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Abstract
In low- and middle-income countries (LMICs), 21% of children <5 years of age are stunted
and 43% are not developmentally on track. To reach their full growth and developmental potential,
children require multiple health, nutrition, and care inputs and services. Multi-input multigenerational interventions - interventions combining health, nutrition, and care inputs for children
with inputs to support and enable caregivers - are recognized as essential for optimal child growth
and development in early life. Although a rich literature has demonstrated that multi-input
interventions can improve child growth and/or development, evidence on caregiver outcomes is
limited.
This dissertation addresses this research gap. In three papers, we explore whether multi-input
interventions, which integrate messages and opportunities across health, nutrition, stimulation, and
responsive care, can support and enable caregivers in LMICs. We examine three caregiver
outcomes: mental health, responsiveness, and empowerment. Paper 1 uses data from a clusterrandomized controlled trial conducted in rural Tanzania and shows that a health, nutrition,
stimulation, and responsive care intervention improved maternal mental health. Paper 2 shows that
a nutrition, stimulation, and responsive care intervention implemented in rural Pakistan improved
maternal responsiveness, and that these improvements translated into improvements in child
growth and development. Lastly, paper 3 assesses the relationship between caregiver
empowerment and nurturing care practices associated with child development and growth. Using
data from nine Demographic and Health Surveys conducted in sub-Saharan Africa, this paper
shows that more empowered caregivers can provide a more nurturing care environment.
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Together these three papers show that multi-input interventions combining health, nutrition,
responsive care, and stimulation components are a promising strategy to support and enable
caregivers in LMICs. The findings presented here expand the literature on how multi-input
interventions improve caregiver outcomes. The discussion of limitations, implications, and future
directions is intended to be informative for researchers and practitioners implementing multiinput interventions to promote child and caregiver wellbeing in LMICs.

iv

Acknowledgements

This dissertation would not have been possible without the support and contributions of a
number of individuals. I would like to thank my dissertation advisory committee, Drs.
Christopher Sudfeld, Aisha Yousafzai, and Wafaie Fawzi for their guidance, mentorship, and
advice throughout the course of this work. I would also like to thank my collaborators on my
papers Geofrey Asheri, Dr. Honorati Masanja, Dr. Dana McCoy, Saima Siyal, and Dr. Ifeyinwa
Udo for their guidance and support. Additionally, I would like to acknowledge my outside
reviewer Prof. Maureen Black for taking the time to read this dissertation and provide feedback.
I would like to thank the study participants and field teams for their time and for making
the studies possible, as well as the DHS Program teams that implement, conduct, and complete
the DHS surveys and make the data available. I would like to acknowledge funding from Grand
Challenges Canada and UNICEF who provided funding for the studies examined in my first two
papers.
I would also like to thank the Department of Global Health and Population at the Harvard
T.H. Chan School of Public Health for their teachings and support of my professional
development. A special thanks to Barbara Heil and Allison Conary for navigating me through the
program.
Finally, I am grateful to my friends and family for their support and enthusiasm.

v

Contents
Title page ...................................................................................................................................................... i
Copyright ..................................................................................................................................................... ii
Abstract....................................................................................................................................................... iii
Acknowledgements ..................................................................................................................................... v
List of Tables ............................................................................................................................................ viii
List of Figures............................................................................................................................................. xi
Abbreviations ............................................................................................................................................ xii
1.

Introduction ......................................................................................................................................... 1
Conceptual Frameworks for Optimal Child Growth and Development ........................................... 2
Multi-Input Interventions ...................................................................................................................... 5
Enabling Environments of Care ............................................................................................................ 7
Research Questions ................................................................................................................................. 9

2. Paper 1: Effect of a community health worker delivered intervention on maternal depressive
symptoms in rural Tanzania .................................................................................................................... 13
Abstract.................................................................................................................................................. 13
Introduction ........................................................................................................................................... 15
Methods.................................................................................................................................................. 19
Results .................................................................................................................................................... 25
Discussion .............................................................................................................................................. 32
Conclusion ............................................................................................................................................. 39
3. Paper 2: Maternal responsiveness and child diet mediate the effect of a responsive stimulation
and nutrition intervention on young children’s development and growth .......................................... 41
Abstract.................................................................................................................................................. 41
Introduction ........................................................................................................................................... 42
Methods.................................................................................................................................................. 54
Results .................................................................................................................................................... 60
Discussion .............................................................................................................................................. 65
Conclusion ............................................................................................................................................. 72
4. Paper 3: Women’s empowerment is associated with improved child development, growth, and
nurturing care practices in sub-Saharan Africa .................................................................................... 74
Abstract.................................................................................................................................................. 74
Introduction ........................................................................................................................................... 76
Methods.................................................................................................................................................. 78
Results .................................................................................................................................................... 88

vi

Discussion .............................................................................................................................................. 98
Conclusion ........................................................................................................................................... 107
5. Discussion............................................................................................................................................. 108
Summary of Findings ......................................................................................................................... 108
Common Themes ................................................................................................................................ 110
Limitations, Implications, and Future Directions ............................................................................ 116
Conclusion ........................................................................................................................................... 119
A.

Appendix A Paper 1 Supplementary Materials ........................................................................... 121

B.

Appendix B Paper 2: Supplementary Materials .......................................................................... 131

C.

Appendix C Paper 3: Supplementary Materials .......................................................................... 142

References ................................................................................................................................................ 181

vii

List of Tables
Table 2.1 Baseline characteristics of women enrolled in the trial by intervention arm ............... 27
Table 2.2 Effect of the CHW and CHW+CCT interventions on women’s Hopkin’s Symptoms
Checklist-25 (HSCL-25) score, and depressive symptoms and anxiety sub-scores at midline (9
months) and endline (18 months) ................................................................................................. 30
Table 3.1 Descriptive statistics of the variables included in the final model ............................... 53
Table 3.2 Model fit statistics ........................................................................................................ 61
Table 3.3 Standardized total intervention effects on child growth and development at 24 months
....................................................................................................................................................... 61
Table 3.4 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet ......................................................................................... 63
Table 4.1 Indicators comprising the latent dimensions of the form-invariant women’s
empowerment measure ................................................................................................................. 83
Table 4.2 Characteristics of the women and children included in the analysis sample ............... 88
Table 4.3 Associations between quintiles of women’s total empowerment and child development
and growth outcomes .................................................................................................................... 90
Table 4.4 Associations between quintiles of women’s total empowerment and early learning and
nutrition outcomes ........................................................................................................................ 92
Table A.1 Assessment of potential differences in baseline characteristics of women enrolled in the
trial by intervention arm.............................................................................................................. 121
Table A.2 Hopkins systems checklist-25 (HSCL-25) item scores at each time point by intervention
arm .............................................................................................................................................. 122
Table A.3 Baseline characteristics of women who were interviewed at baseline and midline and
women who were interviewed only at baseline .......................................................................... 124
Table A.4 Baseline characteristics of women who were interviewed at baseline and endline and
women who were interviewed only at baseline .......................................................................... 125
Table A.5 Attrition-weighted effects of the CHW and CHW+CCT interventions on women’s
Hopkin’s symptoms checklist-25 (HSCL-25) score, and depressive symptoms and anxiety subscores at midline (9 months) and endline (18 months) ............................................................... 126
Table A.6 Effect of the pooled CHW and CHW+CCT intervention arms on women’s Hopkin’s
symptoms checklist-25 (HSCL-25) score, and depressive symptoms and anxiety sub-scores at
midline (9 months) and endline (18 months) .............................................................................. 127
Table A.7 Modification of the effects of the CHW and CHW+CCT interventions on women’s
Hopkin’s symptoms checklist-25 (HSCL-25) score, and depressive symptoms and anxiety subscores at midline (9 months) ....................................................................................................... 128
Table A.8 Modification of the effects of the CHW and CHW+CCT interventions on women’s
Hopkin’s symptoms checklist-25 (HSCL-25) score, and depressive symptoms and anxiety subscores at endline (18 months) ..................................................................................................... 128
Table A.9 Effects of the CHW and CHW+CCT interventions on women’s Hopkin’s symptoms
checklist-25 (HSCL-25) score, and depressive symptoms and anxiety sub-scores by percentage of
completed CHW visits at endline (18 months ............................................................................ 130

viii

Table B.1 Descriptive statistics of the 19 items comprising the Observation of Mother-Child
Interaction (OMCI) tool .............................................................................................................. 131
Table B.2 Biserial correlations of the variables included in the model ..................................... 133
Table B.3 Standardized total intervention effects on child growth and development at 24 months
..................................................................................................................................................... 134
Table B.4 Standardized direct effects of main paths in the conceptual framework ................... 135
Table B.5 Standardized direct effects of main paths in the conceptual framework ................... 136
Table B.6 Standardized direct intervention effects on child outcomes at 24 months ................ 137
Table B.7 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet ....................................................................................... 138
Table B.8 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet ....................................................................................... 140
Table C.1 Coding of indicators from Demographic and Health Survey (DHS) variables used to
describe the dimensions and sub-dimensions of women’s empowerment ................................. 148
Table C.2 Indicators of women’s empowerment excluded from the exploratory factor analysis and
reasons for exclusion................................................................................................................... 151
Table C.3 Proportion of women endorsing each indicator of women’s empowerment ............ 152
Table C.4 Exploratory factor analysis of women’s empowerment dimensions on one random splithalf sample .................................................................................................................................. 157
Table C.5 Confirmatory factor analysis of women’s empowerment dimensions on one random
split-half sample by country........................................................................................................ 160
Table C.6 Estimated factor correlation matrices for the latent variables from the form-invariant
confirmatory factor analysis model by country .......................................................................... 162
Table C.7 Associations between quintiles of women’s total empowerment and empowerment
dimensions and child development ............................................................................................. 163
Table C.8 Associations between women’s total empowerment and empowerment dimensions and
child development ....................................................................................................................... 165
Table C.9 Associations between quintiles of women’s total empowerment and empowerment
dimensions and child growth ...................................................................................................... 166
Table C.10 Associations between women’s total empowerment and empowerment dimensions
and child growth ......................................................................................................................... 167
Table C.11 Associations between quintiles of women’s total empowerment and empowerment
dimensions and early learning outcomes .................................................................................... 168
Table C.12 Associations between women’s total empowerment and empowerment dimensions
and early learning outcomes ....................................................................................................... 170
Table C.13 Associations between quintiles of women’s total empowerment and empowerment
dimensions and child diet............................................................................................................ 171
Table C.14 Associations between women’s total empowerment and empowerment dimensions
and child diet ............................................................................................................................... 172
Table C.15 Associations between women’s total empowerment and empowerment dimensions
(continuous and quintiles) and child outcomes, using the alternative definition of decision-making
indicators ..................................................................................................................................... 173

ix

Table C.16 Associations between women’s total empowerment and empowerment dimensions
(continuous and quintiles) and care outcomes, using the alternative definition of decision-making
indicators ..................................................................................................................................... 175
Table C.17 Effect heterogeneity of the association between women’s total empowerment and child
and care outcomes by household wealth and maternal education, comparing women the highest
quintile to women in the lowest quintile ..................................................................................... 179

x

List of Figures
Figure 1.1 Timeline of conceptual frameworks of early child growth and development .............. 3
Figure 1.2 All Children Surviving and Thriving Framework (M. M. Black, Lutter, et al., 2020) 5
Figure 2.1 Study flow diagram .................................................................................................... 26
Figure 2.2 Between-cluster within intervention arm variability .................................................. 31
Figure 3.1 Conceptual framework showing the PEDS intervention effects on child growth and
development through maternal responsiveness and child diet ...................................................... 52
Figure 4.1 Pathways linking women’s empowerment and early childhood development ........... 79
Figure 4.2 Associations between quintiles of women’s empowerment dimensions and child
development outcomes.................................................................................................................. 90
Figure 4.3 Associations between quintiles of women’s empowerment dimensions and child
growth outcomes ........................................................................................................................... 92
Figure 4.4 Associations between quintiles of women’s empowerment dimensions and early
learning resources and maternal stimulation outcomes ................................................................ 94
Figure 4.5 Associations between quintiles of women’s empowerment dimensions and paternal
stimulation outcomes .................................................................................................................... 95
Figure 4.6 Associations between quintiles of women’s empowerment dimensions and child
dietary diversity ............................................................................................................................ 96
Figure C.1 Scree plot from exploratory factor analysis conducted on one random split-half sample
..................................................................................................................................................... 156

xi

Abbreviations
ANC

Antenatal Care

BC

Bias-Corrected

BSID-III

Bayley Scales of Infant and Toddler Development, Third Edition

CCDAs

Community-based Child Development Assessors

CCT

Conditional Cash Transfer

CFA

Confirmatory Factor Analysis

CFI

Comparative Fit Index

CHW

Community Health Worker

CONSORT

Consolidated Standards of Reporting Trials

cRCT

Cluster-Randomized Controlled Trial

DDS

Dietary Diversity Score

DHS

Demographic and Health Surveys

DSM-IV

Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition

ECDI

Early Childhood Development Index

EFA

Exploratory Factor Analysis

EN

Enhanced Nutrition

HAZ

Height-for-Age Z-score

HSCL-25

Hopkins Symptoms Checklist-25

LAZ

Length-for-Age Z-score

LHW

Lady Health Worker

LL

Lower Limit

LMICs

Low- and Middle-Income Countries
xii

MAD

Minimum Acceptable Diet

MD

Mean Difference

MDD

Minimum Dietary Diversity

NCF

Nurturing Care for Early Childhood Development Framework

OMCI

Observation of Mother-Child Interaction

PEDS

Pakistan Early Child Development Scale-up

RMSEA

Root Mean Square Error of Approximation

RR

Relative Risks

RS

Responsive stimulation

SEM

Structural equation model

SMD

Standardized Mean Differences

SRMR

Standardized Root Mean Squared Residual

SRQ

Self-Reported Questionnaire

SSA

Sub-Saharan Africa

UL

Upper Limit

UNICEF

United Nations Children’s Fund

WB

World Bank

WHO

World Health Organization

WLZ

Weight-for-Length Z-score

xiii

1. Introduction
In 2010, 249 million or 43% of children <5 years of age living in low- and middle-income
countries (LMICs) were not reaching their developmental potential (Lu et al., 2016). Only
marginal progress has been achieved since then with 2018 estimates showing that 37% of
children <5 years of age in LMICs remain at risk of suboptimal development (Lu et al., 2020).
Likewise, despite a 33% decrease in the global prevalence of stunting (height-for-age below 2
SD of the World Health Organization (WHO) Child Growth Standards) over the past 20 years,
144 million or 21.3% of children <5 years of age were stunted in 2019 (United Nations
Children’s Fund (UNICEF) et al., 2020). These estimates vary by region with sub-Saharan
Africa and South Asia bearing the highest burden: 39.3% of children in sub-Saharan Africa are at
risk of suboptimal development and 31.1% are stunted, while 25.9% of children in South Asia
are at risk of suboptimal development and 31.7% are stunted (Lu et al., 2020; United Nations
Children’s Fund (UNICEF) et al., 2020). Suboptimal child growth and development undermine
educational attainment, earnings, and health outcomes, and can lead to long-term loss of human
capital (Adair et al., 2013; Fink et al., 2016; Victora et al., 2008). Promoting child nutrition can
improve adult intelligence, wages, and schooling outcomes (Hoddinott et al., 2013; Martorell et
al., 2010). Similarly, promoting early child development can improve adult educational, labour
market, health, and behaviour outcomes (Campbell et al., 2014; Gertler et al., 2014; S. P. Walker
et al., 2011). To reach their full growth and developmental potential, children require a
“comprehensive, multi-sectoral system of services and opportunities” (M. M. Black, Lutter, et
al., 2020). The Conceptual Framework of All Children Surviving and Thriving outlines such a
comprehensive, multi-sectoral system, encompassing distal and proximal determinants in the
enabling environment of care necessary for child thriving (M. M. Black, Lutter, et al., 2020).
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Conceptual Frameworks for Optimal Child Growth and Development
Prior to the introduction of the All Children Surviving and Thriving Framework, separate
conceptual frameworks guided efforts to promote child growth and development. Figure 1.1
presents a timeline of these conceptual frameworks. Since the early 1990s, efforts to improve
child survival and nutrition have been guided by the UNICEF Conceptual Framework for the
Causes of Malnutrition and Death (UNICEF Framework for brevity from hereon) (UNICEF,
1991). This Framework focuses on child health and nutrition as the immediate causes of
malnutrition and death among children <5 years of age (UNICEF, 1991). Thus, it primarily
informed and advanced nutrition policy and programmes. In 2013, the Lancet Series on Maternal
and Child Nutrition introduced the Lancet Framework for Optimal Foetal and Child Nutrition
and Development (Lancet Framework for brevity from hereon) (R. E. Black et al., 2013).
Recognizing that child growth and development have similar immediate health and nutrition
determinants and that early life adversities affect adult outcomes, the Lancet Framework built on
the UNICEF Framework by focusing on improving multiple child outcomes, beyond survival
and malnutrition, across the life course (R. E. Black et al., 2013). In addition to the immediate
determinants of child growth and development, the Lancet Framework expanded on the
underlying determinants explicitly including caregiver resources and capabilities at the maternal,
household, and community levels as underlying determinants (R. E. Black et al., 2013).
Nevertheless, the Lancet Framework retained a primary focus on the health and nutritional needs
of children during the first 1000 days (from conception to age 2 years) as a critical period when
stunting prevention is most sensitive. In spite of including child development as an outcome, the
Lancet Framework did not recognize risk factors specific to child development, such as
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inadequate stimulation and opportunities for learning (Susan P Walker et al., 2011), and thus
continued to mainly inform and advance health and nutrition interventions, policies, and
programmes.

Figure 1.1 Timeline of conceptual frameworks of early child growth and development
Child growth frameworks

1991
UNICEF
Framework

2013 Lancet
Framework for
Optimal Foetal
and Child
Nutrition and
Development
2020 All
Children
Surviving and
Thriving
Framework

Child development frameworks

2017 Lancet
Life Course
Framework of
Early Child
Development

2018 WHOUNICEF-WB
Nurturing
Care
Framework

In contrast to efforts to improve child growth, efforts to promote child development in
early life have been guided by bioecological theories of human development (Bronfenbrenner &
Morris, 2007; Sameroff, 2010; Shonkoff, 2010). These theories emphasize the critical role of the
proximal (e.g., family and school) and distal (e.g., cultural and social) environments in which
children grow up as key in shaping their development over time. In addition, each theory
underscores that reciprocal, stable, responsive, and nurturing child-caregiver interactions
influence this development process. Although thorough in delineating the multiple factors
influencing children’s development across the early life course, bioecological theories do not to
make an explicit link to the services that provide and optimize these factors. A comprehensive
system-level model linking bioecological theory to services was not introduced until the 20162017 Lancet Series on Advancing Early Childhood Development. At the heart of the life-course
3

conceptual framework for early childhood development proposed by the Series (M. M. Black et
al., 2017) is the concept of nurturing care: “a stable environment that is sensitive to children’s
health and nutritional needs, with protection from threats, opportunities for early learning, and
interactions that are responsive, emotionally supportive, and developmentally stimulating”
(Britto et al., 2017). Thus, nurturing care comprises of five elements essential for children
thriving: nutrition, health, responsive caregiving, early learning, and security and safety.
Underlying nurturing care is an intricate network of enabling environments at the caregiver,
family, community, and country levels (M. M. Black et al., 2017). These nurturing care
components and environments also serve as the basis of the WHO-UNICEF-World Bank (WB)
Nurturing Care for Early Childhood Development Framework (NCF for brevity from hereon)
(WHO et al., 2018), endorsed by the World Health Assembly in 2018. By design the NCF is
two-generational: it simultaneously focuses on inputs children need to reach their full
developmental potential and on inputs to support, enable and empower caregivers to provide
nurturing care. However, the NCF solely focuses on optimal child development and excludes
other child outcomes as aspirational goals in-and-of-themselves, above and beyond being
intermediary pathways to promote child development.
In 2020, the Conceptual Framework of All Children Surviving and Thriving brought
together these two siloed strands of theoretical thinking on how to promote child growth and
development in early life. The All Children Surviving and Thriving Framework (Figure 1.2)
updated the UNICEF Framework to incorporate elements of nurturing care (M. M. Black, Lutter,
et al., 2020). It combines elements of the UNICEF, Lancet and Nurturing Care Frameworks and
covers the proximal components essential for addressing the immediate and underlying causes of
suboptimal child outcomes as well as the supporting and enabling environments essential for
4

providing these proximal components (M. M. Black, Lutter, et al., 2020). Thus, the All Children
Surviving and Thriving Framework focuses on all aspects of children’s wellbeing and includes
both proximal and distal environments supporting and enabling caregivers in delivering
nurturing care. This Framework implies that, to be effective, interventions to promote child
thriving likely need to provide inputs and services across multiple proximal services/sectors.

Figure 1.2 All Children Surviving and Thriving Framework (M. M. Black, Lutter, et al., 2020)

Multi-Input Interventions
In LMICs, multi-input multi-generational interventions - interventions combining health,
nutrition, and nurturing care inputs for children with inputs to empower, support, and enable
caregivers to provide nurturing care - are recognized as essential for optimal child growth and
development in early life (M. M. Black, Trude, et al., 2020; Britto et al., 2017). Chapter 3
provides a summary of how these interventions are typically delivered in LMICs. Systematic
reviews and meta-analysis have consistently shown that stimulation interventions (or
5

interventions that promote early learning opportunities), which often include responsive care
components, have medium-to-large effect sizes on child development, but not on child growth,
whereas health and nutrition interventions have small effect sizes on both child growth and
development (Aboud & Yousafzai, 2015; Grantham-McGregor et al., 2014; Larson & Yousafzai,
2017; Prado, Larson, et al., 2019). However, while integrating or combining nutrition, health,
stimulation, and responsive care components has shown no loss of effect on child growth and
development, additive and synergistic effects, albeit plausible, have not been consistently
demonstrated (Grantham-McGregor et al., 2014). Further, with respect to stimulation and
responsive care, much of the evidence is focused on assessing the effectiveness of stimulation
and early learning components in improving child development outcomes without disentangling
the effects of stimulation and responsive care components or measuring responsive care as a
mediator of child outcomes.
By comparison, multi-input intervention effects on caregiver outcomes have been
understudied. While perinatal health and nutrition interventions have been shown to improve
breastfeeding practices (Lassi et al., 2020), effects on other maternal outcomes have generally
only been examined in interventions providing macro- and/or micronutrient supplementation to
pregnant and lactating women. Systematic reviews and meta-analysis have found no pooled
effects of perinatal maternal supplementation on maternal mortality (J. K. Das et al., 2018; Keats
et al., 2019; McCauley et al., 2015) and mixed effects on maternal anaemia during pregnancy
(Girard & Olude, 2012; Keats et al., 2019; McCauley et al., 2015; Oh et al., 2020; Suchdev et al.,
2015). In addition, individual studies have shown mixed effects of maternal perinatal
supplementation on maternal depressive symptoms (Beard et al., 2005; Frith et al., 2009; Smith
Fawzi et al., 2007; R. C. Stewart et al., 2017), maternal cognition (Beard et al., 2005; Prado et
6

al., 2018), and mother-child interaction (Frith et al., 2009; Perez et al., 2005). However, this
evidence comes from single-input interventions supplementing pregnant women and/or mothers
with young children directly. Despite plausible pathways through which health and nutrition
interventions targeting young children can improve these and other caregiver outcomes,
intervention effects on these outcomes have not been previously examined.
Similarly, evidence on the effects of stimulation and responsive care interventions on
caregiver outcomes is limited. Only one systematic review and meta-analysis has examined the
effects of stimulation and responsive care interventions on caregiver outcomes, and showed
significant positive pooled effects on the home caregiving environment, mother-child
interactions, and maternal knowledge of early child development, but no pooled effect on
maternal depressive symptoms (Jeong et al., 2018). Of note is that seven of the 13 studies
included in this meta-analysis came from South Asia, four came from Latin America and the
Caribbean, and only two came from sub-Saharan Africa. Further, this meta-analysis focused on
stimulation and responsive care interventions alone and did not examine the effect of integrated
nutrition, stimulation, and responsive care interventions on caregiver outcomes.

Enabling Environments of Care
The All Children Surviving and Thriving Framework outlines four primary enabling
environments of care: families, communities, services, and policies (Figure 1, (M. M. Black,
Lutter, et al., 2020)). Since multi-input health, nutrition, responsive care, and stimulation
interventions to promote child growth and development in LMICs are most frequently delivered
through home-based models targeting the child’s biological mother or primary caregiver (Aboud
& Yousafzai, 2015), we focus on the caregiver enabling environment and specifically on three
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factors - mental health, responsiveness, and empowerment – where empirical evidence of
intervention effects is most urgently needed.
With respect to caregiver mental health, evidence from LMICs shows mixed effects of
stimulation and responsive care interventions on maternal depressive symptoms. A recent metaanalysis found no overall pooled effect on maternal depressive symptoms (Jeong et al., 2018).
Yet, four of the nine studies included in the meta-analysis showed significant reductions in
maternal depressive symptoms (Jeong et al., 2018), as did three additional studies published after
the meta-analysis (Atukunda et al., 2019; Hamadani et al., 2019; Rockers et al., 2018). Of these
12 studies, four were conducted in sub-Saharan Africa (two of which in Uganda) and five in
South Asia (three in Bangladesh and two in Pakistan). Thus, most empirical evidence on the
effect of multi-input interventions on caregiver mental health comes from stimulation and
responsive care interventions conducted in three LMICs.
Evidence on whether multi-input interventions can improve caregiver responsiveness and
empowerment is even more limited. The same meta-analysis suggests that stimulation and
responsive care interventions can improve caregiver responsiveness (Jeong et al., 2018).
However, only three studies were pooled to assess effects on mother-child interaction: two from
South Asia and one from sub-Saharan Africa. In addition, two studies from Bangladesh have
shown positive effects of health, nutrition, and responsive feeding interventions on responsive
feeding practices (Aboud et al., 2009; Aboud & Akhter, 2011). Lastly, to our knowledge, no
studies have assessed the effect of multi-input interventions on caregiver empowerment. What is
more, despite a large body of literature from LMICs showing that caregiver empowerment is
positively associated with child health, nutrition, and growth (Carlson et al., 2015; Cunningham
et al., 2015; Na et al., 2015; Pratley, 2016; Santoso et al., 2019; Smith et al., 2003; van den Bold
8

et al., 2013), no evidence exists on whether caregiver empowerment is associated with child
development and nurturing care practices.
Overall, whereas some evidence from sub-Saharan Africa and South Asia shows that
stimulation and responsive care interventions may have positive effects on caregiver mental
health and responsiveness, evidence of effects on caregiver empowerment is lacking. Likewise,
more evidence is needed on the effects of multi-input interventions, providing other components
in addition to stimulation and responsive care, on these caregiver outcomes.

Research Questions
The brief review of conceptual frameworks demonstrates that caregiver capacity and
resources as determinants in promoting child growth and development were not explicitly
included until the 2013 Lancet Framework. In addition, a two-generational approach focusing on
supporting, enabling, and empowering caregivers to provide nurturing care was not explicitly
included until the NCF and the All Children Surviving and Thriving Framework. Further, the
most recent systematic review of the effectiveness of nutrition, early learning, responsive care,
and conditional cash transfer interventions on child growth and development included 75 studies
(Prado, Larson, et al., 2019), whereas the review of the effectiveness of stimulation and
responsive care interventions on caregiver outcomes included only 13 studies (Jeong et al.,
2018). Thus, despite decades of research on the effectiveness of health, nutrition, stimulation,
and responsive care interventions to promote child growth and development in LMICs, little is
known about the effectiveness of these interventions in improving caregiver outcomes and
whether these improvements translate into improved child outcomes.
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This dissertation addresses this research gap and focuses on multi-input interventions that
integrate messages and opportunities across the responsive care, nutrition, and health
components of the All Children Surviving and Thriving Framework. This Framework was
chosen as the most comprehensive system-level framework with respect to the proximal
components and enabling environments to promote child thriving. The overarching goal of this
dissertation is to understand whether multi-input interventions anchored in this Framework typically aimed at promoting child growth and development in the first two years of life - can
enable and empower caregivers in LMICs to provide more nurturing care. Specifically, this
dissertation seeks to answer the following research question:

Overarching research question: Can integrated multi-input
interventions to promote child growth and development in low-resource
settings help build a supportive and enabling caregiver environment?

To answer this research question, each chapter investigates a different caregiver outcome mental health, responsiveness, and empowerment – and examines how multi-input interventions
can improve the caregiver outcome and/or whether these improvements translate into improved
child outcomes. The following specific research questions are investigated:
1. Are multi-input interventions an effective strategy to promote maternal mental health? To
answer this question, Paper 1 uses data from a cluster-randomized controlled trial
conducted in rural Tanzania and assesses whether an integrated health, nutrition,
stimulation, and responsive care intervention with or without conditional cash transfers
improved maternal depressive symptoms. This paper contributes to the limited literature
on whether caregivers directly benefit from multi-input interventions aimed at improving
child growth and development, and whether these interventions can be an effective
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strategy to improve caregiver outcomes. In addition, this paper contributes to the
evidence base of what intervention components are necessary to promote maternal mental
health in LMICs.
2. Do improvements in caregiver outcomes mediate the effects of multi-input interventions
on child growth and development? To answer this question, Paper 2 uses data from a
cluster-randomized controlled trial conducted in rural Pakistan and assesses whether a
multi-input intervention improved maternal responsiveness and feeding practices, and
whether these improvements benefited child growth and development. This paper
contributes to the limited evidence on whether caregivers benefit from multi-input
interventions and whether these benefits translate into improved child outcomes. By
focusing on responsive care as a mediator, this paper disentangles the effect of responsive
care from the effect of stimulation and early learning. In addition, this paper advances our
understanding of the pathways through which multi-input integrated interventions
achieve impact, and what inputs are needed to optimize impacts on both child and
caregiver outcomes.
3. What is the magnitude and strength of association between caregiver empowerment,
nurturing care practices, and child growth and development? To answer this research
question, Paper 3 uses nationally representative data from nine Demographic and Health
Surveys (DHS) conducted in sub-Saharan Africa and investigates whether caregiver
empowerment is associated with child growth, development, and nurturing care. This
paper contributes to the limited literature on the relationship between caregiver
empowerment and child development and nurturing care outcomes. In addition, this
paper seeks to inform the design of multi-input interventions by demonstrating whether
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caregiver empowerment is associated with improved child outcomes, and whether
interventions should include components to empower caregivers.

Thus, the three papers of this dissertation contribute to the empirical evidence underlying
the All Children Surviving and Thriving Framework (M. M. Black, Lutter, et al., 2020). They
evaluate whether multi-input interventions aimed at promoting child growth and development
can be an effective strategy to support, enable, and empower caregivers to provide a more
nurturing care environment in which children can thrive. This dissertation proceed as follows:
Chapter 2 presents Paper 1; Chapter 3 presents Paper 2; Chapter 4 presents Paper 3; Chapter 5
summarizes findings and discusses the common themes and limitations, as well as implications
and future directions for research and practice.
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2. Paper 1: Effect of a community health worker delivered
intervention on maternal depressive symptoms in rural
Tanzania
Abstract
Maternal depression affects one in four women in sub-Saharan Africa, yet evidence on
effective and scalable interventions is limited. Our objective was to evaluate the effect of a
community health worker (CHW) delivered home visit responsive stimulation, health and
nutrition intervention, and conditional cash transfers (CCTs) for antenatal care and child growth
monitoring attendance on maternal depressive symptoms. We conducted a cluster-randomized
controlled trial in 12 villages in rural Ifakara, Tanzania (September 2017 - May 2019). Study
villages were randomly assigned to one of three arms: (1) CHW, (2) CHW+CCT, and (3)
Control. Pregnant women and mothers with a child <12 months were enrolled. Maternal
depressive symptoms were assessed using a Tanzanian-adapted version of the Hopkins
Symptoms Checklist-25 (HSCL-25) after 18 months of follow-up. We used linear mixed effects
models to estimate intervention effects on HSCL-25 scores. Results showed that the CHW
intervention significantly reduced HSCL-25 scores as compared to control (unadjusted mean
difference (MD) -0.31, 95% confidence interval (CI) -0.47, -0.15). The CHW+CCT intervention
also appeared to lower HSCL-25 scores (MD -0.17, 95% CI -0.33, -0.01), but results were not
statistically significant. Our findings showed that a low-intensity CHW-delivered home visit
responsive stimulation, health, and nutrition intervention, which did not explicitly aim to
improve mental health, reduced maternal depressive symptoms, though the precise mechanisms
of action remain unknown. CCTs for antenatal care and child growth monitoring appeared to
provide limited to no additional benefit. Community-based integrated interventions that broadly
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consider maternal and child health, development and well-being have the potential to promote
maternal mental health in rural Tanzania and similar settings.

14

Introduction
Depression is a major public health concern globally (Patel et al., 2018). In low- and
middle-income countries (LMICs), and sub-Saharan Africa (SSA) in particular, depression is
among the leading non-communicable causes of disability, affecting a higher proportion of
women than men (Institute for Health Metrics and Evaluation (IHME), 2019). In Tanzania, the
setting of the present study, the percentage of disability adjusted life years attributable to
depression has nearly doubled in the past two decades (Institute for Health Metrics and
Evaluation (IHME), 2019).
The prevalence of maternal perinatal common mental disorders (defined as “non-psychotic
mental health conditions, including depression, anxiety, adjustment and somatic disorders which
compromise day-to-day functioning”) in LMICs varies widely, ranging between 5% and 33%
during pregnancy and between 5% and 60% after childbirth (Fisher et al., 2012). In Tanzania,
studies have found antenatal depression prevalence of 11.5% in the Kilimanjaro Region
(Manongi et al., 2017) and 30% in Dar es Salaam (Kaaya et al., 2010; Rwakarema et al., 2015).
Likewise, studies have found postnatal depression prevalence of 12.2% in the Kilimanjaro
Region (Holm-Larsen et al., 2019) and 69.2% in the Singida Region (Blacker et al., 2017).
However, all these studies were conducted in community settings and used self-reported
measures of depressive symptoms. Thus, the prevalence of clinical depression diagnosed using
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria
remains largely unknown in Tanzania.
Mental health disorders are determined by complex set of proximal and distal social and
cultural determinants within five domains: demographic, economic, neighbourhood,
environmental events, and social and cultural (Lund et al., 2018). Empirical studies have
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confirmed the role of the economic (i.e., low socio-economic status (Rwakarema et al., 2015)
and food insecurity (Blacker et al., 2017)) and social and cultural (i.e., lack of partner support
(Kaaya et al., 2010; Rwakarema et al., 2015), intimate partner violence, and living with HIV
(Manongi et al., 2017)) domains as risk factors for maternal depressive symptoms in Tanzania.
In LMICs, maternal perinatal depressive symptoms have been linked to pregnancy-related
morbidity and mortality (Gelaye et al., 2016), adverse birth outcomes (Accortt et al., 2015;
Gelaye et al., 2016; Rahman et al., 2013), and poor child health outcomes (Nguyen et al., 2014;
Rahman et al., 2013). In some settings, maternal depressive symptoms are also associated with
poor child growth (Bennett et al., 2016; Gelaye et al., 2016; Harpham et al., 2005; Nguyen et al.,
2014; Rahman et al., 2013; Surkan et al., 2011) and development outcomes (Bennett et al., 2016;
Gelaye et al., 2016; Rahman et al., 2013). The adverse effects of maternal depressive symptoms
on child health, growth, and development during infancy and early childhood can persist into
later childhood, adolescence, and adulthood (Bennett et al., 2016; Herba et al., 2016).
Evidence from high-income countries suggests that the relationship between maternal
depressive symptoms and child development outcomes is mediated by inadequate parenting
behaviours (Goodman & Garber, 2017), such as negative affect, coercive parenting, and reduced
attention to child emotional expression (Dix & Meunier, 2009). Limited evidence from LMICs
indicates a similar association between maternal depressive symptoms and inadequate parenting
practices (Huang et al., 2017), and between maternal depressive symptoms and reduced maternal
sensitivity in child engagement, which is in turn associated with insecure infant attachment
(Tomlinson et al., 2005). However, most of this evidence is based on school-aged children and
adolescents, and an evidence gap remains with respect to children younger than two years of age.
In this younger population, studies have focused on child growth and demonstrated that the home
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environment, but not parenting self-efficacy, mediated the relationship between maternal
depressive symptoms and child growth (M. M. Black et al., 2009; Surkan et al., 2008).
Parenting and responsive stimulation interventions, aimed at improving early childhood
development, have been identified as a potential prevention approach to improve maternal
mental health in low-resource settings (Patel et al., 2018). These community-based interventions
promote and protect mental health by strengthening the mother-child interaction, improving
maternal mood (Rahman et al., 2013), and improving parenting and caregiving practices, among
other intervention-specific actions that can improve psychological wellbeing and create a stable
environment that supports mental health (World Health Organization, 2018). However, empirical
evidence on the effects of responsive stimulation interventions on maternal depressive symptoms
in LMICs are mixed (Jeong et al., 2018). Although a recent meta-analysis found no overall
pooled effect of responsive stimulation interventions on maternal depressive symptoms (Jeong et
al., 2018), four of the nine studies included in the meta-analysis found significant reductions in
maternal depressive symptoms in Bangladesh (Aboud et al., 2013), Jamaica (Baker-Henningham
et al., 2005), Pakistan (Yousafzai et al., 2015) and Uganda (Singla et al., 2015). In addition to the
nine studies included in this meta-analysis, three other studies have found positive effects of
community-based responsive stimulation interventions on maternal depressive symptoms in
Bangladesh (Hamadani et al., 2019), Zambia (Rockers et al., 2018), albeit only in unadjusted
analyses, and Uganda (Atukunda et al., 2019). Only four of these 12 studies were conducted in
SSA countries: South Africa, Uganda (Atukunda et al., 2019; Jeong et al., 2018), and Zambia
(Rockers et al., 2018). All 12 studies varied with respect to the design and duration of the
intervention, the delivery mechanism and frequency, the comparison group, the inclusion
criteria, sample size, and depressive symptoms assessment tool. Except for the Ugandan and
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Zambian interventions which specifically addressed maternal mental health (Rockers et al.,
2018; Singla et al., 2015), none of the other 10 interventions included a psychosocial component
or sought to directly improve maternal mental health. Among the studies that observed
improvements in maternal depressive symptoms, authors speculated that, in addition to improved
parenting competencies, one pathway through which improvements were achieved was peer
support offered through regular home visits (Baker-Henningham et al., 2005) and peer groups
(Aboud et al., 2013).
Although poverty and socio-economic disadvantage are major risk factors for maternal
depressive symptoms (Fisher et al., 2012; Gelaye et al., 2016), evidence on the effectiveness of
poverty reduction interventions, including cash transfers, is limited and inconclusive (Lund et al.,
2011; Patel et al., 2018; Pega et al., 2017). A handful of studies have found positive effects of
unconditional cash transfers on mental health among adolescent in SSA (Owusu-Addo et al.,
2018) and adults in South Africa (Ohrnberger et al., 2020). In India, cash transfers for pregnant
women conditioned on delivering in a government health facility have shown some promise in
reducing maternal depressive symptoms (Powell-Jackson et al., 2016). However, this evidence
comes from a large social protection program that aimed to reduce poverty rather than improve
maternal mental health directly. Whether smaller conditional cash transfers (CCTs), designed to
encourage clinic attendance for antenatal care (ANC) and child growth monitoring, can
positively affect maternal depressive symptoms remains unclear. In addition, there is a lack of
evidence on the effectiveness of CCTs when combined with responsive stimulation and nutrition
interventions (Engle et al., 2011). These two interventions can potentially work in synergistic
ways by addressing both poverty and low parenting competencies as risk factors for maternal
depression, and by linking women to health facilities for depression diagnosis and treatment.
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Given the limited and mixed evidence, in the present study we sought to evaluate the effect
of an integrated home visit-based responsive stimulation, health and nutrition intervention, with
and without CCTs, delivered by non-specialized trained CHWs on depressive symptoms among
pregnant women and women with young children in rural Tanzania. The intervention was not
designed to address maternal mental health directly, but we hypothesized it would reduce
maternal depressive symptoms by addressing multiple risk factors and providing a range of
coping strategies, e.g., strengthening mother-child interaction, improving parenting and
caregiving competencies, and providing peer support. Previous findings showed that the CHW
intervention improved child cognitive development, whereas the CHW intervention with CCT
benefited child cognitive, language and motor development. In addition, the CHW intervention,
with or without CCTs, had beneficial effects on child growth (Sudfeld et al., n.d.). Here we
report novel findings on the secondary outcome of maternal depressive symptoms.

Methods
Study design
Full details on the study design have been previously published (Sudfeld et al., 2019).
Briefly, we conducted a longitudinal cluster-randomized controlled trial (cRCT) where 12
villages stratified by urban-rural location were randomly assigned to one of three intervention
arms: (1) CHW, (2) CHW+CCT, and (3) Control. The CHW and CHW+CCT arms received the
same integrated responsive stimulation, health, and nutrition intervention. The CHW+CCT arm
also received CCTs. The control arm did not receive any intervention and had access to the
existing clinic-based healthcare services. In each village, enrolment in the trial continued until all
pregnant women and women with a child <12 months of age were enrolled or until 50
participants were enrolled, whichever was reached first. Children with severe physical or mental
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impairment were excluded. The baseline survey was conducted in September – October 2017
prior to the start of the intervention; the midline survey was conducted in June-August 2018 after
9 months of intervention implementation; and the endline survey was conducted in January-May
2019 after 18 months at the completion of the intervention.
Intervention description
Trained fieldworkers explained the intervention and associated study and obtained written
informed consent from participants in their primary language. Ethical approval was received by
the institutional review boards of the Harvard T.H. Chan School of Public Health (reference
number IRB17-1001) and the Ifakara Health Institute in Tanzania (reference number 007-2017),
and the National Health Research Ethics Sub-Committee of the Tanzanian National Institute of
Medical Research (reference number NIMR/HQ/R.8a/Vol.IX/2538). The trial was registered
with ISRCTN registry as ISRCTN10323949.
The intervention has been described in detail elsewhere (Sudfeld et al., 2019). Briefly, a
CHW-delivered intervention was examined alone and in combination with CCTs. Female CHWs
living in the study villages’ catchment areas delivered the intervention. The intervention-specific
responsive stimulation component was a Tanzanian and Swahili adapted version of the UNICEF
and WHO Care for Child Development package (World Health Organization & UNICEF, 2012).
This package promoted caregivers’ sensitivity and responsiveness using developmentally
appropriate stimulation activities (e.g., play and communication). It consisted of essential early
child development knowledge, age-appropriate play and communication activities, toy making,
parenting and problem-solving counselling, and promotion of caregiver responsiveness and
sensitivity. The CHWs received a one-week classroom-based intervention-specific training prior
to the start of the intervention. This training covered both theoretical and practical aspects of
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early child development, age-appropriate play and communication activities, counselling of
caregivers, problem-solving, and making of toys and other play materials. A three-day refresher
training was conducted after nine months of implementation, half-way through the intervention.
The health and nutrition components covered optimal antenatal, postnatal and new-born
health and nutrition practices, care and danger sign identification, community-case management
of childhood illness, and emergency and routine health facility referral. Training was received
through a one-year comprehensive government-certified training, which included both health and
non-health related topics. Additional health-related topics included infection and disease
prevention and control, community-based reproductive health services and health promotion,
home-based care, and health facility and community disease management. Non-health-related
topics covered fundamentals of social work, basic life support skills, communication and
customer service, computer literacy, citizenship and gender, management information systems,
and fundamentals of entrepreneurship and life skills.
CHWs conducted individualized, one-on-one home visits every four-to-six weeks to
participating women during which they demonstrated age-appropriate play and communication
activities for the child, observed the women practicing the newly learned activities, and provided
support applying the new activities. The frequency of home visits was based on what was
logistically feasible given the number of women CHWs visited and the size of the catchment
area. In addition, CHWs advised women on optimal health and nutrition practices for themselves
and their young child, counselled them on parenting and problem-solving strategies, and made
health facility referrals for emergency and routine conditions. Finally, CHWs provided counsel
and advice with respect to other topics covered in the government-based training.
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The CCT component consisted of monthly cash transfers of 10,000 Tanzanian shillings
($4.30) for ANC visits, with reimbursement for up to four ANC visits, or 5,000 Tanzanian
shillings ($2.20) for child growth monitoring and health visits, with reimbursement for up to one
visit per month. Cash transfers were small relative to the $1.90 average daily per person income
for smallholder farmers in Tanzania (Rapsomanikis, 2015). During the home visits, CHWs
reimbursed pregnant women and women with young children after inspecting their health card or
the child’s health card, respectively, to ensure the conditions for receiving the cash transfer were
met. The intervention did not include a psychological component such as cognitive behavioural
or behavioural activation therapy and did not explicitly address women’s mental health.
One field coordinator supervised the CHWs throughout the intervention. Supervision
included one-on-one biweekly meetings with each CHW, a monthly meeting with all CHWs, as
well as monthly home visit spot-checks where the field coordinator accompanied CHWs during
home visits. Further details on supervision are available elsewhere (Sudfeld et al., 2019).
Measures
Quantitative questionnaires collected data on women’s socio-economic and demographic
characteristics, and mental health, among other data related to the primary outcomes of the trial
(Sudfeld et al., 2019). Mental health was assessed using the Hopkins Symptoms Checklist-25
(HSCL-25), which captured depression (15 questions) and anxiety (10 questions) symptoms. All
questions were asked by a male fieldworker in private areas, out of sight or earshot from other
household or community members. Respondents rated how much 25 anxiety- and depressionrelated experiences and feelings bothered or distressed them in the past 2 weeks (1 = Not at all, 2
= A little, 3 = Quite a bit, 4 = Extremely). “Do not know” responses were recoded as missing. A
continuous HSCL-25 score (range 1 to 4) was calculated as the mean of the 25 items. Higher
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HSCL-25 score indicated worse depressive symptoms. Separate depressive symptoms and
anxiety sub-scores were also calculated as the mean of the 15 and 10 items, respectively. The
HSCL-25 was previously adapted and validated for diagnosis of symptoms consistent with major
depressive disorder in HIV-positive pregnant Tanzanian women (Kaaya et al., 2002). In our
sample, HSCL-25 revealed high internal consistency (α = 0.88) both among pregnant women and
women with young children (α = 0.84 and α = 0.90, respectively). Perceived social support was
assessed using the Duke University-University of North Carolina Functional Social Support
Questionnaire (Broadhead et al., 1988), previously validated among HIV-positive pregnant
Tanzanian women (Kaaya et al., 2002). A household wealth index was constructed using
principal components analysis of 11 items assessing asset ownership and housing quality.
Statistical analysis
Intent-to-treat intervention effects of the CHW and CHW+CCT interventions compared to
control were estimated using a linear mixed effects model. Each cluster (i.e., each village) was
modelled with a different starting point and trajectory over time. Within clusters, individuals
were allowed different starting points, but similar trajectories over time. Model comparison
indicated that differences in individual trajectories were statistically indistinguishable. Therefore,
we favoured the more parsimonious model. All models controlled for baseline values, and
therefore minimized the risk of regression to the mean. Per protocol, we also estimated the effect
of the pooled CHW and CHW+CCT intervention arms compared to control, as there was no
indication of additional benefit provided by the CCTs. We calculated unadjusted mean
differences (MD) and 95% confidence intervals (CI). As a measure of effect size, we calculated
standardized mean differences (SMD) as the unadjusted MD divided by the pooled standard
deviation (SD). To assess the variability of intervention effects at the cluster level, individual
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HSCL-25 scores were predicted from the fitted model, and cluster-level predicted HSCL-25
scores were calculated as the mean of the individual model-predicted HSCL-25 scores in each
cluster. All statistical tests were two-sided. Critical values were drawn from a t-distribution to
account for the small number of clusters (Cameron et al., 2008). Results were considered
statistically significant at p<0.05. Descriptive analyses were conducted in Stata Version 15
(StataCorp, 2017) and model fitting was conducted in R Version 3.6.1 (R Development Core
Team, 2017).
The trial’s sample size was based on power calculations to detect meaningful changes in
child development and linear growth, the co-primary outcomes (Sudfeld et al., 2019). We
conducted post-hoc power calculations to estimate the minimum detectable effect for the
outcomes presented here. Using the same type-I error α=0.05 and 80% power, and the sample
coefficient of variation (0.05) and intra-cluster correlation (0.19 for HSCL-25, 0.17 for the
depressive symptoms sub-score, and 0.15 for the anxiety sub-score), the available sample
allowed us to detect effects of 0.32 SD in HSCL-25 scores, 0.39 SD in depressive symptoms
sub-scores, and 0.22 SD in anxiety sub-scores.
As a sensitivity analysis, we examined the potential of baseline imbalance between
randomized clusters to bias estimates by including multivariate adjustment for baseline
covariates. We adjusted for the following a priori selected baseline covariates: woman’s age,
education (whether she had completed secondary education or not), parity (whether she was
multiparous or nulliparous), marital status (whether she was married/cohabitating or not),
pregnancy status at baseline (pregnant or with a child <12 months of age), woman’s perceived
social support score, household wealth index, and child age. In line with CONSORT guidelines,
missing data on baseline covariates were imputed (Moher et al., 2010) using fully conditional
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specifications (P. Li & Stuart, 2019) with 20 imputations (Graham et al., 2007). In addition, we
assessed possible bias due to missing HSCL-25 data due to incomplete midline and endline
interviews. Baseline characteristics of women without missing HSCL-25 data at midline or
endline were compared with those of women with missing HSCL-25 data using t-tests. First, we
compared women without missing HSCL-25 data at baseline and midline to women with missing
HSCL-25 data at midline. Second, we compared women without missing HSCL-25 data at
baseline and endline to women with missing HSCL-25 data at endline. Differences were
considered statistically significant at p<0.05. Inverse probability weights were derived from a
logistic model predicting the probability of missing HSCL-25 data (i.e. probability of attrition)
(Wooldridge, 2010) and applied to the effect estimates. Further, we examined potential
modification of the effect of the CHW and CHW+CCT interventions on HSCL-25 scores, and
depressive symptoms and anxiety sub-scores by a priori defined factors: pregnancy status at
baseline, maternal education, marital status, parity, symptoms consistent with depression at
baseline, and number of CHW visits received (defined as having received at least 10 home visits
or 90% of planned home visits, based on CHW report). To define symptoms consistent with
major depressive disorder (which we refer to as depression for brevity), we used the Tanzanian
cut-off of a mean score ≥1.06 on eight HSCL questions (Kaaya et al., 2002) and the standard cutoff of a mean score ≥1.75 on HSCL-25 (Derogatis et al., 1974). Interactions were considered
statistically significant at p<0.05.

Results
Sample characteristics
A total of 593 women were enrolled in the study, 33% of whom were pregnant (Figure
2.1). At baseline, individual- and household-level characteristics were generally similar across
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intervention arms (Table 2.1), though there was indication of differences in parity, HSCL-25
scores, and child age (Appendix A, Table A.1). Most women were multiparous and married or
cohabitating. Education levels were low. Housing conditions were poor and access to running
water limited, though most households had access to an improved latrine. HSCL-25 scores were
also generally similar across intervention arms, though somewhat lower in the CHW arm. Mean
HSCL-25 item scores by intervention arm and time point are shown in Appendix A, Table A.2.

Figure 2.1 Study flow diagram

Note: Abbreviations used: CHW, community health worker; CCT, conditional
cash transfer
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Table 2.1 Baseline characteristics of women enrolled in the trial by intervention arm

Participants (N)
Woman’s characteristics
Age (in years)
Married or lives with partner
Completed secondary education
Is multiparous
HSCL-25 score (1-4)
Social support score (1-4)
Household characteristics
Size
Has dirt floor
Has running water
Has an improved latrine
Wealth index
Table 2.1 (continued):

Control
N (%) or
Mean ± SD
193

CHW
N (%) or
Mean ± SD
200

CHW+CCT
N (%) or
Mean ± SD
200

26.5 ± 6.5
149 (77.2)
30 (15.5)
151 (78.2)
1.3±0.3
2.9 ± 0.9

27.0 ± 5.7
172 (86.0)
13 (6.5)
187 (93.5)
1.1±0.2
2.1 ± 0.4

27.1 ± 6.7
167 (83.5)
25 (12.5)
177 (89.4)
1.3±0.3
2.9 ± 0.6

3.5±1.9
86 (44.6)
22 (11.4)
123 (63.7)
0.4 ± 2.3

4.0±1.7
85 (42.5)
50 (25.0)
175 (87.5)
0.3 ± 1.7

3.6±2.0
125 (63.5)
0 (0.0)
103 (51.5)
-0.7 ± 1.6

Child characteristics
N
125
145
125
Age (in months)
5.2±3.6
5.3±3.6
5.0±3.5
Male
62 (53.7)
75 (51.7)
70 (56.0)
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer;
HSCL, Hopkins Symptoms Checklist.

Women with missing HSCL-25 data at midline or endline were generally similar in terms
of baseline characteristics to those without missing HSCL-25 data (Appendix A, Table A.3 and
Appendix A, Table A.4). However, women without HSCL-25 data at midline were more likely
to be pregnant at baseline (Appendix A, Table A3), whereas women without HSCL-25 data at
endline were more likely to be nulliparous (Appendix A, Table A.4). Thus, missing HSCL-25
data at midline or endline was unlikely to have a large influence on effect estimates. However,
we present attrition-weighted estimates as sensitivity analyses.
Intervention fidelity
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Intervention monitoring at the CHW-level showed that home visits occurred once every
four-to-six weeks. After 18 months of implementation, women had received 11 CHW visits on
average (25th percentile: 10 visits, and 75th percentile: 13 visits), with 71% of women receiving
≥90% of intended home visits, based on CHW report. The average CHW visit duration was 35
minutes in both the CHW and CHW+CCT arms. Most women recalled receiving advice on
breastfeeding (88%), child health (98%), child vaccinations (82%) and responsive stimulation
(95%). While home visits were intended as individualized sessions, 38% of women reported
someone else was usually present during visits. Among those who reported another person was
present, the majority reported that person was a friend or a neighbour (60%), another household
member (21%), the child’s father/male caregiver (12%) or the mother/mother-in-law of the target
woman (6%). However, nearly all women (99%) reported that fathers/male caregivers attended
less than half of the CHW visits. Just over 80% of women reported discussing information
received during home visits with others, a friend or a neighbour in most cases (77%). With
respect to the CCT, most women (90%) reported using it to purchase clothes, toys, or other
goods for their child. Women reported that they alone decided how to use the CCT in nearly all
cases (96%).
Intervention effect
The effects of the CHW and CHW+CCT interventions on HSCL-25 scores, and depressive
symptoms and anxiety sub-scores are presented in Table 2.2. The CHW intervention
significantly reduced women’s HSCL-25 scores at midline by MD -0.37 (95% CI -0.49, -0.25)
and at endline by MD -0.31 (95% CI -0.47, -0.15) as compared to control. Similarly, the
CHW+CCT intervention reduced HSCL-25 scores by MD -0.29 (95% CI -0.42, -0.17) at
midline, and MD -0.17 (95% CI -0.33, -0.01) at endline as compared to control. The CHW and
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CHW+CCT interventions also significantly reduced both depressive symptoms and anxiety subscores at midline and endline as compared to control. However, the effect of the CHW+CCT
intervention on the anxiety sub-score at endline did not reach statistical significance. Reductions
in sub-scores for depressive symptoms appeared larger than reductions in sub-scores for anxiety.
The sensitivity analyses adjusting for confounders and accounting for missing HSCL-25 data
(Table 2.2 and Appendix A, Tables A.5, respectively) showed overall similar intervention
effects at both midline and endline. Assuming no interaction between the CHW and CCT
interventions, the pooled intervention arms (CHW and CHW+CCT combined) significantly
reduced HSCL-25 scores, and depressive symptoms and anxiety sub-scores as compared to
control at both midline and endline (Appendix A, Table A.6).
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30
1.25 ± 0.33

1.20 ± 0.23
1.33 ± 0.37

1.40 ± 0.43

1.03 ± 0.09

1.16 ± 0.18
1.03 ± 0.06

1.04 ± 0.13

1.10 ± 0.25
1.05 ± 0.09

1.30 ± 0.39
1.46 ± 0.46

1.12 ± 0.19

1.29 ± 0.33
1.09 ± 0.16

1.12 ± 0.19

1.37 ± 0.37
1.15 ± 0.27

1.18 ± 0.23

1.12 ± 0.20

1.34 ± 0.32

200

Mean ± SD

CHW+CCT

-0.31
(-0.43, -0.19)**
-0.23
(-0.41, -0.05)*

-0.41
(-0.54, -0.28)**
-0.36
(-0.52, -0.21)**

-0.37
(-0.49, -0.25)**
-0.31
(-0.47, -0.15)**

Mean difference
(95% CI)

CHW vs.
Control

-0.25
(-0.38, -0.13)**
-0.13
(-0.31, 0.04)

-0.32
(-0.45, -0.19)**
-0.20
(-0.35, -0.04)*

-0.29
(-0.42, -0.17)**
-0.17
(-0.33, -0.01)

Mean difference
(95% CI)

CHW+CCT vs.
Control

-0.33
(-0.44, -0.22)**
-0.25
(-0.42, -0.09)*

-0.49
(-0.59, -0.38)**
-0.43
(-0.56, -0.30)**

-0.43
(-0.52, -0.33)**
-0.36
(-0.50, -0.23)**

Mean difference
(95% CI)

CHW vs.
Control

-0.26
(-0.36, -0.15)**
-0.14
(-0.30, 0.03)

-0.32
(-0.42, -0.22)**
-0.19
(-0.32, -0.07)*

-0.29
(-0.39, -0.20)**
-0.17
(-0.30, -0.04)*

Mean difference
(95% CI)

CHW+CCT vs.
Control

Multivariate adjusteda

Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL, Hopkins Symptoms Checklist.
Statistical significance: * p<0.05, ** p<0.01.
a
Effect estimates controlled for the following baseline covariates: women’s age, pregnancy status at enrolment, education, parity, marital
status, perceived social support, household wealth, and child age.

Endline

Midline

Baseline

Endline
Mean anxiety sub-score

Midline

1.04 ± 0.10

1.04 ± 0.06

1.13 ± 0.20

200

1.34 ± 0.35

1.41 ± 0.39

Midline

Endline
Mean depressive
symptoms sub-score
Baseline

1.26 ± 0.31

193

Mean ± SD

Mean ± SD

Baseline

Participants (N)
Mean HSCL-25 score

CHW

Control

Unadjusted

Table 2.2 Effect of the CHW and CHW+CCT interventions on women’s Hopkin’s Symptoms Checklist-25 (HSCL-25) score, and
depressive symptoms and anxiety sub-scores at midline (9 months) and endline (18 months)

The variability of intervention effects at the cluster level is shown in Figure 2.2. Despite
some variability in mean cluster-level HSCL-25 scores at baseline, changes over time were
generally similar across clusters within the same intervention arm, though variability in slopes
seemed to increase over time with somewhat larger differences in slopes between midline and
endline than between baseline and midline (Figure 2.2, Panel A). All CHW clusters had lower
predicted mean cluster-level HSCL-25 scores compared to control clusters at both midline and
endline. Similarly, all CHW+CCT clusters had lower predicted mean scores compared to control
clusters at midline, and all but one of the control clusters at endline. Cluster-level variability of
intervention effects on the depressive symptoms and anxiety sub-scores was generally similar to
results for the full HSCL-25 score (Figure 2.2, Panels B and C).
Figure 2.2 Between-cluster within intervention arm variability

Note: Panel A: predicted Hopkins Symptoms Checklist-25 (HSCL-25) scores; Panel B: predicted
depressive symptoms sub-scores; Panel C: predicted anxiety sub-scores. Lines represent mean
cluster-level predicted HSCL-25 scores from an unadjusted linear mixed effects model. Possible
range for each score is 1 to 4. Abbreviations used: CHW, community health worker; CCT,
conditional cash transfer; HSCL, Hopkins Symptoms Checklist.
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In addition, we found several potential modifiers of the effect of the interventions on
HSCL-25 scores. At midline, the effects of the CHW and CHW+CCT interventions were greater
among women without secondary education (p-values for interaction <0.05, Appendix A, Table
A.7). At endline, CHW and CHW+CCT intervention effects were greater among married or
cohabitating women as compared to single women. Further, CHW+CCT intervention effects
were greater among women without symptoms consistent with depression at baseline (based on
both the Tanzanian and US cut-offs) as compared to women with symptoms consistent with
depression (p-values for interaction <0.05, Appendix A, Table A.8). There was no evidence of
interaction (all p-values for interaction >0.10) between either the CHW or CHW+CCT
interventions and pregnancy status at baseline or parity on HSCL-25 scores at midline or endline
(Appendix A, Table A.7 and Appendix A, Table A.8, respectively). Results on potential effect
modifiers of the effects of the CHW and CHW+CCT interventions on the depressive symptoms
and anxiety sub-scores were overall similar to those for HSCL-25 (Appendix A, Table A.7 and
Appendix A, Table A.8). Importantly, reductions in depressive symptoms sub-scores were larger
among women without symptoms consistent with depression at baseline in both the CHW and
CHW+CCT intervention arms. Lastly, the CHW and CHW+CCT intervention effects on HSCL25, depressive symptoms and anxiety sub-scores appeared similar regardless of whether women
completed ≥90% or <90% of home visits (Appendix A, Table A.9).

Discussion
In this cRCT conducted in rural Tanzania, both the CHW and CHW+CCT interventions
reduced maternal depressive symptoms as compared to control. However, there was little to no
evidence that the CCTs tied to antenatal care and child growth monitoring attendance provided
additional benefit to the CHW intervention. After 18 months, the reductions in depressive
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symptoms in the CHW intervention arm corresponded to an effect size of -1.20. However, the
wide confidence intervals indicated that moderate to very large reductions were possible, with
effect sizes ranging from -0.58 to -1.83. Similarly, the CHW+CCT intervention may have
reduced depressive symptoms (effect sizes ranged from -0.04 to -1.11), but these results did not
reach statistical significance. Larger reductions were observed in depressive symptoms subscores as compared to anxiety sub-scores. In addition, we found that some subgroups of women
appeared to benefit more from the intervention, specifically women who were married or
cohabitating, and women with less than secondary education. Importantly, although the
intervention reduced depressive symptoms among women with symptoms consistent with
depression at baseline, reductions were greater among women without symptoms consistent with
depression at baseline.
This responsive stimulation, health and nutrition intervention was delivered by CHWs who
completed a one-year comprehensive government-certified health- and non-health-related
training. While none of the individual intervention or training components specifically aimed to
promote maternal mental health, the holistic nature of the package addressed several underlying
risk factors for depressive symptoms. The CHW core curriculum intended to support maternal
and child health and nutrition, and build and provide social support, whereas the additional
responsive stimulation component aimed to improve parenting competencies. The
entrepreneurship and life skills training of CHWs potentially addressed economic risk factors,
though our data did not allow us to assess the extent to which this occurred. Nevertheless, the
holistic intervention package provided a variety of coping strategies (e.g., social support, life
skills, parenting competencies) particularly to women who were more exposed to risk factors
(i.e., those with low education) and who were therefore more likely at higher risk of depressive
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symptoms. We observed larger intervention effects among women who were
married/cohabitating. It is possible that these women experienced more relationship stressors and
the intervention provided them with skills to address them. Alternatively, the presence of their
partner may have enabled married/cohabitating women to focus and implement the lessons from
the intervention. However, the nature of our data did not permit us to examine these hypotheses
empirically. The larger intervention effects among women without depressive symptoms at
baseline also suggest that the intervention was a successful strategy to promote women’s mental
health broadly by addressing multiple risk factors (e.g. low parenting competencies, lack of
partner and peer support) and providing a variety of coping strategies (e.g. improved parenting
and caregiving knowledge and skills, improved maternal responsiveness and sensitivity towards
the infant, improved problem-solving skills (Rahman et al., 2013)) . Given the integrated nature
of the intervention package and our study design, we could not disentangle which intervention
components contributed to the large improvements in maternal mental health we found.
However, the comprehensive CHW training and multiple risk factors addressed by the
intervention may have had cumulative and synergistic effects that can help explain the large
reductions in depressive symptoms. Future studies should be carefully designed to unpack the
mechanisms through which complex integrated interventions work to achieve impact, and the
cumulative and synergistic effects of delivering multiple intervention components.
Notably, the intervention did not appear to be as effective in reducing depressive
symptoms indicating that additional psychosocial interventions may be necessary to manage
depression in this population. The Thinking Healthy Programme endorsed by the WHO is one
effective approach for community-based psychosocial management of perinatal depression,
designed to be delivered by non-specialised personnel (World Health Organization, 2015).
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Future research could test the feasibility and effectiveness of integrating the Thinking Healthy
Programme with responsive stimulation, health, and nutrition interventions to address women’s
mental health needs more holistically in the perinatal period.
Compared to other responsive stimulation interventions, with or without a nutrition
component, that have previously been shown to improve maternal mental health in LMICs
(Atukunda et al., 2019; Hamadani et al., 2019; Jeong et al., 2018; Rockers et al., 2018), the effect
sizes we found were much larger. In Pakistan, a similar intervention integrating responsive
stimulation (using the UNICEF-WHO Care for Child Development package) and enhanced
nutrition, delivered through monthly CHW visits for 24 months, only found modest effects (-0.2
SD) on maternal mental health (Yousafzai et al., 2015). The study provided an estimate of the
added benefit of the integrated intervention package compared with standard home visits
(Yousafzai et al., 2015) rather than compared with no home visits (as we did in the present
study). Therefore, we expected the intervention effects we isolated to be larger than those in the
Pakistan study. In addition, although longer, the training received by the CHWs in Pakistan did
not include non-health related topics (Yousafzai et al., 2014) similar to the ones in the Tanzanian
government curriculum. Addressing other risk factors, in addition to low parenting
competencies, could have contributed to the larger improvements in maternal depressive
symptoms we observed. Together with other study- and context-related aspects, these differences
can help explain the differences in effect sizes between the two studies. Of note is that the range
of effect sizes we found was about 1.5 to 4.7 times larger than the -0.39 SD effect size of an
integrated responsive stimulation and nutrition intervention that explicitly aimed to improve
maternal psychological wellbeing through mother-care sessions in Uganda (Singla et al., 2015).
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However, the many differences between the Ugandan study and ours, including the delivery
model, duration, and target population, render our results difficult to compare.
Similar to prior studies, we measured self-reported depressive symptoms not clinical
depression. The role of the CHW is likely to be promotive of good mental health in women,
enabling coping with daily life stressors and reducing risks for maternal depressive symptoms.
While this intervention appears to be a promising strategy for promoting and protecting mental
health even in populations and individuals with relatively low depressive symptomology, our
data also supports the need for supplemental interventions and strategies to diagnose and treat
women with clinical depression by trained mental health professionals. One potential area of
future research is assessing the acceptability, feasibility, and effectiveness of tying monetary
incentives, such as CCTs, to a mental health screening assessment by a trained medical
professional. Evidence supporting this approach is currently lacking.
Building on to prior studies examining the effect of integrated responsive stimulation,
health, and nutrition interventions on maternal mental health in LMICs, we examine the
variability of impacts. Despite some variability between clusters at the start of the intervention,
reductions over time were similar within intervention arms. Although differences between cluster
means were small at baseline, individual item means differed across intervention arms indicating
that different symptoms likely contributed to overall depressive symptomology in each arm.
These results suggest that the CHW intervention was likely successful in reducing depressive
symptoms regardless of their initial severity and highlight the potential of home visit-based
integrated interventions to address a variety of depressive symptomatology.
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Although we did not have a CCT only arm, we were able to qualitatively assess whether
the intervention worked to improve mental health through the responsive stimulation, health, and
nutrition component alone (CHW arm) or through the combination of the latter component with
CCTs and additional contacts with the health system conditioned by the CCT (CHW+CCT arm).
Our findings indicated similar reductions in depressive symptoms in both the CHW and
CHW+CCT intervention arms, suggesting that the intervention effects were likely due to the
responsive stimulation, health, and nutrition component rather than the CCT component. While
maternal perinatal visits and child growth monitoring visits may be beneficial for both mothers
and children, these did not seem to have played an additional role in reducing depressive
symptoms. These findings suggest that in this setting, home visit-based interventions may be
sufficient to help improve maternal depressive symptoms. Alternatively, it is possible that the
CCT amount (which covered travel expenses to the health facility) was sufficient to promote
adherence to child growth monitoring and health visits, but insufficient to adequately address the
economic risk factors for maternal depressive symptoms in this setting. Future studies should test
the effectiveness of larger CCTs on improving maternal mental health. Finally, the somewhat
smaller improvements in maternal depressive symptoms in the CHW+CCT arm relative to the
CHW arm could be explained by potential adverse effect of CCTs, e.g., shortened home visit
duration due to the formalities of the CCT receipt or the CCTs occupying maternal attention and
focus. These finding may also be the result of chance. Future qualitative work could help
elucidate such potential adverse effects of CCTs in home visit settings.
Furthermore, our study did not vary intervention duration, i.e., 9 vs. 18 months. Therefore,
it remains unclear whether the large reductions in maternal depressive symptoms observed after
9 months of intervention implementation would have been sustained at endline in the absence of
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home visits. Shorter interventions, ranging from 6 to 12 months, have previously demonstrated
positive effects on maternal depressive symptoms (Aboud et al., 2013; Baker-Henningham et al.,
2005; Singla et al., 2015). Shorter interventions will likely be more cost-effective reaching more
women at the same cost as longer interventions delivered to fewer women. Future studies should
assess the optimal duration of home visit interventions to achieve improvements in maternal
depressive symptoms. In addition, we assessed intervention effects shortly after the end of the
18-month intervention, and therefore cannot elucidate long-term post-intervention effects. Future
work should assess the long-term sustainability of intervention effects, particularly relative to
intervention duration, to help inform the design of successful, cost-effective interventions to
sustainably improve maternal depressive symptoms.
The intervention was assessed through a rigorous cRCT that was closely monitored and
demonstrated high fidelity. However, our study is not without limitations. First, while the HSCL25 scale has been previously validated for use among HIV-positive pregnant women in urban
Tanzania (Kaaya et al., 2002), it has not been validated for use among pregnant women and
women with young children with unknown HIV status living in rural areas. Nevertheless, the
HSCL-25 scale showed high internal consistency in our sample, as well as separately among
pregnant and non-pregnant women. In addition, the depressive symptoms sub-score of the HSCL
has been validated for use among other SSA populations, including mothers with young children
in the Democratic Republic of the Congo (Bass et al., 2008), and the general population in
Rwanda (Bolton, 2001) and Lesotho (Hollifield et al., 1990). Second, missing HSCL-25 data at
midline and endline reduced the size of the analytic sample. However, results presented earlier
showed few differences between women without missing HSCL-25 data and those with missing
HSCL-25 data. The magnitude and significance of the intervention effects changed little after
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adjusting for potential bias due to missing HSCL-25 data. Third, unmeasured confounders, such
as HIV status and experience of intimate partner violence which are associated with women’s
depressive symptoms in Tanzania (Manongi et al., 2017), could have potentially lowered
women’s ability to participate in and benefit from the intervention. If this were the case, we may
be overestimating intervention effects, though it is unclear how such confounders would have
interacted or been influenced by the intervention. Finally, our study was conducted in a small
number of villages. A single village doing exceptionally well or exceptionally poorly in terms of
depressive symptoms could have a larger influence and skew our effect estimates. However, our
assessment of the variability of intervention effects showed that all CHW and CHW+CCT
villages had overall similar trajectories of depressive symptoms over time and it is likely that no
single village skewed our results. Nevertheless, given the small number of rural villages, our
results may not be generalizable to all settings. Future studies should replicate our findings at a
larger scale in Tanzania, as well as in diverse settings in SSA and other LMICs.

Conclusion
In conclusion, this low-intensity home visit-based, integrated, CHW-delivered responsive
stimulation, health and nutrition intervention targeting pregnant women and women with young
children in rural Tanzania significantly reduced maternal depressive symptoms. We observed
larger improvements among women at potentially higher risk of depression, i.e., those who were
married or cohabitating, and those with less than secondary education. The larger intervention
effects among women without depressive symptoms at baseline indicate the intervention is a
promising strategy to improve and promote broader mental health. Improved peer support,
parenting competencies, and problem-solving strategies were likely the mechanisms through
which the intervention worked, though our data and the intervention design did not permit us to
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formally explore these mechanisms. However, the intervention did not appear sufficient to meet
the needs of women with symptoms of clinical depression. Our findings have important
implications for policy and practice. First, responsive stimulation, health and nutrition
interventions can successfully support women at risk of depression potentially through targeting
a range of risks and fostering multiple coping strategies. Given the large treatment gaps, lack of
access to quality care globally and limited financial resources allocated to mental health in
LMICs (Patel et al., 2018), these types of integrated interventions can help promote and protect
mental health while health systems build the financial and human resources capacity to tackle
mental health challenges. Second, our findings suggested little to no additional benefit of CCTs
when combined with the CHW intervention. More work is needed to understand the optimal size
and conditionality of monetary incentives before they can be successfully used to address
maternal depressive symptoms in this and similar types of low-resource settings. Finally, given
the intensive and lengthy CHW training, future research should assess the feasibility and costeffectiveness of building a large CHW workforce and scaling-up this intervention.
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3. Paper 2: Maternal responsiveness and child diet mediate the
effect of a responsive stimulation and nutrition intervention on
young children’s development and growth
Abstract
This study examined whether maternal responsiveness and child diet mediated the effects
of a responsive stimulation and nutrition intervention delivered from 2009 to 2012 to 1,324
children aged 0-24 months living in rural Pakistan. Results showed that the intervention worked
to improve language and motor development through maternal responsiveness, and cognitive
development through both maternal responsiveness and child diet. With respect to child growth
and socio-emotional development, we found evidence of competitive mediation such that the
positive indirect effects via maternal responsiveness and child diet were offset by residual
negative intervention effects. Similar mediating effects through maternal responsiveness were
observed among children that received the responsive stimulation intervention alone and the
combined responsive stimulation and nutrition intervention. Mediating effects through child diet
were larger in the latter group. Leveraging or enhancing these two mechanisms could further
help improve the effectiveness of these interventions.
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Introduction
In low- and middle-income countries (LMICs), estimates indicate that 250 million
preschool-aged children are at risk of poor early child development (Lu et al., 2016) and one in
four are stunted (below two standard deviations below their age- and sex-specific height norm)
(UNICEF, 2019). Poor child development and growth have been linked to long-term
consequences, including low educational attainment and decreased earnings (Fink et al., 2016).
Promoting child development and growth early in life can improve child wellbeing in the shortterm and reduce long-term social inequalities (Alderman, 2010).
Community-based intervention packages that include responsive care, stimulation and
nutrition components delivered to parents are recognized as effective strategies to improve child
development and growth in the first two years of life (Prado, Larson, et al., 2019). However,
evidence on the precise mechanisms through which such multi-input intervention packages work
is limited (Obradović et al., 2016; Yousafzai et al., 2014). Therefore, in the present study, we
sought to assess the mechanisms through which an integrated responsive care, stimulation and
nutrition intervention implemented in rural Pakistan influenced child development and growth.
In particular, using data from the Pakistan Early Child Development Scale-up intervention trial,
we explored maternal responsiveness and child diet at age one year as potential mediators that
might explain intervention effects on child outcomes at age two years. We aimed to deepen
knowledge regarding the mechanisms through which multi-input interventions in LMICs may
affect child development and growth in the first two years of life.
Multi-input Intervention Packages in LMICs
Nurturing care is defined as “a stable environment that is sensitive to children’s health and
nutritional needs, with protection from threats, opportunities for early learning, and interactions
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that are responsive, emotionally supportive, and developmentally stimulating” (Britto et al.,
2017). The World Health Organization (WHO), United Nations Children’s Fund (UNICEF), and
the World Bank have used the concept of nurturing care to inform the Nurturing Care for Early
Childhood Development Framework (Nurturing Care Framework from hereon for brevity)
(WHO et al., 2018). The components of the Nurturing Care Framework are nutrition, health,
responsive care, early learning (or stimulation), and protection. In LMICs, many interventions
have focused on bringing together nutrition and responsive care inputs to promote children’s
early development and growth. Activities to support young children’s nutrition and health have
most often been implemented as home-based interventions delivered by community health
workers (M. M. Black et al., 2017). These interventions typically involve the provision of
fortified food products (e.g., tablets, powders or pastes) to supplement children’s diet with single
(e.g., iron, zinc) or multiple micronutrients (Aboud & Yousafzai, 2015) required for the
biological and physiological development of infant brains (Georgieff, 2007). Some interventions
also include nutrition education for caregivers. Grounded in global WHO child feeding
guidelines, nutrition education is often tailored to local contexts to include hygiene and health
messaging (Aboud & Yousafzai, 2015). We refer to these interventions as enhanced nutrition
(EN) interventions since they often build on the existing standard of care by providing one or
more of these additional messages or components.
Complementing a focus on child nutrition and health, responsive care interventions are
designed to improve caregiver sensitivity (i.e., the capacity to understand an infant’s cues and
needs) and responsiveness (i.e., the capacity to respond to the infant in a supportive, contingent
and developmentally appropriate manner) (M. M. Black & Aboud, 2011). In LMICs, responsive
care interventions are often implemented in the context of promoting early stimulation. These
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interventions, which we call responsive stimulation (RS), are delivered through home visits,
community-based group sessions, and clinic appointments, or some combination of these (M. M.
Black et al., 2017). Usually delivered to parents of young children by unspecialized trained
paraprofessionals, such as community health workers, home-based models involve weekly or
monthly demonstration and practice of age-appropriate play and talk activities with the child,
and, in some cases, provision of toys or picture books. Group-based models involve similar
curricula delivered to small groups of caregivers with children of different ages. Finally, the
clinic model, delivered by professionals, uses well-baby visits to counsel caregivers on play and
talk activities for their child. During these contacts, the opportunity to practice play and talk
activities is supported with coaching on responsive interactions in which caregivers are guided to
recognize and appropriately respond to the child’s signals thereby enhancing caregiver-child
interactions, and specifically responsive interactions and behaviours (Aboud & Yousafzai, 2015).
Multi-input interventions integrating messages and opportunities across the responsive
care, nutrition and health elements of the Nurturing Care Framework, such as integrated RS and
EN interventions, can be more successful at improving child development and growth than
interventions focused on individual aspects of nurturing care (Britto et al., 2017), though
consistent evidence on additive or synergistic effects has not been demonstrated (GranthamMcGregor et al., 2014). Although empirical evidence on what interventions work to improve
child development and growth is expanding, less is known about how these interventions
operate, the specific aspects of the nurturing care these interventions benefit, and whether these
benefits translate into improved child outcomes (Obradović et al., 2016; Yousafzai et al., 2014).
Understanding how individual or integrated interventions achieve impact can help improve
intervention targeting, direct limited resources towards mechanisms that work, and increase
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intervention effectiveness by leveraging common and mutually reinforcing mechanisms.
Moreover, this could help shed light on why integrated interventions have failed to show additive
or synergistic effects consistently, and thus help improve the design of future multi-input
integrated interventions.
Prior studies in LMICs have examined intervention mechanisms such as maternal mental
health (Aboud et al., 2013; N. Brown et al., 2017; Chang et al., 2015; Rahman et al., 2009;
Singla et al., 2015; Yousafzai et al., 2015), parental stimulation (Aboud et al., 2013; Chang et al.,
2015; Jeong et al., 2019; Knauer et al., 2016; Obradović et al., 2016; Powell et al., 2004; Singla
et al., 2015; Susan P Walker et al., 2004; Yousafzai et al., 2015), and maternal parenting
knowledge (Aboud et al., 2013; Chang et al., 2015; Powell et al., 2004; Rahman et al., 2009;
Yousafzai et al., 2015). However, other pathways remain empirically understudied. Few studies
have assessed caregiver responsiveness (Aboud & Akhter, 2011; N. Brown et al., 2017; Murray
et al., 2016; Obradović et al., 2016; Yousafzai et al., 2015) and child diet (Aboud et al., 2013;
Frongillo et al., 2017; Vazir et al., 2013; Yousafzai et al., 2015) as potential means through
which RS and EN interventions might exert their influence on child outcomes. Although these
studies provide suggestive evidence on the importance of these mechanisms, they have either
assessed direct intervention effects on these mechanisms without formally conducting mediation
analysis (thus failing to quantify indirect effects), failed to consider integrated approaches (i.e.,
RS+EN components delivered in a single intervention), or have only examined one or two child
outcomes. Further, although two of the studies that assessed maternal responsiveness as a
mechanism estimated mediating effects, both studies aimed to assess influences on long-term
child outcomes, after the intervention implementation period ended (N. Brown et al., 2017;
Obradović et al., 2016) rather than to disentangle mechanisms at work during the intervention
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period. As a result, much remains to be unpacked with respect to the role maternal
responsiveness and child diet play as mechanisms through which multi-input interventions
implemented in LMICs improve child development and growth.
Mechanisms to Improve Child Development and Growth
Maternal responsiveness. Maternal responsiveness is defined as maternal behaviours
and interactions that create a supportive context where children experience consistent, timely and
developmentally appropriate responses to their signals or cues, including verbal or linguistic
inputs (Eshel et al., 2006; Landry et al., 2012). Responsive feeding, a facet of maternal
responsiveness, involves providing consistent, emotionally supportive, and developmentally
appropriate responses to children’s hunger and satiety signals. A key element of responsive care
is the reciprocity of the interaction between the child and the mother (Black and Aboud 2011).
Given the complex and interactional nature of responsiveness, culturally relevant maternal
responsiveness and responsive feeding measures with tested reliability and validity for use in
LMICs are limited (Bentley et al., 2011; Pérez‐Escamilla & Segura‐Pérez, 2020).
Given these measurement difficulties, empirical evidence on how maternal responsiveness
and responsive feeding are associated with child development and growth is limited. Studies
from both high- and low-income countries show maternal responsiveness is associated with child
cognitive, language and psychosocial skills (Eshel et al., 2006). Further, RS intervention studies
support the hypothesis that increased caregiver responsiveness results in improved child
cognitive development and executive function (Obradović et al., 2016), early communication,
social cooperation, and negative affect (Landry et al., 2006) and child growth (N. Brown et al.,
2017). However, only one of these intervention studies, conducted in the United States, assessed
children under two years of age (Landry et al., 2006). Although likely that RS interventions work
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through maternal responsiveness to improve child development earlier in life, to our knowledge
this has not been empirically tested in an LMICs context. Responsive feeding, on the other hand,
can benefit child growth, though evidence from LMICs is weak (Bentley et al., 2011). Likewise,
limited evidence suggests that responsive feeding can benefit language development when
combined with stimulation activities, improvements likely achieved by improved child
acceptance of foods and mouthfuls of food eaten (Aboud & Akhter, 2011).
EN interventions have been shown to improve child growth through improved maternal
responsiveness, but only among children older than two years of age (N. Brown et al., 2017).
More empirical evidence on whether this mechanism operates earlier in life is needed. In
addition, evidence from the United States supports the hypothesis that caregivers are able to
translate improvements in maternal responsiveness from one facet to another (Landry et al.,
2006). If caregivers are able to translate responsive feeding into responsive stimulation or viceversa, then we may observe cross-over intervention effects such that EN interventions improve
child development and RS interventions improve child growth. However, whereas EN
interventions have been shown to improve child development, RS interventions generally have
no effect on child growth (Prado, Larson, et al., 2019). Whether individual EN and RS
interventions work through these maternal responsiveness mechanisms remains an empirical
question.
Child diet. Child diet refers to the quantity, quality, frequency and adequacy of food intake
(UNICEF, 2019). It can affect cognitive development both directly through brain development
during infancy (Georgieff, 2007; Prado & Dewey, 2014), and indirectly by affecting child health,
physical activity, and caregiver behaviour (Prado et al., 2017; Prado & Dewey, 2014). Empirical
evidence from LMICs is limited and mixed, suggesting that higher dietary diversity is associated
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with better child development in some settings (Larson et al., 2017, 2018; Prado et al., 2017).
Further, a few studies indicate that this association may be prospective, such that better diet in
early infancy predicts improved development in later infancy (Iannotti et al., 2016; Pollitt et al.,
2000).
Similarly, child diet is an important determinant of child growth. In LMICs, lack of dietary
diversity is associated with suboptimal child linear growth, whereas feeding frequency is not
(Kim et al., 2017; Krasevec et al., 2017). However, whether current diet predicts future linear
growth is understudied. Cohort studies from Bangladesh and Burkina Faso show that adequate
diet at nine months of age is associated with improved linear growth in later infancy (S. Das et
al., 2020; Owais et al., 2016; Prado, Yakes Jimenez, et al., 2019).
EN interventions, which can improve child diet through micronutrient supplementation,
nutrition and responsive feeding education, are effective at improving both child development
and linear growth, although impacts on child development are relatively small (Prado, Larson, et
al., 2019). However, it is unclear whether these impacts are achieved primarily through child diet
or whether other mechanisms are also at work. Evidence from Bangladesh indicates that an EN
intervention (which included nutrition education but no supplementation) improved language and
motor development by improving child dietary diversity and consumption of iron-rich foods, but
child growth was not examined (Frongillo et al., 2017). Another EN intervention (which also
included only nutrition education and no supplementation) in Bangladesh improved child food
intake and reduced child stunting but had no effect on child mental development. However, this
study did not estimate or quantify mediating effects through child food intake (Vazir et al.,
2013). In Guatemala, improvements in child dietary diversity were associated with improved
linear growth in children less than two years of age. However, this evidence comes from a
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multisectoral food-assistance program, where EN was only one of several integrated intervention
components (Olney et al., 2018). In contrast, RS interventions can improve child diet indirectly if
caregivers are able to translate responsive stimulation skills to responsive feeding, which in turn
can improve child diet (Aboud & Akhter, 2011; Bentley et al., 2011). However, whether RS
interventions operate this way to improve child development and growth has not been
empirically shown.
Pakistan Early Child Development Scale-up Trial
Young Pakistani children face multiple adversities similar to children in other LMICs.
Nearly half of preschool-aged children in Pakistan (or 21 million) are at risk of poor child
development (Lu et al., 2016) and 40% are stunted (UNICEF, 2019). Only 15 percent of children
less than two years of age consume a diverse diet and 37 percent consume insufficient number of
meals. Data on early learning and stimulation activities and materials at home is lacking
(UNICEF, 2019). In light of these adversities, the Pakistan Early Child Development Scale-up
(PEDS) intervention trial was designed to improve the nurturing care environment in which
Pakistani children grow up.
The PEDS intervention trial was a longitudinal cluster randomized trial evaluating the
effectiveness of integrating RS and EN interventions into The National Program for Family
Planning and Primary Healthcare (known as the Lady Health Worker (LHW) program)
conducted in Sindh, Pakistan. The intervention and study design have been described in detail
elsewhere (Yousafzai et al., 2014). Briefly, 80 clusters, defined as the catchment area of LHWs,
were identified using a two-stage stratified random sampling strategy and were randomized into
one of four intervention arms: (1) RS, (2) EN, (3) RS+EN, and (4) Control (standard of care).
The intervention arms were allocated an equal number of clusters. The standard of care received
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by the control arm involved basic nutrition, health, and hygiene education. In addition to the
standard of care, the RS intervention arms received a locally adapted version of the UNICEF and
WHO Care for Child Development package, which promotes sensitive and responsive parenting
through developmentally appropriate play and talk activities. The EN intervention arms received
enhanced nutrition education, which built on the standard of care by including information on the
association between good nutrition and health, responsive feeding, and problem solving about
feeding. In addition, from 6 to 24 months of age, children in the EN intervention arms received
supplementation with multiple micronutrient powders, containing vitamins A and C, iron, and
folic acid. In each intervention arm, LHWs conducted monthly home visits to deliver the
intervention. The RS intervention arms also received monthly community group sessions to
support the delivery of the RS package. Mother-child pairs were enrolled at birth and followedup until the child reached 24 months of age. The primary outcomes of the PEDS trial were child
development and linear growth at 24 months.
The RS and RS+EN interventions significantly improved cognitive, language and motor
development at 24 months (effect size 0.6 SD, 0.7 SD, and 0.5 SD, respectively), whereas the
EN intervention improved only language development (effect size 0.4 SD). The EN intervention
also had a small positive effect on child linear growth from birth to 24 months (Yousafzai et al.,
2014). In addition, the PEDS cohort of children was followed-up at age four, two years after the
intervention ended. Using data from the PEDS trial and this follow-up, one study assessed
maternal mental health and responsiveness as potential ways through which the RS and EN
interventions influenced child growth at four years of age (N. Brown et al., 2017). Another study
assessed parental stimulation and maternal responsiveness, specifically scaffolding behaviours,
as mechanisms through which the RS intervention effects on child cognitive development and
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executive function were maintained at four years of age (Obradović et al., 2016). We build
directly onto these prior studies by examining maternal responsiveness as a mechanism to
improve child cognitive, language, motor and socio-emotional development and child growth in
the first two years of life rather than later in life. In addition, we assess the RS and EN
interventions alone and in combination, which has not been previously done. Expanding prior
work, we also examined whether the interventions worked through child diet to improve child
development and growth outcomes.
Current Study
In the current study, we assessed whether maternal responsiveness and child diet, measured
at 12 months of age, served as mechanisms through which the PEDS intervention worked to
improve child development and growth at 24 months. Since significant indirect effects are
possible in the context of overall null effects (due to competitive mediation, type 1 or type 2
error, or differential power to detect these effects), we examined all co-primary outcomes of the
trial regardless of whether the intervention impacted them or not. Positive direct intervention
effects on maternal responsiveness and child diet at 12 months were previously established
(Yousafzai et al., 2015). Based on the literature presented above, we hypothesized: (1) positive
prospective associations between maternal responsiveness and child diet at 12 months and child
development and growth at 24 months; and (2) positive indirect intervention effects on child
development and growth at 24 months through maternal responsiveness and child diet. With
respect to child diet, the literature reviewed suggested that EN interventions can improve child
dietary diversity directly. However, we hypothesized that RS interventions can only improve
child diet indirectly by increasing the frequency of mother-child interactions. Likewise, whereas
both dietary diversity and feeding frequency are important for child development, empirical
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evidence suggests that dietary diversity alone is more important for child growth. Therefore, we
explicitly tested this hypothesis by assessing whether both child dietary diversity and feeding
frequency or whether child dietary diversity alone mediated intervention effects. To test these
hypotheses, we developed a conceptual framework (Figure 3.1) based on prior models (J. L.
Brown & Pollitt, 1996; Prado et al., 2017), and used a structural equation model (SEM) to fit the
conceptual framework. In an important extension of existing literature, we present novel findings
on whether the RS and EN interventions alone, and in combination, worked to affect child
development and linear growth through maternal responsiveness and child diet.
Figure 3.1 Conceptual framework showing the PEDS intervention effects on child growth and
development through maternal responsiveness and child diet

Child growth
12 months

Child growth
24 months

Child diet
12 months
PEDS
intervention
0-24 months

Maternal
responsiveness
12 months
Child
development
12 months

Child
development
24 months

Note: Not depicted in the diagram are covariances between child growth and development at 12
and 24 months; child diet and development at 12 months; child diet and maternal responsiveness
at 12 months; maternal responsiveness and child development at 12 months; exogenous variables
and their variances; covariances between exogenous variables; disturbance terms of endogenous
variables, their variances and the scaling constant from the direct paths from disturbance terms to
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endogenous variables, and the covariances between the disturbance terms just described.
Abbreviations used: PEDS, Pakistan Early Child Development Scale-up Trial.

Table 3.1 Descriptive statistics of the variables included in the final model
Variables
Outcomes
LAZ
Enrolment
12 months
24 months
WLZ
Enrolment
12 months
24 months
Cognitive development
12 months
24 months
Language development
12 months
24 months
Motor development
12 months
24 months
Socio-emotional development
12 months
24 months
Mediators
Food groups consumed:
Grains, roots, and tubers
Legumes and nuts
Flesh foods
Eggs
Dairy
Vitamin A-rich fruits and
vegetables
Other fruits and vegetables
DDS (0-7)
12 months
MAD
12 months
Total OMCI (0-57)
12 months
Maternal OMCI (0-36)
12 months

N

Min

Max

Mean

SD

1340
1330
1321

-5.85
-5.46
-5.98

4.18
3.85
1.11

-1.13
-1.99
-2.34

1.41
1.23
1.12

1271
1330
1319

-6.00
-5.49
-5.86

3.91
3.38
3.06

-1.02
-1.00
-0.95

1.30
1.16
1.11

1340
1346

45.00
9.00

140.00
140.00

94.62
78.07

13.81
14.65

1340
1346

6.00
6.00

124.00
150.00

74.88
82.59

13.97
13.59

1340
1346

10.00
29.00

130.00
154.00

82.28
88.49

13.68
17.32

1340
1346

8.00
8.00

140.00
145.00

79.08
93.44

13.70
18.33

1343
1343
1343
1343
1343

0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00

0.96
0.16
0.26
0.09
0.19

0.19
0.36
0.44
0.39
0.39

1343
1343

0.00
0.00

1.00
1.00

0.52
0.46

0.50
0.50

1343

0.00

7.00

2.64

1.29

1340

0.00

1.00

0.07

0.26

1339

11.00

54.00

29.79

8.63

1339

5.00

33.00

19.18

4.79
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Table 3.1 (continued):
Intervention exposure
RS
EN
RS + EN
Control
Covariates at enrolment
Child age, months
Child is a boy
Mother has no formal education
Mother’s SRQ-20 (0-20)
Household wealth index
Household is food secure
Household size

1350
1350
1350
1350

0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00

0.26
0.24
0.25
0.25

0.44
0.43
0.43
0.43

1350
1350
1350
1350
1342
1348
1341

0.00
0.00
0.00
0.00
-1.01
0.00
0.00

3.00
1.00
1.00
20.00
4.60
1.00
11.00

0.68
0.54
0.68
6.57
0.01
0.68
2.51

0.65
0.50
0.47
3.89
1.00
0.47
2.30

Note: Abbreviations used: LAZ, length-for-age Z-score; WLZ, weight-for-length Z-score; MAD,
minimum acceptable diet; DDS, dietary diversity score; OMCI, observation of mother-child
interaction; EN, enhanced nutrition; RS, responsive stimulation; SRQ-20, self-reported
questionnaire.

Methods
Participants
Mother-child pairs were enrolled in the trial from birth (child was less than 2.5 months of
age) and received the intervention until the child reached 24 months of age. At enrolment,
children were 0.68 months old (SD = 0.7), and 54% were boys (Table 3.1). Children who
showed signs of severe impairments (e.g., cerebral palsy, hydrocephalus, and developmental
delays) were excluded from the trial (N = 11). Trained enumerators interviewed the child’s
mother during home visits at enrolment and when the child was 6, 12, 18 and 24 months of age.
Data collection was conducted between June 1, 2009 and March 31, 2012. Child growth was
assessed directly by the enumerators according to a standard protocol. Trained community-based
child development assessors (CCDAs) conducted the child development and maternal
responsiveness assessments during home visits. Enumerators and CCDAs were masked to the
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intervention, i.e., they received no information about the intervention, did not work with the
LHWs, and were rotated to reduce familiarity with the families and villages. Prior to the start of
the trial, CCDAs received a three-month training and four five-day refresher trainings on the
child development tool, which included both classroom-based and field-based practice and tests.
Refresher trainings were also received before the 12- and 24-month assessments. Further details
on the training of enumerators and CCDAs are available in Yousafzai et al. (2014).
The analytic sample included 1,350 mother-child pairs assessed at enrolment, 12 and 24
months, which represented 91% of the enrolment sample. Participants were excluded due to
child death (4.4%), migration outside of the study area (4.3%), or refusal (0.8%). Children
included in the analytic sample had significantly better linear growth and lived in larger
households compared to children excluded from the analytic sample. No other differences were
observed between children included in the analytic sample and those excluded. Therefore, we did
not expect these differences in child linear growth and household size to bias our results.
Measures
Intervention exposure. Intervention exposure was based on the intention-to-treat
principle. We included three binary variables for each intervention arm: RS, EN, RS+EN. Each
intervention arm was compared to the control arm. The analytic sample was evenly distributed
across the intervention arms: N = 356, 26.37% in RS, N = 319, 23.63% in EN, N = 335, 24.81%
in RS+EN, and N = 340, 25.19% in control. Intervention fidelity was moderately high: 75% of
mothers received monthly home visits. Further fidelity details for each intervention component
are available in Yousafzai et al. (2014).
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Child development. Child development was assessed at 12 and 24 months on the Bayley
Scales of Infant and Toddler Development, Third Edition (BSID-III) (Bayley, 2006). Four scales
were used: cognitive, language (sum of receptive and expressive communication sub-scales),
motor (sum of fine and gross motor sub-scales) and socio-emotional. The Bland-Altman test
showed high inter-rater observer reliability between the CCDAs and the supervisor with
correlations ranging from 0.95 to 0.99. For each of the four scales, mean composite scores (M =
100, SD = 15) were calculated based on a conversion from raw scores to scaled composite scores
(Bayley, 2006). For a discussion on cultural adaptation see Yousafzai et al. (2014).
Child growth. At enrolment, 12 and 24 months, trained enumerators measured child
length and weight. Age and sex-specific length-for-age Z-scores (LAZ) and weight-for-length Zscores (WLZ) were calculated according to the WHO Child Growth Standards (World Health
Organization, 2006). Per these standards, implausible values above 6 SD or below -6 SD were
recoded as missing (N = 13 for LAZ, and N = 11 for WLZ). Compared to children with plausible
values, children with implausible LAZ values were significantly less likely to live in food secure
households, and children with implausible WLZ values were significantly younger. LAZ was a
co-primary outcome of the PEDS trial and was maintained as the primary child growth outcome.
As a secondary analysis, the final model was re-estimated replacing LAZ with WLZ.
Maternal responsiveness. Maternal responsiveness was assessed using the Observation of
Mother-Child Interaction (OMCI) tool, developed and validated for the PEDS trial (Rasheed &
Yousafzai, 2015). The OMCI was designed to capture maternal responsive behaviours based on
a theoretical framework proposed by Landry and colleagues (Landry et al., 2006), including
contingent responding, emotional-affective support, support for infant foci of attention, and
language inputs. It consists of 19 items: 12 items for the mother, 6 items for the child, and 1 item
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on mutual enjoyment. Since the reciprocity of the mother-child interaction is a key element of
maternal responsiveness (M. M. Black & Aboud, 2011), we used all 19 items in the analysis. The
CCDAs observed a live five-minute interaction between the mother and child using a picture
book, and rated the frequency of the 19 mother and child behaviours using the following scoring
criteria: 0 = never occurred, 1 = occurred infrequently (1-2 times), 2 = occurred sometimes (3-4
times), 3 = occurred frequently (5+ times). Total OMCI score (theoretical range 0-57) were
calculated by summing the scores on the 19 items. Higher OMCI score indicates higher
frequency of positive interactions and behaviours. The Bland-Altman test showed moderately
high inter-rater observer reliability between the CCDAs and the supervisor: n = 81, r = .85, p <
.001. Internal consistency was also high with α = 0.86. Descriptive statistics for the 19 items are
shown in Appendix B, Table B.1. Further details on the development of the OMCI tool are
available in Rasheed & Yousafzai 2015.
Child diet. Child diet was assessed at 12 months using the dietary diversity score (DDS)
and minimum acceptable diet (MAD) WHO indicators (World Health Organization et al., 2010).
Mothers reported the foods consumed by the child in the previous day, and trained enumerators
classified them into one of seven food groups: grains, roots and tubers, legumes and nuts, flesh
foods (meat, fish, poultry, organ meats), eggs, dairy (milk, yogurt, cheese), vitamin A-rich fruits
and vegetables, and other fruits and vegetables. Binary indicators were created for whether the
child consumed the food group and summed to create DDS (range 0-7). MAD was defined as
meeting both minimum dietary diversity (1 = DDS≥4, 0 = DDS<4) and meeting minimum meal
frequency (three times for breastfed children and four times for non-breastfed children). Thus,
MAD captures both dietary diversity and feeding frequency, whereas DDS captures only dietary
diversity. As the more comprehensive measure, MAD was selected as the primary child diet
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mediator. To test the hypothesis that dietary diversity alone mediated intervention effects, the
final model was re-estimated replacing MAD with DDS.
Covariates. To minimize potential confounding, household wealth, size, and food security,
and maternal education and mental health at enrolment were included as covariates. Household
wealth was entered as a factor score calculated using principal components analysis based on 44
items assessing property and livestock ownership, and water and electricity access. Number of
siblings of the enrolled child was used as a proxy for household size. Household food security
was defined based on the Household Food Insecurity Access Scale, where 1 = household is food
secure, 0 = household is not food secure (Coates et al., 2007). Maternal education was defined as
1 = the mother had no formal education, and 0 = the mother had any formal education. Lastly,
maternal mental health was assessed using the self-reported questionnaire (SRQ-20) (World
Health Organization, 1994), which was entered as a continuous score (range 0-20).
Analytic plan
We used a longitudinal cross-lagged SEM to examine the direct and indirect effects of the
PEDS intervention on child development and growth (the outcomes) via maternal responsiveness
and child diet (the mediators). A longitudinal SEM (Kline, 2015) allowed us to simultaneously
estimate all the direct and indirect paths included in the model, assess multiple outcomes, and
understand how these complicated processes work together. A conceptual diagram of the model
is presented in Figure 3.1. The model included direct paths from each intervention arm to both
mediators at 12 months and both outcomes at 12 and 24 months; longitudinal auto-lagged paths
between repeated measures of both outcomes; direct paths from each mediator to subsequent
outcomes; direct path between child growth at 12 months and subsequent development at 24
months; and covariances between child growth and development at 12 and 24 months, and child
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diet and development, child diet and maternal responsiveness, and maternal responsiveness and
child development at 12 months.
The model was fit separately for each BSID scale (cognitive, language, motor and socioemotional) since evidence from the PEDS intervention trial presented earlier indicated that RS
and EN inputs were differentially associated with each domain. All direct paths controlled for
household wealth, size, and food security, and maternal education and mental health at
enrolment. Direct paths to BSID, LAZ, MAD and OMCI also controlled for child sex, and direct
paths to LAZ, MAD and OMCI additionally controlled for child age at enrolment. The direct
path to LAZ at 12 months controlled for LAZ at enrolment.
We fit the models using a robust weighted least squares (WLSMV) estimator to allow both
binary and continuous endogenous variables, clustered standard errors (SEs) and to account for
missing data. The robustness check model using the continuous DDS mediator was estimated
using a maximum likelihood estimator (ML). SEs were clustered to account for the multi-level
nature of the data (children nested in LHW) and the original trial design (randomization at the
LHW level). Bias-corrected (BC) bootstrapping with 5,000 draws was used to test the
significance of the total, direct and indirect effects (Preacher & Hayes, 2008). We present BC
bootstrapped 95% confidence intervals (CI) throughout, referred to as 95% CI in the text for
brevity, and discuss only paths significant at the 5% level. Missing data on endogenous variables
was handled by use of a full weight matrix. The majority of the analytic sample (96%) had no
missing data on any of the variables included in the model. Although Little’s test (C. Li, 2003)
showed that the data were not missing completely at random (χ2(236) = 361.91, p < 0.001), given
the overall small proportion of missing data (range 0.0%-2.2%) and the high number of missing
patterns, we treated the data as missing at random. Observations with missing data on exogenous
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variables (N = 26) were excluded, reducing the effective sample size to 1,324 children. Excluded
observations were similar to included ones in terms of enrolment characteristics. With 82 free
parameters to estimate, we had a ratio of 16 observations per parameter, meeting the minimum
requirement of 10 observations per parameter often used in SEM (Kline, 2015). Models were
estimated in MPlus Version 8 (Muthén & Muthén, 2017). Absolute model fit was assessed and
determined acceptable according to the following goodness of fit statistics and criteria:
Comparative Fit Index (CFI) ≥ 0.90, Root Mean Square Error of Approximation (RMSEA) ≤
0.08, and Standardized Root Mean Squared Residual (SRMR) ≤ 0.08 (Hu & Bentler, 1999).

Results
Descriptive Statistics
Table 3.1 shows child and mother characteristics at enrolment, 12 and 24 months. At
enrolment, LAZ and WLZ were low. LAZ decline further over time, whereas WLZ remained
low for the duration of the trial. Child development composite scores were below the reference
mean of 100 for all sub-scales at both 12 and 24 months. At 12 months, child dietary diversity
was low (M = 2.64, SD = 1.29) with only 7% of children meeting MAD. Total OMCI ranged
from 11 to 54, with a mean of 29.79 (SD = 8.63). Two-third of mothers had no formal education.
Biserial correlations for the analysed variables are shown Appendix B, Table B.2.
Model Fit
Table 3.2 shows model fit statistics for each child development domain. Our model
showed adequate fit for all four domains, with the exception of RMSEA in the motor and socioemotional development models. Nevertheless, RMSEA was still close to the a priori established
cut-off for acceptable model fit.
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Table 3.2 Model fit statistics
Model
CFI
RMSEA
SRMR
χ2 (df)
BSID composite score
Cognitive
66.661*** (10)
0.968
0.065
0.026
Language
44.595*** (10)
0.982
0.051
0.022
Motor
120.515*** (10)
0.943
0.091
0.031
Socio-emotional
102.826*** (10)
0.943
0.084
0.030
Note: Abbreviations used: BSID, Bayley Scales of Infant and Toddler Development; df, degrees
of freedom; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation;
SRMR, Standardized Root Mean Squared Residual. Statistical significance: *** p < .001
Total Intervention Effects on Child Outcomes
All total intervention effects are shown in Table 3.3. After controlling for confounders,
none of the interventions predicted LAZ or socio-emotional composite scores at 24 months,
results consistent with Yousafzai et al. (2014). In contrast, all interventions had positive effects
on cognitive, language and motor composite scores at 24 months. Likewise, in the models
replacing LAZ with WLZ, none of the interventions predicted WLZ and all interventions
predicted cognitive, language and motor composite scores (Appendix B, Table B.3). In the latter
models, the EN intervention had a positive effect on socio-emotional composite scores at 24
months.
Table 3.3 Standardized total intervention effects on child growth and development at 24 months
BC bootstrapped
95% CI
Paths
β
LL
UL
Total RS effects
RS → LAZ
-0.044
-0.122
0.032
RS → Cognitive development
0.328
0.246
0.410
RS → Language development
0.321
0.239
0.405
RS → Motor development
0.263
0.186
0.344
RS → Socio-emotional development
0.000
-0.072
0.070
Total EN effects
EN → LAZ
0.016
-0.083
0.106
EN → Cognitive development
0.111
0.016
0.197
EN → Language development
0.211
0.120
0.307
EN → Motor development
0.119
0.038
0.198
EN → Socio-emotional development
0.074
0.000
0.152
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Table 3.3 (continued):
Total RS+EN effects
RS+EN → LAZ
-0.029
-0.101
0.043
RS+EN → Cognitive development
0.229
0.147
0.303
RS+EN → Language development
0.285
0.193
0.374
RS+EN → Motor development
0.119
0.124
0.271
RS+EN → Socio-emotional development
0.030
-0.049
0.108
Note: Models for each child development domain were fit separately. Models control for
enrolment covariates, and account for clustering and missing values. Abbreviations used: BC, biascorrected; CI, confidence interval; LL, lower limit; UL, upper limit; RS, responsive stimulation;
LAZ, length-for-age Z-score; EN, enhanced nutrition.
Direct Intervention Effects on Mediators
At 12 months, all interventions improved total OMCI (Appendix B, Table B.4), results
consistent with Yousafzai et al. 2015. The RS and RS+EN interventions directly predicted
higher MAD at 12 months, after controlling for confounders, whereas the EN intervention
alone did not have a direct effect on child diet. In the models replacing MAD with DDS, all three
interventions predicted higher DDS at 12 months, with larger effects in the EN and RS+EN arms
(Appendix B, Table B.5).
Direct Effects from Mediators to Child Outcomes
Higher OMCI at 12 months predicted significantly higher LAZ and composite scores in all
four BSID-III domains at 24 months (Appendix B, Table B.4). MAD at 12 months predicted
higher socio-emotional composite scores at 24 months (β = 0.117, 95% CI [0.007, 0.232]), after
controlling for confounders, and no other outcomes. In the models replacing MAD with DDS,
DDS at 12 months predicted higher LAZ, cognitive and language composite scores at 24 months
(Appendix B, Table B.5).
Direct Intervention Effects on Child Outcomes
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After controlling for confounders and maternal responsiveness and child diet as mediators,
the RS and RS+EN interventions directly predicted lower LAZ at 24 months, and the RS
intervention predicted lower socio-emotional composite scores at 24 months (Appendix B,
Table B.6). In contrast, the RS and RS+EN interventions had direct positive effects on cognitive,
language and motor composite scores at 24 months, whereas the EN intervention had a direct
positive effect only on language composite scores at 24 months.
Indirect Intervention Effects via Mediators
Table 3.4 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet

Pathways
RS intervention
RS → MAD (12 months) → LAZ (24 months)
RS → MAD (12 months) → Cognitive development (24
months)
RS → MAD (12 months) → Language development (24 months)
RS → MAD (12 months) → Motor development (24 months)
RS → MAD (12 months) → Socio-emotional development (24
months)
RS → Total OMCI (12 months) → LAZ (24 months)
RS → Total OMCI (12 months) → Cognitive development (24
months)
RS → Total OMCI (12 months) → Language development (24
months)
RS → Total OMCI (12 months) → Motor development (24
months)
RS → Total OMCI (12 months) → Socio-emotional
development (24 months)
EN intervention
EN → MAD (12 months) → LAZ (24 months)
EN → MAD (12 months) → Cognitive development (24
months)
EN → MAD (12 months) → Language development (24
months)
EN → MAD (12 months) → Motor development (24 months)
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β

BC bootstrapped
95% CI
LL
UL

0.004
0.021

-0.016
0.001

0.029
0.059

0.013
0.016
0.025

-0.005
-0.004
0.002

0.046
0.050
0.069

0.050
0.059

0.031
0.033

0.074
0.096

0.061

0.033

0.096

0.060

0.033

0.092

0.052

0.021

0.089

0.003
0.015

-0.010
-0.001

0.024
0.052

0.009

-0.002

0.040

0.011

-0.002

0.044

Table 3.4 (continued):
EN → MAD (12 months) → Socio-emotional development (24
0.017
0.000
0.054
months)
EN → Total OMCI (12 months) → LAZ (24 months)
0.034
0.018
0.055
EN → Total OMCI (12 months) → Cognitive development (24
0.041
0.023
0.067
months)
EN → Total OMCI (12 months) → Language development (24
0.042
0.024
0.067
months)
EN → Total OMCI (12 months) → Motor development (24
0.042
0.024
0.064
months)
EN → Total OMCI (12 months) → Socio-emotional
0.036
0.013
0.067
development (24 months)
RS+EN intervention
RS+EN → MAD (12 months) → LAZ (24 months)
0.006
-0.022
0.032
RS+EN → MAD (12 months) → Cognitive development (24
0.028
0.000
0.069
months)
RS+EN → MAD (12 months) → Language development (24
0.017
-0.008
0.051
months)
RS+EN → MAD (12 months) → Motor development (24
0.021
-0.006
0.060
months)
RS+EN → MAD (12 months) → Socio-emotional development
0.033
0.003
0.082
(24 months)
RS+EN → Total OMCI (12 months) → LAZ (24 months)
0.044
0.024
0.066
RS+EN → Total OMCI (12 months) → Cognitive development
0.052
0.028
0.082
(24 months)
RS+EN → Total OMCI (12 months) → Language development
0.054
0.030
0.083
(24 months)
RS+EN → Total OMCI (12 months) → Motor development (24
0.053
0.031
0.078
months)
RS+EN → Total OMCI (12 months) → Socio-emotional
0.046
0.018
0.079
development (24 months)
Note: Abbreviations used: BC, bias-corrected; CI, confidence interval; LL, lower limit; UL,
upper limit; RS, responsive stimulation; LAZ, length-for-age Z-score; MAD, minimum
acceptable diet; OMCI, observation of mother-child interaction; EN, enhanced nutrition.

Each intervention had a significant positive indirect effect on LAZ and all four BSID-III
domains at 24 months through OMCI (Table 3.4). In addition, significant positive indirect
effects through MAD were detected for cognitive (RS intervention) and socio-emotional (RS and
RS+EN interventions) composite scores at 24 months. Positive indirect effects of the EN
intervention on socio-emotional composite scores and of the RS+EN intervention on cognitive
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composite scores through MAD were trending towards significance, i.e., 95% CI were just above
zero. In the models replacing LAZ with WLZ, significant positive indirect effects on WLZ were
observed through OMCI but not MAD (Appendix B, Table B.7). In the models replacing MAD
with DDS, each intervention had a significant positive indirect effect via DDS on LAZ, cognitive
and language composite scores, but not on motor or socio-emotional composite scores though the
later were trending towards significance (Appendix B, Table B.8).
With respect to cognitive composite scores, OMCI accounted for between 18.0% (RS
intervention) and 37.9% (EN intervention) of total intervention effect, whereas MAD accounted
for only 6.4% of the total RS intervention effect. OMCI explained approximately 20% of the
total effect of each intervention on language composite scores, and between 23% and 35% of the
total effect on motor composite scores. Finally, for socio-emotional composite scores, the
indirect effects through OMCI and MAD offset the direct negative effects of the RS and RS+EN
interventions. Likewise, the indirect effects through OMCI on LAZ helped offset the direct
negative effects of the RS and RS+EN interventions.

Discussion
In this study, we showed that maternal responsiveness and child diet were two mechanisms
through which a RS and EN intervention improved child cognitive, language and motor
development among young Pakistani children. Although the intervention had no overall effect on
child socio-emotional development and growth, we observed positive indirect effects on these
outcomes via the two mechanisms which were offset by residual negative intervention effects.
Maternal responsiveness mediated intervention effects on all outcomes we examined, with larger
effects among children who received the RS intervention alone. In contrast, findings with respect
to child diet were mixed, indicating different aspects of child diet mediated intervention effects
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on different outcomes. Regardless of the definition, child diet mediated intervention effects on
cognitive (RS and RS+EN interventions) and socio-emotional development (all three
interventions). Child dietary diversity alone mediated intervention effects on child growth and
language development (all three interventions) and EN intervention effects on cognitive
development.
A major contribution of the current study is showing that the RS and EN interventions
appeared to have positive cross-over effects on caregiver behaviours, i.e., the EN intervention
improved maternal responsiveness and the RS intervention improved child diet. In addition, we
showed that maternal responsiveness positively mediated RS and EN intervention effects on
child development and growth in the first two years of life, building onto the literature that has
established similar effects later in life or in a high-income setting (N. Brown et al., 2017; Landry
et al., 2006; Obradović et al., 2016). The indirect effects of the RS intervention on child growth
and the EN intervention on child development via maternal responsiveness support the theory
that mothers are able to translate responsiveness skills from one facet to another. Improved
responsive play and talk (promoted by the RS intervention) likely improved responsive feeding
and made mothers more attentive and responsive to children’s needs more generally. In turn, this
may have reduced the effect of other risk factors for poor child growth such as child morbidity.
Although we did not include child morbidity in our model, previously published findings showed
that the RS intervention reduced the incidence of diarrhoea and acute respiratory illness
(Yousafzai et al., 2014). This hypothesis that mothers were able to translate responsive play and
talk to responsive feeding can also help explain the indirect effects of the RS intervention on
child development and growth through child diet. Further, improved responsive feeding
(promoted by the EN intervention) likely increased the quantity and quality of mother-child
66

interactions, including play and talk activities, and possibly made mothers more attentive to their
children’s developmental needs. However, we did not measure responsive feeding or other
aspects of maternal responsiveness and cannot formally test this theory. Future studies should be
specifically designed to assess if, and how, caregivers apply responsive strategies across
stimulation and feeding contexts.
In addition to improved responsive feeding, better nutrition (through the provision of
multiple micronutrient supplements and nutrition education) can account for the indirect effects
of the EN intervention on child development and growth. Regarding cognitive and socioemotional development, our findings indicate that better nutrition reflects both improved dietary
diversity and feeding frequency. In contrast, in the case of LAZ and language development,
better nutrition reflected primarily improved dietary diversity. With respect to motor
development, further inquiry is warranted. In Bangladesh, child diet explained 31% of the total
effect of an EN intervention (nutrition education without supplementation) on motor
development among children 6-24 months of age (Frongillo et al., 2017). Although we observed
larger direct intervention effects on child diet than Frongillo et al. (2017) did, it is possible that,
given the low levels of child diet in our sample, much bigger improvements were needed to
improve motor development.
Overall, our findings that the RS and EN interventions improved cognitive, language, and
motor development are in line with a recent meta-analysis which demonstrated positive effects of
RS and EN interventions on these development domains among young children in LMICs
(Prado, Larson, et al., 2019). Our estimates of the EN intervention effects on child development
were larger than those reported in the meta-analysis, whereas our estimates of the RS
intervention effects were smaller. In contrast to this meta-analysis which showed positive pooled
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effects of EN interventions on child growth and socio-emotional development, we observed no
total intervention effects on these outcomes. However, our study demonstrated the presence of
competitive mediation whereby the gains achieved through maternal responsiveness and child
diet were offset by residual negative effects of the RS and RS+EN interventions. These residual
negative effects were large (one-to-two thirds the effect size) relative to the positive intervention
effects we observed for cognitive, language, and motor development. With respect to child
growth, one potential explanation for these residual effects is that the behaviour change
messaging and activities of the RS intervention may have replaced existing traditional practices,
which may have been protective for child growth despite being suboptimal for child
development. For example, the RS intervention likely increased free exploration of the
environment and play activities, which, if conducted directly on the ground, may have increased
children’s exposure to pathogens and environmental risks, which in turn are linked to poor child
growth (Ngure et al., 2014). However, without data on infection markers, we could not formally
test this hypothesis. Increased contamination of the domestic environment can also explain the
direct negative effects of the RS intervention on socio-emotional development. Increased or
persistent immune stimulation, even without overt manifestation of clinical disease, can
contribute to poor mother-child interaction, reduced initiation of interactions with the mother,
increased child irritability and withdrawnness, and thus to poor socio-emotional development
(Ngure et al., 2014). Improved hygiene during feeding and food preparation, promoted in part by
the EN intervention, can help explain why these adverse effects on socio-emotional development
were observed in the RS only intervention arm. These results of competitive mediation illustrate
that longitudinal SEMs may be better suited to examine intervention effects over time, and the
complex relations between multiple outcomes and mediators. Assessing indirect effects in the
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context of null total effects allowed us to detect residual negative intervention effects. These
findings indicate that the mechanisms through which RS interventions affect child development
and growth are still poorly understood. Future studies should collect rich data on all
hypothesized mechanisms to help fully unpack the effects of RS interventions. Although
intervention components to create a protective environment for free exploration, and reduce
children’s exposure to environmental risks have been previously proposed, e.g., baby WASH
(Ngure et al., 2014), more work is needed to test the feasibility, acceptability and effectiveness of
such components, and how they can be successfully integrated with RS interventions. Likewise,
evidence on successful integration of EN and WASH interventions is emerging, but effects on
child development and linear growth are mixed (Pickering et al., 2019; C. P. Stewart et al., 2018;
Tofail et al., 2018). Lastly, our findings appear to suggest that RS interventions alone, and even
RS+EN interventions, may not be sufficient to improve child socio-emotional development and
growth among young children in particularly vulnerable contexts. Future interventions should
consider additional inputs to promote child socio-emotional development and growth, and to
help offset potential negative residual intervention effects. More implementation studies that
incorporate participants in the explanations of what works are needed to better understand what
mechanisms work and why they work.
Limitations and Future Directions
Although our study has many strengths, including the randomized nature of the
intervention, standardized assessments, low attrition and little missing data, several limitations
should be noted. First, child diet was based on maternal report, which could be subject to social
desirability bias. Second, a single recall over the previous day may not accurately capture usual
diet, which may be a more important predictor of both child development and growth. Similarly,
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the child diet mediators we used did not capture the actual quantity of food consumed or its
nutrient content, which may be better predictors of child growth and development. Future studies
should extend our work by using more comprehensive measures of child diet. Moreover, child
diet depends on multiple community-, household- and maternal-level factors. Although we
control for household food security, household wealth, and maternal education, we were not able
to account for other factors due to lack of data, e.g., food availability, accessibility, and
affordability, maternal awareness of children’s nutritional needs, child eating skills and
acceptance. Third, although developed through a rigorous adaptation and validation procedure,
our measure of maternal responsiveness does not eliminate observer bias, i.e., it is possible that
the observed interaction was different from regular interactions. Further, caregivers who attended
the group sessions in the RS intervention arms (about 30%) received a picture book. Thus, it is
possible that these caregivers were more familiar with shared book reading and may have
performed better on the OMCI in which case we may be overestimating intervention effects.
However, such potential overestimation would likely be small given that at 12 months only onequarter of mothers had used a picture book with their child in the past three days, and that the
picture book was more popular with fathers and older siblings (Yousafzai & Rasheed, 2012). In
addition, the tool only measured maternal responsiveness in the context of book reading, and
more work is needed to confirm its ability to measure maternal responsiveness more broadly and
in other responsiveness contexts. The maternal responsiveness tool also did not measure
responsive feeding. Responsive feeding assessment tools with tested reliability and validity for
use in low-resource settings are needed. Finally, omitted variables may bias our results. While
we controlled for several important confounders, unmeasured and unobserved variables may
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confound the relations between maternal responsiveness, child diet, development, and growth.
Our findings should be replicated at a larger scale, as well as in similar samples in other LMICs.
Implications for Policy and Practice
Despite these limitations, our study elucidated two mechanisms (maternal responsiveness
and child diet) through which the PEDS RS and EN interventions worked to affect child
development and growth in the first two years of life. These findings have two main
implications. First, we observed similar total and indirect effects through maternal
responsiveness among children exposed to the RS and RS+EN interventions, but larger indirect
effects through child diet among children exposed to the RS+EN interventions. These findings
confirm that combining RS and EN interventions leads to no loss of effect on child development
and growth (Grantham-McGregor et al., 2014), and indicate that interventions which combine
RS and EN components appear to better leverage both mechanisms and lead to additive or
synergistic effects for certain outcomes like cognitive development in our case. Importantly, the
combined RS+EN intervention had fewer negative residual effects than the RS intervention
alone, further highlighting the potential benefits of combining RS and EN interventions. Second,
maternal responsiveness accounted for a larger percent of total intervention effects than child
diet did for all outcomes. Thus, future RS and EN interventions may want to leverage maternal
responsiveness more heavily as a mechanism to improve child development and growth.
However, child diet plays a wider role in child wellbeing, which should not be overlooked, and
dietary interventions remain important particularly in contexts with high prevalence of child
malnutrition.
Our findings build on prior work from the PEDS trial and the follow-up study at four years
of age which focused either on unpacking different mechanisms than we did or on understanding
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how intervention effects were maintained over time in the absence of intervention activities.
Nevertheless, these prior studies complement ours by demonstrating that maternal mental health
and parental stimulation were other mechanisms through which the intervention worked (N.
Brown et al., 2017; Jeong et al., 2019; Obradović et al., 2016). These mechanisms likely help
account for the positive residual direct intervention effects on child development we observed.
More importantly, taking these and our findings together, the PEDS interventions helped build
an enabling and nurturing environment which directly benefited mothers and their children both
in the short-term during the intervention implementation period, and in the long-term after the
intervention ended. These findings contribute to the empirical literature underlying the Nurturing
Care Framework (M. M. Black et al., 2017; Britto et al., 2017). They suggest that similar types
of multi-input integrated RS and EN interventions anchored in nurturing care can serve as a
platform to enable, empower, and support caregivers, which in turn can improve not only child
development and growth, but also child wellbeing more generally and the overall conditions in
which children grow up. Future interventions in LMICs should focus on holistic approaches
which aim to improve multiple aspects of nurturing care rather than on individual child
outcomes.

Conclusion
The present study showed that maternal responsiveness and child diet were two
mechanisms through which a RS and EN intervention impacted child development and growth
among young children in rural Pakistan. With respect to child growth and socio-emotional
development, the two mediators had a protective effect offsetting the residual negative
intervention effects we observed. Larger indirect effects were detected through maternal
responsiveness than child diet. Our findings highlight the potential of community-based RS and
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EN interventions to build a nurturing and enabling caregiver environment and to directly benefit
both children and their mothers. Given the wide range of risk factors and multiple early life
adversities children in low-resource contexts face, multi-input integrated interventions anchored
in the Nurturing Care Framework can serve as a platform to enable and support caregivers, to
improve the overall environment and conditions in which children growth up, and to improve
children’s overall wellbeing beyond just child development and growth, thus helping to break the
intergenerational transmission of poor child growth and development.
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4. Paper 3: Women’s empowerment is associated with improved
child development, growth, and nurturing care practices in subSaharan Africa
Abstract
Approximately 40% of children 3-4 years of age in low-and middle-income countries have
suboptimal development and growth. Women’s empowerment may help provide inputs of
nurturing care for early development and growth by building caregiver capacity and family
support. We examined the associations between women’s empowerment and child development,
growth, early learning, and nutrition in sub-Saharan Africa.
We pooled data on married women (15-49 years) and their children (36-59 months) from
Demographic and Health Surveys that collected data on child development (2011-2018) in nine
sub-Saharan African countries (N=21,434). We constructed a women’s empowerment score
using factor analysis and assigned women to country-specific quintiles. The child outcomes
included cognitive and socio-emotional development (Early Childhood Development Index),
linear growth (height-for-age Z-score (HAZ) and stunting (HAZ<-2). Early learning outcomes
were number of parental stimulation activities (range 0-6) and learning resources (range 0-4).
The nutrition outcome was a child dietary diversity score (DDS, range 0-7). We assessed the
relationship between women’s empowerment and child development, growth, early learning, and
nutrition using multivariate generalized linear models.
Twenty-three percent and 31% of children had suboptimal cognitive and socio-emotional
development, respectively, and 35% were stunted. Fourteen percent of mothers and 3% of fathers
provided ≥4 stimulation activities. Relative to the lowest quintile, children of women in the
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highest empowerment quintile were less likely to have suboptimal cognitive development
(relative risk (RR) 0.90; 95% confidence interval (CI) 0.81, 1.00), had higher HAZ (mean
difference (MD) 0.09; 95% CI 0.02, 0.16), lower risk of stunting (RR 0.93; 95% CI 0.87, 1.00),
0.07 additional learning resources, and received 0.09-0.16 additional stimulation activities from
their mothers and 0.08-0.23 additional activities from their fathers. Children of women in the
highest empowerment quintile, relative to the lowest, had higher DDS (MD 0.17; 95% CI 0.06,
0.29).
Women’s empowerment was positively associated with early child and care outcomes in
sub-Saharan Africa. Efforts to improve child development and growth should consider women’s
empowerment as a potential strategy.
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Introduction
About 30% of children less than 5 years of age in sub-Saharan Africa (SSA) are stunted
(United Nations Children’s Fund (UNICEF) et al., 2020), and 40% of children 3-4 years of age
are not developmentally on track (Lu et al., 2020). These childhood adversities undermine
educational attainment, earnings, and health outcomes later in life, leading to long-term loss of
human capital (Adair et al., 2013; Fink et al., 2016). Consequently, investing in early childhood
development can improve adult educational, labour market, and health behaviour outcomes
(Heckman et al., 2013), and thus help reduce long-term social inequalities (Alderman, 2010).
Likewise, improving nutrition early in life can reduce stunting and bolster adult intelligence,
wages, and schooling outcomes (Martorell et al., 2010).
To reach their full developmental and growth potential, children require a “comprehensive,
multi-sectoral system of services and opportunities” (M. M. Black, Lutter, et al., 2020). The
Children Surviving and Thriving Framework outlines such a system of proximal and distal
factors in the enabling environment for the provision of nurturing care. The essential proximal
components combine child health and nutrition, included in the United Nations Children’s Fund
(UNICEF) conceptual framework of malnutrition as necessary for child survival, and responsive
care, early learning opportunities, and security and safety, the additional components of
nurturing care required for thriving. Underlying these proximal components is a complex
network of family and community enabling environments, and distal social, political, and
economic factors (M. M. Black, Lutter, et al., 2020).
In low- and middle- income countries (LMICs), multi-generational nurturing care
interventions, which combine health, nutrition, and nurturing care inputs for children with inputs
to empower, support, and enable caregivers to provide nurturing care are recognized as essential
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for optimal child development and growth in early life (Britto et al., 2017). However, evidence is
lacking on whether caregiver empowerment is associated with the proximal components of the
Children Surviving and Thriving Framework. Although a large body of literature from LMICs
shows that women’s empowerment is positively associated with the child health and nutrition
(Carlson et al., 2015; Cunningham et al., 2015; Na et al., 2015; Pratley, 2016; Santoso et al.,
2019; Smith et al., 2003; van den Bold et al., 2013), no evidence exists on whether women’s
empowerment is associated with responsive care, early learning opportunities, and security and
safety. Likewise, whereas multiple studies have examined the association between women’s
empowerment and child growth (Carlson et al., 2015; Cunningham et al., 2015; Pratley, 2016;
Santoso et al., 2019; Smith et al., 2003; van den Bold et al., 2013), only one study has examined
the association between women’s empowerment and child development in SSA (Ewerling et al.,
2020). This study showed that women’s empowerment was positively associated with child
literacy-numeracy development, but not with child cognitive, socio-emotional or physical
development (Ewerling et al., 2020). Furthermore, best practices should be established for
designing multi-generational interventions to support caregiver empowerment and promote
gender equity since most curricula typically focus solely on women. Only a handful of
interventions have aimed to improve men’s parenting skills, leaving the role of men in promoting
a nurturing care environment understudied (Britto et al., 2017). It is unclear how best to engage
men through multi-generational interventions to help change traditional gender roles, support
women’s empowerment, and promote gender equity.
Given this limited evidence, in this paper we sought to understand how women’s
empowerment is associated with child development and growth and their underlying proximal
components, specifically early learning and nutrition. We first establish a conceptual framework
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linking women’s empowerment to child development and growth, and then use nationally
representative data from Demographic and Health Surveys (DHS) from nine SSA countries to
examine the cross-sectional associations. In addition, we sought to inform the design of multigenerational nurturing care interventions seeking to promote women’s empowerment and gender
equality.

Methods
Conceptual framework
We adopted Kabeer’s framework which defines women’s empowerment as “the processes
by which those who have been denied the ability to make choices acquire such an ability”
(Kabeer, 1999). A summary of alternative definitions of women’s empowerment stemming from
Kabeer’s framework is provided in Appendix C.1. Kabeer’s framework distinguishes three
inter-related dimensions of empowerment: resources (pre-conditions), agency (processes) and
achievements (outcomes) (Kabeer, 1999). However, not all dimensions are relevant to child
development and growth, and including those that are not can lead to null or contradictory results
(Carlson et al., 2015; Pratley, 2016; Santoso et al., 2019).
Therefore, we developed a conceptual diagram linking women’s empowerment and child
development and growth (Figure 4.1). While prior studies assessing the relationship between
women’s empowerment and child outcomes were grounded in the UNICEF conceptual
framework of malnutrition (Santoso et al., 2019; Smith et al., 2003), we drew on the more recent
Children Surviving and Thriving Framework (M. M. Black, Lutter, et al., 2020) as the theoretical
basis for the conceptual diagram. This latter framework includes proximal components of
nurturing care (i.e., responsive care, learning opportuning, and security and safety) in addition to
the child health and nutrition components serving as the basis of the original UNICEF
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framework (M. M. Black, Lutter, et al., 2020). We delineated the pathways through which
women’s empowerment can influence these proximal components underlining optimal child
development and growth. We extended prior conceptual frameworks beyond child growth to
include other proximal components relevant to child development (e.g., early learning).
Figure 4.1 Pathways linking women’s empowerment and early childhood development

The conceptual diagram in Figure 4.1 shows that women’s empowerment may influence
child development and growth through four main pathways: (1) increased access to and control
over financial and economic resources, (2) increased social contacts and resources, (3) increased
decision-making power, and (4) improved gender attitudes. Women who are employed or
involved in income generating activities and women with greater control over assets allocate
more resources towards their own and their child’s health, nutrition (Na et al., 2015; Santoso et
al., 2019), and potentially development. More empowered women may have more freedom of
movement and thus increased access to resources (e.g., by joining savings groups (Santoso et al.,
2019)) and ability to obtain resources (e.g., by visiting the health centre), as well as ability to
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perform caregiver routines. Women’s employment, and thus access to resources, can increase
their decision-making capacity in the household (Burroway, 2017). More empowered women
may have more say in whether to seek physical and mental health services, and whether to use
family planning (Santoso et al., 2019). Through this increased access to health services, more
empowered women may learn more about taking care of their own health and translate this
knowledge to how they care for their children. More empowered women may also have
improved efficiency and effectiveness in making and executing more timely decisions about
children’s health (Smith et al., 2003). They may also be better able to determine the activities
(e.g., rest) and resources (e.g., high-quality foods) that are optimal for their own and their
children’s health and nutrition (Santoso et al., 2019). More empowered women may have more
access to and control over food resources, and more decision-making power over intra-household
food allocation (Na et al., 2015; Santoso et al., 2019). In addition, more empowered women may
have greater say over the type of learning opportunities and materials obtained for their child.
Less empowered women may have less say in time allocation and may compromise time
allocated to childcare, rest (Engle et al., 1999), and stimulation activities with their child,
whereas more empowered women may have greater say in their own time use. Further, greater
empowerment increases the number and frequency of social contacts (either directly through
labour force participation or indirectly by increased mobility), which exposes women to new
information, behaviours and attitudes (Burroway, 2017; Smith et al., 2003) and provides social
support (Engle et al., 1999), both of which may improve their care, health and nutrition practices.
Finally, less empowered women may be more socialized to accept inferior gender roles (Smith et
al., 2003), and more likely to experience physical and emotional violence at home or in the
community (Na et al., 2015; Smith et al., 2003). Conversely, more empowered women may be
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less socialized to accept inferior gender roles, though empirical evidence supporting this
hypothesis in LMICs is lacking.
These four pathways reflect four distinct dimensions of women’s empowerment: (1) access
to and control over resources, “Access” for brevity, (2) decision-making, (3) social resources,
and (4) gender attitudes, “Gender” for brevity. The “Access” dimension encompasses women’s
ownership of and ability to access financial and economic resources (including mobility), and
their ability to allocate such resources towards health, nutrition, growth, development, and early
learning opportunities. The “Decision-making” dimension encompasses women’s decisionmaking capacity, power, and timeliness, including decision-making with respect to reproductive
health and time use. The “Social resources” dimension represents women’s community and
social contacts and networks. Finally, the “Gender” dimension encompasses women’s intrinsic
agency, i.e., voice and ability to express beliefs, and the extent to which women’s gender
attitudes reflect normative gender beliefs including attitudes towards violence and beliefs around
sexual activity (Miedema et al., 2018). Thus, the “Access” and “Social resources” dimensions
reflect resources, whereas the “Decision-making” and “Gender” dimensions reflect agency.
Together these pathways can help explain the positive associations observed in LMICs
between: women’s empowerment and their own nutritional status (Alaofè et al., 2017; Malapit et
al., 2015; Malapit & Quisumbing, 2015; Narayanan et al., 2019; Smith et al., 2003; van den Bold
et al., 2013), diet (Alaofè et al., 2017; Galiè et al., 2019; Malapit et al., 2015; Malapit &
Quisumbing, 2015; Narayanan et al., 2019), mental (Garcia & Yim, 2017) and physical health;
and women’s empowerment and children’s nutrition (Carlson et al., 2015; Ickes et al., 2018; Na
et al., 2015; Smith et al., 2003), health, and growth (Abekah-Nkrumah, Gordon Lawson, 2020;
Carlson et al., 2015; Cunningham et al., 2015; Pratley, 2016; Santoso et al., 2019; Smith et al.,
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2003; van den Bold et al., 2013; Yaya et al., 2020). With respect to caregiver routines and
practices, and early learning opportunities, evidence is lacking, but links with women’s
empowerment are plausible based on the pathways just described.
Data and study population
We pooled data from the latest DHS for the following nine SSA countries which collected
data on child development and were publicly available as of February 21, 2020: Benin (Phase
VII, 2017-2018), Burundi (Phase VII, 2016-2017), Cameroon (Phase VI, 2011), Chad (Phase
VII, 2014-2015), Congo (Phase VI, 2011-2012), Rwanda (Phase VII, 2014-2015), Senegal
(Phase VII, 2017), Togo (Phase VI, 2013-2014) and Uganda (Phase VII, 2016). DHS
empowerment questions were designed to measure women’s participation in household decisionmaking, attitudes towards gender equity in roles and rights, and economic activity. Although all
women are eligible for the empowerment questions, questions on decision-making are only
asked of women who are currently married or cohabitating (referred to as married, for brevity)
since two response options are only possible if women have a partner/husband (Kishor &
Subaiya, 2008). Therefore, we restricted our analysis sample to married women of reproductive
age (15-49 years).
Child development assessment was added to Phase VI of the DHS using the Early
Childhood Development Index (ECDI), which is a population-based measure of child
development (Loizillon et al., 2017). ECDI questions are optional, and when administered they
are collected from a sub-sample of children 36-59 months of age using UNICEF Multiple
Indicator Cluster Surveys procedures (Croft et al., 2018). Therefore, we restricted our sample to
children 36-59 months of age with available ECDI data.
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Exposure indicators
We operationalize women’s empowerment as a multi-dimensional latent construct with
four latent dimensions: (1) Access, (2) Decision-making, (3) Social resources, and (4) Gender.
Since the DHS do not collect data on social resources, we proceeded with a three-dimensional
model of empowerment. We used factor analysis to derive factor scores for the latent women’s
empowerment dimensions. Full methodological details are provided in Appendix C.2. We used
exploratory factor analysis (EFA) to evaluate the dimensionality of the women’s empowerment
construct (results presented in Appendix C.3); confirmatory factor analysis (CFA) to test the
best-fitting model from the EFA (results presented in Appendix C.4); and multi-group CFA to
test for measurement invariance across countries to address issues of cross-country comparability
of women’s empowerment (results presented in Appendix C.5).

Table 4.1 Indicators comprising the latent dimensions of the form-invariant women’s
empowerment measure
Dimension

Indicator

Access to and
control over
resources

Seasonality

Income relative
to partner

Decisionmaking

Decision on
partner's
income use

Demographic and Health Survey
(DHS) question
Do you usually work throughout the
year, or do you work seasonally, or
only once in a while?
Would you say that the money that
you earn is more than what your
(husband/partner) earns, less than
what he earns, or about the same?
Who usually decides how your
(husband’s/partner’s) earnings will be
used?

Decision on
own health
care

Who usually makes decisions about
health care for yourself?

Decision on
large
household
purchases

Who usually makes decisions about
major household purchases?
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Response codes from lower to
higher empowerment
Not working, seasonal or
occasional, all year
Does not earn cash, husband/partner
has no earnings, less than him,
about the same, more than him
Respondent and other person or
husband/partner alone or
someone else or other or
husband/partner has no earnings,
respondent alone or respondent and
husband/partner
Respondent and other person or
husband/partner alone or
someone else or other or
husband/partner has no earnings,
respondent alone or respondent and
husband/partner
Respondent and other person or
husband/partner alone or
someone else or other or
husband/partner has no earnings,

respondent alone or respondent and
husband/partner

Table 4.1 (continued)

Gender
attitudes

Decision on
family visits

Who usually makes decisions about
visits to your family or relatives?

Goes out
without telling
husband
Neglects
children

In your opinion, is a husband justified
in hitting or beating his wife if she
goes out without telling him?
In your opinion, is a husband justified
in hitting or beating his wife if she
neglects the children? (v744b)
In your opinion, is a husband justified
in hitting or beating his wife if she
refuses to have sex with him? (v744d)

Refuses sex

Respondent and other person or
husband/partner alone or
someone else or other or
husband/partner has no earnings,
respondent alone or respondent and
husband/partner
Yes, No

Yes, No

Yes, No

The indicators of the final form-invariant measurement model are presented in Table 4.1.
All indicators were coded as binary with 1 representing empowerment, and 0 representing lack
of empowerment, except for indicators for work seasonality and income relative to partner which
were coded as categorical variables with higher values indicating higher empowerment. “Don’t
know” responses were coded as missing. All decision-making indicators were coded as 1 if the
woman decided alone or jointly with her husband/partner, and 0 otherwise. However, since it is
unclear whether joint decision-making represents disguised male decision-making or cooperation
(Kabeer, 2001), we conducted sensitivity analysis recoding decision-making indicators as 1 if the
woman decided alone, and 0 otherwise. The final form-invariant model showed that the
indicators measured the same factors in each country; however, the indicators related to income
were measured with a different degree of precision. Factor scores for each women’s
empowerment dimension were estimated from the final form-invariant model. We summed the
individual dimension factor scores to create a total empowerment score.
Outcome indicators
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We considered three sets of indicators: child outcomes (child development and growth),
early learning (access to resources and provision of stimulation activities), and nutrition (child
dietary diversity). Child development was assessed using the ECDI. ECDI comprises 10 items
with response options “yes”, “no” and “don’t know” administered to the child’s
mother/caregiver. It assesses four development domains: literacy-numeracy (three items),
learning/cognition (two items), physical development (two items), and socio-emotional
development (three items). Items reflect developmental benchmarks that children are expected to
achieve if they are developmentally on track, i.e., they are developing like most of their peers.
ECDI is constructed by first scoring individual items as 1 if the child can perform the
benchmark, and 0 otherwise. Then, binary indicators are constructed for whether children are
developmentally on track in each one of the four domains. Finally, per the original design, the
ECDI score is calculated as the proportion of children developmentally on track in at least three
of the four domains. Further details on the development, validation, computation, and utilization
of the ECDI are available elsewhere (Loizillon et al., 2017). In the present analyses, we included
only the cognitive and socio-emotional domains and reported the proportion of children with
suboptimal developmental (i.e., developmentally off track) in each domain. Children were
considered off track if they failed more than one item in the domain (Loizillon et al., 2017). In
the appendices we also present the proportion of children with suboptimal developmental in both
domains. We excluded the literacy-numeracy and physical domains, which are not considered
developmentally appropriate. The former contains more advanced items than comparable
development assessment tools, whereas the latter contains less advanced items which capture
only severe developmental delays or items that reflect health status rather than development
skills (McCoy et al., 2016). Child growth was assessed using height-for-age Z-score (HAZ),
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calculated based on the World Health Organization (WHO) Child Growth Standards, and
stunting (HAZ <-2 SD) (WHO Multicentre Growth Reference Study Group, 2006).
Early learning opportunities were assessed using five indicators for the materials and
activities available to the child. One indicator (range 0-4) counted the number of materials and
resources for child play and learning available in the household: (1) household has at least one
child book, (2) child plays with homemade toys, (3) child plays with store-bought toys, and (4)
child plays with household objects as toys. Four indicators assessed stimulation activities
provided by the mother and father in the past three days (based on maternal report). These
activities or parent-child interactions serve as a common proxy for exposure to early learning
opportunities at home (Bornstein & Putnick, 2012). The six stimulation activities were: (1)
reading books or looking at picture books, (2) telling stories, (3) naming, counting, or drawing
with the child, (4) singing songs, (5) taking the child outside the home/yard/enclosure, and (6)
playing with the child. We calculated the number of stimulation activities (range 0-6) provided
separately by each parent (based on maternal report), and the proportion of parents who provided
≥4 stimulation activities (UNICEF, 2012). Finally, child nutrition was assessed using an
indicator for dietary diversity score (DDS) and minimum dietary diversity (MDD). Since no
validated indicators exist to assess dietary diversity among children 36-59 months of age, we
used the WHO infant and young child feeding indicators for DDS and MDD (World Health
Organization et al., 2010). Specifically, we constructed DDS (range 0-7) by summing the
number of food groups consumed by the child in the past 24 h (based on maternal report), and
defined MDD as DDS ≥4.
Statistical analysis
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Descriptive statistics were adjusted for the complex survey design using DHS sampling
weights. To assess the association between women’s empowerment and child development,
growth, early learning, and nutrition outcomes we estimated all models using two alternative
exposure definitions: (1) one variable for empowerment, and (2) three variables for each
individual dimension. Since the associations of interest may be non-linear, we divided the
continuous factor scores derived from the final form-invariant measurement model into countryspecific quintiles. As a secondary analysis, we also estimated the models using the continuous
factor scores. For continuous and count outcomes, we fit a generalized linear model with an
identity like and calculated unadjusted and adjusted mean differences (MD) and 95% confidence
intervals (CIs). For binary outcomes, we fit a log-Poisson model and calculated unadjusted and
adjusted relative risks (RR) and their 95% CIs. Given the observational nature of the study, we
present adjusted estimates as the primary results, and unadjusted estimates in the appendices.
Adjusted estimates controlled for the following a priori selected potential confounders:
household wealth, rurality, and size; household head’s age and sex; woman’s education, age, and
age at first co-habitation; and child age and sex. We also controlled for country and survey year.
Missing data on any of the confounders was imputed using mean imputation (N=6 observations
with missing data on household head’s age). All models accounted for clustering and
representativeness using the country-specific cluster variables and sampling weights. Lastly, we
assessed whether the associations between women’s empowerment and child development,
growth, early learning, and nutrition outcomes differed across household wealth (defined as a
binary variable where 1=highest three quintiles and 0=lowest two quintiles) and woman’s
education (defined as a binary variable where 1=any education and 0=no education). The
statistical significance of the interaction was assessed using a Wald test. Associations and
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interactions were considered statistically significant at p<0.05. All analyses were performed in
Stata 16 (StataCorp, 2019).

Results
Sample characteristics
Overall, households were large, primarily living in rural areas, and few were headed by
women (Table 4.2). Women were 31 years on average, nearly half had no education, and only
one-third had completed primary education. Women were more empowered (mean scores were

Table 4.2 Characteristics of the women and children included in the analysis sample
Mean ± SD
or Percent
Household characteristics
N
21,434
8.51±5.66
Size
Number of children <5 years
2.48±1.55
Female-headed
14.26
Age of household head (years)
41.71±13.02
Lives in a rural area
70.88
Poorest wealth quintile
23.07
Women’s characteristics
N
21,434
Age (years)
30.86±6.62
Highest level of education
No education
53.00
Primary
31.27
Secondary
14.02
Higher
1.71
Age at first co-habitation (years)
18.28±4.19
Empowerment characteristics
N
21,434
Access dimension score
-0.59±1.41
Decision-making dimension score
-0.01±0.67
Gender attitudes score
-1.68±1.87
Total empowerment score
-2.28±2.92
Child characteristics
N
21,434
Male
51.08
Age (months)
47.45±6.96
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Table 4.2 (continued):
Development
N
Cognitive development not on track
N
Socio-emotional development not on track
N
Cognitive and socio-emotional development not on
track
Growth
N
Height-for-age Z-score
Stunted (height-for-age Z-score < - 2)
Early learning opportunities
N
Number of learning resources (0-4)
N
Number of maternal stimulation activities (0-6)
≥4 maternal stimulation activities
Number of paternal stimulation activities (0-6)
≥4 paternal stimulation activities
Diet
N
Dietary diversity score (0-7)
Minimum dietary diversity (dietary diversity score ≥4)

20,161
22.95
19,834
30.84
19,743
8.17
20,390
-1.58±1.4
35.85
21,276
1.39±1.04
20,745
1.5±1.66
14.06
0.53±1.07
3.21
11,279
1.68±1.67
14.5

higher) with respect to the “Access” and “Decision-making” dimensions than “Gender”. About
one-quarter of children had suboptimal cognitive development, and about one-third had
suboptimal socio-emotional development. Child growth and dietary diversity were suboptimal
too, with over one-third of children stunted and only 14.5% meeting MDD. The number of
learning resources and parental stimulation activities was also low.
Association between women’s empowerment and child development and growth
Women’s empowerment was weakly associated with child cognitive, but not socio-emotional
development, with the magnitude of the association similar across quintiles (Table 4.3). The
former was primarily driven by the “Decision-making” dimension, with children of women in
higher quintiles being less likely to have suboptimal cognitive development compared to children
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Table 4.3 Associations between quintiles of women’s total empowerment and child development
and growth outcomes

Empowerment Q1 (lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment Q5 (highest)

Cognitive
development off
track
(N=20,161)
RR (95% CI)
Ref.
0.91 (0.82, 1.00)
0.88 (0.80, 0.98)
0.91 (0.83, 1.00)
0.90 (0.81, 1.00)

Socio-emotional
development off
track
(N=19,834)
RR (95% CI)
Ref.
1.00 (0.92, 1.08)
0.93 (0.86, 1.01)
0.97 (0.90, 1.05)
0.94 (0.86, 1.03)

Height-for-age Zscore
(N=20,390)
MD (95% CI)

Stunting (Heightfor-age Z-score <-2)
(N=20,390)
RR (95% CI)

Ref.
-0.03 (-0.10, 0.04)
0.01 (-0.06, 0.09)
0.05 (-0.02, 0.13)
0.09 (0.02, 0.16)

Ref.
1.00 (0.94, 1.07)
0.98 (0.91, 1.04)
0.97 (0.90, 1.03)
0.93 (0.87, 1.00)

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Abbreviations used: Q, quintile; Ref, reference; RR, relative
risk; MD, mean difference.
Figure 4.2 Associations between quintiles of women’s empowerment dimensions and child
development outcomes
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Figure 4.2 (continued):
Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Reference quintile is Q1, lowest. Abbreviations used: Q, quintile.
of women in the lowest quintile (Figure 4.2, Appendix C.6, Table C.7). With respect to socioemotional development, children of women in the second and fourth “Access” quintiles, relative
to the first, and children of women in the highest “Gender” quintile, relative to the lowest, were
less likely to have suboptimal socio-emotional development. Unadjusted estimates and estimates
using the continuous scores are shown in Appendix C.6, Tables C.7 and Appendix C.6, Table
C.8, respectively.
Children of women in the highest empowerment quintile, relative to the lowest, had
significantly higher HAZ: MD 0.09 (95% CI 0.02, 0.16). Individual dimensions were not
associated with HAZ. Women’s empowerment and its dimensions were not associated with child
stunting (Table 4.3, Figure 4.3, Appendix C.6, Table C.9). Unadjusted estimates and estimates
using the continuous scores are shown in Appendix C.6, Tables C.9 and Appendix C.6, Table
C.10, respectively.
Association between women’s empowerment and early learning opportunities
Women’s empowerment was positively associated with early learning opportunities (Table
4.4). Children of women in the highest empowerment quintile, relative to the lowest, had access
to 0.07 additional learning resources (equivalent to 5% additional learning resources) and
received 0.16 additional stimulation activities from their mothers (or 12% additional activities),
on average. Higher “Access” and “Decision-making” empowerment was associated with 0.070.11 additional learning resources (or 5-9% more resources) (Figure 4.4, Appendix C.7,
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Figure 4.3 Associations between quintiles of women’s empowerment dimensions and child
growth outcomes

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Reference quintile is Q1, lowest. Abbreviations used: Q, quintile.
Table 4.4 Associations between quintiles of women’s total empowerment and early learning and
nutrition outcomes
Number of
learning
resources (0-4)
(N=21,276)
MD (95% CI)
Empowerment Q1
(lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment Q5
(highest)

Ref.
0.03 (-0.03, 0.08)
0.02 (-0.03, 0.08)
0.04 (-0.01, 0.10)
0.07 (0.01, 0.13)

Number of
maternal
stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

≥4 maternal
stimulation
activities
(N=20,745)
RR (95% CI)

Ref.

Ref.

0.07 (-0.02, 0.16)
0.04 (-0.05, 0.14)
0.09 (0.00, 0.18)
0.16 (0.06, 0.25)

0.98 (0.85, 1.12)
0.90 (0.78, 1.05)
0.99 (0.86, 1.14)
1.06 (0.91, 1.22)

Number of
paternal
stimulation
activities (0-6)
(N=20,745)
MD (95% CI)
Ref.

≥4 paternal
stimulation
activities
(N=20,745)
RR (95% CI)

Dietary diversity
score (0-7)
(N=11,279)
MD (95% CI)

Minimum dietary
diversity (Dietary
diversity score≥4)
(N=11,279)
RR (95% CI)

Ref.

Ref.

Ref.

0.08 (0.03, 0.13)
0.09 (0.03, 0.14)
0.11 (0.05, 0.16)
0.23 (0.17, 0.29)

1.20 (0.87, 1.67)
1.14 (0.84, 1.55)
1.22 (0.90, 1.65)
1.79 (1.34, 2.38)

0.06 (-0.06, 0.17)
0.07 (-0.05, 0.18)
0.08 (-0.03, 0.20)
0.17 (0.06, 0.29)

1.07 (0.90, 1.28)
1.02 (0.86, 1.20)
1.01 (0.85, 1.20)
1.07 (0.91, 1.27)
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Table 4.4 (continued):
Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Abbreviations used: Q, quintile; Ref, reference; RR, relative
risk; MD, mean difference.
Table C.11). Likewise, children of women in higher “Decision-making” quintiles, relative to the
lowest, received 0.18-0.34 additional stimulation activities from their mothers (or 15-29% more
activities). In addition, women in higher “Gender” quintiles were 18-26% less likely to provide
≥4 stimulation activities compared to women in the lowest quintile.
With respect to paternal stimulation activities, we found that more empowered women had
more engaged partners. Children of women in higher empowerment quintiles received 0.08-0.23
additional stimulation activities from their fathers, equivalent to 20-56% more activities (Table
4.4). This association was primarily explained by the “Access” and “Gender” dimensions with
partners of women in higher quintiles providing 0.09-0.17 (21-40%) and 0.05-0.13 (13-33%)
additional stimulation activities, respectively (Figure 4.5, Appendix C.7, Table C.11). Further,
partners whose wives were in the highest empowerment quintile were 79% more likely to
provide ≥4 stimulation activities, and those with wives in the highest “Access” quintile were
45% more likely. Unadjusted results and results using the continuous empowerment score are
shown in Appendix C.7, Table C.11 and Appendix C.7, Table C.12, respectively.
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Figure 4.4 Associations between quintiles of women’s empowerment dimensions and early
learning resources and maternal stimulation outcomes

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Reference quintile is Q1, lowest. Abbreviations used: Q, quintile.
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Figure 4.5 Associations between quintiles of women’s empowerment dimensions and paternal
stimulation outcomes

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. Reference quintile is Q1, lowest. Abbreviations used: Q, quintile.
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Association between women’s empowerment and child nutrition
Children of women in the highest empowerment quintile had 0.17 point (or 11%) higher
DDS relative to those in the lowest quintile (Table 4.4), an association primarily explained by
the “Access” dimension (Figure 4.6, Appendix C.7, Table C.13). Further, children of women in
the highest “Gender” quintile were 22% more likely to meet MDD, relative to the lowest
quintile. Unadjusted estimates and secondary analyses using the continuous scores were
generally similar (Appendix C.7, Table C.13 and Appendix C.7, Table C.14, respectively).

Figure 4.6 Associations between quintiles of women’s empowerment dimensions and child
dietary diversity

Note: All estimates accounted for clustering and representativeness using the countryFigure 4.6 (continued):
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specific cluster variables and sampling weights, and controlled for household wealth, rurality, and
size; household head’s age and sex; maternal education, age, and age at first co-habitation; child
age and sex; country and survey year. Reference quintile is Q1, lowest. Abbreviations used: Q,
quintile.

Alternative decision-making definition
Results were generally robust to using the alternative decision-making definition, where
women were considered empowered if they made decisions alone, rather than alone or together
with their partner (Appendix C.8). In these analyses, the associations between women’s
empowerment and cognitive development, number of learning resources, and number of
maternal stimulation activities did not reach statistical significance (Appendix C.8, Table C.15
and Appendix C.8, Table C.16, respectively). In contrast to the main findings, we found that
partners whose wives were in the highest “Decision-making” quintile provided 0.15 fewer
stimulation activities and were 45% less likely to provide ≥4 stimulation activities.
Heterogeneity
We found that household wealth and women’s education modified the association between
women’s empowerment and early learning opportunities (Appendix C.9). Specifically, the
magnitude of the association between women’s empowerment and number of stimulation
activities provided by fathers was larger among wealthy households (MD 0.35 (95% CI 0.27,
0.43)) compared to among poor households (MD 0.13 (95% CI 0.05, 0.20), p-value for
interaction <0.001). Similarly, the magnitude of the association between women’s empowerment
and number of paternal stimulation activities was stronger among women with education
compared to those without education (p-value for interaction <0.001). In addition, the association
between women’s empowerment and number of learning resources was stronger among wealth
households, compared to poor households, and among women with education, compared to
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women without education (p-values for interaction 0.047 and 0.019, respectively). The
association between women’s empowerment and maternal stimulation activities was also
stronger among women with education compared to women without education (p-value for
interaction <0.001). Finally, with respect to child development, growth, and nutrition, we found
no evidence of heterogeneity by household wealth or woman’s education.

Discussion
In this study, we demonstrated that women’s empowerment was positively associated with
child cognitive development, growth, early learning, and nutrition outcomes among children 3659 months of age in SSA. With respect to socio-emotional development, we only observed
associations with specific empowerment dimensions. Excluding cognitive development and
paternal stimulation, associations were statistically significant only among women in the highest
empowerment quintile, relative to the lowest, likely due to the overall low levels of
empowerment in our sample. Different dimensions of women’s empowerment were associated
with different outcomes: higher access to and control over resources was predictive of better
socio-emotional development, whereas higher decision-making power was predictive of better
cognitive development. Women’s empowerment and all its dimensions were predictive of
learning resources and parental stimulation.
To our knowledge, this is only the second study to provide evidence on the association
between women’s empowerment and child development. Similar to another recent study, which
pooled DHS and MICS data from 26 African countries, we found that women’s decision-making
empowerment was associated with better cognitive development. However, in contrast to this
study, we found limited evidence that women’s access to and control over resources and gender
attitudes predicted better socio-emotional development. These associations are plausible given
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the observed positive associations between women’s empowerment and early learning. Our
findings support the hypothesis that women with greater access to and control over resources and
greater decision-making power allocate more resources towards their children (Na et al., 2015;
Santoso et al., 2019). With respect to socio-emotional development, the associations with
women’s empowerment and its dimensions were limited. Given the positive associations
between women’s empowerment and early learning, it is possible that ECDI may not adequately
capture socio-emotional development (with items focused on behavioural challenges) and nondifferential outcome misclassification would bias the associations with women’s empowerment
toward the null. Overall, the magnitudes of the associations were relatively small likely due to
the long pathways through which women’s empowerment affects child development.
Nevertheless, our findings contribute to a nascent literature on the relationship between women’s
empowerment and child development.
A major contribution of our study is establishing an association between women’s
empowerment and early learning. We demonstrated that women’s empowerment was associated
with better access to early learning resources, supporting the hypothesis that women’s
empowerment is crucial in allocating more resources towards children (Na et al., 2015; Santoso
et al., 2019). Further, we showed that women’s empowerment was associated with more paternal
stimulation activities: partners whose wives were in higher empowerment quintiles engaged in
up to 56% more stimulation activities compared to partners whose wives were in the lowest
empowerment quintile. One potential explanation, compatible with existing literature, is that
more empowered women may face time trade-offs due to increased formal or informal labour
market participation or improved mobility in their free time (Na et al., 2015), thus compromising
time allocated to their children (Engle et al., 1999). However, in the absence of time use data we
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are unable to empirically confirm this hypothesis. Alternatively, our findings may suggest a shift
in traditional caregiving norms. Although more empowered women may remain responsible for
domestic work (e.g., preparing meals, cleaning), their partners become responsible for early
learning activities (e.g., reading, playing) and women defer to them to provide these activities to
children. More empowered women receiving support with childcare are then better able to care
for themselves and their families, having sufficient energy, time, and money for domestic work
(Leuning & Ngavirue, 1995).
Surprisingly, women with higher gender empowerment provided fewer stimulation
activities, whereas their partners provided more. These results may suggest a change towards
more equitable or shared parenting, where more empowered women have more engaged
partners. Indeed, in West Africa, empowered women are those who manage the family in tandem
with their partners (Eissler et al., 2020). In South Africa, more empowered women who enter the
workforce have more engaged partners who spend more time with their children (Rabie et al.,
2020). However, this relationship may be bi-directional, such that husbands are more engaged to
help empower their partners: they treat them as equal, do not submit to social norms that promote
gender inequity, and do not leave caregiving to women alone. In parts of Africa, men engage in
more childcare to help their wives work (Kah, 2012). Support of their wives’ empowerment may
also create more amicable or stable father-mother relationships, which in turn can increase
paternal engagement (Makusha et al., 2012) and improve fathering (Richter et al., 2011).
However, caution is warranted in interpreting these results since maternal and paternal
stimulation activities were based on maternal self-report and are thus subject to reporting bias.
Future research should collect data on stimulation activities directly from men, and develop
better indicators of men’s engagement in childcare, which are currently lacking (Santoso et al.,
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2019). More work is also needed to understand and parse out the causal mechanisms behind this
relationship between women’s empowerment and paternal stimulation.
With respect to child growth, we observed a positive association with women’s
empowerment in line with existing literature (Jones et al., 2019; Smith et al., 2003; Yaya et al.,
2020). In contrast to prior studies where decision-making power predicted better growth
outcomes (Smith et al., 2003; Yaya et al., 2020), total empowerment scores were associated in
our study. Multiple differences between prior studies and ours can account for this difference,
including different empowerment measures, different child age range, and different study
countries. Scholars have previously hypothesized that the association between women’s
empowerment and child growth is age-specific (Carlson et al., 2015), supporting these
differential findings. Further, our findings that access to and control over resources and gender
attitudes, specifically beliefs about wife-beating, were not associated with child growth are also
in line with existing literature (Carlson et al., 2015). Importantly, the wide confidence intervals
of the associations between women’s empowerment and growth outcomes indicated that
null/small to large, clinically meaningful associations are plausible. Lastly, of note is that only
the highest empowerment quintile was associated with better child growth. This could be due to
the low empowerment levels in our sample, but we also cannot rule out that this association was
significant by chance.
In terms of women’s empowerment and child nutrition, prior studies have established that
women’s empowerment is positively associated with child dietary diversity (Alaofè et al., 2017;
Galiè et al., 2019; Ickes et al., 2018; Malapit et al., 2015; Yimer & Tadesse, 2015). We expand
this literature focused on children less than 2 years of age (Galiè et al., 2019; Ickes et al., 2018;
Malapit et al., 2015) and pre-schoolers less than 5 years of age (Alaofè et al., 2017; Yimer &
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Tadesse, 2015) by demonstrating that greater women’s empowerment and access to and control
over resources are associated with improved dietary diversity among children 36-59 months of
age. Nonetheless, these findings should be interpreted with caution since the child dietary
diversity indicators we used are validated for use among children 6-23 months of age, and
therefore might not adequately capture diet among older children. Future studies can expand our
work by using more comprehensive dietary assessment tools that capture the quantity, quality,
and nutrient content of foods consumed by children.
All these findings were based on a decision-making definition treating women as
empowered if they made decisions alone or together with their partner. Our results changed little
using the alternative decision-making definition treating women as empowered if they made
decisions alone. These finding suggest that joint decision-making likely represents cooperation,
not disguised male decision-making. Importantly, higher decision-making power predicted fewer
paternal stimulation activities in these secondary analyses, highlighting the importance of
involving men in the decision-making process in order to increase their engagement in childcare.
However, this association was only negative and significant in the highest decision-making
quintile, which could be due to chance.
Lastly, we found that the magnitude of associations between women’s empowerment and
early learning outcomes was stronger among wealthy households, compared to poor households,
and among women with education, compared to women without education. In low-income
African communities, this may be due to wealthier households having met immediate health and
nutritional priorities (Ngwaru, 2014). Thus, in wealthier households, women are better able to
exercise their empowerment, which is not limited by the household’s lack of wealth or resources,
and shift time and resources towards early learning activities for their children. These findings
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are in line with other studies assessing the relationship between women’s empowerment and
child health and nutrition, which have shown that a certain level of resources or a wealth
threshold may be necessary for women to act on their empowerment (Jones et al., 2019; Porth et
al., 2020). Additionally, these findings indicate that poor and uneducated women could
potentially benefit more from provision of stimulation inputs such as books, toys, and other
manipulatives, or from provision of direct financial and economic resources through cash
transfers for example.
Our study has several strengths, including the use of nationally representative data, a
conceptual framework grounded in both the women’s empowerment and child development
literatures, and the use of a measurement invariant empowerment indicator. Despite these
strengths, our results should be interpreted with four main caveats. First, several exposure and
outcome measurement issues should be noted. With respect to women’s empowerment, similar
to prior studies, we were limited to the indicators collected by the DHS (Miedema et al., 2018;
Smith et al., 2003). We therefore lack data on direct indicators of all dimensions of women’s
empowerment relevant to child development such as social resources. Likewise, only indicators
on attitudes toward wife beating and no other gender norms are collected. Women could have
high empowerment with respect to domestic violence but no empowerment with respect to other
gender norms such as domestic work. Further, decision-making indicators were only collected
from married women. Women who are single, widowed, or otherwise not married may
experience empowerment differently, which would limit the generalizability of our results to
these groups of women. With respect to child outcomes, ECDI is a crude measure of child
development which captures only cognitive and socio-emotional development and no other
domains such as motor and language development. Future studies should use more
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comprehensive tools to thoroughly assess the association between women’s empowerment and
child development. The early learning outcomes we used are not without limitations either. The
parental stimulation indicators only captured six activities. Thus, we might not be capturing
stimulation activities specific to the SSA context. Although our findings showed that more
empowered women had more engaged partners and were themselves less engaged in these six
stimulation activities, it is possible they provided other stimulation activities not covered by the
instrument. Moreover, the indicators we used did not capture the frequency or quality of parental
stimulation activities. More research is warranted to more adequately assess the association
between women’s empowerment and parental stimulation using more comprehensive and
objective parental stimulation assessment tools such as the HOME Inventory. Future studies
should also test the association between women’s empowerment and other caregiver practices
and routines to better understand if, and how, women’s empowerment can help build and
enhance the caregiver environment.
Second, we only have a concurrent measure of women’s empowerment, which may
introduce time discrepancies in the associations between women’s empowerment and child
outcomes (Desai & Johnson, 2005; Santoso et al., 2019). It is theoretically and empirically
unclear whether these associations are cumulative over time or lagged, or how early the process
of women’s empowerment needs to start to influence child outcomes. It is possible that
cumulative women’s empowerment throughout early life is more important for child outcomes at
36-59 months than current women’s empowerment. In contrast, early learning and nutrition were
assessed over a recent recall period (3 days and 24 hours, respectively). Thus, time discrepancies
are less likely, though they cannot be fully dismissed. Longitudinal research is needed to assess
how changes over time in women’s empowerment influence child, early learning and nutrition
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outcomes (Carlson et al., 2015). Specifically, longitudinal mediation models should explicitly
test how the empowerment pathways work individually and together to affect these outcomes,
and in what temporal order outcomes are affected.
Third, most scholars agree that women’s empowerment is context-specific (Yount et al.,
2018). Although we used a measurement invariant empowerment indicator, empowerment may
still work in context-specific ways. DHS indicators were designed to measure universal aspects
of women’s empowerment that are similar across different populations and settings (Kishor &
Subaiya, 2008). Thus, it is possible that our measure captured only these similarities in women’s
empowerment and that context-specific aspects exist that are not captured by the DHS indicators
or the measure we derived from them. Future studies should collect more empowerment
indicators and continue to test for measurement invariance across contexts. Common
measurement, validation, and analysis approaches of women’s empowerment in diverse contexts
are needed. Multi-site mixed methods or qualitative studies can also help elucidate the universal
and context-specific aspects of women’s empowerment. More work is needed to assess whether
context-specific aspects of women’s empowerment differentially affect child, early learning, and
nutrition outcomes.
Fourth, the cross-sectional nature of the data does not allow us to establish causality. Our
results are subject to reverse causality such that improved child, early learning and nutrition
outcomes may empower women. Future studies should be carefully designed to assess the causal
relationships between women’s empowerment and these outcomes. Intervention research is
needed to test whether improving women’s empowerment can also improve child, early learning,
and nutrition outcomes. More measurement research is essential to develop adequate
empowerment measures for intervention research, i.e., measures that are sensitive enough to
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capture changes in response to interventions, as well as measures that can capture the process of
empowerment rather than just the state of empowerment.
Despite these limitations, we showed that women’s empowerment was associated with
child development, growth, early learning, and nutrition, though different dimensions were
associated with different outcomes. Although much remains to be explored about these
associations, our findings have two important implications for multi-generational nurturing care
interventions to promote child development and growth. First, multi-generational interventions
should be designed to promote women’s empowerment not only as a potential pathway to
improve child, early learning, and nutrition outcomes, but also as an intrinsic benefit rooted in
the Sustainable Development Goals. Interventions aiming to improve overall empowerment (i.e.,
targeting all empowerment dimensions), which was positively associated with the highest
number of outcomes in our study, could be more effective than interventions aiming to improve
individual empowerment dimensions which were generally associated with fewer outcomes.
When interventions aim to improve specific outcomes, then a heavier focus on specific
dimensions may be required, while still continuing to improve overall empowerment (Carlson et
al., 2015). For example, our results indicated that interventions to improve socio-emotional
development should focus more heavily on the “Access” and “Gender” dimensions, but still
maintain a general empowerment lens and not overlook other aspects of women’s empowerment
which can help improve socio-emotional development indirectly by improving early learning and
nutrition outcomes.
Second, intervention curricula should be designed to engage women’s partners both as a
caregiver and as an empowerment champion. Adapting health and education services to include
both male and female caregivers can help increase male involvement in childcare (Rabie et al.,
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2020). Increasing shared caregiving can help build caregiver capacity and family support (M. M.
Black et al., 2017). By simultaneously delineating an empowerment champion role, interventions
can engage men to provide childcare not only to benefit their children, but also to support their
wives. Male engagement should be respectful, supportive, and promotive of women’s autonomy,
choices, and decision-making (WHO, 2015). Our results using the two different definitions of
decision-making showed that positive associations between women’s empowerment and paternal
stimulation were observed only when men were involved in decision-making. Thus,
interventions aiming to increase parental engagement and to promote women’s empowerment
will likely be more successfully if they also specifically target men. However, to avoid potential
negative consequences, women’s needs and preferences towards male involvement should also
be considered in designing interventions (Rabie et al., 2020).

Conclusion
In conclusion, we showed that women’s empowerment was positively associated with
child cognitive development in SSA. This association is plausible given the positive associations
with the underlying nurturing care outcomes, i.e., early learning and nutrition. Household wealth
and woman’s education modified the association between women’s empowerment and early
learning. Different empowerment dimensions predicted different outcomes. Future research
should focus on improving measurement, exploring longitudinal associations, and establishing
causality. Interventions to promote child development and growth should engage men to increase
women’s empowerment and gender equity with respect to child care and support.
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5. Discussion
Summary of Findings
In this dissertation, we assessed whether integrated multi-input interventions to promote
child growth and development in LMICs can help build a supportive and enabling caregiver
environment. We investigated three caregiver outcomes: mental health, responsiveness, and
empowerment. In this section, we summarize findings by research question.
1. Are multi-input interventions an effective strategy to promote maternal mental health?
Using data from a cluster-randomized controlled trial conducted in rural Tanzania, Paper
1 showed that an integrated health, nutrition, stimulation, and responsive care
intervention delivered by non-specialized trained community health workers (CHWs)
improved depressive symptoms among women with children <3 years of age. We found
no evidence that the inclusion of conditional cash transfers tied to antenatal care and child
growth monitoring attendance provided additional benefit. We found greater reductions
in depressive symptoms among women who were married or cohabitating, those with less
than secondary education, and those without symptoms consistent with depression at
baseline. These findings indicate that integrated health, nutrition, stimulation, and
responsive care interventions can help promote and protect women’s mental health by
targeting a range of risks and fostering multiple coping strategies.
2. Do improvements in caregiver outcomes mediate the effects of multi-input interventions
on child growth and development? Using data from a cluster-randomized controlled trial
conducted in rural Pakistan, Paper 2 showed that maternal responsiveness and feeding
practices mediated the effects of an integrated nutrition, responsive care, and stimulation
intervention on child growth and development in the first two years of life. Maternal
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responsiveness mediated intervention effects on child growth and all development
domains, whereas feeding practices mediated intervention effects only on certain
development domains. Similar intervention and mediating effects through maternal
responsiveness were observed among women that received the responsive care and
stimulation intervention alone and the combined nutrition, responsive care, and
stimulation intervention. Mediating effects through feeding practices were larger among
women who received the combined nutrition, responsive care, and stimulation
intervention. These findings demonstrate that integrated nutrition, responsive care, and
stimulation interventions can serve as a platform to enable and support caregivers, which
in turn can improve child growth and development in early life.
3. What is the magnitude and strength of association between caregiver empowerment,
nurturing care practices, and child growth and development? Using data from nine
Demographic Health Surveys (DHS) conducted in sub-Saharan Africa, Paper 3
demonstrated that women’s empowerment was positively associated with child growth,
development, early learning, and nutrition outcomes among children 36-59 months of
age. We found that different dimensions of women’s empowerment were associated with
different outcomes: higher access to and control over resources was predictive of better
socio-emotional development, whereas higher decision-making power was predictive of
better cognitive development. Women’s empowerment and all its dimensions were
associated with improved learning resources and parental stimulation. These findings
suggest that interventions to promote child growth and development should be designed
to promote women’s empowerment both as a pathway to improve child growth and
development in early life and as an intrinsic goal in itself.
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Common Themes
Interpretation of the findings for each research question in the context of the respective
literature are discussed in each individual chapter. Here, we summarize common themes across
the three research questions.
Improvements in the Enabling Environment
Our findings showed that multi-input interventions can be an effective strategy to
empower, support, and enable caregivers to provide nurturing care. The health, nutrition,
stimulation, and responsive care interventions in Tanzania and Pakistan provided inputs which
although aimed at improving child growth and development were also enabling for caregivers. In
Tanzania, the intervention likely promoted maternal mental health by addressing multiple risk
factors, providing a range of coping strategies, and improving other caregiver outcomes.
Likewise, in Pakistan, the intervention improved the overall enabling environment, with positive
intervention effects on maternal responsiveness and feeding practices, as well as mental health,
and knowledge and practices on care for child development (Yousafzai et al., 2015). Lastly, in
analyses of DHS data, we showed that higher women’s empowerment was associated with
providing more nurturing care, specifically increased access to learning resources, increased
provision of stimulation activities by both the mother and father, and improved feeding practices.
These findings suggest that multi-input interventions that promote women’s empowerment will
likely also improve the enabling environment.
Further, all three papers highlight the importance of improving the enabling environment
by targeting families and communities, not just primary caregivers. In Tanzania, although the
intervention was intended to be delivered through individual one-on-one home visits, nearly 40%
of women reported that somebody else was usually present during the home visits, and nearly
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80% reported discussing the information received during home visits with others (usually friends
and neighbours). The presence of other family members during home visits likely enhanced
intervention effects by providing further support, whereas the presence of friends and neighbours
possibly led to community-level spillover effects. In addition, 30% of mothers indicated that in
the future they would prefer to receive similar home-based interventions with the father present.
In Pakistan, the intervention was delivered through individual one-on-one home visits and
community group meetings. The latter were intended to strengthen the delivery of the responsive
care package, and provide opportunities for social interaction and peer-to-peer learning
(Yousafzai et al., 2018). Women were usually accompanied by other female household members
when attending group meetings (Yousafzai & Rasheed, 2012), which likely led to intrahousehold spillover effects and improved care practices among other female caregivers in the
home. In addition, although fathers were not explicitly targeted by the curriculum and not present
during home visits, the responsive care and stimulation intervention increased the amount of
stimulation fathers provided (Jeong et al., 2019). Lastly, we showed that more empowered
women had more engaged partners who provided more stimulation activities to their child.
Together these findings highlight the importance of targeting all caregivers or the entire family to
provide more nurturing care. Future work could examine the potential spillover effects of home
visit interventions on family and friends.
Integration of Inputs
Our findings showed that integrated health, nutrition, stimulation, and responsive care
inputs can improve the caregiver outcomes by working in synergistic or additive ways.
Integrating multiple inputs can address the holistic and comprehensive needs of caregivers to
provide more nurturing care, create more opportunities for reinforced behaviours and practices,
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and increase caregiver access to services for themselves and their child. Our findings support this
hypothesis. In Tanzania, we observed larger intervention effects relative to similar interventions
in LMICs that provided fewer inputs, e.g., stimulation alone. In Pakistan, we saw larger
mediating effects through feeding practices among caregivers who received both the nutrition,
responsive care, and simulation components than among caregivers who received nutrition alone
or responsive care and stimulation alone. Further integration of components to promote women’s
empowerment can likely reinforce and augment women’s ability to provide nurturing care.
Importantly, the multiple inputs and messages provided by the two interventions in
Tanzania and Pakistan did not overwhelm or burden caregivers or delivery personnel. In
Tanzania, intervention effects were similar across the two intervention arms suggesting that the
additional cash component did not overwhelm caregivers, even if it conferred no additional
benefits. In addition, 94% of caregivers reported that the number of topics discussed at a single
home visit was just right, and only 6% reported that too many topics were discussed. Further,
although CHWs reported having no difficulties delivering multiple messages, they also reported
limiting the number of topics per home visit so that caregivers do not get confused or tired
(unpublished data). Likewise, in Pakistan, we observed larger intervention effects among
caregivers who received the nutrition, responsive care, and stimulation components than among
caregivers who received the nutrition component alone. Most caregivers were satisfied with the
quality and quantity of messages delivered by the lady health workers (LHWs) during home
visits (Yousafzai & Rasheed, 2012).
Of note is that in both settings the delivery personnel received extensive training prior to
the start of the intervention and strong and supportive supervision throughout the intervention
delivery period (Sudfeld et al., 2019; Yousafzai et al., 2018), which were key to successfully
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delivering multiple messages and inputs. In Tanzania, CHWs completed a 9-month training prior
to the intervention (described in detail in Paper 1), which included non-health related topics, such
as life skills, which may have helped manage workloads more effectively. One supervisor
provided bi-monthly supervision to the CHWs and the CHWs recognized supportive supervision
and connection with colleagues as key facilitators in peer learning and problem solving
(unpublished data). In Pakistan, LHWs received a 12-month training prior to the start of the
intervention, and monthly on-the-job coaching which helped build practical skills by focusing on
experiential learning, sharing of experience, reflection, and peer-to-peer learning (Yousafzai &
Rasheed, 2012). LHWs had between 3 and 7 supervisory contacts per month (Petrovic &
Yousafzai, 2013), even though the ratio of supervisor to LHW was 1:20-25 (Yousafzai et al.,
2018). The LHWs cited supportive supervision, constructive feedback, modelling of behaviours,
and mentorship as key motivators to undertake more during their visits and to resolve problems
(Yousafzai & Rasheed, 2012). This extensive training and supportive supervision likely helped
effectively integrate the stimulation and responsive care package into the existing LHW
platform.
Measurement Issues
All three papers highlight and discuss a range of measurement limitations related to
outcomes, exposures, level of assessment, and target populations, among others. Here, we
highlight three cross-cutting measurement issues: lack of standardized measures for caregiver
outcomes, lack of validation for use in specific contexts and populations, and reporting and
feasibility trade-offs.
First, few standardized measures exist to assess the caregiver outcomes we examined. With
respect to maternal depression, a range of self-reported tools are used to screen for symptoms
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consistent with perinatal depression in LMICs, but clinical diagnosis of depression is rare (Dadi
et al., 2020; Fekadu Dadi et al., 2020; Rahman et al., 2013). Likewise, a range of self-reported
tools are used in intervention settings (Atukunda et al., 2019; Hamadani et al., 2019; Jeong et al.,
2018; Rockers et al., 2018). With respect to maternal responsiveness, definitions of responsive
and non-responsive caregiver-child interactions vary, and thus no standardized measures exist
(Bentley et al., 2011; Pérez‐Escamilla & Segura‐Pérez, 2020; Rasheed & Yousafzai, 2015).
Culturally relevant maternal responsiveness measures suitable for different caregiver-child
interaction contexts (e.g., feeding, play, communication) in LMICs are limited, though the
number of measures and tools is growing. Finally, our review of the women’s empowerment
literature showed that not only are women’s empowerment indicators aggregated and
disaggregated in different ways even when using the same data (Miedema et al., 2018; Pratley,
2016), but also no standardized definition of women’s empowerment exists (Doku et al., 2020;
Pratley, 2016; Santoso et al., 2019). Overall, the heterogeneity of measures for caregiver
outcomes limits comparability across studies and settings, and our ability to synthesize and
translate findings.
Second, more attention is needed to assess the reliability, validity, and relevance of tools
for caregiver outcomes in different LMIC contexts. For example, most maternal depression
screening tools used in LMICs were originally developed for use in high-income countries. Even
in high-income countries psychometric properties are not always assessed or are suboptimal in
many cases (Breedvelt et al., 2020). Our review of the literature in Paper 1 indicated that even
less validation work has been done for maternal depression measures in LMICs. Most studies
cite evidence of content validity (e.g., original study developing the tool), and report no other
psychometric properties, failing to acknowledge that cognition, correlation, and consequence
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validity are attributes of the inferences we make for a given population in a given context. Such
distinctions are particularly important when using the same assessment tools across different
economic, political, social, and cultural settings. Further, depression assessment tools are often
not used as intended further underscoring the need for validation. For instance, although the
Edinburgh Postnatal Depression Scale is designed to screen postpartum women (Cox et al.,
1987), a recent systematic review of the association between antenatal depression and birth
outcomes showed that more than half of the studies included (53%, N=34) used the Edinburgh
Postnatal Depression Scale to screed women for depression during pregnancy (Fekadu Dadi et
al., 2020).
Given the importance of validating measures for the study context and population, we
tackle this issue separately in each paper. In Tanzania, since the maternal depression screening
tool we used had been previously validated against Diagnostic and Statistical Manual of Mental
Disorder criteria for major depressive disorder, we reported internal consistency reliability for
our sample. In Pakistan, the maternal responsiveness tool was developed and validated for the
purposes of the study through a rigorous process (Rasheed & Yousafzai, 2015). With respect to
women’s empowerment, we grounded the measure in a theoretical framework linking women’s
empowerment to the outcomes of interest. In addition, we used the same indicators and coding
scheme in all countries in our sample and tested for measurement invariance to ensure
comparability and interpretability across countries.
Third, the caregiver outcomes we assessed are subject to reporter and observer bias.
Caregiver depression and empowerment were based on self-report, which is subject to social
desirability and recall bias. Maternal responsiveness was based on direct observation, which is
subject to the Hawthorne effect, where the observed alter their behaviour during the observation.
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None of these caregiver outcomes can be objectively assessed (like height and weight, for
example), which inevitably leads to a trade-off between reporter or observer bias. This trade-off
can at least partially be alleviated by designing and using tools based on both self-report and
direct observation. However, such tools are uncommon in LMICs given the cost and difficulty of
direct observation in field studies. Field studies in LMICs face another trade-off between what is
feasible at the population level and what is optimal at the individual level. For instance, a larger
sample size in Pakistan would have made direct observation of maternal responsiveness
infeasible. Likewise, despite the smaller sample size in Tanzania, clinical diagnosis of depression
by psychologists was logistically and financially infeasible. Overall, more measurement work is
needed to develop better tools that address and balance these reporting and feasibility trade-offs.

Limitations, Implications, and Future Directions
Limitations, implications, and future directions for research and practices are discussed in
each individual chapter. Here, we summarize three cross-cutting issues with respect to multiinput interventions: delivery model, timing, and duration.
First, we only examined one delivery model for multi-input interventions: monthly home
visits delivered to mothers with young children by trained non-specialized community/lady
health workers (CHW/LHW) 1. Thus, our findings provide little insight into other delivery
models (e.g., health clinic visits), other frequency (e.g., bi-weekly), or other target populations
(e.g., fathers) for multi-input interventions. Nevertheless, our findings show that this model was
successful to improve caregiver outcomes in both Tanzania and Pakistan. Importantly, in both

1

Although the Pakistan intervention included monthly community group meetings, these were only conducted in the
intervention arms which received the simulation and responsive care package and only one-third of women attended
these meetings. Therefore, we discuss implications only for the home visits model, which was received by the full
sample.

116

settings this model represented a real-world scenario and what multi-input interventions could
look like at scale. The interventions built onto existing CHW/LHW infrastructure and training
programmes. The monthly frequency was selected as logistically feasible given the size of the
catchment area and the number of families CHW/LHW served. However, these remain
controlled environments where the interventions were implemented through rigorous, closely
monitored, and supervised trials. Whether this level of monitoring and supervision is feasible and
sustainable outside of a trial or at scale is unclear. Scaling-up or translating this model to other
settings may also be difficult. Lack of intersectoral integration of nutrition and development
policies, and distinct sectoral funding sources remain a major challenge for integrated multiinput interventions (M. M. Black et al., 2015; DiGirolamo et al., 2014)2. Likewise, workload,
supervision, and coordination between ministries, staff, and engagement at different levels are
needed (DiGirolamo et al., 2014). Additionally, although integrating inputs can create economies
of scale, evidence on the cost-effectiveness of multi-input interventions is lacking (M. M. Black
et al., 2015; DiGirolamo et al., 2014). In Pakistan, although the integrated nutrition, stimulation,
and responsive care intervention had the lowest total cost, the stimulation and responsive care
intervention alone was the most cost-effective across child development outcomes at 12 and 24
months (Gowani et al., 2014). However, cost-effectiveness for other child or caregiver outcomes
has not been assessed. Nevertheless, the cost of integrating stimulation and responsive care into
existing health and nutrition community services in Pakistan was only US$4 per child (Gowani
et al., 2014). Ultimately, integrated multi-input interventions delivered through monthly home

2

In Tanzania, health, nutrition, and child development policy are all under the purview of the Ministry of Health,
Community Development, Gender, Elderly and Children. Although sectoral fragmentation is not an issue, child
development is absent from the latest Health Sector Strategic Plan, underscoring that administrative integration alone
is not sufficient to create intersectoral integration of policies and programmes. Likewise, in Pakistan, the recently
established National Nutrition Coordination Council created a national coordination mechanism across multiple
ministries. Despite this cross-ministerial, inter-sectoral integration, the Council largely focuses on preventing stunting
and malnutrition, and child development does not feature into its current strategic goals and initiatives.
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visits by non-specialized trained community health workers are a promising strategy to improve
both child and caregiver outcomes. Future work should focus on evaluating this delivery model
under less controlled, non-experimental conditions, and at a larger scale.
Second, the optimal timing of interventions, i.e., when they start, and inputs remains an
empirical question. Most multi-input interventions target children during the first 1000 days as
the most sensitive period, particularly for stunting prevention (M. M. Black et al., 2015).
However, early life is not the only sensitive developmental period (Wachs et al., 2014), and child
development has been shown to be sensitive to interventions post-1000 days (M. M. Black et al.,
2015). Even less is known about when to target caregivers with these types of interventions. In
Tanzania, the intervention targeted both pregnant women and women with young children.
However, we found no evidence of effect modification by pregnancy status at baseline,
suggesting similar benefits in mental health regardless of when the intervention started (during
pregnancy or postpartum). With respect to women’s empowerment, we found stronger
associations with concurrent outcomes (e.g., early learning and nutrition) than cumulative
outcomes (e.g., child growth and development). These results suggest that the process of
empowerment may need to start earlier in life to affect cumulative outcomes. Future studies
should examine the optimal timing of interventions and inputs to enable and support caregivers.
Third, the optimal duration of multi-input interventions remains unclear. Nutrition,
stimulation, and responsive care interventions in early life range from 6 to 36 months (Prado,
Larson, et al., 2019). To our knowledge, no studies have formally compared effects for different
intervention duration. In Tanzania, we observed similar intervention effects after 9 and 18
months of intervention implementation. However, we did not vary intervention duration by
intervention arm and were unable to formally assess whether the benefits observed after 9
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months of intervention implementation would have been sustained in the absence of intervention
activities. Further, we only examined intervention effects on a single caregiver outcome – mental
health – and thus it is unclear whether intervention effects would have been observed at both
time points for other caregiver outcomes. Likewise, intervention effects on child outcomes
should also be considered when determining optimal intervention duration. In Tanzania,
although 9 months of intervention seemed sufficient to improve maternal mental health, they
were insufficient to promote child development (unpublished results). In contrast, in Pakistan,
positive effects on maternal responsiveness and child development were observed at both 12 and
24 months. Shorter interventions may be more cost-effective by reaching more women at the
same cost as longer interventions for fewer women, but they may be less effective for certain
child or caregiver outcomes. More work is needed to determine the optimal duration of multiinput interventions to optimize benefits for both caregivers and their children.

Conclusion
In this dissertation, we showed that multi-input interventions combining health, nutrition,
responsive care, and stimulation components are a promising strategy to support and enable
caregivers. Specifically, interventions delivered to mothers of young children through monthly
home visits by trained non-specialized community health workers were effective in promoting
maternal mental health, maternal responsiveness, and feeding practices. In turn, these benefits
translated into improved child growth and development in early life. Further, interventions that
also promote women’s empowerment may be more effective in creating a more nurturing care
environment. Future work should focus on evaluating this delivery model under less controlled,
non-experimental conditions, and at a larger scale. Additional implementation research is also
needed to determine the effectiveness of other delivery models, the optimal timing (i.e., when
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interventions start), number of inputs, and duration of multi-input interventions. Multi-sectoral
coordination of policies, programmes, resources, and finances is needed to ensure successful,
sustainable, and cost-effective multi-generational multi-input interventions that can broadly
promote child and caregiver wellbeing and accelerate progress towards the Sustainable
Development Goals.

120

A. Appendix A Paper 1 Supplementary Materials
Table A.1 Assessment of potential differences in baseline characteristics of women enrolled in the
trial by intervention arm

Participants (N)
Woman’s characteristics
Age (in years)
Married or lives with partner
Completed secondary education
Is multiparous
HSCL-25 score (1-4)
Social support score (1-4)
Household characteristics
Size
Has dirt floor
Has running water
Has an improved latrine
Wealth index
Child characteristics
N
Age (in months)
Male

Control
N (%) or
Mean ± SD
193

CHW
N (%) or
Mean ± SD
200

CHW+CCT
N (%) or
Mean ± SD
200

26.5 ± 6.5
149 (77.2)
30 (15.5)
151 (78.2)
1.3±0.3
2.9 ± 0.9

27.0 ± 5.7
172 (86.0)
13 (6.5)
187 (93.5)
1.1±0.2
2.1 ± 0.4

27.1 ± 6.7
167 (83.5)
25 (12.5)
177 (89.4)
1.3±0.3
2.9 ± 0.6

0.200
0.287
0.119
0.034
0.054
0.143

3.5±1.9
86 (44.6)
22 (11.4)
123 (63.7)
0.4 ± 2.3

4.0±1.7
85 (42.5)
50 (25.0)
175 (87.5)
0.3 ± 1.7

3.6±2.0
125 (63.5)
0 (0.0)
103 (51.5)
-0.7 ± 1.6

0.369
0.869
0.316
0.188
0.929

125
5.2±3.6
62 (53.7)

145
5.3±3.6
75 (51.7)

125
5.0±3.5
70 (56.0)

0.097
0.744

p-value

Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL,
Hopkins Symptoms Checklist.

121

Table A.2 Hopkins systems checklist-25 (HSCL-25) item scores at each time point by intervention
arm

Participants (N)
Feeling low in energy, slowed
down

Blaming self for things

Crying easily

Loss of sexual interest or pleasure

Poor appetite

Difficulty falling asleep or staying
asleep

Feeling hopeless about the future

Feeling sad or blue

Feeling lonely
Thoughts of ending one’s life

Feeling trapped or caught

Worrying too much about things

Feeling no interest in things

Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
122

Control
Mean ± SD
193

CHW
Mean ± SD
200

CHW+CCT
Mean ± SD
200

1.8±1.0
1.9±1.0
1.5±0.7
1.4±0.8
1.8±0.9
1.6±0.7
1.2±0.5
1.4±0.8
1.2±0.4
1.8±1.2
2.0±1.1
2.1±1.0
1.3±0.7
1.4±0.8
1.3±0.7
1.1±0.4

1.2±0.5
1.2±0.4
1.2±0.4
1.2±0.5
1.3±0.5
1.1±0.3
1.1±0.4
1.0±0.1
1.0±0.1
1.1±0.4
1.0±0.2
1.1±0.3
1.1±0.5
1.1±0.2
1.0±0.2

1.8±0.8
1.6±0.6
1.5±0.6
1.4±0.7
1.1±0.4
1.3±0.7
1.3±0.6
1.0±0.3
1.2±0.6
1.7±0.9
1.3±0.6
1.4±0.8
1.4±0.7
1.1±0.4
1.2±0.5

1.2±0.5
1.1±0.2
1.1±0.3
1.1±0.4
1.0±0.1
1.0±0.2
1.1±0.4
1.0±0.2
1.0±0.2
1.1±0.5
1.0±0.1
1.0±0.2
1.0±0.1
1.0±0.1
1.0±0.1
1.0±0.2
1.0±0.1
1.0±0.2
1.1±0.3
1.0±0.1
1.0±0.1
1.1±0.3

1.4±0.8
1.1±0.4
1.1±0.4
1.2±0.5
1.1±0.4
1.1±0.4
1.4±0.7
1.2±0.5
1.2±0.5
1.4±0.7
1.2±0.5
1.2±0.5
1.1±0.4
1.0±0.3
1.0±0.3
1.1±0.5
1.1±0.3
1.1±0.3
1.4±0.8
1.2±0.5
1.2±0.5
1.3±0.6

1.4±0.7
1.3±0.7
1.1±0.4
1.2±0.7
1.2±0.5
1.3±0.6
1.4±0.7
1.4±0.7
1.1±0.4
1.3±0.7
1.2±0.6
1.0±0.1
1.1±0.5
1.0±0.3
1.1±0.4
1.2±0.5
1.2±0.6
1.2±0.6
1.4±0.7
1.5±0.8
1.2±0.6

Table A.2 (continued):

Feeling everything is an effort

Feeling worthless

Feeling suddenly scared or afraid
for no reason

Feeling fear

Faintness, dizziness, weakness

Nervousness or shakiness inside

Heart pounding or racing

Trembling

Feeling tense or keyed up

Headaches

Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline

1.6±0.7
1.5±0.7
1.7±1.1
1.7±0.8
1.6±0.8
1.1±0.4
1.3±0.7
1.2±0.6
1.1±0.4

1.0±0.1
1.0±0.1
1.0±0.3
1.0±0.1
1.0±0.1
1.1±0.3
1.0±0.1
1.0±0.1
1.0±0.2

1.1±0.3
1.1±0.4
1.5±0.7
1.1±0.4
1.3±0.5
1.3±0.7
1.1±0.4
1.1±0.4
1.3±0.6

Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline
Baseline
Midline
Endline

1.3±0.5
1.1±0.4
1.1±0.3
1.3±0.6
1.1±0.5
1.3±0.5
1.2±0.7
1.2±0.6
1.1±0.4
1.3±0.5
1.1±0.4
1.5±0.7
1.5±0.9
1.5±0.8
1.0±0.2
1.1±0.3
1.1±0.3
1.2±0.5
1.4±0.8
1.4±0.7
1.6±0.5
2.0±1.1
1.8±0.8
1.0±0.1

1.0±0.1
1.0±0.1
1.0±0.2
1.0±0.1
1.0±0.1
1.2±0.5
1.0±0.2
1.0±0.2
1.1±0.3
1.0±0.0
1.0±0.2
1.4±0.6
1.1±0.3
1.1±0.3
1.0±0.2
1.0±0.1
1.0±0.1
1.1±0.4
1.0±0.1
1.0±0.1
1.4±0.6
1.1±0.3
1.1±0.3

1.1±0.3
1.1±0.2
1.3±0.6
1.0±0.2
1.1±0.2
1.3±0.7
1.1±0.3
1.1±0.4
1.2±0.5
1.0±0.1
1.0±0.2
1.7±0.9
1.2±0.5
1.3±0.6
1.1±0.5
1.1±0.3
1.1±0.3
1.2±0.6
1.0±0.2
1.1±0.3
1.6±0.9
1.3±0.5
1.5±0.7

Spells of terror, intense fear, or
panic

Baseline
1.0±0.2
1.1±0.4
1.2±0.5
Midline
1.0±0.0
1.0±0.2
1.1±0.3
Endline
1.0±0.1
1.0±0.2
1.1±0.4
Feeling restless, can't sit still
Baseline
1.3±0.5
1.1±0.3
1.0±0.2
Midline
1.0±0.1
1.0±0.2
1.0±0.3
Endline
1.0±0.0
1.0±0.1
Note: Each item is scored on a 4-point scale: 1 = ‘‘not at all’’, 2 = ‘‘a little’’, 3 = ‘‘quite a bit’’,
and 4 = ‘‘extremely’’. Abbreviations used: CHW, community health worker; CCT, conditional
cash transfer; HSCL, Hopkins Symptoms Checklist.
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Table A.3 Baseline characteristics of women who were interviewed at baseline and midline and
women who were interviewed only at baseline
Completed
midline interview

Did not complete
midline interview
p-valuea

N (%) or Mean ±
SD
522

N (%) or Mean ±
SD
71

Participants (N)
Woman’s characteristics
Married or living with partner
436 (83.5)
52 (73.2)
0.10
Completed secondary education
62 (11.9)
6 (8.5)
0.43
Pregnant at baseline
164 (31.4)
33 (46.5)
0.04
Is multiparous
459 (88.1)
56 (80.0)
0.05
Hopkins Symptoms Checklist25 (HSCL-25) Score
1.2±0.3
1.2±0.2
0.02
Social support score (1-4)
2.6±0.8
2.7±0.7
0.53
Household characteristics
Size
3.7±1.8
3.8±2.0
0.65
Has dirt floor
258 (49.7)
38 (53.5)
0.53
Has running water
62 (11.9)
10 (14.1)
0.56
Has an improved latrine
351 (67.2)
50 (70.4)
0.55
Wealth index
0.0±1.9
-0.2±1.8
0.29
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL,
Hopkins Symptoms Checklist.
a
Based on a t-test comparing women interviewed at baseline and midline and women interviewed
at baseline only.
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Table A.4 Baseline characteristics of women who were interviewed at baseline and endline and
women who were interviewed only at baseline
Completed
endline interview

Did not complete
endline interview
p-valuea

N (%) or Mean ±
SD
547

N (%) or Mean ±
SD
46

Participants (N)
Woman’s characteristics
Married or living with partner
453 (82.8)
35 (76.1)
0.35
Completed secondary education
62 (11.3)
6 (13.0)
0.78
Pregnant at baseline
172 (31.4)
25 (54.3)
0.06
Is multiparous
480 (87.9)
35 (77.8)
0.05
Mean Hopkins Symptoms
Checklist-25 (HSCL-25) Score
1.2±0.3
1.2±0.2
0.06
Social support score (1-4)
2.6±0.8
2.7±0.8
0.88
Household characteristics
Size
3.7±1.9
3.5±1.9
0.55
Has dirt floor
274 (50.4)
22 (47.8)
0.72
Has running water
66 (12.1)
6 (13.0)
0.81
Has an improved latrine
369 (67.5)
32 (69.6)
0.62
Wealth index
0.0±1.9
-0.2±1.8
0.37
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL,
Hopkins Symptoms Checklist.
a
Based on a t-test comparing women interviewed at baseline and midline and women interviewed
at baseline only.
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Mean ± SD

Mean ± SD

Mean difference
(95% CI)

CHW vs. Control
Mean ± SD

CHW+CCT

Mean difference
(95% CI)

CHW+CCT vs. Control

Participants (N)
193
200
200
Mean HSCL-25 score
Baseline
1.26 ± 0.31
1.13 ± 0.20
1.34 ± 0.32
-0.34 (-0.47, -0.21)**
-0.25 (-0.38, -0.12)**
Midline
1.41 ± 0.39
1.04 ± 0.06
1.12 ± 0.20
-0.25 (-0.47, -0.03)*
-0.11 (-0.33, 0.11)
Endline
1.34 ± 0.35
1.04 ± 0.10
1.18 ± 0.23
Mean depressive symptoms
sub-score
1.30 ± 0.39
1.10 ± 0.25
1.37 ± 0.37
Baseline
1.46 ± 0.46
1.05 ± 0.09
-0.39 (-0.55, -0.24)**
1.15 ± 0.27 -0.27 (-0.42, -0.12)**
Midline
1.40 ± 0.43
1.04 ± 0.13
-0.29 (-0.53, -0.06)*
1.12 ± 0.19 -0.12 (-0.35, 0.12)
Endline
Mean anxiety sub-score
1.20 ± 0.23
1.16 ± 0.18
1.29 ± 0.33
Baseline
1.33 ± 0.37
1.03 ± 0.06
-0.29 (-0.42, -0.16)**
1.09 ± 0.16 -0.24 (-0.37, -0.11)**
Midline
1.25 ± 0.33
1.03 ± 0.09
-0.19 (-0.43, 0.04)
1.12 ± 0.19 -0.10 (-0.34, 0.13)
Endline
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL, Hopkins Symptoms Checklist.
Statistical significance: * p<0.05, ** p<0.01.

CHW

Control

Table A.5 Attrition-weighted effects of the CHW and CHW+CCT interventions on women’s Hopkin’s symptoms checklist-25 (HSCL25) score, and depressive symptoms and anxiety sub-scores at midline (9 months) and endline (18 months)

Table A.6 Effect of the pooled CHW and CHW+CCT intervention arms on women’s Hopkin’s
symptoms checklist-25 (HSCL-25) score, and depressive symptoms and anxiety sub-scores at
midline (9 months) and endline (18 months)
Control

N (%) or
Mean ± SD

Intervention arms
(CHW or
CHW+CCT)
N (%) or
Mean ± SD
400

Intervention arms vs.
Control
Mean difference or
Relative risk (95% CI)

Participants (N)
193
Mean HSCL-25 score
Baseline
1.26 ± 0.31
1.23 ± 0.28
-0.33 (-0.46, -0.20)**
Midline
1.41 ± 0.39
1.08 ± 0.15
-0.24 (-0.38, -0.10)**
Endline
1.34 ± 0.35
1.11 ± 0.19
Mean depressive symptoms
sub-score
1.30 ± 0.39
Baseline
1.24 ± 0.35
1.46
±
0.46
-0.37 (-0.51, -0.22)**
Midline
1.10 ± 0.21
1.40 ± 0.43
-0.28 (-0.42, -0.13)**
Endline
1.13 ± 0.24
Mean anxiety sub-score
1.20 ± 0.23
Baseline
1.22 ± 0.28
1.33 ± 0.37
-0.28 (-0.40, -0.17)**
Midline
1.06 ± 0.12
1.25 ± 0.33
-0.18 (-0.33, -0.03)*
Endline
1.08 ± 0.16
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer;
HSCL, Hopkins Symptoms Checklist. Statistical significance: * p<0.05, ** p<0.01.
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-0.29 (-0.41, -0.17)
-0.35 (-0.48, -0.21)
0.262
-0.33 (-0.44, -0.23)
-0.16 (-0.32, 0.00)
0.015
-0.24 (-0.39, -0.08)
-0.32 (-0.44, -0.20)
0.212
-0.23 (-0.41, -0.05)
-0.33 (-0.46, -0.20)
0.194
-0.33 (-0.46, -0.19)
-0.30 (-0.42, -0.18)
0.648
-0.30 (-0.46, -0.14)
-0.31 (-0.43, -0.19)
0.869

-0.35 (-0.47, -0.23)
-0.35 (-0.49, -0.21)
0.985
-0.38 (-0.49, -0.28)
-0.18 (-0.38, 0.01)
0.029
-0.36 (-0.53, -0.19)
-0.35 (-0.47, -0.24)
0.931
-0.24 (-0.44, -0.05)
-0.38 (-0.50, -0.25)
0.106
-0.34 (-0.47, -0.21)
-0.37 (-0.50, -0.24)
0.625
-0.33 (-0.47, -0.20)
-0.37 (-0.49, -0.24)
0.560

-0.32 (-0.49, -0.16)
-0.42 (-0.56, -0.28)
0.195

-0.37 (-0.52, -0.22)
-0.40 (-0.55, -0.26)
0.636

-0.26 (-0.48, -0.03)
-0.41 (-0.55, -0.27)
0.135

-0.38 (-0.51, -0.25)
0.753

-0.41 (-0.61, -0.21)

-0.42 (-0.54, -0.30)
-0.20 (-0.44, 0.03)
0.060

-0.38 (-0.51, -0.24)
-0.40 (-0.56, -0.24)
0.790

-0.28 (-0.47, -0.09)
-0.36 (-0.50, -0.22)
0.363

-0.36 (-0.51, -0.20)
-0.33 (-0.47, -0.19)
0.721

-0.24 (-0.45, -0.03)
-0.36 (-0.50, -0.23)
0.209

-0.36 (-0.49, -0.23)
0.133

-0.23 (-0.42, -0.05)

-0.37 (-0.49, -0.25)
-0.17 (-0.36, 0.02)
0.029

-0.41 (-0.57, -0.26)
0.105

-0.30 (-0.44, -0.17)

-0.35 (-0.49, -0.21)
-0.29 (-0.41, -0.16)
0.251

-0.30 (-0.43, -0.17)
-0.31 (-0.44, -0.18)
0.809

-0.22 (-0.41, -0.04)
-0.33 (-0.46, -0.19)
0.185

-0.31 (-0.43, -0.19)
0.695

-0.28 (-0.45, -0.12)

-0.33 (-0.44, -0.22)
-0.15 (-0.34, 0.03)
0.039

-0.32 (-0.44, -0.19)
-0.29 (-0.43, -0.14)
0.587

Mean difference
(95% CI)

-0.33 (-0.48, -0.18)
-0.24 (-0.36, -0.12)
0.141

-0.28 (-0.42, -0.15)
-0.25 (-0.38, -0.13)
0.573

-0.21 (-0.39, -0.04)
-0.28 (-0.41, -0.15)
0.334

-0.27 (-0.39, -0.15)
0.720

-0.25 (-0.40, -0.09)

-0.28 (-0.40, -0.17)
-0.14 (-0.30, 0.02)
0.034

-0.27 (-0.39, -0.14)
-0.25 (-0.39, -0.12)
0.777

Mean difference
(95% CI)

Anxiety sub-score
CHW+CCT vs.
CHW vs. Control
Control

Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL, Hopkins Symptoms Checklist.
Table A.8 Modification of the effects of the CHW and CHW+CCT interventions on women’s Hopkin’s symptoms checklist-25 (HSCL-25) score, and
depressive symptoms and anxiety sub-scores at endline (18 months)

p-value for interaction
Depression at baseline
No
Yes (HSCL-8 ≥1.06)
p-value for interaction
Depression at baseline
No
Yes (HSCL-25 ≥1.75)
p-value for interaction

Pregnancy status at trial
enrolment
Not pregnant
Pregnant
p-value for interaction
Maternal education
Less than secondary
Secondary or higher
p-value for interaction
Marital status
Not married or
cohabitating
Married or cohabitating
p-value for interaction
Parity
Nulliparous
Multiparous

Mean difference
(95% CI)

Mean difference
(95% CI)

Mean difference
(95% CI)
Mean difference
(95% CI)

Depressive symptoms sub-score
CHW+CCT vs.
CHW vs. Control
Control

HSCL-25 score
CHW+CCT vs.
CHW vs. Control
Control

Table A.7 Modification of the effects of the CHW and CHW+CCT interventions on women’s Hopkin’s symptoms checklist-25 (HSCL-25) score, and
depressive symptoms and anxiety sub-scores at midline (9 months)
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-0.20 (-0.35, -0.06)
0.556
-0.19 (-0.31, -0.06)
-0.16 (-0.33, 0.01)
0.655
-0.08 (-0.23, 0.08)
-0.21 (-0.33, -0.09)
0.028
-0.16 (-0.34, 0.02)
-0.21 (-0.34, 0.07)
0.505
-0.27 (-0.41, -0.14)
-0.13 (-0.25, -0.00)
0.006
-0.29 (-0.45, -0.14)
-0.15 (-0.27, -0.03)
0.024

-0.29 (-0.41, -0.16)
-0.30 (-0.50, -0.11)
0.839
-0.18 (-0.34, -0.02)
-0.31 (-0.43, -0.19)
0.047
-0.21 (-0.40, -0.01)
-0.31 (-0.44, -0.17)
0.225
-0.33 (-0.46, -0.19)
-0.25 (-0.38, -0.12)
0.125
-0.35 (-0.49, -0.21)
-0.26 (-0.39, -0.14)
0.116

-0.18 (-0.30, -0.05)

-0.32 (-0.48, -0.18)
0.326

-0.27 (-0.40, -0.14)

-0.43 (-0.57, -0.28)
-0.30 (-0.42, -0.17)
0.065

-0.40 (-0.53, -0.27)
-0.27 (-0.39, -0.14)
0.037

-0.24 (-0.46, -0.02)
-0.36 (-0.49, -0.23)
0.231

-0.18 (-0.35, 0.00)
-0.37 (-0.49, -0.25)
0.021

-0.33 (-0.45, -0.21)
-0.35 (-0.58, -0.12)
0.865

-0.32 (-0.45, -0.19)
-0.36 (-0.51, 0.20)
0.609

-0.36 (-0.53, -0.19)
-0.16 (-0.28, -0.05)
0.014

-0.35 (-0.49, -0.21)
-0.12 (-0.24, 0.01)
<0.001

-0.20 (-0.40, 0.00)
-0.23 (-0.37, -0.10)
0.719

-0.04 (-0.21, 0.13)
-0.26 (-0.37, -0.14)
0.006

-0.22 (-0.34, -0.09)
-0.17 (-0.37, 0.02)
0.624

-0.22 (-0.37, -0.07)
0.846

-0.21 (-0.34, -0.08)

-0.24 (-0.39, -0.09)
-0.21 (-0.35, -0.07)
0.534

-0.21 (-0.36, -0.07)
-0.22 (-0.36, -0.07)
0.958

-0.18 (-0.37, 0.01)
-0.23 (-0.37, -0.09)
0.504

-0.18 (-0.35, -0.02)
-0.22 (-0.36, -0.09)
0.489

-0.22 (-0.35, -0.08)
-0.22 (-0.41, -0.03)
0.988

0.111

-0.19 (-0.33, -0.05)
-0.27 (-0.42, -0.12)

Mean difference
(95% CI)

-0.20 (-0.36, -0.04)
-0.13 (-0.26, 0.01)
0.221

-0.16 (-0.30, -0.01)
-0.14 (-0.28, 0.00)
0.651

-0.10 (-0.28, 0.08)
-0.16 (-0.30, -0.02)
0.345

-0.13 (-0.29, 0.03)
-0.15 (-0.28, -0.01)
0.737

-0.15 (-0.28, -0.01)
-0.12 (-0.29, 0.04)
0.681

-0.13 (-0.27, 0.01)
-0.18 (-0.33, 0.03)
0.256

Mean difference
(95% CI)

Anxiety sub-score
CHW+CCT vs.
CHW vs. Control
Control

Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL, Hopkins Symptoms Checklist. Statistical
significance: * p<0.05, ** p<0.01.

p-value for interaction
Depression at baseline
No
Yes (HSCL-8 ≥1.06)
p-value for interaction
Depression at baseline
No
Yes (HSCL-25 ≥1.75)
p-value for interaction

Pregnant
p-value for interaction
Maternal education
Less than secondary
Secondary or higher
p-value for interaction
Marital status
Not married or cohabitating
Married or cohabitating
p-value for interaction
Parity
Nulliparous
Multiparous

Pregnancy status at trial
enrolment
Not pregnant

Mean difference
(95% CI)

Mean difference
(95% CI)

Mean difference
(95% CI)
Mean difference
(95% CI)

Depressive symptoms sub-score
CHW+CCT vs.
CHW vs. Control
Control

HSCL-25 score
CHW+CCT vs.
CHW vs. Control
Control
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Mean difference
(95% CI)

Mean difference
(95% CI)
Mean difference
(95% CI)
149
-0.19 (-0.31, -0.06)

CHW+CCT ≥90%
Visits Completed vs.
Control

Mean difference
(95% CI)
51
-0.17 (-0.31, -0.03)

CHW+CCT <90%
Visits Completed vs.
Control

Participants (N)
135
65
Mean HSCL-25 score
-0.29 (-0.42, -0.17)
-0.27 (-0.40, -0.13)
Mean depressive symptoms
-0.34 (-0.46, -0.21)
-0.31 (-0.45, -0.18)
-0.22 (-0.34, -0.10)
-0.17 (-0.32, -0.03)
sub-score
-0.22 (-0.36, -0.09)
-0.20 (-0.34, -0.05)
-0.14 (-0.28, -0.00)
-0.17 (-0.31, -0.02)
Mean anxiety sub-score
Note: Abbreviations used: CHW, community health worker; CCT, conditional cash transfer; HSCL, Hopkins Symptoms Checklist.

CHW <90% Visits
Completed vs. Control

CHW ≥90% Visits
Completed vs. Control

Table A.9 Effects of the CHW and CHW+CCT interventions on women’s Hopkin’s symptoms checklist-25 (HSCL-25) score, and
depressive symptoms and anxiety sub-scores by percentage of completed CHW visits at endline (18 months)
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1. Shows positive affect for the child, for example,
smiles at child, laughs with child and speaks in a
soft tone to the child
2. Shows negative affect for the child, for
example, shows frustration with child, frowns at
child and disengaged from child for more than 10
seconds
3. Shows positive touch, for example, strokes the
child gently or touches the child with affection or
kisses the child
4. Shows negative touch, for example, pushes
child away, roughly handles child
5. Expresses positive verbal statements, for
example, praises the child for something related to
picture, praises the child for something else and
expresses love or affection verbally
6. Expresses negative verbal statements, for
example, scolds child, aggressive or abusive
language
7. Is sensitive of the child's needs, for example,
follows child's lead, accepts child’s disinterest in
book and does not force infant to play with it any
longer

0-1
occurrences
77 (5.75%)

1296 (96.72%)

904 (67.46%)

1308 (97.61%)
1033 (77.09%)

1315 (98.13%)

33 (2.46%)

Mean ± SD
1.82±0.87

0.04±0.2

0.45±0.72

0.03±0.17
0.34±0.7

0.02±0.15

1.69±0.71

515 (38.43%)

23 (1.72%)

179 (13.36%)

30 (2.24%)

274 (20.45%)

40 (2.99%)

2-3
occurrences
419 (31.27%)

627 (46.79%)

2 (0.15%)

104 (7.76%)

2 (0.15%)

151 (11.27%)

4 (0.3%)

3-4
occurrences
509 (37.99%)

N (%)

Table B.1 Descriptive statistics of the 19 items comprising the Observation of Mother-Child Interaction (OMCI) tool

B. Appendix B Paper 2: Supplementary Materials

165 (12.31%)

0 (0%)

24 (1.79%)

0 (0%)

11 (0.82%)

0 (0%)

≥5
occurrences
335 (25%)
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8. Expands on child's prior talk, for example, adds
or builds on what the child is saying and interprets
what the child is saying
9. Points and names object in book
10. Questions child, for example, asks child to
name an object in the picture and asks child to
point to an object
11. Answers child's question or request
12. Helps child to maintain interest, for example,
tries to create interest in the pictures through
verbalizing, helps the child explore the book and
actively comments on the infant’s actions
13. Smiles, laughs with caregiver
14. Shows excitement and enjoyment like
clapping
15. Crying, frowning, frustrated
16. Explores the book for a significant time (for at
least 1 minute), for example, looks at pictures,
tries to turn page, points to picture and verbalizes
to picture
17. Continues in spite of distractions
18. Vocalizing or producing words
19. Expressing enjoyment while exploring
together

Table B.1 (continued):
884 (65.97%)

144 (10.75%)
151 (11.27%)

948 (70.75%)
130 (9.7%)

373 (27.84%)
564 (42.09%)
1066 (79.55%)
77 (5.75%)

243 (18.13%)
453 (33.81%)
366 (27.31%)

0.49±0.76

1.79±0.94
1.69±0.94

0.5±0.89
1.51±0.8

1.24±0.99
1.09±1.1
0.32±0.72
1.76±0.84

1.45±0.97
1.22±1.09
1.16±0.90

468 (34.93%)
367 (27.39%)
491 (36.64%)

163 (12.16%)
438 (32.69%)

437 (32.61%)
295 (22.01%)

209 (15.6%)
530 (39.55%)

322 (24.03%)
411 (30.67%)

287 (21.42%)

410 (30.6%)
293 (21.87%)
390 (29.1%)

66 (4.93%)
556 (41.49%)

365 (27.24%)
284 (21.19%)

94 (7.01%)
547 (40.82%)

541 (40.37%)
485 (36.19%)

142 (10.6%)

219 (16.34%)
227 (16.94%)
93 (6.94%)

45 (3.36%)
269 (20.07%)

165 (12.31%)
197 (14.7%)

89 (6.64%)
133 (9.93%)

333 (24.85%)
293 (21.87%)

27 (2.01%)
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0.22**

0.33**

0.32**

0.37**

0.19**

0.23**

0.04

0.14**

0.28**

0.25**

0.31**

0.33**

0.36**

0.20**

0.21**

0.04

0.16**

Cog, 24 mo
Lang, 12
mo
Lang, 24
mo
Motor, 12
mo
Motor, 24
mo
Soc-Emo,
12 mo
Soc-Emo,
24 mo
MAD, 12
mo
OMCI, 12
mo

0.28**

-0.22**

-0.06*

-0.11**

0.17**

-0.04

-0.11**

0.13**

0.06*

0.05

-0.2**

-0.01

-0.06*

0.25**

0.43**

0.49**

2

0.15**

-0.09**

-0.10**

-0.13**

0.17**

-0.05

0.05

0.15**

0.38**

0.06*

0.19**

0.36**

0.40**

0.55**

0.36**

0.48**

0.36**

−

3

0.18**

-0.12**

-0.09**

-0.18**

0.24**

0.04

0.04

0.13**

0.32**

0.11**

0.35**

0.21**

0.71**

0.35**

0.67**

0.30**

−

4

0.17**

-0.09**

-0.07*

-0.13**

0.18**

-0.09**

-0.03

0.06*

0.43**

0.07*

0.19**

0.37**

0.32**

0.43**

0.35**

−

5

0.20**

-0.11**

-0.10**

-0.18**

0.22**

0.02

0.00

0.14**

0.34**

0.11**

0.34**

0.23**

0.75**

0.36**

−

6

0.13**

-0.04

-0.08**

-0.10**

0.18**

-0.02

0.04

0.22**

0.34**

0.09**

0.21**

0.36**

0.40**

−

7

0.19**

-0.11**

-0.11**

-0.17**

0.26**

0.04

0.05

0.18**

0.31**

0.11**

0.37**

0.23**

−

8

0.13**

-0.08**

-0.08**

-0.07**

0.11**

-0.19**

0.00

0.07**

0.39**

0.07**

0.19**

−

9

0.15**

-0.08**

-0.04

-0.14**

0.10**

0.02

0.02

0.14**

0.18**

0.09**

−

10

0.08**

0.00

-0.06*

-0.07*

0.08**

0.05

-0.01

0.02

0.13**

−

11

0.13**

-0.05

-0.03

-0.13**

0.12**

-0.07*

0.01

0.05

−

12

0.01

0.07*

-0.05

-0.04

0.10**

0.04

-0.04

−

13

-0.03

0.01

-0.01

0.00

-0.01

0.00

−

14

-0.05

0.00

0.05

-0.11**

0.12**

−

15

0.25**

-0.13**

-0.10**

-0.34**

−

16

-0.23**

0.16**

0.09**

−

17

-0.20**

0.14**

−

18

-0.12**

−

19

−

20

Note: Abbreviations used: LAZ, length-for-age Z-score; BISD, Bayley Scales of Infant and Toddler Development; Lang, BSID
Language Composite Score; Cog, BSID Cognitive Composite Score; Motor, BSID Motor Composite Score; Soc-Emo, BSID Socioemotional Composite Score; MAD, minimum acceptable diet; OMCI, observation of mother-child interaction; SRQ, self-reported
questionnaire. Statistical significance: * p < .05. ** p < .01.

Household
wealth
Maternal
education
Maternal
SRQ-20
Household
size
Household
food secure

LAZ, 0 mo
Child is a
boy
Child age

0.32**

0.29**

Cog, 12 mo

0.28**

0.79**

−

−

LAZ, 24 mo

1

LAZ, 12 mo

Variables

Table B.2 Biserial correlations of the variables included in the model

Table B.3 Standardized total intervention effects on child growth and development at 24 months

β

Paths
Total RS effects
RS → WLZ
RS → Cognitive development
RS → Language development
RS → Motor development
RS → Socio-emotional development
Total EN effects
EN → WLZ
EN → Cognitive development
EN → Language development
EN → Motor development
EN → Socio-emotional development
Total RS+EN effects
RS+EN → WLZ
RS+EN → Cognitive development
RS+EN → Language development
RS+EN → Motor development
RS+EN → Socio-emotional development

BC bootstrapped
95% CI
LL
UL

-0.022
0.328
0.317
0.258
-0.003

-0.118
0.244
0.232
0.180
-0.073

0.067
0.410
0.401
0.341
0.064

0.000
0.101
0.204
0.106
0.082

-0.080
0.005
0.107
0.024
0.003

0.076
0.186
0.301
0.185
0.162

0.026
0.221
0.279
0.187
0.033

-0.058
0.139
0.184
0.113
-0.046

0.113
0.296
0.369
0.263
0.107

Note: Models for each child development domain were fit separately. Models control for
enrolment covariates, and account for clustering and missing values. Abbreviations used: BC, biascorrected; CI, confidence interval; LL, lower limit; UL, upper limit; RS, responsive stimulation;
WLZ, weight-for-length Z-score; EN, enhanced nutrition.
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Table B.4 Standardized direct effects of main paths in the conceptual framework

Paths
Direct intervention effects on mediators at 12 months
RS → MAD
RS → Total OMCI
EN → MAD
EN → Total OMCI
RS+EN → MAD
RS+EN → Total OMCI
Direct effects of mediators on outcomes at 24 months
MAD → LAZ
MAD → Cognitive development
MAD → Language development
MAD → Motor development
MAD → Socio-emotional development
Total OMCI → LAZ
Total OMCI → Cognitive development
Total OMCI → Language development
Total OMCI → Motor development
Total OMCI → Socio-emotional development

β

BC bootstrapped
95% CI
LL
UL

0.214
0.439
0.145
0.302
0.279
0.384

0.095
0.352
-0.006
0.226
0.154
0.304

0.359
0.513
0.312
0.375
0.432
0.457

0.021
0.100
0.061
0.075
0.117
0.113
0.134
0.139
0.138
0.119

-0.074
-0.010
-0.035
-0.030
0.007
0.065
0.076
0.077
0.080
0.045

0.115
0.199
0.167
0.170
0.232
0.166
0.198
0.206
0.195
0.198

Note: Models for each child development domain were fit separately. Models control for
enrolment covariates, and account for clustering and missing values. Abbreviations used: BC, biascorrected; CI, confidence interval; LL, lower limit; UL, upper limit; RS, responsive stimulation;
MAD, minimum acceptable diet; OMCI, observation of mother-child interaction; EN, enhanced
nutrition; LAZ, length-for-age Z-score.
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Table B.5 Standardized direct effects of main paths in the conceptual framework

Paths
Direct intervention effects on mediators at 12 months
RS → DDS
RS → Total OMCI
EN → DDS
EN → Total OMCI
RS+EN → DDS
RS+EN → Total OMCI
Direct effects of mediators on outcomes at 24 months
DDS → LAZ
DDS → Cognitive development
DDS → Language development
DDS → Motor development
DDS → Socio-emotional development
Total OMCI → LAZ
Total OMCI → Cognitive development
Total OMCI → Language development
Total OMCI → Motor development
Total OMCI → Socio-emotional development

β

BC bootstrapped
95% CI
LL
UL

0.077
0.435
0.147
0.300
0.170
0.383

0.012
0.349
0.077
0.225
0.099
0.301

0.145
0.510
0.225
0.374
0.247
0.456

0.051
0.065
0.080
0.028
0.047
0.018
0.129
0.117
0.115
0.114

0.018
0.011
0.033
-0.013
-0.004
-0.021
0.072
0.063
0.061
0.041

0.087
0.123
0.128
0.070
0.102
0.056
0.187
0.173
0.168
0.187

Note: Models for each child development domain were fit separately. Models control for
enrolment covariates, and account for clustering and missing values. Abbreviations used: BC, biascorrected; CI, confidence interval; LL, lower limit; UL, upper limit; RS, responsive stimulation;
MAD, minimum acceptable diet; OMCI, observation of mother-child interaction; EN, enhanced
nutrition; LAZ, length-for-age Z-score.
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Table B.6 Standardized direct intervention effects on child outcomes at 24 months

β

Pathways
Direct RS effects
RS → LAZ
RS → Cognitive development
RS → Language development
RS → Motor development
RS → Socio-emotional development
Direct EN effects
EN → LAZ
EN → Cognitive development
EN → Language development
EN → Motor development
EN → Socio-emotional development
Direct RS+EN effects
RS+EN → LAZ
RS+EN → Cognitive development
RS+EN → Language development
RS+EN → Motor development
RS+EN → Socio-emotional development

BC bootstrapped
95% CI
LL
UL

-0.092
0.215
0.221
0.164
-0.084

-0.158
0.141
0.142
0.089
-0.162

-0.033
0.297
0.310
0.240
-0.006

-0.030
0.035
0.137
0.046
0.008

-0.087
-0.049
0.055
-0.028
-0.069

0.025
0.112
0.220
0.121
0.089

-0.114
0.100
0.167
0.084
-0.069

-0.176
0.025
0.083
0.002
-0.150

-0.060
0.166
0.253
0.158
0.006

Note: Models for each child development domain were fit separately. Models control for
enrolment covariates, and account for clustering and missing values. Abbreviations used: BC,
bias-corrected; CI, confidence interval; LL, lower limit; UL, upper limit; RS, responsive
stimulation; LAZ, length-for-age Z-score; EN, enhanced nutrition.
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Table B.7 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet

Pathways
RS intervention
RS → MAD (12 months) → WLZ (24 months)
RS → MAD (12 months) → Cognitive development (24
months)
RS → MAD (12 months) → Language development (24
months)
RS → MAD (12 months) → Motor development (24
months)
RS → MAD (12 months) → Socio-emotional
development (24 months)
RS → Total OMCI (12 months) → WLZ (24 months)
RS → Total OMCI (12 months) → Cognitive
development (24 months)
RS → Total OMCI (12 months) → Language
development (24 months)
RS → Total OMCI (12 months) → Motor development
(24 months)
RS → Total OMCI (12 months) → Socio-emotional
development (24 months)
EN intervention
EN → MAD (12 months) → WLZ (24 months)
EN → MAD (12 months) → Cognitive development (24
months)
EN → MAD (12 months) → Language development (24
months)
EN → MAD (12 months) → Motor development (24
months)
EN → MAD (12 months) → Socio-emotional
development (24 months)
EN → Total OMCI (12 months) → WLZ (24 months)
EN → Total OMCI (12 months) → Cognitive
development (24 months)
EN → Total OMCI (12 months) → Language
development (24 months)
EN → Total OMCI (12 months) → Motor development
(24 months)
EN → Total OMCI (12 months) → Socio-emotional
development (24 months)
RS+EN intervention
RS+EN → MAD (12 months) → WLZ (24 months)
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β

BC bootstrapped
95% CI
LL
UL

0.014
0.024

-0.008
0.002

0.046
0.064

0.012

-0.008

0.046

0.017

-0.006

0.054

0.028

0.004

0.073

0.039
0.055

0.012
0.028

0.072
0.093

0.063

0.035

0.098

0.051

0.025

0.080

0.053

0.023

0.090

0.009
0.015

-0.003
0.000

0.039
0.056

0.008

-0.004

0.038

0.011

-0.003

0.045

0.018

0.001

0.056

0.027
0.039

0.008
0.020

0.052
0.067

0.044

0.025

0.070

0.036

0.018

0.058

0.037

0.014

0.069

0.017

-0.011

0.053

Table B.7 (continued):
RS+EN → MAD (12 months) → Cognitive development
(24 months)
RS+EN → MAD (12 months) → Language development
(24 months)
RS+EN → MAD (12 months) → Motor development (24
months)
RS+EN → MAD (12 months) → Socio-emotional
development (24 months)
RS+EN → Total OMCI (12 months) → WLZ (24
months)
RS+EN → Total OMCI (12 months) → Cognitive
development (24 months)
RS+EN → Total OMCI (12 months) → Language
development (24 months)
RS+EN → Total OMCI (12 months) → Motor
development (24 months)
RS+EN → Total OMCI (12 months) → Socio-emotional
development (24 months)

0.029

0.002

0.072

0.015

-0.010

0.048

0.021

-0.008

0.062

0.034

0.005

0.086

0.034

0.009

0.064

0.048

0.024

0.080

0.055

0.030

0.085

0.044

0.023

0.068

0.046

0.019

0.078

Note: Abbreviations used: BC, bias-corrected; CI, confidence interval; LL, lower limit; UL,
upper limit; RS, responsive stimulation; WLZ, weight-for-length Z-score; MAD, minimum
acceptable diet; OMCI, observation of mother-child interaction; EN, enhanced nutrition.
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Table B.8 Standardized indirect intervention effects on child growth and development through
maternal responsiveness and child diet

Pathways
RS intervention
RS → DDS (12 months) → LAZ (24 months)
RS → DDS (12 months) → Cognitive development (24
months)
RS → DDS (12 months) → Language development (24
months)
RS → DDS (12 months) → Motor development (24
months)
RS → DDS (12 months) → Socio-emotional
development (24 months)
RS → Total OMCI (12 months) → LAZ (24 months)
RS → Total OMCI (12 months) → Cognitive
development (24 months)
RS → Total OMCI (12 months) → Language
development (24 months)
RS → Total OMCI (12 months) → Motor development
(24 months)
RS → Total OMCI (12 months) → Socio-emotional
development (24 months)
EN intervention
EN → DDS (12 months) → LAZ (24 months)
EN → DDS (12 months) → Cognitive development (24
months)
EN → DDS (12 months) → Language development (24
months)
EN → DDS (12 months) → Motor development (24
months)
EN → DDS (12 months) → Socio-emotional
development (24 months)
EN → Total OMCI (12 months) → LAZ (24 months)
EN → Total OMCI (12 months) → Cognitive
development (24 months)
EN → Total OMCI (12 months) → Language
development (24 months)
EN → Total OMCI (12 months) → Motor development
(24 months)
EN → Total OMCI (12 months) → Socio-emotional
development (24 months)
RS+EN intervention
RS+EN → DDS (12 months) → LAZ (24 months)
140

β

BC bootstrapped
95% CI
LL
UL

0.004
0.005

0.001
0.001

0.010
0.016

0.006

0.001

0.016

0.002

0.000

0.008

0.004

0.000

0.012

0.008
0.056

-0.009
0.031

0.023
0.091

0.051

0.026

0.081

0.050

0.026

0.079

0.050

0.020

0.085

0.008
0.010

0.003
0.002

0.016
0.023

0.012

0.005

0.024

0.004

-0.001

0.012

0.007

0.000

0.019

0.005
0.039

-0.006
0.021

0.018
0.063

0.035

0.020

0.056

0.034

0.019

0.054

0.035

0.013

0.064

0.009

0.003

0.018

Table B.8 (continued)
RS+EN → DDS (12 months) → Cognitive development
0.011
0.003
0.025
(24 months)
RS+EN → DDS (12 months) → Language development
0.014
0.005
0.026
(24 months)
RS+EN → DDS (12 months) → Motor development (24
0.005
-0.002
0.013
months)
RS+EN → DDS (12 months) → Socio-emotional
0.008
0.000
0.020
development (24 months)
RS+EN → Total OMCI (12 months) → LAZ (24
0.007
-0.008
0.022
months)
RS+EN → Total OMCI (12 months) → Cognitive
0.049
0.028
0.079
development (24 months)
RS+EN → Total OMCI (12 months) → Language
0.045
0.025
0.069
development (24 months)
RS+EN → Total OMCI (12 months) → Motor
0.044
0.024
0.067
development (24 months)
RS+EN → Total OMCI (12 months) → Socio-emotional
0.044
0.018
0.076
development (24 months)
Note: Abbreviations used: BC, bias-corrected; CI, confidence interval; LL, lower limit; UL, upper
limit; RS, responsive stimulation; LAZ, length-for-age Z-score; MAD, minimum acceptable diet;
OMCI, observation of mother-child interaction; EN, enhanced nutrition.
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C. Appendix C Paper 3: Supplementary Materials
C.1 Definition and measurement of women’s empowerment
No standardized definition of women’s empowerment exists in the literature (Doku et al.,
2020; Pratley, 2016; Santoso et al., 2019). Typically, women’s empowerment is defined as the
process of gaining more gender equity or changing from a state of gender inequity to a state of
gender equity (Pratley, 2016; Santoso et al., 2019). Most often women’s empowerment is
defined as “the processes by which those who have been denied the ability to make choices
acquire such an ability” (Kabeer, 1999).
Women’s empowerment is multi-dimensional (Agarwala & Lynch, 2006; Kabeer, 1999;
Malhotra & Schuler, 2005). Multiple and varying dimensions of women’s empowerment have
been proposed in the literature primarily stemming from Kabeer’s model which distinguishes
three inter-related dimensions of empowerment: resources (pre-conditions), agency (processes)
and achievements (outcomes) (Kabeer, 1999). Resources represent the pre-conditions (i.e.,
material, human and social resources, and institutional environments) which “enhance the ability
to exercise choice” (Kabeer, 1999), i.e., the pre-conditions through which agency can be
achieved. As a measure of potential for agency, resources determine the conditions in which
women make choices, not the choices themselves (Kabeer, 1999). Agency, or “the ability to
define one’s goals and act upon them”, can take the form of decision-making, bargaining and
negotiation, as well as other tangible and intangible processes (Kabeer, 1999). Agency is most
often measured using indicators for mobility, community and political participation, male
violence, decision-making (Kabeer, 1999), and control over reproductive and sexual decisions
(Miedema et al., 2018). Thus, agency itself is a multi-dimensional construct (Miedema et al.,
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2018). Finally, achievements are defined as the realizations of one’s goals, and may include
educational, labour, or health achievements (Kabeer, 1999). Although empowerment dimensions
are often described and labelled differently in the literature (e.g., psychological, social,
economic, legal, political (Pratley, 2016; Richardson, 2018)), most represent resources and
agency as defined by Kabeer.
This multidimensionality of women’s empowerment presents a particular measurement
challenge (Pratley, 2016). Women’s empowerment indicators are aggregated and disaggregated
in different ways making comparability across studies and findings problematic (Miedema et al.,
2018; Pratley, 2016). Although women may have high empowerment in some dimensions, but
not others, the use of dichotomized indicators for women’s empowerment is particularly
problematic (Richardson, 2018). Dichotomized indicators cannot be directly compared
(Richardson, 2018) and can lead to conflicting associations with women’s and children’s
outcomes (Carlson et al., 2015; Pratley, 2016). With few exceptions, most studies construct and
compare measures of women’s empowerment across countries without conducting cross-country
measurement validation. Thus, in most cases it remains unclear whether women’s empowerment
operates in the same way in different countries and whether cross-country comparisons of the
association between women’s empowerment and women’s and children’s outcomes is
appropriate (Miedema et al., 2018). Finally, some studies provide no or limited conceptual and
theoretical grounding in the women’s empowerment literature, make ad hoc use of available
data, and do not test the psychometric properties of their proposed empowerment measures
(Miedema et al., 2018; Richardson, 2018; Yount et al., 2018).
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C.2 Methods to derive women’s empowerment factor scores
We operationalized women’s empowerment as a multi-dimensional latent construct with
four latent dimensions: (1) access to and control over resources, “Access” for brevity, (2)
decision-making, (3) social resources, and (4) gender attitudes, “Gender” for brevity. Table C.1
summarizes the coding of DHS variables considered to describe each dimension of women’s
empowerment. Since the DHS do not collect data on social resources, we proceeded with a threedimensional model of empowerment. The “Access” dimension was examined using four
indicators for access to resources (i.e., women’s employment, type of earnings, work seasonality,
and income relative to partner), three indicators for control over resources (i.e., decision-making
with respect to own and partner’s income, access to money for healthcare) and two indictors for
mobility (i.e., permission to seek healthcare, and ability to go alone). The “Decision-making”
dimension was examined using three indicators for household decision-making (i.e., decisionmaking with respect to own healthcare, large household purchases, and family visits), and six
indicators for reproductive health decision-making (i.e., contraception use, contraception nonuse, pregnancy wanted, desire for children, ability to say no to sex, and ability to ask partner to
use condom). Finally, the “Gender” dimension was examined using five indicators for attitudes
towards domestic violence.
All indicators were coded as binary with 1 representing empowerment, and 0 representing
lack of empowerment, except for indicators for woman’s occupation, work seasonality, and
income relative to partner. The latter were coded as categorical variables with higher values
indicating higher empowerment. “Don’t know” responses were coded as missing. All decisionmaking indicators were coded as 1 if the woman decided alone or jointly with her
husband/partner, and 0 otherwise. However, since it is unclear whether joint decision-making
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represents disguised male decision-making or cooperation (Kabeer, 2001), we conducted
sensitivity analysis recoding decision-making indicators as 1 if the woman decided alone, and 0
otherwise.
To ensure cross-country comparability, we restricted indicators to those available in all
countries (Desai & Johnson, 2005; Ewerling et al., 2017) and asked of all married women (Table
C.2). The proportions of women endorsing each indicator are shown in Table C.3.
The final list of women’s empowerment indicators (Table 4.1) was used to perform
exploratory factor analysis (EFA) to evaluate the dimensionality of the women’s empowerment
construct. We performed EFA using one random split-half sample for the pooled sample and one
random split-half sample for each country. For this analysis, we used all women with available
data on women’s empowerment indicators. We used a mean- and variance-adjusted weighted
least squares (WLSMV) estimator, which is suitable for the binary and ordinal indicators we
have, oblique rotation (GEOMIN) to allow factors to be correlated and to estimate factor
correlations (Muthén & Muthén, 2017), and country-specific sampling weights provided with the
data. EFA was conducted in Mplus Version 8.4 (Muthén & Muthén, 2017).
EFA on the pooled data showed five factors with eigenvalues >1 (Appendix C.3, Figure
C.1), and we therefore ran five sequential models with one, two, three, four and five factors to
test the fit of alternative solutions. Model fit was assessed using the following goodness of fit
indices and acceptability thresholds: Comparative Fit Index (CFI) ≥ 0.95, Root Mean Square
Error of Approximation (RMSEA) ≤ 0.08, and Standardized Root Mean Squared Residual
(SRMR) ≤ 0.08 (Hu & Bentler, 1999). Since χ2 fit statistics and SRMR are sample size
dependent, whereas CFI is relatively unaffected by sample size (Kline, 2015) and RMSEA is
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unaffected by model complexity (Cheung & Rensvold, 2002), greater evaluative emphasis was
placed on CFI and RMSEA. Factor correlations were used to evaluate discriminant validity with
correlations ≥0.8 indicating poor discriminant validity and suggesting a more parsimonious
solution (T. A. Brown, 2006b). The final model was selected based on model fit indices,
discriminant validity and theoretical justification. Individual indicators were assessed in the
pooled model and separately in each country model. Indicators with low communalities (i.e.,
absolute factor loadings <0.3) and indicators with cross-loadings (i.e., absolute factor loadings
>0.3 on more than one factor) were dropped (T. A. Brown, 2006b), unless dropping them led to
factors with only one or two indicators (Kline, 2015) or maintaining them was theoretically
justified.
We used confirmatory factor analysis (CFA) on one random split-half sample to test the
best-fitting model from the EFA. We used a WLSMV estimator and accounted for clustering and
representativeness by applying country-specific cluster variables and sampling weights. Model
fit was assessed using CFI, RMSEA and SRMR as described above. Based on the CFA results in
the pooled sample, the occupation indicator was excluded from the “Access” dimension since it
was nearly perfectly correlated with the remainder of indicators in this dimension and the model
estimated a negative variance. A three-factor CFA model was fit for Burundi and Rwanda, based
on the EFA results for these countries. No other model modifications were made. CFA was
conducted in Mplus Version 8.4 (Muthén & Muthén, 2017).
To address issues of cross-country comparability of women’s empowerment (Carlson et
al., 2015; Pratley, 2016; Santoso et al., 2019), we tested for measurement invariance across
countries (Agarwala & Lynch, 2006; Miedema et al., 2018). First, we applied EFA and CFA
separately in one random split-half sample for each country to explore the factor structure and
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confirm the final measurement model. Second, we used multi-group CFA to test for
measurement invariance across countries by sequentially constraining factor loadings, means and
residual variances. More constrained models, indicating higher measurement invariance, were
retained if ΔCFI ≤ 0.01 (Cheung & Rensvold, 2002). Multi-group CFA was conducted on a
reduced model, which included only indicators common across all countries (T. A. Brown,
2006a), i.e., the “access to healthcare” dimension which did not emerge in Burundi and Rwanda
was excluded. The “decision on women’s income use” was dropped from the multi-group CFA
since it produced nearly perfect correlations with “income relative to partner” in two of the
countries.
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Access
to
and
control over
resources

Dimension

Control over
income

Subdimension
Access
to
resources

Who usually decides how the money
you earn will be used? (v739)

Who usually decides how your
(husband’s/partner’s) earnings will
be used? (v743f)

Decision on
partner's
income use

Would you say that the money that
you earn is more than what your
(husband/partner) earns, less than
what he earns, or about the same?
(v746)

Income
relative
partner

Decision on
women’s
income use

Do you usually work throughout the
year, or do you work seasonally, or
only once in a while? (v732)

Seasonality

to

Are you paid in cash or kind for this
work or are you not paid at all?
(v741)

Have you done any work in the last
12 months? (v731)

DHS Question (variable)

Earnings

Indicator
label
Occupation

1 = More than him
2 = Less than him
3 = About the same
4 = Husband/partner has no
earnings
8 = Don’t know
1 = Respondent alone
2
=
Respondent
and
husband/partner
3 = Respondent and other person
4 = Husband/partner alone
5 = Someone else
6 = Other
1 = Respondent alone
2
=
Respondent
and
husband/partner
3 = Respondent and other person
4 = Husband/partner alone
5 = Someone else
6 = Other
7 = Husband/partner has no
earnings

0 = No
1 = In the past year
2 = Currently working
3 = Have a job, but on leave last 7
days
0 = Not paid
1 = Cash only
2 = Cash and in-kind
3 = In-kind only
1 = All year
2 = Seasonal
3 = Occasional

DHS response categoriesa

0 = if Q=3 or Q=4 or Q=5
or Q=6 or Q=7
1 = if Q=1 or Q=2

0 = if woman does not earn
income
0 = if Q=3 or Q=4 or Q=5
or Q=6
1 = if Q=1 or Q=2

0 = if woman does not earn
cash
1 = if Q=4
2 = if Q=2
3 = if Q=3
4 = if Q=1

0 = if Q=0 or Not working
1 = if Q=1 or Q=2 or Q=3
0 = if Q=Not working
1 = if Q=2 or 3
2 = if Q=1

0 = if Q=0
1 = if Q=1
2 = if Q=2 or Q=3

Recode used in analysis

Table C.1 Coding of indicators from Demographic and Health Survey (DHS) variables used to describe the dimensions and subdimensions of women’s empowerment
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Decisionmaking

Contraception
use

Reproductiv
e
health
decisionmaking
Contraception
non-use

Decision on
own
health
care
Decision on
large
household
purchases
Decision on
family visits

Access
to
healthcare:
Going alone

Access
to
healthcare:
Permission to
go

Access
to
healthcare:
Money

Household
decisionmaking

Mobility

Table C.1 (continued)

Who usually makes decisions about
visits to your family or relatives?
(v743d)
Would you say that using
contraception is mainly your
decision,
mainly
your
(husband's/partner's) decision, or did
you both decide together? (v632)
Would you say that not using
contraception is mainly your
decision,
mainly
your
(husband's/partner's) decision, or did
you both decide together? (v632a)

Who usually makes decisions about
major household purchases? (v743b)

When you are sick and want to get
medical advice or treatment, is each
of the following a big problem or not
a big problem: getting money
needed for advice or treatment?
(v467c)
When you are sick and want to get
medical advice or treatment, is each
of the following a big problem or not
a big problem: getting permission to
go to the doctor? (v467b)
When you are sick and want to get
medical advice or treatment, is each
of the following a big problem or not
a big problem: not wanting to go
alone? (v467f)
Who usually makes decisions about
health care for yourself? (v743a)

1 = Mainly respondent
2 = Mainly husband/partner
3 = Joint decision
6 = Other

1 = Respondent alone
2
=
Respondent
and
husband/partner
3 = Respondent and other person
4 = Husband/partner alone
5 = Someone else
6 = Other

0 = No problem
1 = Big problem
2 = Not a big problem

0 = if Q=2 or Q=6
1 = if Q=1 or Q=3

0 = if Q=3 or Q=4 or Q=5
or Q=6
1 = if Q=1 or Q=2

0 = if Q=1
1 = if Q=0 or Q=2
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a

Wife beating

Burns food

Refuses sex

Argues with
husband

Neglects
children

Can
ask
partner to use
condom
Goes
out
without telling
husband

Can say no to
sex

Does your (husband/partner) want
the same number of children that you
want, or does he want more or fewer
than you want? (v621)
Can you say no to your
(husband/partner) if you do not want
to have sexual intercourse? (v850a)
Could
you
ask
your
(husband/partner) to use a condom if
you wanted him to? (v850b)
In your opinion, is a husband
justified in hitting or beating his wife
if she goes out without telling him?
(v744a)
In your opinion, is a husband
justified in hitting or beating his wife
if she neglects the children? (v744b)
In your opinion, is a husband
justified in hitting or beating his wife
if she argues with him? (v744c)
In your opinion, is a husband
justified in hitting or beating his wife
if she refuses to have sex with him?
(v744d)
In your opinion, is a husband
justified in hitting or beating his wife
if she burns the food? (v744e)

Desire
children

for

When you got pregnant, did you
want to get pregnant at that time?
(v225)

Pregnancy
wanted

“Don’t know” responses were coded as missing.

Gender
attitudes

Table C.1 (continued):

0 = No
1 = Yes
8 = Don’t know

1 = Both want same
2 = Husband wants more
3 = Husband wants fewer
8 = Don’t know
0 = No
1 = Yes
8 = Don’t know/not sure/depends

1 = Then
2 = Later
3 = Not at all

0 = if Q=1
1 = if Q=0

0 = if Q=0 or Q=8
1 = if Q=1

0 = if Q=2 or Q=3 or Q=8
1 = if Q=1

0 = if Q=2 or Q=3
1 = if Q=1

Table C.2 Indicators of women’s empowerment excluded from the exploratory factor analysis and
reasons for exclusion
Dimension
Indicator label
Access to and Occupation
control over Earnings
resources

Decisionmaking

Gender
attitudes

Excluded Reason for exclusion
No
Yes
Perfectly correlated with
“Income relative to
partner”
Seasonality
No
Income relative to partner
No
Decision on women’s income use
No
Decision on partner's income use
No
Access to healthcare: Money
No
Access to healthcare: Permission to go No
Access to healthcare: Going alone
No
Decision on own health care
No
Decision on large household
No
purchases
Decision on family visits
No
Contraception use
Yes
Only asked to women
using contraception
Contraception non-use
Yes
Only asked to women
using contraception
Pregnancy wanted
Yes
Only asked of currently
pregnant women
Desire for children
Yes
Only asked to women
who do not use female or
male sterilization as a
contraception method
Can say no to sex
No
Can ask partner to use condom
No
Wife beating: Goes out without telling No
husband
Wife beating: Neglects children
No
Wife beating: Argues with husband
Yes
Not available in all
surveys (Congo)
Wife beating: Refuses sex
No
Wife beating: Burns food
Yes
Not available in all
surveys (Congo)
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Worked in last 12 months:
No
Worked in last 12 months: In
the past year
Worked in last 12 months:
Currently working
Worked all year: Not
working
Worked all year: Seasonal,
occasional work
Worked all year: Yes
Income relative to partner:
Does not earn cash
Income relative to partner:
Partner does not earn
Income relative to partner:
Less than him
Income relative to partner:
About the same
Income relative to partner:
More than him
Decision
on
women’s
income use
Decision on partner’s income
use
Access to healthcare: Money
for doctor
Access
to
healthcare:
Permission to go to the doctor
Access to healthcare: Not
wanting to go alone to health
centre
Decision on own health care
Decision on large household
purchases
Decision on family visits
Can say no to sex
Table C.3 (continued):
66.38
26.08
46.88
77.41

81.79
46.36
47.17
66.53
56.89

53.64
37.64
42.35
83.33

78.70
48.12
50.72
59.86
61.32

0.83

0.78

5.55

29.42

41.93

4.59

26.79
57.59

29.50
46.93

5.74

15.62

23.57

6.08

82.34

71.23

58.45

2.04

5.22

46.61

15.62

Benin
(N=11,170)

23.55

Pooled
sample
(N=86,743)

69.30
81.25
60.19

83.74
72.04

94.62

37.35

64.02

45.59

4.40

8.19

38.67

0.57

48.16

18.21
75.28

6.50

87.64

5.85

6.50

Burundi
(N=9,559)

47.82
53.62
74.67

76.00
38.22

69.02

25.37

39.07

61.74

5.41

3.78

55.39

0.66

34.76

34.13
41.36

24.51

70.20

5.32

24.48

Cameroon
(N=9,804)

40.03
47.40
44.67

55.37
25.02

55.27

23.00

17.08

32.63

2.02

1.47

30.76

1.03

64.72

38.55
14.11

47.34

43.85

8.92

47.23

Chad
(N=13,437)

Table C.3 Proportion of women endorsing each indicator of women’s empowerment

59.88
62.09
70.73

69.63
39.82

53.50

35.02

47.83

61.76

5.24

7.33

57.11

0.16

30.16

20.92
55.31

23.76

73.95

2.30

23.75

Congo
(N=6,750)

73.58
85.69
82.65

84.20
83.83

97.83

50.69

74.95

63.53

6.96

16.90

47.19

1.47

27.48

28.18
66.05

5.77

86.72

7.51

5.77

Rwanda
(N=6,890)

21.01
35.40
17.79

86.20
26.31

93.41

52.40

19.82

47.98

2.62

2.99

43.69

1.01

49.70

26.31
36.42

37.27

54.81

7.92

37.27

Senegal
(N=11,394)

47.27
64.70
71.89

85.50
42.10

86.98

38.77

16.57

68.57

5.76

4.46

58.37

0.36

31.06

22.85
62.14

15.01

82.23

2.78

14.99

Togo
(N=6,360)

63.74
71.94
85.57

78.80
73.60

94.80

56.33

49.04

59.49

6.29

8.67

49.13

0.78

35.14

31.64
52.15

16.21

79.90

3.90

16.21

Uganda
(N=11,379)
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40.14

76.45
75.22

85.69

54.69

63.81
59.14

71.02

57.69

49.48

61.53

59.11

82.86

62.17

70.81

57.33

54.56

36.31

36.33

17.39

71.33

52.86

58.38

65.57

76.50

72.20

79.43

83.31

57.19

59.69

60.75

24.26

61.58

81.41

88.95

69.63

79.00

79.18

80.02

60.23

Note: All values are percentages unless indicated otherwise. Country statistics account for survey design using sampling weights.

Can ask partner to use a
condom
Wife beating justified if she
goes out without telling
husband
Wife beating justified if she
neglects children
Wife beating justified if she
refuses to have sex with
husband

C.3 Exploratory factor analysis (EFA) results
The Figure C.1 below shows the EFA scree plot, and the Table C.4 shows the EFA results
from the three-, four-, and five-factor solutions in the pooled sample. A five-factor model
showed the most adequate fit: χ2 (50) = 6914.47, p < 0.001, CFI = 0.994, RMSEA = 0.056, and
SRMR = 0.041. However, the five-factor model yielded a two-indicator factor (reproductive
health decision). Therefore, a more parsimonious four-factor model was selected as the final
model despite RMSEA and SRMR not attaining the a priori defined thresholds: χ2 (62) =
31913.74, p < 0.001, CFI = 0.985, RMSEA = 0.084, and SRMR = 0.08. In this four-factor
model, no indicators were dropped due to low communalities or cross-loadings. Four of the five
indicators on “Access” loaded on the first factor with loadings ranging from 0.862 to 1.026. The
fifth indicator related to decision-making on partner’s income loaded on the second factor
together with indicators related to “Decision-making”. Loadings ranged from 0.698 to 0.912.
Loadings for the third factor, described by indicators on “Access to healthcare”, ranged from
0.634 to 0.879. Finally, indicators on attitudes towards wife-beating had large loadings (0.800 to
0.944) on the fourth factor “Gender”.
These findings were supported across all countries. The four-factor model showed
adequate fit: CFI ranged from 0.973 (Rwanda) to 0.997 (Cameroon and Congo), RMSEA ranged
from 0.039 (Chad and Congo) to 0.096 (Togo), and SRMR ranged from 0.049 (Congo) to 0.088
(Togo). The two indicators related to reproductive health were excluded due to low
communalities (Burundi, Chad, Congo, Rwanda, and Togo) or loading on a single two-item
factor (Cameroon, Senegal, and Uganda). Although these indicators had acceptable loadings in
Benin, they were dropped to maintain comparability across countries. No indicators were
excluded due to cross-loadings in any of the countries.
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Similar to the results from the pooled sample, four of the five indicators on “Access”
loaded on the first (Benin, Chad, Congo, Senegal, Togo, Uganda) or second (Rwanda) factor,
whereas the fifth indicator related to decision-making on partner’s income loaded on the second
(Senegal, Uganda) or third (Benin, Burundi, Chad, Congo, Rwanda, Togo) factor together with
indicators related to “Decision-making”. In contrast, indicators on “Access” loaded on two
separate factors in Burundi. Loadings for indicators on “Access” ranged from 0.529 (Rwanda) to
1.043 (Congo), and those for “Decision-making” ranged from 0.470 (Congo) to 0.991 (Chad).
Lastly, the three indicators related to attitude towards wife-beating loaded on a single factor with
loadings ranging from 0.685 (Chad) to 0.976 (Senegal).
Although we hypothesized that “Access to healthcare” was part of the “Access” dimension
of women’s empowerment, “Access to healthcare” indicators loaded on a different factor in the
pooled sample and separately in all countries except for Burundi, Cameroon, Rwanda, and
Uganda. Loadings ranged from 0.267 (Senegal) to 0.939 (Congo). The “Access to healthcare”
factor was identified in Cameroon and Uganda after re-estimating the four-factor EFA model
excluding the reproductive health indicators with low communalities. However, a three-factor
model without an “Access to healthcare” factor remained optimal in Burundi and Rwanda.
In the pooled sample, factors showed acceptable discriminant validity. Factor correlations
were all positive and significant, ranging from 0.048 to 0.407. Across countries, discriminant
validity was also acceptable though some factor correlations were negative or not statistically
significant.
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Figure C.1 Scree plot from exploratory factor analysis conducted on one random split-half sample
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3-factor solutiona
F1
F2
Occupation
0.905
0.31
Seasonality of earnings
0.799
0.281
Income relative to partner
0.888
0.005
Decision on women’s income
use
0.984
-0.008
Decision on partner's income use
-0.008
0.708
Money not a problem to access
healthcare
-0.063
0.109
Getting permission to go not a
problem to access healthcare
-0.037
0.267
Not wanting to go alone not a
problem to access healthcare
-0.010
0.133
Decision on own health care
0.036
0.886
Decision on large household
purchases
0.019
0.857
Decision on family visits
0.018
0.724
Can say no to sex
-0.048
0.508
Can ask partner to use a condom
-0.068
0.533
Wife beating justified: Goes out
without telling husband
0.010
0.017
Wife beating justified: Neglects
children
0.000
-0.067
Wife beating justified: Refuses
sex
-0.001
0.046
EFA fit statistics
χ2 (p-value)
31913.737 (p<0.0001)
CFI
0.974
RMSEA
0.099
SRMR
0.109
Factor correlations
F1
1.000
F2
0.240
1.000
F3
-0.090
0.217
F4
F5
-0.044
0.008
0.027
0.072
0.047
0.046
-0.041
-0.058
0.022
0.009
0.008

0.160
0.194
0.220
0.004
-0.044
0.074
0.094
0.084
0.925
0.937
0.791

1.000

1.026
0.016

0.354
-0.054

0.048

-0.068

0.016

0.853
0.717
0.514
0.536

0.094
0.871

0.240

0.092

-0.097
0.704

1.000
0.407
0.187
0.134

1.000
0.048
0.200

18982.808 (p<0.0001)
0.985
0.084
0.080

F1
1.016
0.862
0.945

F3
-0.028
0.021
0.288

1.000
0.120

-0.008

0.020

0.020

-0.002
0.057
-0.269
-0.196

0.591
0.033

0.709

0.600

0.066
0.037

4-factor solutionb
F2
F3
0.042
-0.467
0.056
-0.350
-0.081
0.036

1.000

0.801

0.939

0.922

-0.068
0.047
0.184
0.160

0.074
-0.025

0.014

0.028

0.012
-0.070

F4
-0.010
0.033
-0.021

0.002

-0.039

0.024

0.912
0.731
0.076
0.093

0.010
0.883

0.062

-0.065

0.190
0.698

1.000
0.248
0.053
0.063
-0.057

1.000
0.168
0.188
0.379

1.000
0.143
0.115

-0.007

0.004

0.021

-0.065
0.043
-0.089
0.021

0.634
0.022

0.879

0.718

-0.015
0.049

1.000
0.112

0.800

0.944

0.921

-0.031
0.071
0.102
0.067

0.072
0.004

-0.022

0.005

0.089
-0.058

5-factor solutionc
F2
F3
F4
-0.035
0.001
-0.071
-0.021
0.050
-0.012
0.160
-0.035
0.051

6914.474 (p<0.0001)
0.994
0.056
0.041

-0.001

-0.003

0.007

0.001
0.007
-0.005
-0.027

0.031
0.029

0.004

-0.031

0.932
-0.019

F1
0.949
0.803
0.865

Table C.4 Exploratory factor analysis of women’s empowerment dimensions on one random split-half sample

1.000

0.099

-0.035

0.007

-0.021
0.015
0.736
0.721

-0.064
0.030

0.035

-0.001

-0.053
0.044

F5
0.547
0.462
-0.008
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Note: EFA, exploratory factor analysis; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root
Mean Squared Residual
a
F1, Access to and control over resources; F2, Decision-making; F3, Gender attitudes.
b
F1, Access to and control over resources; F2, Decision-making; F3, Access to healthcare; F4, Gender attitudes.
c
F1, Access to and control over resources; F2, Decision-making; F3, Decision-making; F4, Gender attitudes; F5, Reproductive health decisions.

Table C.4 (continued):

C.4 Confirmatory factor analysis (CFA) results
The four-factor CFA models in both the pooled sample and separately in each country
(except for Burundi and Rwanda where we fit a three-factor model) showed acceptable model fit,
reaching the a priori defined thresholds (Table C.5). CFI ranged from 0.985 (Cameroon) to
0.998 (Burundi), RMSEA ranged from 0.018 (Burundi) to 0.033 (Benin), and SRMR ranged
from 0.060 (Benin) to 0.026 (Burundi). In the pooled sample, factor correlations were positive
and significant, and indicated acceptable discriminant validity (all factor correlations ≤0.80). The
strongest factor correlation was between “Decision-making” and “Access” (0.444), while the
weakest correlation was between “Access” and “Access to healthcare” (0.114). By country,
factor correlations varied, and some negative correlations were also observed. Analogous to the
pooled sample, the strongest factor correlations were between “Decision-making” and “Access”
(ranging from 0.539 in Chad to 0.296 in Rwanda). Negative factor correlations were observed
between “Access” and “Access to healthcare” in Benin (-0.018), and between “Access” and
“Gender” in Cameroon, Chad and Congo (-0.014, -0.142 and -0.026 respectively).
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418.748
(<0.0001)

0.993

0.033

0.060

CFI

RMSEA

SRMR

79.283
(<0.0001)

0.907*

0.884*

0.026

0.018

0.998

1.050*

0.974*

1.168*

1.252*

…

1.233*

1.593*

F4

…

1.156*

1.590*

-

1.005*
…

-

1.298*

…

-

Burundi
F2
F3

…

9.407*

F1

1.315*

F4

5.272*

F3

1.197*

Benin

…

F2

…

χ2 (p-value)

CFA fit statistics

Indicator
Seasonality
of
earnings
Income relative to
partner
Decision
on
women’s income
use
Money not a
problem to access
healthcare
Getting
permission to go
not a problem to
access healthcare
Not wanting to go
alone
not
a
problem to access
healthcare
Decision
on
partner's income
use
Decision on own
health care
Decision on large
household
purchases
Decision
on
family visits
Wife
beating
justified: Goes out
without
telling
husband
Wife
beating
justified: Neglects
children
Wife
beating
justified: Refuses
sex

F1

0.044

0.026

0.985

257.209
(<0.0001)

1.260*

1.128*

…

F1

0.920*

1.433*

…

1.730*

1.852*

1.778*

…

Cameroon
F2
F3

0.890*

0.973*

…

F4

0.048

0.021

0.995

236.171
(<0.0001)

1.107*

1.083*

…

F1

0.909*

0.756*

1.139*

1.213*

…

Chad
F3

1.368*

…

F2

0.741*

0.986*

…

F4

Table C.5 Confirmatory factor analysis of women’s empowerment dimensions on one random split-half sample by country

0.054

0.025

0.991

181.848
(<0.0001)

1.130*

1.095*

…

F1

0.782*
…

F3

0.727*

1.291*

1.244*

Congo

1.145*

…

F2

0.878*

0.901*

…

F4

161

-

1.411*
1.263*

Decision on large household purchases

Decision on family visits

0.806*

0.031
0.041

RMSEA

SRMR

1.663*

0.054

0.030

0.994

…

F3

1.042*

1.208*

1.291*

Senegal

1.684*

…

F2

361.450 (<0.0001)

1.107*

1.056*

…

F1

0.973*

1.000*

…

F4

1.240*

0.057

0.031

0.995

…

F3

1.415*

1.801*

1.807*

Togo

1.484*

…

F2

244.887 (<0.0001)

1.255*

1.121*

…

F1

0.954*

1.058*

…

F4

1.030*

0.042

0.024

0.994

…

F3

1.576*

1.785*

1.612*

Uganda

1.266*

…

F2

247.866 (<0.0001)

1.581*

1.351*

…

F1

0.799*

0.981*

…

F4

Note: F1, Access to and control over resources; F2, Access to healthcare; F3, Decision-making; F4, Gender attitudes; CFA, confirmatory factor analysis;
CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Squared Residual

0.992

CFI

χ2 (p-value)

CFA fit statistics

0.971*

Wife beating justified: Refuses sex

…

F4

Wife beating justified: Neglects children

Wife beating justified: Goes out without
telling husband

1.244*

…

Decision on own health care

135.083 (<0.0001)

-

Not wanting to go alone not a problem to
access healthcare

Decision on partner's income use

-

Getting permission to go not a problem
to access healthcare

a problem to access

Rwanda
F2
F3

Money not
healthcare

2.653*

Decision on women’s income use

…
1.742*

Seasonality of earnings

Income relative to partner

F1

Indicator

Table C.5 (continued):

C.5 Multi-group confirmatory factor analysis (CFA) results
The three-factor form-invariant measurement model estimated using multi-group CFA
indicated acceptable model fit with a CFI of 0.973, RMSEA of 0.043 and SRMR of 0.055.
Residual variances of indicators related to income were freely estimated. Thus, our model
showed that the indicators measured the same factors in each country, however, the indicators
related to income were measured with a different degree of precision. Factor correlations by
country are shown in the Table C.6.

Table C.6 Estimated factor correlation matrices for the latent variables from the form-invariant
confirmatory factor analysis model by country
F1

Benin
F2

F1
F2

1
0.451

1

F3

0.013

0.193

Rwanda
F1
F2
F1
F2
F3

1
0.105
0.003

1
0.190

Burundi
F2

F3

F1

1

1
0.200
0.059

F3

1

Senegal
F1
F2
1
0.382
0.146

F1

1

1
0.402
0.019

1
0.174

1
0.226

Cameroon
F2
F3

F3

F3

1

F1
1
0.403
0.081

1
0.193

Togo
F2
1
0.042

1

F3

1

F1
1
0.494
0.154

Chad
F2

F1

1

1
0.244
0.030

1
0.075

Uganda
F1
F2
1
0.315
0.059

F3

1
0.183

F3

1

Note: F1, Access to and control over resources; F2, Decision-making; F3, Gender attitudes
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Congo
F2

F3

1
0.056

1
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Total empowerment
Empowerment
Q1
(lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment
Q5
(highest)
Empowerment dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making
Q1
(lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4
Decision-making
Q5
(highest)
Gender Q1 (lowest)
Gender Q2
Gender Q3
Ref.
0.91 (0.82, 1.00)
0.88 (0.80, 0.98)
0.91 (0.83, 1.00)
0.90 (0.81, 1.00)

Ref.
0.93 (0.84, 1.03)
0.97 (0.88, 1.08)
0.89 (0.79, 1.00)
0.84 (0.74, 0.97)
Ref.
0.88 (0.79, 0.98)
0.88 (0.79, 0.99)
0.81 (0.71, 0.93)
0.91 (0.79, 1.05)
Ref.
0.98 (0.89, 1.07)
0.83 (0.75, 0.92)

Ref.
0.87 (0.79, 0.96)
0.84 (0.76, 0.94)
0.84 (0.76, 0.93)
0.78 (0.69, 0.87)

Ref.
1.02 (0.92, 1.13)
1.00 (0.90, 1.12)
0.89 (0.78, 1.01)
0.86 (0.75, 0.99)
Ref.
0.92 (0.83, 1.02)
0.91 (0.81, 1.02)
0.81 (0.71, 0.92)
0.93 (0.80, 1.08)
Ref.
0.92 (0.84, 1.02)
0.78 (0.71, 0.86)

RR (95% CI)
Unadjusted
Adjusted

Cognitive development off track
(N=20,161)

Ref.
1.05 (0.97, 1.13)
0.97 (0.90, 1.06)

0.95 (0.87, 1.04)
1.00 (0.91, 1.10)
0.98 (0.88, 1.09)
1.00 (0.89, 1.12)

Ref.
0.89 (0.82, 0.98)
0.93 (0.84, 1.03)
0.89 (0.80, 0.98)
0.93 (0.84, 1.03)
Ref.

0.97 (0.89, 1.05)
0.91 (0.84, 0.99)
0.93 (0.86, 1.02)
0.90 (0.83, 0.99)

Ref.

Ref.
1.04 (0.96, 1.12)
0.98 (0.90, 1.06)

0.94 (0.86, 1.02)
0.98 (0.89, 1.07)
0.98 (0.88, 1.09)
1.00 (0.89, 1.12)

Ref.
0.87 (0.80, 0.95)
0.95 (0.86, 1.04)
0.88 (0.80, 0.97)
0.93 (0.84, 1.04)
Ref.

1.00 (0.92, 1.08)
0.93 (0.86, 1.01)
0.97 (0.90, 1.05)
0.94 (0.86, 1.03)

Ref.

Socio-emotional development off
track
(N=19,834)
RR (95% CI)
Unadjusted
Adjusted

Ref.
0.91 (0.77, 1.08)
0.73 (0.61, 0.87)

0.89 (0.74, 1.07)
1.04 (0.86, 1.25)
0.96 (0.77, 1.19)
1.01 (0.80, 1.29)

Ref.
1.02 (0.85, 1.21)
0.99 (0.81, 1.20)
0.75 (0.60, 0.93)
0.86 (0.68, 1.08)
Ref.

0.79 (0.67, 0.93)
0.69 (0.58, 0.83)
0.83 (0.69, 0.99)
0.75 (0.61, 0.92)

Ref.

Ref.
0.97 (0.82, 1.14)
0.77 (0.65, 0.92)

0.86 (0.72, 1.03)
0.98 (0.82, 1.18)
0.96 (0.77, 1.20)
1.00 (0.79, 1.26)

Ref.
0.89 (0.75, 1.06)
0.94 (0.78, 1.14)
0.73 (0.59, 0.91)
0.79 (0.63, 0.99)
Ref.

0.83 (0.70, 0.98)
0.72 (0.61, 0.86)
0.89 (0.75, 1.05)
0.86 (0.71, 1.04)

Ref.

Cognitive and socio-emotional
development off track
(N=19,743)
RR (95% CI)
Unadjusted
Adjusted
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Gender Q4
0.84 (0.76, 0.94) 0.97 (0.88, 1.08) 0.99 (0.91, 1.09) 1.03 (0.94, 1.12) 0.88 (0.73, 1.05) 1.03 (0.86, 1.22)
Gender Q5 (highest)
0.83 (0.72, 0.96) 0.99 (0.86, 1.13) 0.84 (0.75, 0.94) 0.85 (0.77, 0.95) 0.63 (0.49, 0.80) 0.75 (0.60, 0.95)
Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights.
Adjusted estimates controlled for household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age
at first co-habitation; child age and sex; country and survey year. Abbreviations used: Q, quintile; RR, relative risk; Ref, reference.
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Adjusted

Unadjusted

Adjusted

Socio-emotional development off
track
(N=19,834)
RR (95% CI)
Unadjusted

Adjusted

Cognitive and socio-emotional
development off track
(N=19,743)
RR (95% CI)

Total
0.94 (0.93, 0.95) 0.98 (0.96, 0.99) 0.98 (0.97, 0.99) 0.98 (0.96, 0.99) 0.93 (0.91, 0.95) 0.97 (0.94, 1.01)
empowerment
Dimensions
Access
0.89 (0.86, 0.92) 0.98 (0.95, 1.02) 1.00 (0.98, 1.02) 1.03 (1.00, 1.06) 0.92 (0.86, 0.98) 1.04 (0.96, 1.13)
Decisionmaking
1.10 (1.03, 1.17) 0.88 (0.82, 0.94) 1.05 (1.00, 1.10) 0.94 (0.89, 1.00) 1.20 (1.08, 1.35) 0.86 (0.77, 0.96)
Gender
0.94 (0.92, 0.95) 1.00 (0.98, 1.02) 0.95 (0.94, 0.97) 0.98 (0.96, 1.00) 0.87 (0.84, 0.91) 0.97 (0.93, 1.01)
Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights.
Adjusted estimates controlled for household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age
at first co-habitation; child age and sex; country and survey year. Abbreviations: RR, relative risk.

Unadjusted

RR (95% CI)

Cognitive development off track
(N=20,161)

Table C.8 Associations between women’s total empowerment and empowerment dimensions and child development

166

Ref.
-0.03 (-0.10, 0.04)
0.01 (-0.06, 0.09)
0.05 (-0.02, 0.13)
0.09 (0.02, 0.16)
Ref.
-0.06 (-0.13, 0.01)
0.02 (-0.06, 0.10)
0.06 (-0.01, 0.14)
0.05 (-0.03, 0.14)
Ref.
-0.03 (-0.10, 0.05)
-0.04 (-0.11, 0.03)
0.03 (-0.06, 0.11)
0.04 (-0.06, 0.13)
Ref.
0.02 (-0.05, 0.09)
0.02 (-0.05, 0.10)
0.03 (-0.05, 0.11)
-0.05 (-0.15, 0.04)

Ref.
0.03 (-0.05, 0.11)
0.11 (0.03, 0.19)
0.19 (0.11, 0.27)
0.38 (0.31, 0.46)
Ref.
-0.17 (-0.25, -0.09)
-0.01 (-0.10, 0.07)
0.08 (0.00, 0.17)
0.12 (0.02, 0.21)
Ref.
-0.09 (-0.17, -0.01)
-0.06 (-0.14, 0.03)
0.05 (-0.05, 0.14)
0.01 (-0.1, 0.12)
Ref.
0.09 (0.02, 0.17)
0.13 (0.05, 0.21)
0.25 (0.17, 0.33)
0.21 (0.11, 0.31)

Ref.
1.14 (1.07, 1.23)
1.01 (0.93, 1.09)
0.94 (0.87, 1.02)
0.90 (0.82, 0.99)
Ref.
1.09 (1.01, 1.17)
1.01 (0.93, 1.09)
0.98 (0.90, 1.07)
1.02 (0.92, 1.12)
Ref.
0.92 (0.85, 0.99)
0.94 (0.88, 1.01)
0.82 (0.76, 0.89)
0.85 (0.77, 0.93)

Ref.
0.94 (0.88, 1.01)
0.90 (0.83, 0.96)
0.86 (0.80, 0.93)
0.74 (0.69, 0.80)

Ref.
1.02 (0.96, 1.09)
0.98 (0.91, 1.05)
0.93 (0.87, 1.00)
0.91 (0.84, 1.00)
Ref.
1.05 (0.98, 1.12)
1.01 (0.94, 1.08)
1.02 (0.94, 1.10)
1.04 (0.95, 1.14)
Ref.
0.96 (0.90, 1.03)
1.01 (0.95, 1.08)
0.97 (0.90, 1.04)
1.00 (0.92, 1.09)

Ref.
1.00 (0.94, 1.07)
0.98 (0.91, 1.04)
0.97 (0.90, 1.03)
0.93 (0.87, 1.00)

Stunting (Height-for-age Z-score <-2)
(N=20,390)
RR (95% CI)
Unadjusted
Adjusted

Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling
weights. Adjusted estimates controlled for household wealth, rurality, and size; household head’s age and sex; maternal education,
age, and age at first co-habitation; child age and sex; country and survey year. Abbreviations used: Q, quintile; MD, mean difference;
RR, relative risk; Ref, reference.

Total empowerment
Empowerment Q1 (lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment Q5 (highest)
Empowerment dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1 (lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4
Decision-making Q5 (highest)
Gender Q1 (lowest)
Gender Q2
Gender Q3
Gender Q4
Gender Q5 (highest)

Height-for-age Z-score
(N=20,390)
MD (95% CI)
Unadjusted
Adjusted

Table C.9 Associations between quintiles of women’s total empowerment and empowerment dimensions and child growth

Table C.10 Associations between women’s total empowerment and empowerment dimensions
and child growth
Height-for-age Z-score
(N=20,390)
MD (95% CI)

Total
empowerment
Dimensions
Access
Decisionmaking
Gender

Stunting (Height-for-age Z-score <-2)
(N=20,390)
RR (95% CI)

Unadjusted

Adjusted

Unadjusted

Adjusted

0.03 (0.02, 0.04)

0.01 (0.00, 0.02)

0.98 (0.97, 0.99)

0.99 (0.98, 1.00)

0.10 (0.07, 0.12)

0.04 (0.01, 0.06)

0.92 (0.90, 0.94)

0.96 (0.94, 0.98)

-0.27 (-0.31, -0.22)
0.06 (0.05, 0.08)

0.01 (-0.04, 0.05)
0.00 (-0.01, 0.02)

1.29 (1.24, 1.34)
0.95 (0.93, 0.96)

1.01 (0.97, 1.05)
0.99 (0.98, 1.01)

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights. Adjusted estimates controlled for household wealth,
rurality, and size; household head’s age and sex; maternal education, age, and age at first cohabitation; child age and sex; country and survey year. Abbreviations used: MD, mean difference;
RR, relative risk.
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Total empowerment
Empowerment Q1 (lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment Q5 (highest)
Empowerment dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1 (lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4
Decision-making
Q5
(highest)
Gender Q1 (lowest)
Gender Q2
Gender Q3
Gender Q4
Gender Q5 (highest)
Ref.
0.03 (-0.03, 0.08)
0.02 (-0.03, 0.08)
0.04 (-0.01, 0.10)
0.07 (0.01, 0.13)
Ref.
0.03 (-0.03, 0.09)
0.03 (-0.04, 0.10)
0.08 (0.02, 0.14)
0.07 (0.00, 0.15)
Ref.
0.11 (0.03, 0.18)
0.11 (0.04, 0.18)
0.07 (0.00, 0.15)
0.08 (0.00, 0.16)
Ref.
-0.06 (-0.11, 0.00)
0.02 (-0.04, 0.08)
-0.05 (-0.12, 0.02)
-0.04 (-0.11, 0.03)

Ref.
0.08 (0.02, 0.13)
0.09 (0.02, 0.15)
0.14 (0.08, 0.20)
0.26 (0.20, 0.33)
Ref.
0.00 (-0.06, 0.07)
0.02 (-0.06, 0.09)
0.12 (0.05, 0.19)
0.18 (0.10, 0.26)
Ref.
0.14 (0.07, 0.22)
0.16 (0.09, 0.24)
0.10 (0.01, 0.18)
0.10 (0.01, 0.19)
Ref.
0.02 (-0.04, 0.08)
0.10 (0.04, 0.17)
0.09 (0.02, 0.17)
0.11 (0.03, 0.19)

Number of learning resources
(0-4)
(N=21,276)
MD (95% CI)
Unadjusted
Adjusted

Ref.
-0.14 (-0.26, -0.03)
-0.03 (-0.15, 0.08)
0.00 (-0.12, 0.13)
0.02 (-0.12, 0.16)

Ref.
-0.11 (-0.21, -0.01)
-0.27 (-0.38, -0.17)
-0.06 (-0.17, 0.05)
0.07 (-0.05, 0.19)
Ref.
0.40 (0.27, 0.52)
0.24 (0.13, 0.35)
0.25 (0.13, 0.37)
0.36 (0.22, 0.50)

Ref.
0.07 (-0.03, 0.16)
0.08 (-0.02, 0.18)
0.15 (0.05, 0.25)
0.28 (0.18, 0.39)

Ref.
-0.22 (-0.34, -0.11)
-0.12 (-0.23, -0.01)
-0.12 (-0.24, 0.00)
-0.12 (-0.25, 0.01)

Ref.
-0.10 (-0.20, 0.00)
-0.20 (-0.30, -0.10)
-0.08 (-0.19, 0.03)
0.02 (-0.09, 0.13)
Ref.
0.34 (0.22, 0.46)
0.18 (0.08, 0.29)
0.23 (0.12, 0.34)
0.33 (0.20, 0.47)

Ref.
0.07 (-0.02, 0.16)
0.04 (-0.05, 0.14)
0.09 (0.00, 0.18)
0.16 (0.06, 0.25)

Number of maternal stimulation
activities (0-6)
(N=20,745)
MD (95% CI)
Unadjusted
Adjusted

Ref.
0.73 (0.61, 0.88)
0.91 (0.76, 1.07)
0.92 (0.77, 1.10)
0.87 (0.72, 1.06)

Ref.
0.81 (0.70, 0.95)
0.69 (0.59, 0.82)
0.93 (0.80, 1.10)
1.02 (0.86, 1.20)
Ref.
1.46 (1.21, 1.75)
1.20 (1.00, 1.45)
1.32 (1.09, 1.60)
1.55 (1.25, 1.93)

Ref.
0.99 (0.86, 1.15)
0.95 (0.82, 1.11)
1.06 (0.91, 1.23)
1.24 (1.06, 1.44)

Unadjusted

Ref.
0.67 (0.56, 0.79)
0.82 (0.70, 0.96)
0.78 (0.65, 0.93)
0.74 (0.62, 0.89)

Ref.
0.91 (0.78, 1.05)
0.78 (0.67, 0.91)
0.96 (0.83, 1.10)
1.03 (0.88, 1.21)
Ref.
1.32 (1.10, 1.57)
1.09 (0.92, 1.29)
1.22 (1.02, 1.45)
1.40 (1.14, 1.74)

Ref.
0.98 (0.85, 1.12)
0.90 (0.78, 1.05)
0.99 (0.86, 1.14)
1.06 (0.91, 1.22)

Adjusted

≥4 maternal stimulation activities
(N=20,745)
RR (95% CI)
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Ref.
0.08 (0.03, 0.13)
0.09 (0.03, 0.14)
0.11 (0.05, 0.16)
0.23 (0.17, 0.29)
Ref.
0.09 (0.04, 0.15)
0.08 (0.02, 0.14)
0.09 (0.03, 0.16)
0.17 (0.10, 0.24)
Ref.
0.04 (-0.01, 0.09)
-0.02 (-0.08, 0.04)
0.05 (-0.02, 0.12)
0.04 (-0.04, 0.11)
Ref.
0.05 (0.00, 0.11)
0.05 (0.00, 0.11)
0.09 (0.03, 0.15)
0.13 (0.07, 0.20)

Ref.
0.07 (0.02, 0.13)
0.08 (0.03, 0.14)
0.12 (0.06, 0.17)
0.26 (0.20, 0.32)
Ref.
0.09 (0.03, 0.15)
0.05 (-0.01, 0.12)
0.09 (0.02, 0.16)
0.18 (0.11, 0.26)
Ref.
0.06 (0.01, 0.12)
-0.02 (-0.08, 0.05)
0.05 (-0.03, 0.12)
0.02 (-0.06, 0.10)
Ref.
0.11 (0.05, 0.17)
0.10 (0.05, 0.16)
0.16 (0.10, 0.22)
0.22 (0.15, 0.29)

Number of paternal stimulation activities
(0-6)
(N=20,745)
MD (95% CI)
Unadjusted
Adjusted

Ref.
1.32 (0.95, 1.84)
1.22 (0.88, 1.69)
1.62 (1.18, 2.22)
1.57 (1.10, 2.25)

Ref.
1.18 (0.81, 1.72)
1.18 (0.84, 1.67)
1.25 (0.86, 1.81)
1.42 (0.99, 2.04)
Ref.
1.05 (0.74, 1.48)
0.78 (0.52, 1.16)
1.19 (0.79, 1.78)
1.28 (0.85, 1.92)

Ref.
1.24 (0.89, 1.74)
1.18 (0.87, 1.60)
1.28 (0.94, 1.75)
2.06 (1.56, 2.72)

Unadjusted

Ref.
1.09 (0.80, 1.49)
1.03 (0.76, 1.41)
1.26 (0.93, 1.72)
1.14 (0.81, 1.62)

Ref.
1.35 (0.94, 1.94)
1.29 (0.95, 1.75)
1.28 (0.92, 1.79)
1.45 (1.04, 2.01)
Ref.
0.92 (0.66, 1.29)
0.73 (0.51, 1.06)
1.14 (0.79, 1.65)
1.29 (0.88, 1.91)

Ref.
1.20 (0.87, 1.67)
1.14 (0.84, 1.55)
1.22 (0.90, 1.65)
1.79 (1.34, 2.38)

Adjusted

≥4 paternal stimulation activities
(N=20,745)
RR (95% CI)

Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights. Adjusted
estimates controlled for household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age at first co-habitation;
child age and sex; country and survey year. Abbreviations used: Q, quintile; Ref, reference; MD, mean difference; RR, relative risk.

Total empowerment
Empowerment Q1 (lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment Q5 (highest)
Empowerment dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1 (lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4
Decision-making
Q5
(highest)
Gender Q1 (lowest)
Gender Q2
Gender Q3
Gender Q4
Gender Q5 (highest)
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0.03 (-0.01, 0.06)

0.06 (0.03, 0.10)

Unadjusted

Adjusted

Number of paternal stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

0.02 (0.00, 0.03)

0.37 (0.31, 0.43)

Unadjusted

Adjusted

≥4 paternal stimulation activities
(N=20,745)
RR (95% CI)

0.20 (0.13, 0.27)
-0.02 (-0.04,
0.00)

0.00 (-0.03, 0.03) 0.01 (-0.02, 0.04)

0.05 (0.04, 0.06)

0.00 (-0.02, 0.01) 0.00 (-0.01, 0.02)

0.02 (0.01, 0.04)

0.05 (0.03, 0.07)

0.06 (0.04, 0.07)

0.01 (0.00, 0.02)

0.05 (0.05, 0.06)

1.01 (0.98, 1.03)

1.35 (1.25, 1.46)

1.06 (1.01, 1.10)

1.07 (1.05, 1.09)

Unadjusted

0.94 (0.91, 0.98)

1.25 (1.13, 1.38)

1.01 (0.97, 1.06)

1.01 (0.98, 1.03)

Adjusted

≥4 maternal stimulation activities
(N=20,745)
RR (95% CI)

Total
0.05 (0.05, 0.06) 0.03 (0.02, 0.04) 1.18 (1.15, 1.22) 1.11 (1.07, 1.16)
empowerment
Dimensions
Access
0.05 (0.03, 0.06) 0.03 (0.02, 0.05) 1.19 (1.10, 1.29) 1.07 (0.98, 1.16)
Decisionmaking
0.13 (0.09, 0.16) 0.08 (0.04, 0.12) 1.40 (1.21, 1.61) 1.52 (1.22, 1.91)
Gender
0.04 (0.03, 0.05) 0.02 (0.01, 0.03) 1.12 (1.07, 1.18) 1.04 (0.97, 1.12)
Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights.
Adjusted estimates controlled for household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age
at first co-habitation; child age and sex; country and survey year. Abbreviations used: MD, mean difference; RR, relative risk.

Gender

Total
empowerment
Dimensions
Access
Decisionmaking

Adjusted

Unadjusted

Unadjusted

Adjusted

Number of maternal stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

Number of learning resources
(0-4)
(N=21,276)
MD (95% CI)

Table C.12 Associations between women’s total empowerment and empowerment dimensions and early learning outcomes

Table C.13 Associations between quintiles of women’s total empowerment and empowerment
dimensions and child diet
Dietary diversity score (DDS, 0-7)
(N=11,279)
MD (95% CI)

Minimum dietary diversity
(DDS≥4)
(N=11,279)
RR (95% CI)
Unadjusted
Adjusted

Unadjusted
Adjusted
Total empowerment
Empowerment Q1
Ref.
Ref.
Ref.
Ref.
(lowest)
Empowerment Q2
0.06 (-0.06, 0.18) 0.06 (-0.06, 0.17) 1.09 (0.91, 1.31) 1.07 (0.90, 1.28)
Empowerment Q3
0.09 (-0.03, 0.21) 0.07 (-0.05, 0.18) 1.07 (0.90, 1.27) 1.02 (0.86, 1.20)
Empowerment Q4
0.12 (0.00, 0.24) 0.08 (-0.03, 0.20) 1.08 (0.90, 1.30) 1.01 (0.85, 1.20)
Empowerment Q5
0.25 (0.13, 0.37)
0.17 (0.06, 0.29) 1.29 (1.09, 1.53) 1.07 (0.91, 1.27)
(highest)
Empowerment
dimensions
Access Q1 (lowest)
Ref.
Ref.
Ref.
Ref.
Access Q2
0.00 (-0.13, 0.13) 0.02 (-0.11, 0.14) 0.90 (0.75, 1.07) 0.97 (0.81, 1.16)
Access Q3
-0.02 (-0.16, 0.12) 0.02 (-0.11, 0.15) 0.85 (0.69, 1.05) 0.89 (0.74, 1.09)
Access Q4
0.09 (-0.05, 0.22) 0.08 (-0.05, 0.22) 1.04 (0.85, 1.27) 1.01 (0.84, 1.22)
Access Q5 (highest)
0.27 (0.10, 0.44)
0.27 (0.11, 0.44) 1.25 (0.99, 1.58) 1.20 (0.96, 1.49)
Decision-making Q1
Ref.
Ref.
Ref.
Ref.
(lowest)
Decision-making Q2
0.06 (-0.07, 0.19) 0.08 (-0.04, 0.21) 1.09 (0.90, 1.33) 1.12 (0.93, 1.36)
Decision-making Q3
0.14 (0.00, 0.29)
0.16 (0.03, 0.29) 1.07 (0.87, 1.32) 1.09 (0.89, 1.34)
Decision-making Q4
0.08 (-0.08, 0.24) 0.10 (-0.05, 0.26) 1.02 (0.81, 1.28) 1.03 (0.82, 1.29)
Decision-making Q5
-0.09 (-0.26, 0.08) -0.04 (-0.20, 0.12) 0.81 (0.63, 1.04) 0.82 (0.64, 1.05)
(highest)
Gender Q1 (lowest)
Ref.
Ref.
Ref.
Ref.
Gender Q2
0.02 (-0.10, 0.14) -0.08 (-0.20, 0.03) 1.07 (0.89, 1.30) 0.93 (0.78, 1.12)
Gender Q3
0.02 (-0.10, 0.14) -0.09 (-0.20, 0.03) 1.17 (0.98, 1.40) 1.02 (0.86, 1.21)
Gender Q4
0.05 (-0.06, 0.17) -0.09 (-0.20, 0.02) 1.14 (0.95, 1.37) 0.91 (0.76, 1.09)
Gender Q5 (highest)
0.26 (0.10, 0.41) 0.05 (-0.09, 0.19) 1.55 (1.28, 1.89) 1.22 (1.00, 1.48)
Note: All estimates accounted for clustering and representativeness using the country-specific cluster variables
and sampling weights. Adjusted estimates controlled for household wealth, rurality, and size; household head’s
age and sex; maternal education, age, and age at first co-habitation; child age and sex; country and survey year.
Abbreviations used: Q, quintile; MD, mean difference; RR, relative risk; Ref, reference.
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Table C.14 Associations between women’s total empowerment and empowerment dimensions
and child diet
Dietary diversity score (DDS, 0-7)
(N=11,279)
MD (95% CI)
Unadjusted

Adjusted

Minimum dietary diversity
(DDS≥4)
(N=11,279)
RR (95% CI)
Unadjusted

Adjusted

Total
0.09 (0.08, 0.10)
0.03 (0.01, 0.04) 1.10 (1.08, 1.12) 1.02 (0.99, 1.04)
empowerment
Dimensions
Access
0.16 (0.12, 0.20)
0.08 (0.05, 0.12) 1.16 (1.09, 1.22) 1.05 (0.99, 1.11)
Decisionmaking
0.05 (-0.02, 0.11) 0.01 (-0.06, 0.09) 0.90 (0.82, 0.99) 0.94 (0.85, 1.05)
Gender
0.06 (0.03, 0.08) 0.00 (-0.02, 0.02) 1.12 (1.08, 1.16) 1.02 (0.98, 1.05)
Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights. Adjusted estimates controlled for household wealth,
rurality, and size; household head’s age and sex; maternal education, age, and age at first cohabitation; child age and sex; country and survey year. Abbreviations used: MD, mean difference;
RR, relative risk.
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Quintiles
Total empowerment
Empowerment
Q1
(lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment
Q5
(highest)
Dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1
(lowest)
Decision-making Q2

Continuous
Total empowerment
Dimensions
Access
Decision-making
Gender

Ref.
1.03 (0.95, 1.12)
0.96 (0.89, 1.04)
0.97 (0.89, 1.05)
1.01 (0.93, 1.10)

Ref.
0.92 (0.84, 1.00)
0.96 (0.88, 1.06)
0.92 (0.83, 1.01)
0.97 (0.88, 1.07)
Ref.
0.98 (0.90, 1.07)

0.95 (0.86, 1.04)
0.96 (0.87, 1.06)
0.93 (0.84, 1.03)
0.89 (0.80, 0.99)

Ref.
0.89 (0.80, 0.98)
0.95 (0.85, 1.06)
0.99 (0.87, 1.12)
0.92 (0.80, 1.04)
Ref.
0.82 (0.74, 0.91)

1.02 (0.99, 1.04)
1.03 (0.96, 1.10)
0.98 (0.96, 0.99)

0.97 (0.95, 1.00)
0.88 (0.81, 0.96)
0.99 (0.97, 1.01)

Ref.

1.00 (0.98, 1.01)

Socio-emotional
development off
track
(N=19,834)
RR (95% CI)

0.98 (0.96, 0.99)

Cognitive
development off
track
(N=20,161)
RR (95% CI)

0.77 (0.64, 0.93)

Ref.
0.92 (0.77, 1.10)
0.90 (0.75, 1.09)
0.90 (0.72, 1.12)
0.89 (0.72, 1.11)
Ref.

0.83 (0.70, 0.99)
0.82 (0.69, 0.98)
0.88 (0.74, 1.03)
0.94 (0.78, 1.14)

Ref.

1.01 (0.95, 1.08)
1.03 (0.89, 1.18)
0.96 (0.93, 1.00)

0.99 (0.96, 1.02)

Cognitive and
socio-emotional
development off
track
(N=19,743)
RR (95% CI)

-0.02 (-0.09, 0.05)

Ref.
-0.06 (-0.12, 0.01)
0.02 (-0.06, 0.10)
0.08 (-0.01, 0.17)
0.11 (0.03, 0.20)
Ref.

-0.03 (-0.10, 0.04)
-0.03 (-0.10, 0.03)
0.04 (-0.03, 0.11)
0.11 (0.03, 0.18)

Ref.

0.03 (0.01, 0.05)
-0.03 (-0.08, 0.03)
0.00 (-0.01, 0.02)

0.01 (0.00, 0.02)

Height-for-age Zscore
(N=20,390)
MD (95% CI)

1.05 (0.98, 1.12)

Ref.
1.04 (0.98, 1.10)
0.97 (0.90, 1.04)
0.94 (0.86, 1.02)
0.91 (0.84, 0.98)
Ref.

1.01 (0.94, 1.07)
1.02 (0.96, 1.08)
0.99 (0.92, 1.06)
0.90 (0.84, 0.97)

Ref.

0.97 (0.95, 0.99)
0.99 (0.95, 1.04)
1.00 (0.98, 1.01)

0.99 (0.97, 1.00)

Stunting (Heightfor-age Z-score <-2)
(N=20,390)
RR (95% CI)

Table C.15 Associations between women’s total empowerment and empowerment dimensions (continuous and quintiles) and child outcomes, using
the alternative definition of decision-making indicators

C.8 Results using the alternative definition of decision-making indicators
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Decision-making Q3
0.77 (0.68, 0.88)
0.97 (0.88, 1.07)
0.77 (0.62, 0.96)
-0.02 (-0.11, 0.07)
1.05 (0.97, 1.14)
0.80 (0.71, 0.91)
0.98 (0.89, 1.08)
0.92 (0.75, 1.12)
-0.04 (-0.12, 0.04)
1.01 (0.93, 1.09)
Decision-making Q4
Decision-making Q5
0.79 (0.69, 0.91)
1.04 (0.94, 1.14)
0.97 (0.79, 1.18)
-0.04 (-0.12, 0.05)
1.03 (0.95, 1.12)
(highest)
Gender Q1 (lowest)
Ref.
Ref.
Ref.
Ref.
Ref.
Gender Q2
1.00 (0.91, 1.10)
1.05 (0.97, 1.14)
1.07 (0.90, 1.27)
0.02 (-0.05, 0.10)
0.94 (0.88, 1.01)
0.84 (0.75, 0.93)
1.01 (0.93, 1.09)
0.81 (0.67, 0.97)
0.01 (-0.06, 0.09)
0.99 (0.93, 1.06)
Gender Q3
Gender Q4
0.97 (0.88, 1.06)
0.99 (0.91, 1.07)
1.02 (0.87, 1.21)
0.04 (-0.03, 0.12)
0.96 (0.90, 1.02)
0.97 (0.86, 1.09)
0.91 (0.83, 1.00)
0.86 (0.70, 1.04)
-0.05 (-0.14, 0.04)
1.03 (0.95, 1.11)
Gender Q5 (highest)
Note: In the primary decision-making definition, indicators on decision-making were coded as 1 if the woman alone or together with her
husband/partner made the decision. In the alternative decision-making definition, indicators were coded as 1 if the woman alone made the decision.
All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights, and controlled for
household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age at first co-habitation; child age and sex; country
and survey year. Abbreviations used: RR, relative risk; MD, mean difference; Ref. reference.

Table C.15 (continued):
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Quintiles
Total empowerment
Empowerment
Q1
(lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment
Q5
(highest)
Dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1
(lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4

Continuous
Total empowerment
Dimensions
Access
Decision-making
Gender

Ref.
-0.01 (-0.10, 0.07)
0.00 (-0.08, 0.08)
-0.02 (-0.12, 0.07)
0.05 (-0.05, 0.14)

Ref.
-0.09 (-0.18, 0.01)
-0.18 (-0.30, -0.07)
-0.11 (-0.23, 0.01)
-0.02 (-0.14, 0.10)
Ref.
0.00 (-0.09, 0.10)
0.20 (0.08, 0.32)
0.24 (0.10, 0.38)

0.07 (0.01, 0.12)
0.01 (-0.04, 0.07)
0.09 (0.04, 0.14)
0.05 (-0.01, 0.12)

Ref.
0.02 (-0.03, 0.08)
0.06 (-0.01, 0.12)
-0.01 (-0.08, 0.06)
0.09 (0.02, 0.16)
Ref.
0.07 (0.01, 0.13)
0.04 (-0.04, 0.12)
0.07 (0.00, 0.15)

0.03 (0.00, 0.05)
0.06 (-0.04, 0.15)
-0.01 (-0.04, 0.01)

0.02 (0.01, 0.03)
0.06 (0.01, 0.10)
0.00 (-0.01, 0.01)

Ref.

0.01 (-0.01, 0.02)

0.01 (0.00, 0.02)

Number of learning
resources (0-4)
(N=21,276)
MD (95% CI)

Number of
maternal
stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

1.03 (0.88, 1.21)
1.15 (0.95, 1.38)
1.26 (1.05, 1.53)

Ref.
0.92 (0.79, 1.07)
0.74 (0.62, 0.89)
0.99 (0.84, 1.17)
0.99 (0.84, 1.17)
Ref.

0.92 (0.80, 1.05)
0.89 (0.78, 1.02)
0.93 (0.81, 1.06)
0.96 (0.83, 1.10)

Ref.

1.03 (0.99, 1.06)
1.13 (0.99, 1.30)
0.95 (0.92, 0.99)

1.00 (0.97, 1.02)

≥4 maternal
stimulation
activities
(N=20,745)
RR (95% CI)

0.04 (-0.02, 0.11)
0.01 (-0.06, 0.08)
0.03 (-0.04, 0.11)

Ref.
0.07 (0.01, 0.13)
0.07 (0.01, 0.13)
0.08 (0.01, 0.16)
0.16 (0.09, 0.24)
Ref.

0.05 (-0.01, 0.10)
0.10 (0.04, 0.15)
0.09 (0.03, 0.14)
0.13 (0.07, 0.19)

Ref.

0.05 (0.03, 0.06)
-0.14 (-0.18, -0.09)
0.02 (0.01, 0.03)

0.02 (0.02, 0.03)

Number of
paternal
stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

0.95 (0.70, 1.29)
0.91 (0.62, 1.32)
0.98 (0.68, 1.41)

Ref.
1.26 (0.90, 1.77)
1.21 (0.86, 1.69)
1.39 (0.96, 2.01)
1.73 (1.19, 2.50)
Ref.

1.03 (0.76, 1.41)
1.18 (0.87, 1.59)
1.04 (0.79, 1.37)
1.48 (1.11, 1.97)

Ref.

1.11 (1.04, 1.19)
0.77 (0.56, 1.06)
1.06 (0.99, 1.13)

1.06 (1.02, 1.11)

≥4 paternal
stimulation activities
(N=20,745)
RR (95% CI)

Table C.16 Associations between women’s total empowerment and empowerment dimensions (continuous and quintiles) and care outcomes, using
the alternative definition of decision-making indicators
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Decision-making Q5
(highest)
Gender Q1 (lowest)
Gender Q2
Gender Q3
Gender Q4
Gender Q5 (highest)

Table C.16 (continued):
0.11 (-0.03, 0.25)
Ref.
-0.22 (-0.33, -0.11)
-0.11 (-0.22, 0.00)
-0.03 (-0.13, 0.08)
-0.04 (-0.16, 0.07)

0.07 (0.00, 0.15)
Ref.
-0.03 (-0.09, 0.03)
0.03 (-0.03, 0.09)
0.02 (-0.04, 0.08)
-0.04 (-0.11, 0.03)

Ref.
0.68 (0.58, 0.79)
0.84 (0.72, 0.98)
0.86 (0.74, 1.00)
0.81 (0.69, 0.95)

1.22 (0.99, 1.51)
Ref.
0.03 (-0.03, 0.09)
0.07 (0.02, 0.12)
0.09 (0.03, 0.14)
0.09 (0.02, 0.15)

-0.15 (-0.22, -0.08)

Ref.
1.02 (0.74, 1.41)
1.27 (0.95, 1.70)
1.16 (0.84, 1.59)
1.01 (0.72, 1.43)

0.55 (0.35, 0.87)
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Quintiles
Total empowerment
Empowerment
Q1
(lowest)
Empowerment Q2
Empowerment Q3
Empowerment Q4
Empowerment
Q5
(highest)
Dimensions
Access Q1 (lowest)
Access Q2
Access Q3
Access Q4
Access Q5 (highest)
Decision-making Q1
(lowest)
Decision-making Q2
Decision-making Q3
Decision-making Q4
Decision-making Q5
(highest)

Continuous
Total empowerment
Dimensions
Access
Decision-making
Gender

Table C.16 (continued):

Ref.
1.14 (0.96, 1.35)
1.07 (0.90, 1.27)
0.95 (0.80, 1.12)
1.17 (0.99, 1.39)

Ref.
0.91 (0.75, 1.10)
1.07 (0.85, 1.33)
1.06 (0.83, 1.35)
0.99 (0.78, 1.25)
Ref.
0.81 (0.67, 0.99)
0.82 (0.65, 1.05)
1.09 (0.88, 1.34)
0.94 (0.74, 1.19)

0.04 (-0.08, 0.15)
0.03 (-0.08, 0.14)
0.07 (-0.04, 0.17)
0.19 (0.06, 0.31)

Ref.
-0.01 (-0.13, 0.12)
0.07 (-0.07, 0.20)
0.02 (-0.13, 0.16)
0.14 (-0.02, 0.29)
Ref.
-0.05 (-0.16, 0.06)
0.09 (-0.05, 0.24)
0.20 (0.04, 0.35)
0.11 (-0.04, 0.27)

1.03 (0.99, 1.08)
1.06 (0.91, 1.24)
1.01 (0.98, 1.05)

0.07 (0.04, 0.10)
0.09 (-0.01, 0.19)
0.00 (-0.02, 0.02)

Ref.

1.02 (1.00, 1.05)

Minimum dietary
diversity (DDS≥4)
(N=11,279)
RR (95% CI)

0.03 (0.02, 0.05)

Dietary diversity
score (DDS, 0-7)
(N=11,279)
MD (95% CI)
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Ref.
-0.14 (-0.25, -0.03)
-0.07 (-0.18, 0.05)
-0.03 (-0.14, 0.07)
0.04 (-0.09, 0.17)

Ref.
0.93 (0.78, 1.11)
1.00 (0.84, 1.18)
0.91 (0.76, 1.08)
1.27 (1.05, 1.53)

Note: In the primary decision-making definition, indicators on decision-making were coded as 1 if the woman alone or together with her
husband/partner made the decision. In the alternative decision-making definition, indicators were coded as 1 if the woman alone made the decision.
All estimates accounted for clustering and representativeness using the country-specific cluster variables and sampling weights, and controlled for
household wealth, rurality, and size; household head’s age and sex; maternal education, age, and age at first co-habitation; child age and sex; country
and survey year. Abbreviations used: RR, relative risk; MD, mean difference; Ref. reference.

Gender Q1 (lowest)
Gender Q2
Gender Q3
Gender Q4
Gender Q5 (highest)

Table C.16 (continued):

C.9 Heterogeneity results
Table C.17 Effect heterogeneity of the association between women’s total empowerment and child
and care outcomes by household wealth and maternal education, comparing women the highest
quintile to women in the lowest quintile

Household wealth
Low wealth
High wealth
p-value for interaction
Maternal education
No education
Any education
p-value for interaction

Household wealth
Low wealth
High wealth
p-value for interaction
Maternal education
No education
Any education
p-value for interaction

Cognitive
development off track
(N=20,161)
RR (95% CI)

Socio-emotional
development off
track
(N=19,834)
RR (95% CI)

Cognitive and socioemotional
development off
track
(N=19,743)
RR (95% CI)

0.95 (0.82, 1.09)
0.88 (0.75, 1.04)
0.500

0.92 (0.80, 1.05)
0.97 (0.87, 1.08)
0.543

0.72 (0.57, 0.93)
0.96 (0.72, 1.27)
0.129

0.84 (0.74, 0.96)
0.97 (0.82, 1.15)
0.177
Height-for-age Zscore
(N=20,390)
MD (95% CI)

0.99 (0.87, 1.13)
0.88 (0.78, 0.98)
0.143
Stunting (Heightfor-age Z-score <-2)
(N=20,390)
RR (95% CI)

0.78 (0.61, 0.99)
0.94 (0.69, 1.29)
0.336

0.16 (0.05, 0.27)
0.12 (0.03, 0.21)
0.582

0.93 (0.84, 1.02)
0.87 (0.79, 0.96)
0.379

0.10 (-0.00, 0.20)
0.18 (0.09, 0.28)
0.236

0.92 (0.85, 1.00)
0.86 (0.77, 0.96)
0.318
Number of maternal
stimulation
activities (0-6)
(N=20,745)
MD (95% CI)

≥4 maternal
stimulation
activities
(N=20,745)
RR (95% CI)

0.04 (-0.04, 0.12)
0.15 (0.07, 0.24)
0.047

0.11 (-0.04, 0.25)
0.29 (0.17, 0.42)
0.055

0.95 (0.74, 1.22)
1.23 (1.04, 1.46)
0.089

0.05 (-0.04, 0.13)
0.17 (0.10, 0.25)
0.019
Number of paternal
stimulation activities
(0-6)
(N=20,745)
MD (95% CI)

0.04 (-0.10, 0.18)
0.43 (0.30, 0.56)
<0.001
≥4 paternal
stimulation
activities
(N=20,745)
RR (95% CI)

0.90 (0.71, 1.14)
1.44 (1.22, 1.70)
0.001

0.13 (0.05, 0.20)
0.35 (0.27, 0.43)
<0.001

1.37 (0.90, 2.10)
2.47 (1.69, 3.61)
0.039

Number of learning
resources (0-4)
(N=21,276)
MD (95% CI)
Household wealth
Low wealth
High wealth
p-value for interaction
Maternal education
No education
Any education
p-value for interaction

Household wealth
Low wealth
High wealth
p-value for interaction
Maternal education
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Table C.17 (continued):
No education
Any education
p-value for interaction

Household wealth
Low wealth
High wealth
p-value for interaction
Maternal education
No education
Any education
p-value for interaction

0.15 (0.09, 0.22)
0.37 (0.27, 0.46)
<0.001
Dietary diversity
score (DDS, 0-7)
(N=11,279)
MD (95% CI)

1.63 (1.01, 2.64)
2.15 (1.53, 3.01)
0.358
Minimum dietary
diversity (DDS≥4)
(N=11,279)
RR (95% CI)

0.12 (-0.03, 0.26)
0.25 (0.09, 0.42)
0.222

1.13 (0.85, 1.50)
1.12 (0.92, 1.37)
0.980

0.18 (0.04, 0.32)
0.21 (0.03, 0.40)
0.784

1.03 (0.81, 1.31)
1.21 (0.96, 1.51)
0.345

Note: All estimates accounted for clustering and representativeness using the country-specific
cluster variables and sampling weights, and controlled for household wealth, rurality, and size;
household head’s age and sex; maternal education, age, and age at first co-habitation; child age
and sex; country and survey year. P-values for interaction presented throughout. Household wealth
was entered as a binary variable, 1 = high wealth (household is in one of the highest three wealth
quintiles) and 0 = low wealth (household is in one of the bottom two wealth quintiles). Maternal
education was entered as a binary variable, 1 = any education and 0 = no education. Abbreviations
used: RR, relative risk; MD, mean difference.
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