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EXECUTIVE SUMMARY

Early childhood investment in low-income countries is now widely recognized as a global development
imperative.(Black et al. 2017; Britto et al. 2017) We aim to innovate and apply interdisciplinary methods
to understand the mechanisms through which a five-year, low-intensity, scalable maternal depression
intervention might lead to lasting improvements in maternal health, parental investments, and child
development, and to identify characteristics of women for whom it is most effective. Furthermore, we
seek to provide additional insights into the impacts of personalized feedback on parenting perceptions
and actions as well as influences on future study participation. The results will provide important evidence
around the impacts of early life adversities on maternal health and child development and optimize future
research approaches to complex investigations in these fields.

Our research goals are to:

1) Evaluate the impact and provide a cost-effectiveness analysis of the randomized intervention, the
Thinking Healthy Programme Peer-delivered (henceforth THPP) on maternal health and child
development through age 6 years. Going beyond the estimation of average treatment effects, we plan
to use novel machine learning techniques to estimate heterogeneity of treatment effects and identify
baseline characteristics of women that are predictive of their responsiveness to treatment.

2) Identify behavioural and biological mechanisms through which the THPP influenced maternal health
and child development. This will include an examination of the impacts of THPP on parental
investment in children as well as maternal and child stress regulation measured using biomarkers.

3) Assess the impact of providing personalized feedback to parents regarding their child’s performance
on future parenting behaviours. We will additionally assess impacts on the family’s likelihood of
participating in future studies, a design feature that can inform future trials.

These questions align with CEDIL’s objectives to use innovative methods to evaluate and optimize the
design of programs, and of the studies evaluating them, with the ultimate aim of improving the health
and development of under-resourced communities around the world. Our findings will inform the design
and evaluation of future maternal and early childhood interventions and advance modelling of human
capital trajectories(Cunha, Heckman, and Schennach 2010; Almond, Currie, and Duque 2018; Attanasio et
al. 2019; Cunha, Attanasio, and Jervis 2016) using state of the art measurement (for instance, of stress,
depression, parenting, intimate partner violence, and child development) and analytical
techniques.(Chernozhukov et al. 2018)



DESCRIPTIONS OF INTERVENTIONS

Study Area Context

This project is situated in rural Punjab, Pakistan, where multiple adversities impact maternal health and
child development. Over 40% of children do not attain their developmental potential, and nearly 30% of
women suffer perinatal depression.(Black et al. 2017; Kieling et al. 2011; Gelaye et al. 2016; Parsons et al.
2012) Maternal depression treatment has the potential to alleviate poverty and poor health, and improve
social functioning and development for mothers and children, and to empower women.(Baranov et al.
2020) The study takes place in Kallar Syedan, a rural subdistrict of Rawalpindi, Pakistan home to about
250,000 people with an average multigenerational household size of 6.2 persons. Families predominantly
engage in subsistence farming and the wage earnings of one or more adult household members. Men
typically perform semiskilled or unskilled labour in a nearby city, work for the government, serve in the
armed forces, or participate in migrant labor. Overall, Kallar Syedan is a low-socioeconomic area. Male
and female literacy rates are 80% and 50%, respectively, and infant mortality is ~84 per 1000 live
births.(Bank 2013; National Institute of Population Studies - NIPS/Pakistan & ICF Intternational 2012-3)

Members of the study team have been working in this area for over 20 years, building strong relationships
with the mothers and families. Data are collected by female research assistants with robust training who
thoughtfully attend to the cultural context of the area. This project builds on the trust developed through
this past engagement, continuing to follow families and the impacts of both the interventions (outlined
below) and their broader social environments.

Main Intervention Being Evaluated: Thinking Healthy Programme- Peer-delivered Plus (THPP+)

The main intervention which our study evaluates is the Thinking Healthy Programme. The THPP is an
extended duration, behavioural activation-based psychological intervention, delivered through lay-peers
(other mothers) to depressed women, administered by the Human Development Research Foundation
(HDRF).(World Health Organization 2015)

The first phase of this low-cost intervention was delivered from pregnancy to 3 years postnatal under
NIH funding for the Bachpan study (ending in 2019, when the children were age 3) and it was shown to
be cost-effective in reducing depression in the first six-months postnatal.(Sikander, Ahmad, Atif, et al.
2019) An analysis of outcomes at 36 months revealed a lack of lasting impact on maternal depression
symptoms.(Maselko et al. 2020) However, the results of the intervention’s combined impact at the 6
and 36 month postnatal marks were encouraging. For example, at 6 months, an analysis of the
combined Pakistan and India samples revealed that significantly lower maternal depression scores
among intervention arm women (adjusted mean difference on PHQ-9 0.78 (95% Cl -1.47, -
0.09))(Vanobberghen et al. 2019). Even as the final 36 month comparison did not reach statistical
significance at that one time point, there was a statistically significant reduction in depression over the
entire 3m-36m time period. Finally, our analysis from the biomarker pilot from 106 women at 12
months postpartum reveals a statistically significant difference between intervention and control arm
mothers (treatment effect -0.38, p-value 0.01; manuscript in preparation). Given that the women in the
intervention arm have continued to receive an intervention over time, we additionally hypothesize that
an accumulation of small positive effects can add up over time for a larger observed effect.



Furthermore, a child stimulation program in Colombia had significant impacts on cognitive
development.(Maselko et al. 2015; Attanasio et al. 2014) In response to this evidence, THPP was adapted
by HDRF to include a new component, the WHQ’s Care for Development Package from the time the
children are 3 until they are 5.(Atif, Bibi, Nisar, Zulfigar, Ahmad, et al. 2019) This was designed to directly
bolster child development, while continuing to address maternal mental health.(HDRF 2019)

The Thinking Healthy Program, Peer-delivered Plus (THPP+) Intervention

As part of the THPP, women who screened positive for elevated depressive symptoms in pregnancy
were invited to participate in the trial. A subgroup of women who screened negative were invited to
participate in the cohort only portion of the study. Women in the intervention arm received the peer-
delivered psychosocial program from the third trimester of pregnancy through 36 months postpartum.
The first 6 sessions were delivered in a group format monthly, then bi-monthly until 36 months. The lay-
peers lived in the same community as that of the depressed women and volunteered their time. At the
3-year mark, the implementing organization leveraged the existing lay peer infrastructure to continue a
further adapted version of the THP. While, in the initial period, the focus of the program was much more
on reducing maternal depression symptoms, with a relatively small component focused on child
development. The final stage of the Thinking Healthy Programme, which began when the child was 3
and lasted through age 5, leveraged the existing relationships between the mothers and peers and
added a much larger focus on general maternal support and child development.

The psychosocial intervention is rooted in behavioural activation, peer-support, and problem-solving
targeting maternal depression. These sessions also focused on developmental and parenting activities
for children up to the 36" month.(Atif, Bibi, Nisar, Zulfiqgar, Ahmed, et al. 2019) The intervention
underwent robust cultural adaptation and testing and has demonstrated efficacy.(Atif, Bibi, Nisar,
Zulfigar, Ahmed, et al. 2019; Atif, Nisar, et al. 2019) Peer mothers operated within a supervisory model,
clinical and community health workers of the primary care system within their village. Competence and
fidelity was assessed ongoing throughout the study period.

We focus on two main mechanisms of action: through the continued support of maternal mental health
and improved parenting skills. The program itself promotes school readiness as well as mothers’
continued wellbeing (see table below). This phase began at child age 3 and continued through age 5. The
program combines elements of the original Thinking Healthy Programme with the evidence-based
intervention Learning Through Play and is delivered by the same peer volunteers through a series of 21
individual monthly sessions in the mothers’ home, with the original RCT structure remaining in
place(Rahman et al. 2009).



Approach

Structure of
intervention
Areas covered

Delivery agents

Agent training
Supervision

Data collection

Intervention
impacts

Cognitive Behavioral Therapy (CET)

12 45-minute individual sessions (4 weekly
prenatally, 8 bi-weekly postpartum);
S+ monthly community/group sessions

Maother’s personal health, mother-child
interaction, mother’s interaction with others

Community Health Workers (CHW) and
trained Peers

2-weeks followed by refreshers
Maonthly in groups of 10; problem discussion

Prenatally through 6 months postpartum;
main outcome depression symptoms

Remediation of maternal depression
Anticipated secondary community benefits

(wia parenting skills, coping strategies, etc.)

The figure below illustrates our basic theoretical model.

Figure. Simplified Model of THPP program impacting maternal and
child outcomes
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Additional Experiment on Providing Feedback to Mothers on their Child’s Performance

To further inform the scale and broad impacts of maternal perceptions and investments in her children,
we evaluate a feedback information experiment embedded in the planned data collection protocol.
Here we will focus on the following hypotheses:

1. Mothers will respond to feedback about their child’s developmental progress by changing their
investments in children.

2. Depressed mothers respond differently from non-depressed mothers
The operating mechanisms that we envision are as follows:

1. Mothers often have biased (incorrect) beliefs about their child’s ability
2. They update their beliefs upon receiving feedback
3. Beliefs about child ability are a determinant of maternal investments in children



4. Depression can modify every step in this process- depressed women may have more biased
beliefs, may update differently in response to feedback, and the manner in which their
investment choices depend upon their beliefs may be different

We will test selected cognitive (literacy, numeracy) and non-cognitive (patience, altruism) skills of the
child, and provide a randomly drawn half of all mothers in the sample with feedback on the child’s relative
performance in these tests. Before providing this information, we will elicit the mother’s beliefs regarding
the child’s ability, the modifiability of the assessed skills, and her competence in acting to improve them.
We will also ask her beliefs about the returns to child skills, and her preferences for these skills. We will
then follow-up the treated and control groups to test the primary hypothesis that maternal investments
in the child can be influenced by information on their child’s ability, investigating the relevance of biased
beliefs. We will also leverage the baseline randomization of treatment for maternal depression to test the
hypotheses that depressed mothers are more likely to have biased beliefs, that the THP/depression
intervention ameliorated this bias, and that depression-treated mothers are more responsive to feedback
than depression-untreated mothers.

In addition to the primary goal of testing whether providing feedback improves parenting behaviour,
data from the feedback experiment will allow us to test whether (1) depressed mothers are less
attentive to their child’s abilities, (2) the THPP intervention increased depressed mothers’ attentiveness
to her child’s abilities, (3) there was a heterogeneous response to feedback by mother’s depression
status, and (4) providing feedback was complementary to the THPP intervention.

CONTRIBUTION TO LITERATURE AND POLICY RELEVANCE

We will identify the potentially protracted burdens of maternal depression and its impact on offspring.
Estimates of maternal depression globally range from 10-30%(Gelaye et al. 2016; Rahman et al. 2004); in
our study area, 16% of mothers of 12 month olds met criteria for depression. Exposure to maternal
depression has numerous intergenerational consequences across the life course, affecting school
readiness(Bono, Sy, and Kopp 2016) as well as risk of externalizing and internalizing behaviors(Murray and
Cooper 1997; Goodman and Gotlib 1999; Bureau, Easterbrooks, and Lyons-Ruth 2009) and multiple
neuropsychiatric and physical disorders into adulthood(Weissman et al. 2016). While intervention efforts
have had some success, especially in the short term, it has been more challenging to shift the longer-term
trajectories of both maternal depression and child developmental outcomes(Maselko et al. 2015;
Siegenthaler, Munder, and Egger 2012; Forman et al. 2007; Gunlicks and Weissman 2008). Much also
remains to be learned about the mechanistic links between maternal depression and socio-emotional and
cognitive (SEC) outcomes(Weissman et al. 2016; Prince et al. 2007), which we intend to explore.

We explore risk and resiliency during the important transition to formal schooling. In low resource
settings such as rural Pakistan, most children are cared for at home before entering formal schooling at
age 5-6. By age 6, roughly 70% of children have transitioned to 1% grade, with over 90% in school by age
7(ASER 2016). The significant adaptation required to transition successfully to the school setting can be a
source of great stress. This transition can trigger social and behavioral problems in some children, while
resiliency may emerge in others.(Nelson, Kendall, and Shields 2013) Our work aims to identify family- and
child-level factors leading to successful transition to the school setting.



We will provide evidence to improve the efficacy of interventions promoting child development,
especially in high adversity settings. Given that 43% of children living in LMIC are at risk of not reaching
their developmental potential, improving child development has become a global priority(Black et al.
2017). Our project builds on a larger consortium of projects (e.g. U19MH109998, R0O1MH111859) whose
shared goal is to test and scale-up interventions aimed at improving the mental health and wellbeing of
mothers and children. Thus, our research has immediate relevance for intervention design while also
elucidating key epidemiological and mechanistic questions related to SEC development at the population
level.

We leverage biological markers of stress to provide key insights into mechanistic pathways between
adversity and child development. Biomarkers of stress, such as cortisol, are robust markers of HPA axis
activity, and their chronic activation has been linked with several disease processes(Staufenbiel et al.
2013; Kamin and Kertes 2017). Additionally, a hypothesized mechanism through which maternal
depression treatment impacts child development is through reduction of stress. Maternal depression is
stressful for both the mother and her child (e.g. through impaired caregiving behaviours and negative
affect) and this may cause significant dysregulations of a child’s stress response, increasing risk for a
multitude of health problems later in life(Garner 2013). Recent observational evidence suggests that
maternal depression is associated with dysregulation of the hypothalamic—pituitary—adrenal (HPA) axis in
the infant, as indexed via the stress hormone cortisol.(Karlen et al. 2013) Yet, it is not yet known whether
treating maternal depression causes changes in child HPA axis function.

In addition to a better understanding of the role of cortisol, our project will also generate new knowledge
regarding DHEA. Although extant literature has focused on cortisol, DHEA is increasingly recognized as a
key component of the longer-term effects of stress on the body,(Cecconello et al. 2016; Qiao et al. 2017)
as well as critical roles in brain development.(Byrne et al. 2017) DHEA may protect against the deleterious
effects of heightened cortisol levels and, therefore, the cortisol/DHEA ratio is thought to be an important
measure of the relative activity of the two steroids and imbalanced ratios have been identified as
indicative of risk in adolescents.(Maninger et al. 2009) DHEA also plays important roles in human
development (e.g., neonatal neurodevelopment, puberty), and is thought to have important
neurogenerative and neuroprotective functions.(Maninger et al. 2009; Pajer et al. 2006) Therefore,
analyzing multiple indicators of the HPA axis system simultaneously within the context of a randomized
trial will allow us to examine transgenerational impacts of mental distress beyond a single biomarker.

This component of our project will (a) provide evidence of a biological mechanism by which treating
maternal depression can impact child development, and (b) assess depression treatment effects on a set
of biomarkers which can ultimately improve intervention development and evaluation in resource
constrained contexts.

We explore the impacts of providing simple information to mothers on child performance as a
strategy to enhance investments and future study engagement. Informational campaigns sending text
messages to parents containing generalized parental suggestions have proven to be cost-effective in
improving children’s achievement.(Mayer et al. 2018) However, these average positive effects may mask
substantial heterogeneity: each child follows a unique developmental trajectory and faces specific
constraints. In order to enable each child to achieve her human capital potential, it is important to first
identify her particular developmental stage and then to personalize the parental investments to her



specific needs. Parents, however, might be unaware of the child’s cognitive or socioemotional situation
with respect to her peers, or might not know the best investment strategy in their child’s skills.
Personalized feedback about the child developmental stage has the potential to enable each family to
efficiently maximize their child’s potential. Furthermore, receiving personalized feedback may make
mothers more positive about research and increase their likelihood of participating in future studies.

Providing parents with information about their children’s academic performance has been shown to be
effective in changing parental beliefs about their children’s abilities and improving parental investment
with school children in Malawi.(Dizon-Ross 2019) However, depression might interfere with the way in
which mothers respond to feedback, with evidence from neuroscience suggesting the depressed
individuals place more weight on negative information.

INNOVATION
We innovate in five major areas:

1) Impact measurement with the inclusion of novel biological markers to enable early detection and
mechanistic identification of treatment effects, alongside an unusually rich set of measures of child
development, maternal function and parental investments, using state of the art psychometric tools.

2) Inclusion of Biomarkers. It is rare to have data on chronic HPA-axis dysregulation in large longitudinal
studies with measurements at multiple time points, such as what we proposed in this study. It is unique
to have such longitudinal biomarkers embedded into a randomized control trial.

3) Study design. Our project involves gathering of longitudinal data in a birth cohort study within which
prenatally depressed mothers were randomized into treatment for maternal depression. We also recruit
women who were pregnant but not depressed at baseline as their outcomes provide an upper bound on
treatment effects under plausible assumptions.

4) Analytic approach. By using machine learning to examine heterogeneity of treatment effects, we will
identify key variables that are relevant to intervention targeting.

5) Providing feedback on child performance. We incorporate an experiment testing parental responses
to the delivery of personalized feedback to parents about their child’s performance during developmental
testing.

STAKEHOLDER ENGAGEMENT

This project reflects a strong history of stakeholder engagement which will continue. This includes:

Consortium of Institution Leading the Study in Pakistan: The consortium of organizations that will be
implementing (and originally established and have been following up the Bachpan Cohort and the Peer
led intervention since 2014) are the Human Development Research Foundation (www.hdrfoudation.org),
Health Services Academy (www.hsa.edu.pk) and the Institute of Psychiatry, Rawalpindi Medical University
(http://ioprmu.com/). This consortium is one of the most unique examples of a public-private
collaboration for addressing maternal mental health and child development. The Health Services
Academy, is a policy feeding institution for the Ministry of National Health Services and holds a policy
guiding Health and Population Think Tank. The Human Development Research Foundation is one of the
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only private sector research NGOs that holds a Memorandum of Understanding (MoU) with the Ministry
of National Health Services. While Institute of Psychiatry is a WHO Collaborating Centre for mental health
training and research.

Policy Relevance of the Study: Last year the President of Pakistan announced backing up the Action Plan
for Mental Health in Pakistan on the 17+ of Aug 2019.This action plan specifically aims at promoting
maternal mental health and child wellbeing in schools. With this Plan in action — the consortium is
providing inputs to the scaling up the WHQO’s Thinking Healthy Program for maternal mental health in
Pakistan and the School Mental Health Program as well. The current study of ours with all its objectives
especially the heterogeneity treatment effects will help unpack ways to preempt who will do better and
who will not despite being given the psychosocial intervention. This can directly inform the scaling up of
the Thinking Healthy Program which is currently underway. This study will help us understand which
components of this peer delivered psychosocial intervention that started in pregnancy continued through
to the fifth year of child’s age needs fortification. Since this is one of the longest know psychosocial
interventions delivered feasibly through lay workers takes more of a life course approach based
intervention for targeting long-term maternal mental health and child development.

Continued Policy, Practice and Academic Inputs: We have a multidisciplinary team, spanning several
countries with extensive experience and linkages to key stakeholders in Pakistan, the WHO, other UN
organizations and NGOs. This provides excellent and diverse opportunities for getting policy traction,
inputs and finally disseminating our research and impacting policy and practice both globally and
nationally in Pakistan.

To help this and the visibility of our work within Pakistan, we will establish a Scientific Advisory Board
(SAB). The Advisory Board will be Chaired by Dr Assad Hafeez, who is a collaborator and a network partner
on this CEDIL grant. The Advisory Board will also have representation of other academics, practitioners
(both from the health sector and the civil society) and policy makers; it will also have representation of
the investigators from Pakistan (see table below). The Board will convene, and meet at the Health Services
Academy (HSA), Islamabad. The Academy is one of the premier academic public health institutions of
Pakistan and functions as the policy arm of the Ministry of National Health Services Regulations. The Board
will meet annually to review the progress of the project, provide strategic inputs to improve dissemination
and add new insights from the field of maternal and child wellbeing. The Board will also provide policy
relevant guidelines considering the findings to promote practice change.

Members of the Scientific Brief Background/Context
Advisory Board




Prof Assad Hafeez

Will be the Chair of the Scientific Advisory Board

Vice Chancellor, Health Services Academy.

Ex-Director General of Health, Pakistan

Ex-Chairman Executive Board of World Health Organization.

Paediatrician and a leading public health figure both nationally
and internationally.

Rep from M/o National
Health Services

The Director of Programs at the Ministry will be invited. The
Director also heads the NCDs & MH Program at the Ministry. The
Ministry is providing the oversight to the roll-out of Universal
Health Coverage and Disease Control Priorities informed
essential health services package which includes mental health.

Rep from the WHO Country
Office

The Mental Health Lead at the Country office will be invited.

UNICEF, Pakistan

UNICEF is one of the main UN Partners of the Ministry and the
Health Services Academy. The child health and protection lead at
UNICEF will be invited to be a member.

USAID

USAID is another main UN Partner of the Ministry and the Health
Services Academy. It currently holds several government-to-
government (G2G) grants. USAID is supporting the Health &
Population Think Tank at the Academy. The Director of Health at
USAID will be invited to be a member.

SPARC

Society for the Protection of the Rights of the Child (SPARC) is the
leading civil society organization working for the rights of
children in Pakistan. The lead for child health and wellbeing will
be invited to be a member.




Other Civil Society reps

Representatives from other organizations that work with women
and children like ROZAN, Aurat Foundation and Child Rights

Movement will be invited to join the Board.

Investigators/Consultants

Board.

Academics Experts from the field of public health, reproductive health,
gender-based violence and paediatricians will also be included.
CEDIL All investigators on the grant will be de facto members of the

METHODS

Sample and power

The initial phase of the THPP was implemented as a cluster-RCT in 40 rural villages outside of Rawalpindi,
Pakistan (Figure 1). Depressed women were identified through systematic screening by community health
workers and were enrolled in pregnancy. Mother-child dyads were assessed again at 3, 6, 12, 24, and 36
months post-partum.(Turner et al. 2016) The birth cohort (baseline n=1,154) includes an equal number of
low-risk, prenatally not-depressed women,(Sikander, Ahmad, Bates, et al. 2019) enabling us to examine
how much of the excess risk due to maternal depression exposure can be mitigated by the intervention.
The 36-month follow-up had a high retention rate, with 91% of still eligible mother-child dyads being

Figure 1: THPP intervention timeline, Bachpan Cohort Study, sample and design
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interviewed. Additionally, retention rates have been equal across intervention and control groups, which
is important for the integrity of the experimental design. This bodes well for the continued follow-up.

For the analyses of main intervention effect (THPP), we anticipate a sample size of 400 prenatally
depressed dyads, (11/village cluster, 40 village clusters, half intervention/control) allowing us to detect
an effect size of 0.34 SD at a 5% significance level with 80% power, assuming an ICC of 0.05. Another 450
dyads from the baseline non-depressed will form the low-risk comparison group.

For the feedback experiment, we will use the full sample of 850 women from the Bachpan cohort,
individually randomising half of the women to receive feedback (stratified by THPP arm and baseline non-
depressed group — as shown in Figure 1). With N=850, we can detect effects of 0.19 SD (at 80% power,
and 5% significance) for the main effect of providing feedback.

Data collection, key variables

We propose to re-assess mother-child dyads when the child is 5-6 years old (Figure 1, right panel). The
interviews will continue to be conducted by the Pakistani assessors who have been implementing
interviews since the start of the cohort in 2014, when the mothers were recruited during pregnancy.
Importantly, we have seen a minimal loss-to-follow up and our cohort remains representative of the
underlying study population. All of our interviews occur in the woman’s home at a pre-specified day/time
that is convenient for her. Over the last 3 years, the assessors have developed important relationships
with key familial gatekeepers, such as mothers-in-law, as well as community health workers in the region,
who maintain careful records of women in their assigned villages. Together with the community health
workers, our study team has detailed contact information of our participants, including phone numbers
and addresses of relatives. Based on our experience so far, we anticipate being able to successfully
conduct 884 interviews at the 5-year mark.

Key Variables

Most of the measures described below have been assessed at multiple time-points from baseline through
36 months post-partum. By fielding them again in the proposed age-6 wave, we will produce an unusually
long high-frequency trajectory of a rich set of child development indicators and parenting behaviours.
There will also be economies from time saved on translation and piloting of measures. We are interested
in evaluating both cognitive skills and socioemotional development and so will conduct a comprehensive
assessment that will include the following domains. We will also explore the inclusion of additional
domains.

Executive function and inhibitory control assessed with the day/night task and the head-shoulders-
knees-and-toes task.(McClelland et al. 2014)

Overall cognitive development will be assessed using several subdomains of the Wechsler Preschool
and Primary Scale of Intelligence (WPPSI-IV), e(Wechsler 2002). Our team has used WPPSI
previously(Maselko et al. 2015) and have chosen it because of its demonstrated sensitivity to
distinguish children exposed to adverse environments, including maternal depression(Cicchetti,
Rogosch, and Toth 2000) and a track record of successful use in diverse environments, including low
income countries.(Fernald, Kariger, and Engle 2009; Fernald, Gertler, and Neufeld 2009)
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Socioemotional development will be assessed with the Strength and Difficulties Questionnaire (SDQ),
a culturally valid tool comprising of the 5 subscales (emotional problems, conduct problems,
hyperactivity, peer problems and prosocial behaviours), and the overall total Difficulties (TD)
score.(Goodman and Goodman 2009)

School readiness will be assessed with the Urdu version of the (Annual Status of Education Report)
ASER for math and literacy.(ASER 2016)

Patience and altruism: measured using incentivized lab-in-the-field experiments developed by
behavioural economists and personality psychologist.

Biomarkers

We will utilize hair cortisol, cortisone, and dehydroepiandrosterone (DHEA), as markers of chronic HPA
axis activity. Hormones extract from hair are a robust measure of average hormone output (1 cm of hair
represents the past month’s average cortisol output), that is acceptable and feasible to collect in the field.
We will collect hair samples from all 884 mother and child dyads. Of these, 104 will be the same children
from whom we have 12- and 36-month hair biomarker data. We will use standard protocol for hair sample
collection and collect 2-3cm of hair, and analyse using state of the art processing techniques.(Short et al.
2016; Russell et al. 2012; Stalder et al. 2017; Wennig 2000; Gao et al. 2013)(Kirschbaum et al. 2009;
Davenport et al. 2006) Hair samples will be processed and analytes will be extracted and measured using
LC-MS/MS by Dresden LabService.

Other important variables

Detailed demographic and socioeconomic data is available from earlier waves, and will be collected again
for time-varying variables. These also include domains such as Maternal Depression (PHQ-9,(Kroenke,
Spitzer, and Williams 2001; Gallis et al. 2018) SCID(Spitzer et al. 1992)), anxiety (GAD(Spitzer et al. 2006)),
functionality (WHO-DAS(Federici et al. 2017)), as well as intimate partner violence(WHO 2001) and
women’s empowerment/autonomy.(Phan 2016)

Combining the previously collected data with the proposed data collection will enable multi-dimensional
analyses of trajectories for many outcome domains and allow us to study longer term intervention effects,
identify mechanistic pathways, and any fading or persistence.

Feedback experiment details

We expect about 850 families (200 from FEEDBACK BASELINE FEEDBACK
control arm, 200 from intervention, and 450 & TREATMENT FOLLOWUP

from prenatally non-depressed) to participate » Elicit mum’s beliefs * Elicit mum’s beliefs

in the experiment. Among half the families * Test child :?::Sl;rcetigﬁmggg::””p”ts
(n=425), at the end of the interview, women -f;::z‘zfi:;;kbook . Tak;)hair sa\:nples

will be given specific feedback about their |

child’s performance on the following 4 | Tronth

developmental domains. 6y 6y+1m

1. literacy(ASER 2016): based on ASER literacy questions
2. numeracy (ASER 2016): based on ASER numeracy questions
3. patience: incentivized measure using the “marshmallow test”(Falk, Kosse, and Pinger 2020)
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4. altruism/pro-social behaviours(Goodman and Goodman 2009; Sutter, Zoller, and Glatzle-Ritzler
2019): incentivized measure using dictator game

100 The feedback will include giving the mother a pictorial
report card with her child’s progress in the various
developmental domains (reported as terciles: e.g., your
child in the top third in reading, bottom third in numeracy,
25 see example below) and a colouring book with additional
activities meant to build on the domains assessed for the
Literacy Numeracy Patience atiism  feedback. The feedback will only be given to mothers
individually randomized into the feedback arm, while the

activity/colouring book will be given to all mothers.

75

50

To assess the direct impact of the information on maternal decision-making process, prior to giving the
feedback and a month after the intervention we will elicit the mother’s beliefs about the four
developmental domains. Specifically, we will ask the mother about her beliefs on the child’s skills, the
modifiability of these skills, her efficacy in improving these skill, her expectation of the pecuniary and non-
pecuniary returns to skills, and her preferences over them. These beliefs will be asked on a probabilistic
scale, following the state of the art in the literature(Delavande 2014; Manski 2004), as in earlier Bachpan
cohort waves.(Bhalotra et al. 2020) Each of these beliefs will allow us to understand the potential
effectiveness of the intervention and the mechanisms though which the provided feedback can translate
into improved maternal behaviours. They will also enable us to study whether depression is an important
moderator of belief updating, as has been hypothesized in the neurological literature.(Harmer and
Browning 2020) Specifically, we will investigate the following maternal beliefs:

1. Her beliefs about her child’s skills, and her confidence in her beliefs. Using our objective
measurements of the child’s development in the specified domains, we will learn whether the
mother under or over-estimates her child’s ability at baseline. Our post-intervention (post-
feedback) surveys will reveal the extent to which feedback leads the mother to update her beliefs
in each domain.

2. Her beliefs about the modifiability of these skills (in general), and her confidence in her beliefs. If
a mother thinks that skills like numeracy or patience are entirely determined at birth and cannot
be modified, then she may not consider it important to act to enhance these skills in her child. By
asking her, we can identify the extent to which these beliefs act as a barrier to her investing in the
child.

3. Her beliefs about her ability to modify these skills (self-efficacy) and her confidence in her beliefs.
Even if a mother thinks a child’s skills can be developed, she may not sufficiently increase her
investments in the child if she is not confident of her ability to effect improvements.

4. Her beliefs about the returns to investment in these skills, or the production technology for each
skill. If a mother believes in her efficacy to modify these skills, but does not perceive any benefit
from improving them, then there might still be no observable change in behaviour. We will ask
pecuniary and non-pecuniary returns, as previous research indicates a role for both in influencing
investments.

5. Finally, we are interested in her preferences over the skills that we provide feedback on. Other
things equal, women who have stronger preferences for a particular skill will tend to make greater
investments in developing it.
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One month after the intervention, all families will be revisited. During this short follow up interview, we
will re-assess frequency of parenting stimulation behaviours and also inquire about women’s reported
likelihood of participating in future studies. We will collect the activity/colouring book (to measure
engagement and investment in stimulating activities) and provide a new one. Finally, we will give the
mother vouchers to receive a participation gift. The gifts on offer will include learning materials as well as
other gifts such as toys or snacks. We will use the mother’s choice of gift as a measure of demand for
learning materials, testing whether feedback stimulated the mother’s demand for such investments.

Ethical considerations

Regarding the ethics of withholding feedback from the control women, there are three points to note.
First, to mitigate concerns the control women did not receive any feedback at all, we will provide control
mothers a growth chart that shows her child’s physical growth. Since the intervention is individually
randomized, it was important that we provide something to the control mothers so that they don’t feel
they have missed out if they learn that treatment women received feedback. In essence, both groups
will receive feedback: the control women will get a “report card” for physical growth, while the
treatment women will get a “report card” for cognitive and non-cognitive skills. Second, the control
women would be experiencing the survey much in the same way that most Early Child Development
interventions would operate under business as usual: extensive testing of the child is conducted without
providing personalized feedback on how the child has done on the tests. For example, the study team
has been conducting assessments of children from birth until 3-years without providing any feedback to
the mother on how the child is doing. Third, we will provide all mothers with activity books and
opportunities to choose gifts that would help build the child’s skills. So while the control mothers might
not receive personalized feedback, they would still receive information and materials to help reinforce
these skills.

Regarding whether receiving feedback might cause harm to the intervention women, we were similarly
concerned that providing feedback to the mother might be distressing if the feedback shows the child to
be in very low percentile. To this end, we have designed the feedback to be primarily focused on how
well the child does relative to the mother’s expectations rather than giving exact percentiles on where
the child falls in the distribution compared to other children. In terms of percentiles, we will only report
if the child falls in top half vs bottom half. Furthermore, it is important to note that these children are of
school age and mothers are already routinely receiving report cards, and hence feedback on child ability
along some of the domains we also measure (e.g. literacy and numeracy). Additionally, by providing the
activity book and opportunities to choose learning materials as gifts mitigates concerns that we provide
negative feedback without any opportunity for the mother to help the child improve. Finally, we will be
providing the feedback with a clear caveat to the mother that some children develop along domains at
different rates, and that is normal.

Analysis

Goal 1 — Main intervention evaluation and heterogeneity of treatment effects using machine learning

To assess the impact of the intervention, we will estimate intention to treat (ITT) effects for multiple
outcomes, following established best-practice statistical methods in impact evaluation (e.g.,
randomization inference accounting for clustering, adjustment for multiple comparisons, attrition
bounds).(Duflo, Glennerster, and Kremer 2007) We will investigate if attrition is differential by treatment
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status (although prior follow-ups have thus far been balanced) and provide attrition bounds to assess
robustness of the estimates to any differences.

The longitudinal nature of the data offers us a rare opportunity of estimating the evolution of the
treatment effect over 5 years. First, we will estimate the cumulative effect of the intervention by
constructing a summary index over all the time periods. This will give us greater statistical power to
understand whether a marginal positive effect at any given point in time translates into a more sizeable
cumulative effect. Secondly, analyses of trajectories will allow us to study the emergence of effects, to
identify critical stages for different indicators of development and to test for any fading or persistence of
treatment effects. Approaches for the trajectories analyses will include a data-driven group-based multi-
trajectory model (GBTM)(Nagin 2005) as well as a theory-driven model that corresponds with exposure
to depression during key developmental periods.(Goodman and Gotlib 1999)

Estimating heterogeneous treatment effects of an intervention is fundamental to improve targeting and
eligibility of future treatments. Having a precise estimate of an average treatment effect is oftentimes
insufficient, particularly when the underlying population has very diverse characteristics. A more precise
description of heterogeneity of treatment effects will enable us to identify the subsample of mothers and
children who benefitted the most from the intervention as well as the potential subset for whom the
intervention was not cost-effective. Identifying these groups can improve personalised interventions, i.e.
targeting an intervention to specific individuals based on their characteristics, and can be extremely
valuable to establish a multi-layered policy approach which targets some mothers directly with this low-
cost and scalable intervention, and leaves more funds for other mothers who might require more cost-
and time-intensive treatments.

Given that the current sample size might be too small to detect an interaction effect between the
intervention and all of the baseline maternal characteristics that we can consider. Therefore, we decided
to tie our hands by using predefined machine learning algorithms that automatically avoid p-hacking and
control for multiple hypothesis testing. To the best of our knowledge, there are no established methods
to perform power-calculations when using these type of ML methods. However, ML methods have been
developed precisely to overcome the curse of dimensionality and the issue of insufficient degrees of
freedom to estimate the fully interacted model (the so-called “short, fat data” problem, or p >> n). The
same ML methods we intend to leverage have been successfully used by other studies with similar sample
size (e.g. (Carlana, Ferrara, and Pinotti 2018).

Since previous work does not clearly suggest which observable maternal characteristic can be used to
identify the subset of mothers who are more likely to benefit from our intervention, we decided to take a
data-driven, atheoretical approach to estimate heterogeneity of treatment effects. Recently developed
algorithmic solutions, generally referred to as supervised machine learning (ML) methods, for estimating
heterogeneous effects have the potential to offer better estimations than traditional statistical methods.
ML methods can discover complex, semi-parametric or non-parametric structures in the data without
having to precisely model them in advance. Furthermore, using pre-established algorithms ties our
hands and limits the problem of p-hacking, HARKING, and overfitting thanks to the use of
regularisation and sample-splitting in order to have a similar performance on out-of-sample data
points (Athey and Imbens 2019).
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Despite the growing literature on ML methods for treatment effect estimation, there is no clear
guideline for which methods to apply under different circumstances. Therefore, we decided to
use three different ML algorithms--based on either random forests of gradient boosting
ensemble methods--which have been already used in the literature in settings with similar effect
sizes as ours (Carlana, Ferrara, and Pinotti 2018) and are readily accessible via a series of
convenient R packages. These algorithms are causal forests, the R-Learner, and Double
Machine Learning.

To estimate heterogeneous treatment effects, we plan to use the same set of outcomes and covariates
across the three ML methods to maintain comparability. Notably, we plan to use the following covariates:
maternal age, education of mother and husband, maternal employment and empowerment status,
religiosity, existing children and their gender, the presence of the child’s grandmother, the number of
people in and size of the house, the life satisfaction score, and the score on the Life Events Checklist
guestionnaire. The set of covariates is used unscaled with causal forests and scaled with the R-Learner
and Double ML procedure.

In terms of outcomes, we are interested in the following: the SCID, PHQ-9, WHO-DAS and PSS-10 are
mental-health related. The MSPSS measures perceived social support and MSES is a measure for parenting
capabilities. As child outcomes, we consider the ASQ from the six months to the 36 months follow-up and
the SDQ available at the 36 month follow-up survey. Further details are available in Turner et al.
(2016) and Sikander et al. (2019)(Turner et al. 2016; Sikander, Ahmad, Bates, et al. 2019).

Cost-effectiveness analyses will provide information for policy makers on the viability of introducing
similar interventions elsewhere. We have precise knowledge of the costs as our team implemented the
intervention, and we will be able to measure not only the immediate benefits in terms of improved mental
health of the mothers but also dynamic benefits in terms of her longer term mental health and function,
as well as child development. This is important as the widespread tendency to look only at the immediate
targeted benefits of programmes can lead to severe under-estimation of their cost-effectiveness, and
hence under-investments in such programmes.

Goal 2 — mechanisms and biomarkers

We will use the full longitudinal data from baseline through the 5-year follow-up to assess mechanisms.
Parental investments will cover a wide range of behaviours aimed at both cognitive as well as socio-
emotional development: HOME inventory(Linver, Brooks-Gunn, and Cabrera 2004), education
expenditure, Observation of a Mother-Child Interaction (OMCI, live coding of mother-child interactions
viewing picture books(Scherer et al. 2019; Rasheed and Yousafzai 2015)), parental stimulation scale
(covering activities such as reading, telling stories, and playing with the child).(Jeong et al. 2016)

Mechanisms will initially be assessed through a Preacher and Hayes multilevel mediation
approach.(Preacher and Hayes 2004; Preacher and Hayes 2008) In a second step we will estimate
mediation analysis using propensity score matching, leveraging a machine learning algorithm to select the
matching covariates.(Huber, Lechner, and Strittmatter 2018; Imai, Keele, and Yamamoto 2010; Linden and
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Yarnold 2016) We note that we cannot do a causal mediation analysis using these approaches. We will
look to add more structure by modelling child development using the production function
approach.(Attanasio et al. 2019) As discussed above, we will generalize the standard model of human
capital development by incorporating maternal depression and the different biological and behavioural
pathways through which it may influence child development.(Baranov et al. 2017)

We will use regression analysis to assess the impact of the THPP intervention on child HPA axis hormones.
Specifically, the dependent variables are Hair Concentrations (HC) of the HPA axis hormones (DHEA,
cortisol, cortisone, and the cortisol/DHEA ratio). These will likely be log-transformed to account for
skewed distributions. We will pool the baseline depressed (experimental) sample along with the baseline
non-depressed and estimate the following model:

In(HC);, = a; + 6;DepPrenat; + 6,THPP, +y'X;. + €.

Where DepPrenat; is an indicator for women who were depressed at baseline and THPP;. is an indicator
for receiving the THPP intervention. Standard errors will be adjusted for the clustered design at the village
level, and inference will be conducted using p-values computed using randomization inference and
adjusting for multiple hypothesis testing following Westfall and Young.(Young 2019) Control variables,
X;c, willinclude any observables at baseline that were imbalanced, weight of the hair sample, child gender
and age. The coefficient §; captures the (non-causal) difference in child HPA axis activity between children
of mothers who were depressed and did not receive the THPP intervention and children of mothers who
were not depressed at baseline. §, captures the causal effect of being randomized into the THPP
intervention on child HPA axis activity.

In evaluating the impact of THPP on child HPA axis activity, given our sample size of 850, we are powered
to detect a minimum effect size of 0.34 SD difference in outcomes with 80% power at a 5% level of
significance (assuming an ICC of 0.05, which is the upper bound of the ICCs estimated from our data on
maternal and child outcomes at 36 months). To understand whether these effect sizes are realistic, we
have several bases of comparison. First, previous studies measuring infant cortisol from urine found that
infants of prenatally depressed mothers had 0.7 SD (or 34%) higher cortisol than infants of non-depressed
mothers(Field et al. 2004). Second, we are able to examine the association in our own study measuring
hair hormones at 12m postpartum in a sub-sample of N=104. Mothers who were depressed at baseline
and untreated had 0.7 SD (p<0.01) higher levels of hair cortisol than the low-risk comparison group.
Furthermore, we find that the intervention led to a reduction in mother’s cortisol by 0.5 SD (p<0.01).

Goal 3 — feedback experiment

First, we will test the efficacy of providing feedback on parenting behaviour and intended participation in
future studies. Randomisation of the personalized feedback intervention will be at the individual level,
giving us greater power to estimate the causal impact of providing feedback. The outcomes will be
measured at the 1-month follow-up, so given the short timeframe between the feedback and the follow-
up, we do not anticipate attrition to be a major concern for this experiment. Furthermore, as the mother
are already accustomed to us testing her child from previous waves, we do not expect issues of
consent/non-participation. Finally, the feedback experiment does not involve any continued engagement
from the mother, so we will not have issues of adherence or non-compliance. Therefore, the estimated
effect will yield the Average Treatment Effect of providing feedback.
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The primary outcomes of interest for studying the impacts of providing feedback are mother’s belief
updating about her child’s ability and her parenting behaviours (self-reported activities as well the
objectively measured inputs such as the use of the activity book and types of gifts purchased with the
voucher). The secondary outcome is the stated likelihood of participation in future studies. Two important
dimensions of heterogeneity which we will explore is whether feedback had differential effects by the
depression status of the mother (at the time of feedback) and the gender of the child. We will also test
the interaction between the THPP intervention and feedback:

Vic = a1 + B1Feedback; + B,THPP, + 6Feedback; X THPP, + y'X;. + €.

Conclusion

The anticipated milestones, publications and other dissemination plans, as well as impact of COVID-19
on the project are described in the accompanying Inception Report.
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