPAVAN survey was not explicitly designed for intersectional analyses, and no 261 

formal power calculation was conducted for this analysis. As a result, some 262 

intersectional groups have relatively few observations. To circumvent some of this 263 

issue, and improve readability, we pooled the AGRI & AGRI-NUT intervention arms 264 

but analysed AGRI-NUT+PLA separately. We did this because the AGRI and AGRI-265 

NUT interventions had the same model of encouraging participation through SHGs 266 

and a similar intervention approach of viewing and discussing videos on nutrition-267 

specific and/or NSA topics. Meanwhile, the AGRI-NUT+PLA had more community 268 

outreach activities and stronger participatory components through the cycle of PLA 269 

meetings.  270 
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As small sample sizes persist for some comparisons, and because we explore 271 

inequalities in MDD-W across the entire social spectrum of non-ST/ST by education 272 

and wealth group, formal statistical testing would carry a high risk of Type I and Type 273 

II errors. Hence, we focus on identifying consistent trends based on the magnitude 274 

and direction of effects rather than drawing conclusions based on statistical 275 

significance. This approach is appropriate for exploring the equity of the UPAVAN 276 

interventions, helping to assess if different trends emerge when intersectional groups 277 

are considered as compared to single social groups and aligns with guidance on 278 

making cautionary inferences from equity-based subgroup analyses to better 279 

understand how interventions affect health equity (49).    280 

When reporting trends, we present the percentage point (pp) contribution of the 281 

decomposition components to the observed inequality in MDD-W. For example, if the 282 

observed inequality in MDD-W between two groups is an ERR of 0.80 (equivalent to 283 

a relative risk ratio of 1.80), and an ERR of 0.13 due to interaction only (or mediation 284 

only, or mediated interaction), then we can say that it explains 13 pp of the observed 285 

inequality and implies a widening of the observed inequality in MDD-W. In contrast, 286 

an ERR of -0.13 implies a narrowing of the observed inequality in MDD-W by 13 pp.   287 

Ethics 288 

Ethical approval was granted from the Odisha Government's Institutional Review 289 

Board, Research and Ethics Committee, Department of Health and Family Welfare, 290 

Government of Odisha (date approved Sept 3, 2016, letter number 141/SHRMU) 291 

and from the London School of Hygiene & Tropical Medicine (LSHTM) Interventions 292 

Research Ethics Committee (date approved Oct 10, 2016, reference number 293 

11 357). Trial registration: ISRCTN65922679. We obtained written informed consent 294 
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for participation in interviews and the use of pseudonymized data from participants. 295 

For mothers 15-17 years old, we obtained assent from the mothers and informed 296 

written consent from a representative adult (e.g., their spouse or in-laws). 297 

Results 298 

The participant flow chart is shown in Supplemental Figure 1, and respondent 299 

characteristics are given in Table 2. Most respondents had <2.5 acres of land, 70% 300 

had ≥5 years of education, and around 60% belonged to the ST group. As a 301 

percentage of the non-ST group, 20-25% were from Scheduled Castes, 62-74% from 302 

Other Backward Castes, and 6-12% from ‘Other’ castes (sometimes referred to as 303 

‘general’ or ‘upper’ caste). We had small sample sizes for the non-ST group with 304 

lower education or lower wealth, reflecting relatively higher educational and 305 

economic outcomes among the non-ST group. Among intervention participants, the 306 

average number of video disseminations or PLA meetings attended in the previous 6 307 

months was 7.3 in the AGRI & AGRI-NUT arms and 6.6 in the AGRI-NUT+PLA arm, 308 

out of a maximum of 11 sessions. 309 

Descriptive results of intervention participation and MDD-W  310 

Table 3 shows intervention participation rates across the single and intersectional 311 

social groups, and MDD-W by participation status, within these sub-groups. 312 

Participation rates ranged from 21-36% and were generally higher among more 313 

advantaged women (higher education, higher wealth, or non-ST groups). 314 

Participation rates were greater among all higher-educated women (30-36%) than 315 

lower-education women (21-28%) in non-ST and ST groups. There was slightly less 316 
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variation in participation rates across non-ST/ST by wealth groups. Still, rates were 317 

lowest among the most disadvantaged intersectional group of poorer ST women.  318 

The proportion of women who achieved MDD-W was consistently greater among 319 

participants than non-participants, with one exception: the most advantaged 320 

intersectional group of wealthier non-ST women.  321 

4-way decomposition results: Intersectional inequalities in MDD-W 322 

decomposed by intervention participation 323 

The next section presents the 4-way decomposition analysis results, unpacking if 324 

intersectional inequalities in MDD-W were affected by intervention participation. We 325 

report results for non-ST/ST and education and non-ST/ST and wealth together, as 326 

we found consistent trends. We first explore inequalities in MDD-W that would have 327 

occurred without intervention participation (controlled direct effects). We then assess 328 

whether inequalities in MDD-W differ in magnitude from what was observed in the 329 

intervention villages (total effects). The results for non-ST/ST and education are 330 

shown in Figure 2, and the results for non-ST/ST and wealth are shown in Figure 3.  331 

Inequalities in MDD-W without intervention participation  332 

When looking at what would have occurred without intervention participation (dashed 333 

bars in Figures 2 and 3), we find that inequalities in MDD-W were substantial. These 334 

inequalities follow the expected trend, with a greater proportion of women achieving 335 

MDD-W among more advantaged groups. For instance, Figure 2A shows the 336 

proportion achieving MDD-W over 80% greater among higher than lower-educated 337 

women (ERR [95% CI]: AGRI & AGRI-NUT 0.86 [0.55, 1.17]; AGRI-NUT+PLA 0.87 338 

[0.50, 1.25]), and that educational inequality in MDD-W persisted within non-ST/ST 339 

intersections. The same pattern held for wealth inequality in MDD-W (Figure 3A).  340 
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Figure 2B shows that the proportion of women achieving MDD-W was around 40% 341 

greater for non-ST than ST women (AGRI & AGRI-NUT 0.41 [0.24, 0.58]; AGRI-342 

NUT+PLA 0.37 [0.16, 0.58]). While there is some suggested that non-ST/ST 343 

inequality in MDD-W persisted within intersections of wealth and education, there is 344 

no evidence of non-ST/ST inequality in MDD-W among poorer women (Figure 2B 345 

and 3B).  346 

The starkest inequality in MDD-W is found when comparing the least and most 347 

disadvantaged intersectional groups. For instance, the proportion achieving MDD-W 348 

was over 100% greater among higher-educated non-ST than lower-educated ST 349 

women (AGRI & AGRI-NUT 1.30 [0.84, 1.76]; AGRI-NUT+PLA 1.06 [0.58, 1.56]) 350 

(Figure 2C).  351 

As a robustness check, we compare these controlled direct effects with observed 352 

inequalities in MDD-W in UPAVAN control villages and find the same trends. 353 

Contrasting inequalities in MDD-W with and without intervention participation 354 

In several cases, the observed inequalities in MDD-W (solid bars of Figures 2 and 3) 355 

differed in magnitude from what would have occurred without intervention 356 

participation, suggesting that the interventions influenced inequalities in MDD-W. 357 

Where differences occurred, we observed the following trend: in most cases, the 358 

observed inequalities in MDD-W between single and intersectional groups appear 359 

narrower than what would have occurred without intervention participation. However, 360 

we see the opposite when comparing the “middle” intersectional groups (i.e., those 361 

with one disadvantaged characteristic) to the most disadvantaged intersectional 362 

groups (i.e., those with two disadvantaged characteristics), where observed 363 

inequalities in MDD-W appear wider.  364 
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The role of the intervention participation in inequalities in MDD-W: interaction, 365 

mediation, or both?  366 

Next, we investigate which remaining decomposition components explain any 367 

differences between the observed inequalities in MDD-W and what would have 368 

occurred without intervention participation. Figures 4 and 5 show the results for the 369 

remaining three decomposition components for non-ST/ST and education and non-370 

ST/ST and wealth, respectively.  371 

Differences in participation benefits (interaction only)  372 

Results in the “interaction only” columns suggest that there were differences in the 373 

benefits of participating in the interventions and that this affected several inequalities 374 

in MDD-W. Where this occurred, differences in participation benefits often narrowed 375 

inequalities in MDD-W, as the more disadvantaged groups benefitted more. 376 

However, the opposite pattern was observed when comparing middle intersectional 377 

groups to the most disadvantaged—that is: poorer or less-educated non-ST vs ST 378 

women; and wealthier or more-educated ST women vs poorer or less-educated ST 379 

women.  380 

We use non-ST/ST inequalities in MDD-W among all women and within education 381 

intersections to illustrate these trends (Figure 4B). Greater intervention benefits 382 

among ST than non-ST women narrowed non-ST/ST inequalities in MDD-W by 9 pp 383 

among all women and 11 pp among higher educated women (AGRI & AGRI-NUT 384 

only). However, the opposite occurs among lower educated women, where smaller 385 

intervention benefits among ST women widened non-ST/ST inequalities in MDD-W 386 

by 13 pp in AGRI & AGRI-NUT and 8 pp in AGRI-NUT+PLA.  387 
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Despite the most disadvantaged sometimes benefitting less than middle 388 

intersectional groups, trends suggest the most disadvantaged still benefitted from 389 

participating. This is shown through greater participation benefits among poorer ST 390 

(most disadvantaged) than wealthier non-ST women (least disadvantaged), 391 

narrowing inequalities in MDD-W by up to 12 pp (Figure 5C). 392 

Further, some trends suggest that the AGRI-NUT+PLA approach may have been 393 

more equitable in terms of benefits to poorer and less educated women. For 394 

example, while differences in intervention benefits appear to widen education 395 

inequality in MDD-W among ST women in AGRI & AGRI-NUT, there is no suggestion 396 

of this in AGRI-NUT+PLA (Figure 4A). Similarly, differences in intervention benefits 397 

appear to reduce wealth inequality in MDD-W to a greater extent and more 398 

consistently across different subgroups in AGRI-NUT+PLA (Figure 5A and 5C).   399 

 Differences in participation rates and benefits (mediation and mediated interaction) 400 

On the other hand, differences in participation rates did not meaningfully affect 401 

inequalities in MDD-W. Looking first at the contribution of differences in participation 402 

alone (“mediation only” column in Figures 4 and 5), we find that almost all effects 403 

operate toward widening MDD-W inequalities, as expected from descriptive results 404 

indicating greater participation rates among more advantaged groups. However, 405 

effects are consistently small, with MDD-W inequalities widening by a maximum of 4 406 

pp. This suggests that participation gaps were likely too small to meaningfully affect 407 

inequalities in MDD-W. 408 

Similarly, the effects of intervention participation on MDD-W inequalities that were 409 

due to mediated interaction (the differences in participation benefits that were due to 410 

differences in participation rates) were also consistently small and non-meaningful. 411 
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In many cases, a potential widening (albeit very small) of inequality in MDD-W due to 412 

greater participation rates among more advantaged groups (mediation only) were 413 

suppressed by greater participation benefits among more disadvantaged groups 414 

(mediated interaction). For instance, looking at education inequality in MDD-W 415 

among non-ST women in AGRI & AGRI-NUT (Figure 4A), greater participation rates 416 

among higher-educated non-ST women widened MDD-W inequality by 4 pp. 417 

However, because lower-educated non-ST women benefitted more from their 418 

participation, the mediated interaction shows a narrowing of education inequality in 419 

MDD-W by 4 pp, effectively cancelling out the mediation effect.  420 

Inequalities in MDD-W across various intervention participation rates.  421 

In Supplemental Figures 2, 3 and 4, we visually demonstrate the role of differences 422 

in participation benefits on inequalities in MDD-W by plotting the controlled direct 423 

effect when participation rates are fixed to 0% (as has been done so far), 25%, 50%, 424 

75% and 100%. Where participation benefits were greater among more 425 

disadvantaged groups, the plots show how these inequalities in MDD-W would 426 

further narrow at higher participation rates. The opposite occurs where participation 427 

benefits were greater among the more advantaged groups. These plots also help 428 

visualise the importance of an intersectional approach. For example, in AGRI & 429 

AGRI-NUT (left panels), as participation rates increase, education inequalities in 430 

MDD-W overall remain constant (Supplemental Figure 2D), narrow among the non-431 

ST group (Supplemental Figure 2E) but widen among the ST group (Supplemental 432 

Figure 2F).  433 
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Discussion 434 

We used an intersectionality-informed approach to examine how NSA interventions 435 

tested in the UPAVAN trial affected intersectional inequalities in women’s diet quality 436 

in rural Odisha. Firstly, we found prominent inequalities in MDD-W, with lower 437 

educated, poorer and ST women at greater risk of dietary inadequacy. These 438 

inequalities were amplified when women faced multiple disadvantages. For example, 439 

over twice as many higher-educated non-ST women achieved MDD-W than lower-440 

educated ST women. 441 

Second, we found that these MDD-W inequalities were affected by differences in the 442 

extent to which women benefitted from participating in the interventions. Where 443 

differences occurred, trends suggested that “middle” intersectional groups (i.e., those 444 

with one disadvantaged characteristic) benefitted the most, followed by the most 445 

disadvantaged (i.e., those with two disadvantaged characteristics), and then the 446 

least (i.e., those with two advantaged characteristics) disadvantaged. Resultingly, 447 

differences in participation benefits generally narrowed MDD-W inequalities, except 448 

when comparing middle intersectional groups to the most disadvantaged where 449 

greater benefits among middle intersectional groups widened MDD-W inequalities. 450 

Our intersectionality-informed approach was necessary for revealing this trend. 451 

Lastly, despite greater participation rates among more advantaged women, this had 452 

negligible impacts on MDD-W inequalities. 453 

Our findings concerning prominent social inequalities in women’s diet in rural, 454 

disadvantaged communities reinforce the need for nutrition actions that improve diet 455 

quality on average and reduce social inequalities within them. The UPAVAN impact 456 

evaluation (26) and our study indicate progress towards these objectives. This was 457 
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likely attributable to UPAVAN’s focus on promoting practices that required few 458 

resources and locally feasible solutions, responding to constraints faced by poor and 459 

vulnerable households (50,51). Other participatory women’s group interventions 460 

have had equitable impacts. An intervention in Odisha and Jharkhand found greater 461 

reductions in neonatal mortality rates among the most than the least marginalised 462 

groups (52). Potential explanatory mechanisms included high intervention uptake 463 

among marginalised groups, inclusive behaviour change communication strategies 464 

and having intervention facilitators from Scheduled Tribes (52).  465 

Consistent with intersectionality theory, our findings demonstrated how multiple 466 

disadvantages can compounded (53). This was evident in the smaller participation 467 

benefits among those with two disadvantaged characteristics compared to those with 468 

one. There are several possible explanations for this. Firstly, the study population, on 469 

average, is multidimensionally poor. Therefore, additional efforts beyond NSA, such 470 

as improving the reach and utilisation of social safety nets and other welfare 471 

programmes (54), are likely needed to achieve equitable impacts across the scale. In 472 

the longer term, investments in nutrition-sensitive actions that reduce structural 473 

vulnerability through improvements in education and household wealth will also be 474 

critical for sustained and equitable improvements in nutrition (55).  475 

Second, the most disadvantaged women likely faced greater resource constraints. 476 

This aligns with the UPAVAN process evaluation which showed that women facing 477 

multiple constraints (such as limited land, water, and low family support) felt less able 478 

to adopt the promoted practices (50). Non-resource constraints may also play a role. 479 

For instance, lower education can restrict personal agency, which may affect 480 

confidence in meetings and motivation to adopt behaviours (56). This may have 481 

been exacerbated by ST identity, which can also limit confidence due to well-482 
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documented discrimination against ST women (30). A qualitative investigation of an 483 

NSA intervention delivered through self-help groups in Jharkhand supports these 484 

explanations (57). They showed that low education or “marginalised caste status” 485 

made women feel less confident to approach other group members, receive help 486 

from implementation staff, or actively participate in discussions (57).  487 

Although we found that participation rates were greater among more advantaged 488 

women, participation gaps were likely too small to meaningfully impact MDD-W 489 

inequalities. In several cases, any small widening of MDD-W inequalities from this 490 

was suppressed by greater participation benefits among the more disadvantaged 491 

women who did participate. Despite this, establishing strategies to increase 492 

participation inclusively would further improve diets and narrow several inequalities 493 

within them. Participation barriers found in the UPAVAN process evaluation included 494 

a lack of interest in participating (due to the belief they could not adopt the promoted 495 

practices) and long travel times to meetings (50). Another study found that lack of 496 

family support was a barrier to participation in a health intervention in rural India, and 497 

women who had low education were more likely to mention a lack of family support 498 

(58). Given that lack of family support was also a barrier to adopting practices in 499 

UPAVAN (50), interventions that include whole families may enhance NSA 500 

intervention effectiveness and equity by strengthening inclusion and pathways to 501 

impact (59). 502 

Some of our findings suggest that NSA interventions with PLA may have more 503 

equitable impacts. This could be explained by the process involved in the PLA cycle, 504 

where groups prioritise problems and collectively identify and implement solutions 505 

with their communities (60). As such, the nutrition problems addressed, and 506 

strategies implemented were perhaps more relevant and feasible for vulnerable 507 
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groups. Other studies have also shown PLA to be inclusive and beneficial for poorer, 508 

more marginalised groups (52,61,62). There is evidence that PLA is also cost-509 

effective (60,63), including the economic evaluation of the UPAVAN trial (64).  510 

Strengths and limitations 511 

Our study has several strengths. To our knowledge, this is the first study to use an 512 

intersectionality-informed approach to empirically examine the impacts of nutrition 513 

interventions (25), offering novel insight into nutrition intervention equity. We also 514 

demonstrate a novel methodological contribution by applying casual mediation with 515 

exposure-mediator interaction. This approach allows us to advance beyond 516 

assessing whether interventions affect inequalities in outcomes, to exploring how it 517 

does so. In doing so, we provide more actionable insights for future intervention 518 

design.  519 

We note the following limitations. Firstly, the cross-sectional design increases the risk 520 

of bias in our estimates. Additionally, we did not adjust for potential confounders 521 

between social characteristics, participation and diet quality, as many such variables 522 

may lie on the causal pathways. However, we acknowledge the possibility of 523 

unmeasured confounding in the mediator-outcome relationship, which could also 524 

bias our estimates. For instance, individual motivation may influence both 525 

participation and diet quality, acting as a confounder. Yet, if motivation is socially 526 

patterned, then adjusting for it would risk obscuring the very inequalities we aimed to 527 

capture. Second, our trial data were not originally designed for intersectionality-528 

informed analyses. Like most intersectionality studies, our analysis is likely 529 

underpowered and could have included multiple statistical tests, which would have 530 

carried a high risk of Type I and II errors. To avoid this, we relied on overall trends to 531 
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determine meaningful results. To our knowledge, no public health trial has been 532 

explicitly designed for such analyses, yet these analyses are crucial for hypothesis 533 

generation and designing more inclusive interventions (65). Lastly, we note that 534 

pooling multiple castes within the non-ST group may cause differences between 535 

them to be overlooked. Nonetheless, we believe the social grouping chosen best 536 

balances analytical feasibility, conceptual relevance, and socioeconomic realities. 537 

Conclusion 538 

We demonstrate how intersectionality-informed analyses can help to identify 539 

inequities in nutrition interventions, which can support the design of inclusive 540 

interventions and policy strategies. We also demonstrate how novel casual methods 541 

can unpack crucial questions about intervention equity that are difficult to answer 542 

through trial design alone. The UPAVAN interventions showed promise for reducing 543 

intersectional inequalities in dietary outcomes. Scaling up such interventions, 544 

alongside targeted strategies across other sectors, will be imperative for achieving 545 

global goals to eliminate hunger for all.  546 
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Table 1. Variable definitions 

Indicator Indicator definition 

Exposure and/or moderator  

Single social groups  

Non-ST/ST Two categories – Women belonging to the Scheduled Tribe group (ST) and women not belonging to the Scheduled 

Tribe group (non-ST) (includes Scheduled Caste, Other Backward Castes, and ‘other’ caste groups (often referred to 

as ‘general’, ‘forward’ or ‘upper’ caste).    

 

Wealth group Two categories – A wealth score was derived as the first principal component from a Principal Components Analysis 

on ownership of a range of 16 household assets, including land ownership, improved water sources, improved toilet 

facilities, and higher quality household dwellings. Households that fell into the top 50% were classified as ‘higher 

wealth’, and those at the bottom as ‘lower wealth’. 

 

Education group Two categories – ‘higher education’, defined as women that completed lower primary school or more (≥5 years of 

education), and ‘lower education’, defined as those that did not (<5 years of education). 

Intersectional social groups Using the above variable definitions, we created a set of indicator variables for each of the four possible combinations 

of non-ST/ST and wealth (1. non-ST higher wealth, 2. ST higher wealth, 3. non-ST lower wealth, 4. ST lower wealth), 

and the 4 non-ST/ST and education group combinations (1. non-ST higher education, 2. ST higher education, 3. non-
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ST lower education, 4. ST lower education). We also constructed a set of indicator variables for each possible 

comparison between these groups, leading to 6 intersectional group comparisons for each pair of identities (1 vs 2, 1 

vs 3, 1 vs 4, 2 vs 3, 2 vs 4, 3 vs 4). 

Nutritional outcome  

Minimum dietary diversity for 

women (MDD-W) 

The proportion of women consuming at least 5 of 10 food groups in the previous 24 hours. Food groups are starchy 

staples; beans, peas and pulses; nuts and seeds; eggs; meat and fish; dairy; dark green leafy vegetables; other 

vitamin A‐rich fruits and vegetables; and other vegetables (36). 

Mediator  

UPAVAN intervention participation The proportion of women reporting that they attended ≥1 UPAVAN intervention video dissemination or PLA meeting 

in the previous 6 months (out of a maximum of 11 sessions) and being a member of a women’s self-help group.  

Notes: UPAVAN=Upscaling Participatory Action and Videos for Agriculture and Nutrition.
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Table 2. Participant characteristics 

Characteristic AGRI & AGRI-NUT 

N=2155 

AGRI-NUT+PLA 

N=1139 

 

N 

Mean (sd) or 

n (%) N 

Mean (sd) 

or n (%) 

Woman’s age in years, mean (sd) 2155 24.6 (4.3) 1139 24.8 (4.4) 

Size of landholding, n (%) 2149  1136  

<2.5 acres  1729 (80.0)  904 (79.6) 

≥2.5 acres  429 (20.0)  232 (20.4) 

Non-ST/ST group, n (%) 2153  1138  

ST  1329 (61.7)  662 (58.2) 

Non-ST  824 (38.3)  476 (41.8) 

Caste of non-ST group, n (%) 824  476  

Scheduled Caste  167 (20.3)  121 (25.4) 

Other backward Caste  610 (74.0)  299 (62.3) 

‘Other’ Caste  47 (5.7)  56 (11.8) 

Education in years, mean (sd) 2155 6.8 (4.4) 1139 6.9 (4.6) 

Education category, n (%) 2155  1139  

Lower education (<5 years)  656 (30.4)  341 (29.9) 

Higher education (≥5 years)  1499 (69.6)  798 (70.1) 

Wealth group, n (%) 2153  1138  

Lower wealth  1095 (50.9)  555 (48.9) 

Higher wealth  1058 (49.1)  583 (51.2) 

Non-ST/ST and education, n (%) 2153  1138  

ST with lower education  541 (25.1)  291 (25.6) 

ST with higher education  788 (36.6)  371 (32.6) 

Non-ST with lower education  114 (5.3)  50 (4.4) 

Non-ST with higher education  710 (33.0)  426 (37.4) 

Non-ST/ST and wealth, n (%) 2153  1138  
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ST with lower wealth  834 (38.7)  425 (37.4) 

ST with higher wealth  495 (23.0)  237 (20.8) 

Non-ST with lower wealth  261 (12.1)  130 (11.4) 

Non-ST with higher wealth  563 (26.2)  346 (30.4) 

UPAVAN intervention participation, n (%) 2155 647 (30.0) 1139 341 (29.9) 

Number of video viewings or PLA meetings attended in 

past 6 months among intervention participants (range 1-

11), mean (sd) 657 7.3 (3.4) 341 6.6 (3.0) 

Minimum dietary diversity for women (MDD-W), n (%)  2155 798 (37.0) 1139 429 (42.1) 

Notes: AGRI & AGRI-NUT=interventions with women’s groups using participatory videos on 

nutrition-sensitive agriculture and nutrition-specific topics; AGRI-NUT+PLA=Same as AGRI & 

AGRI-NUT plus nutrition-specific Participatory Learning and Action (PLA) meetings; non-

ST=women not from Scheduled Tribes. ST=women from Scheduled Tribes. 

UPAVAN=Upscaling Participatory Action and Videos for Agriculture and Nutrition. Higher and 

lower wealth is defined as being in the top or bottom 50% of a wealth score derived as the 

first principal component from a Principal Component Analysis of ownership of 16 household 

assets. Study variables with incomplete observations (non-ST/ST group and wealth group; 

0.09%) are due to missing responses in the male survey, where these data were collected.Jo
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Table 3. Participation rates in nutrition-sensitive agriculture interventions and MDD-W by intervention participation  

 AGRI & AGRI-NUT AGRI-NUT+PLA 

 Intervention 

participation, 

n/N (%) 

MDD-W 
Intervention 

participation, 

n/N (%) 

MDD-W 

 
Non-participants, 

(%) 

Participants, 

(%) 

Non-participants, 

(%) 

Participants, 

(%) 

Non-ST/ST group       

ST 361/1329 (27.2) 29.2 42.4 182/662 (27.5) 33.8 44.5 

Non-ST 286/824 (34.7) 42.8 45.5 159/476 (33.4) 47.3 54.1 

Education group       

Lower education 154/656 (23.5) 21.1 27.9 75/341 (22.0) 24.1 32.0 

Higher education 493/1499 (32.9) 40.7 48.7 266/798 (33.3) 46.6 53.8 

Wealth group       

Lower wealth 301/1095 (27.5) 25.7 36.2 153/555 (27.6) 26.9 43.1 

Higher wealth 346/1058 (32.7) 43.4 50.3 188/583 (32.3) 51.7 53.7 

Non-ST/ST and education       

ST with lower education 124/541 (22.9) 18.9 23.4 61/291 (21.0) 23.5 29.5 

ST with higher education 237/788 (30.1) 37.0 52.3 121/371 (32.6) 43.2 52.1 

Non-ST with lower education 30/144 (20.8) 31.0 46.7 14/50 (28.0) 27.8 42.9 

Non-ST and higher education 256/710 (36.1) 44.9 45.3 145/426 (34.0) 49.8 55.2 

Non-ST/ST and wealth       

ST with lower wealth 218/834 (26.1) 25.2 34.9 108/425 (25.4) 26.8 38.0 
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ST with higher wealth 143/495 (28.9) 36.4 53.9 74/237 (31.2) 47.2 54.1 

Non-ST with lower wealth 83/261 (31.8) 27.5 39.8 45/130 (34.6) 27.1 55.6 

Non-ST with higher wealth 203/563 (36.1) 50.3 47.8 114/346 (32.9) 54.7 53.5 

Notes: AGRI & AGRI-NUT=interventions with women’s groups using participatory videos on nutrition-sensitive agriculture and nutrition-

specific topics; AGRI-NUT+PLA=Same as AGRI & AGRI-NUT plus nutrition-specific Participatory Learning and Action meetings; MDD-

W=minimum dietary diversity for women; non-ST=women not from Scheduled Tribes; ST=women from Scheduled Tribes. Higher and 

lower education is defined as women with ≥5 or <5 years of schooling; higher and lower wealth is defined as being in the top or bottom 

50% of a wealth score derived as the first principal component from a Principal Component Analysis of ownership of 16 household 

assets.  
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Figure legends 

Figure 1. Components of the 4-way decomposition used to investigate the 

equity of NSA ‘UPAVAN’ interventions 

Notes: Solid lines indicate the path of interest; dashed lines indicate paths held 

constant. Arrows with circular ends indicate moderation; arrows with triangular ends 

indicate casual paths. MDD-W=minimum dietary diversity for women; UPAVAN: 

Upscaling Participatory Action and Videos for Agriculture and Nutrition. 

 

Figure 2. Decomposition of non-ST/ST and educational inequalities in MDD-W by 

participation in nutrition-sensitive agriculture interventions: total and controlled 

direct effects 

Notes: Dashed bars: MDD-W inequality that would have occurred without 

intervention participated (controlled direct effect). Solid bars: MDD-W inequality 

observed in intervention villages (total effect). Panel A: MDD-W compared between 

higher versus lower education groups among all women and by ST status; Panel B: 

MDD-W compared between non-ST and ST groups among all women and by 

education group; Panel C: MDD-W compared between women differing in non-

ST/ST and education groups. Results are from 4-way decomposition analyses. 

Confidence intervals shown in brackets above bars are normal-based and calculated 

from bootstrapped standard errors (1000 replications). AGRI & AGRI-

NUT=interventions with women’s groups using participatory videos on nutrition-

sensitive agriculture and nutrition-specific topics; AGRI-NUT+PLA=Same as AGRI & 

AGRI-NUT plus nutrition-specific Participatory Learning and Action meetings; MDD-

W=minimum dietary diversity for women; non-ST=women not from Scheduled 
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Tribes; ST=women from Scheduled Tribes. Higher and lower education is defined as 

women with ≥5 or <5 years of schooling. Sample sizes (left to right within each 

panel): A: 2155, 824, 1329, 1139, 476, 662; B: 2153, 1498, 655, 1138, 797, 341; C: 

1251, 902, 717, 421.  

 

Figure 3. Decomposition of non-ST/ST and wealth inequalities in MDD-W by 

participation in nutrition-sensitive agriculture interventions: total and 

controlled direct effects 

Notes: Dashed bars: MDD-W inequality that would have occurred without 

intervention participation (controlled direct effect). Solid bars: MDD-W inequality 

observed in intervention villages (total effect). Panel A: MDD-W compared between 

higher versus lower wealth groups among all women and by ST status; Panel B: 

MDD-W compared between non-ST and ST groups among all women and by wealth 

group; Panel C: MDD-W compared between women differing in non-ST/ST and 

wealth groups. Results are from a 4-way decomposition analysis. Confidence 

intervals shown in brackets above bars are normal-based and calculated from 

bootstrapped standard errors (1000 replications). AGRI & AGRI-NUT=interventions 

with women’s groups using participatory videos on nutrition-sensitive agriculture and 

nutrition-specific topics; AGRI-NUT+PLA=Same as AGRI & AGRI-NUT plus nutrition-

specific Participatory Learning and Action meetings; MDD-W=minimum dietary 

diversity for women; non-ST=women not from Scheduled Tribes; ST=women from 

Scheduled Tribes. Higher and lower wealth is defined as being in the top or bottom 

50% of a wealth score derived as the first principal component from a Principal 

Component Analysis of ownership of 16 household assets. Sample sizes (left to right 
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within each panel): A: 2153, 824, 1329, 1138, 476, 662; B: 2153, 1058, 1095, 1138, 

583, 555; C: 1392; 756, 771, 367.  

 

Figure 4. Decomposition of non-ST/ST and educational inequalities in MDD-W 

by participation in nutrition-sensitive agriculture interventions: interaction, 

mediation or both? 

Notes: Purple shading corresponds to effects that narrowed inequalities in MDD-W, 

and orange shading corresponds to effects that widened them. Darker shades 

indicate greater effect sizes. Results are from 4-way decomposition analyses. 

Confidence intervals are normal-based and calculated from bootstrapped standard 

errors (1000 replications). AGRI & AGRI-NUT=interventions with women’s groups 

using participatory videos on nutrition-sensitive agriculture and nutrition-specific 

topics; AGRI-NUT+PLA=Same as AGRI & AGRI-NUT plus nutrition-specific 

Participatory Learning and Action meetings. MDD-W=minimum dietary diversity for 

women; non-ST=women not from Scheduled Tribes; ST=women from Scheduled 

Tribes. Higher and lower education is defined as women with ≥5 or <5 years of 

schooling. 

 

Figure 5. Decomposition of non-ST/ST and wealth inequalities in MDD-W by 

participation in nutrition-sensitive agriculture interventions: interaction, 

mediation or both?  

Notes: Purple shading corresponds to effects that narrowed inequalities in MDD-W, 

and orange shading corresponds to effects that widened them. Darker shades 

indicate greater effect sizes. Results are from 4-way decomposition analyses. 

Confidence intervals are normal-based and calculated from bootstrapped standard 
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errors (1000 replications). AGRI & AGRI-NUT=interventions with women’s groups 

using participatory videos on nutrition-sensitive agriculture and nutrition-specific 

topics; AGRI-NUT+PLA=Same as AGRI & AGRI-NUT plus nutrition-specific 

Participatory Learning and Action meetings; MDD-W=minimum dietary diversity for 

women; non-ST=women not from Scheduled Tribes; ST=women from Scheduled 

Tribes. Higher and lower wealth is defined as being in the top or bottom 50% of a 

wealth score derived as the first principal component from a Principal Component 

Analysis of ownership of 16 household assets. 

 

Jo
ur

na
l P

re
-p

ro
of



Jo
ur

na
l P

re
-p

ro
of



Jo
ur

na
l P

re
-p

ro
of



Jo
ur

na
l P

re
-p

ro
of



Jo
ur

na
l P

re
-p

ro
of



Jo
ur

na
l P

re
-p

ro
of



Declaration of interests 

  

☒ The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. 

  

☐ The authors declare the following financial interests/personal relationships which may be considered 

as potential competing interests: 

 

 

  

  

  

 

Jo
ur

na
l P

re
-p

ro
of


