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Abstract

Objectives: This study presents results of cost and cost-effectiveness analysis of two parenting
interventions (group-based and pairs) integrated into primary health care centers in rural

Bangladesh.

Methods: A within-trial cost-effectiveness analysis was conducted from the provider perspective.
Incremental cost effectiveness ratios were estimated for all primary child development outcomes
and presented in terms of cost per standard deviation improvements in the outcomes. A series of
cost scenario analyses were conducted to assess the effect of changing cost assumptions on the

cost and cost-effectiveness results. All results are presented in 2022 USD.

Results: Total provider costs in the within-trial analysis were US$ 67,668 for the group-based
intervention and US$ 117,028 for the pair intervention. Estimated cost per child covered by the
interventions was US$156 for the group intervention and US$136 for the pair intervention,
reflecting likely economies of scale in delivery of the pair intervntion. An additional US$100
expenditure on the group intervention is estimated to lead to a 0.55 SD improvement in cognition,
0.44 SD in language development and 0.33 SD in motor development. For the pair intervention,
the corresponding estimates are improvements of 0.95 SD, 0.81 SD, and 0.88 SD, respectively.
Under potential scale up scenarios, intervention cost can reduce substantially resulting in cost per

child of US$44 and US$47 for group and pair interventions, respectively.

Conclusion: The findings indicates that cost-efficiency and cost-effectiveness results for both
interventions are comparable with the results from limited similar interventions in LMICs.
However, implementation costs of the interventions will be substantially lower at scale due to

lower monitoring costs, economies of scale, and full integration into the public health system.

Keywords: Early childhood development, cost-effectiveness analysis, parenting, Bangladesh



Research in context

Evidence before this study

Two previous trials of early childhood development (ECD) interventions in rural Bangladesh
support the effectiveness of group-based and pair-based interventions in improving child
outcomes. However, economic evaluation was not conducted at that time. Additionally, a literature
search was conducted in PubMed to identify within trial- economic evaluations of early childhood
development interventions, using the terms “economic evaluation” AND “early childhood
development” AND “trial”. The search was restricted to publications between Jan 1, 2000 and Nov
10, 2023. Additional citation searching was conducted to further identify relevant studies. Studies
taking place in a high-income country, or that only looked at home-visiting interventions, were
excluded. Six relevant primary studies were identified: two in China and one in each of India,
Kenya, Pakistan and Vietnam. Despite differences in methodologies, all studies broadly conclude
that the intervention was cost-effective. However, an additional scoping review identified that
compares cost-effectiveness estimates across settings highlights substantial variation in both costs

and outcomes.

Added value of this study

This study supplements existing evidence on the effectiveness of two interventions with economic
analysis, and contributes to scarce evidence on ECD interventions, in particular, those integrated
into public healthcare system. Our costs and effectiveness estimates are based on results from two

cluster-randomised trials.

Implications of all the available evidence

Our analysis showed that the cost-effectiveness of both group-based and pair interventions is
comparable with the results from limited similar interventions in LMICs, and that the interventions
are potentially scalable in Bangladesh. The implementation costs of the interventions will deacrese
significantly at scale due to economies of scale, lower monitoring costs and full integration into

the primary healthcare system of Bangladesh.



Introduction:

The period from pregnancy to age three is a very sensitive period for brain development.! Health,
wellbeing and learning during this period are the foundation for the future lifecourse.? > However,
this is the period when children are most susceptible to environmental influences,*? including
adversities and risk factors such as extreme poverty, malnutrition, inadequate home stimulation,
maternal mental health and insecurity.® Based on proxy indicators of poverty and stunting, 250
million children under five years old are at risk of not reaching their full developmental potential
in low and middle income countries.? Poor early development is predictive of lower educational
attainment and subsequent lower adult income.”® Indeed, deficiencies in early age are compounded

and become gradually more difficult to repeal beyond early childhood. °

The Global Strategy for Women’s, Children’s and Adolescents’ Health 2016-2030 synthesized a
new vision under the objectives of Survive, Thrive and Transform.!® Accordingly, the World
Health Organization (WHO), World Bank Group, United Nation Children Fund (UNICEF) and
United Nation Economic and Social Cooperation (UNESCO) are prioritising programs delivered
in early childhood.!! A number of randomized controlled trials of psychosocial stimulation
interventions conducted in low and middle income coutries (LMICs), including Bangladesh,
China, India, Pakistan, Brazil, Colombia documented that psychosocial stimulation can improve
children’s cognitive, language and motor development and their behaviour. 121 Many of these
interventions used the primary health care system 32921 while others used conditional!” and
unconditional cash transfer platforms of the respective government for the poor??, or home visits
targeting specific population e.g. maltreated children.”> Some of the interventions showed
sustained benefits at middle childhood and at adulthood.?*?¢ Investment in early childhood can
therefore benefit individuals across the life course and help reduce social inequalities.?”?® Most of
these trials were implemented at small scale and were intensive, which may limit scalability and
increase costs. The importance of low cost and scalable interventions that are integrated within
healthcare systems has been emphasized by the Lancet series on ECD and other ECD researchers
and policy makers.?” However, effectiveness and cost-effectiveness evidence for these
interventions are scarce, particularly in low- and middle-income countries.’® This dearth of

evidence represents a key obstacle to their large scale implementation.!



To fill this gap, two parallel cluster randomized controlled trials were designed and implemented
in rural Bangladesh to test the effectiveness of two parenting interventions integrated into
Bangladeshi primary health-care services 22!, The trials evaluated the impact of fortnightly group-
based parenting sessions (hereinafter referred to as ‘group-based’ intervention)?! or fortnightly
pairs of mother-child dyads sessions (hereinafter referred to as ‘pair’ intervention)?°, both
facilitated by government health workers and runningfor 12 months. Both interventions
significantly improved children’s cognition, language, and motor development and child

behaviour, but had no significant effect on children’s growth 2021,

This study presents detailed results from the cost and cost-effectiveness analysis of both

interventions, along with the findingson their cost and affordability at scale.

Methods

Study design

Detailed description of both group-based and pair trials and the interventions are presented
elsewhere 202!, In brief, the group-based parenting was conducted in 40 community clinics (CC)
in the Kishorgan;j district of Bangladesh. The mother-child pair trial was implemented in 90 CCs
in Narsingdi district. Both studies were conducted as two-arm, single blind, cluster randomised
trial. In these trials, the selected CCs or clusters (40 in group-based and 90 in pair) were stratified
by subdistrict and then randomly allocated to the intervention or control arms. The clinic was
chosen as the unit for randomization to minimize the risk of contamination between the arms,
given that the intervention was integrated into clinic services and carried out by the existing clinic

staff.

Study setting and participants

Group-based trial was implemented in two rural sub-districts in Kishorganj District, located
approximately 100 km from Dhaka, the capital city of Bangladesh. The pair trial was implemented
in three rural sub-districts in Narsingdi district, Bangladesh. The district is in the centre of the
country, 50 kilometres north-east of Dhaka. Both interventions were delivered from CCs by front-
line health workers. Each CC was designed to provide primary health care services through a

trained Community Health Care Provider (CHCP) for a population of at least least 6,000. Health



Assistants (HA) and Family Welfare Assistants (FWA) also provide health services from the CC
alternatively in every three days of a week in their assigned CC. They offer general illness
management e.g. diarrhea, family planning advice and provide logistics, provide care for pregnant
women (including iron and folate supplementation), health, hygiene and nutrition education,
monitor child growth, and make referrals to other healthcare facilities. The primary health care

system in both districts is comparable to other districts in Bangladesh.

Eligible participants for both trials were underweight children aged 5-24 months and their
mothers/caregivers who were living within 30 minutes walking distance from the households to
CCs. However, the sample in each CC was restricted to a maximum of 25 children, for pragmatic
reasons. Underweight was defined as a weight-for-age Z score of —2 SDs of the WHO standard??

for the pair intervention, and -1.5 SDs of the WHO standard for the group intervention.

Description of the interventions and comparators

Interventions

Both interventions consisted of 25 fortnightly sessions, in which mothers/caregivers were shown
how to support their child’s development through play and interactions. In addition,
mothers/caregivers were lent books and toys to take home after each session. The primary
difference between the interventions was the number of mother-child dyads in the sessions. In the
group-based intervention, an average of four mother-child dyads in each group attened the
sessions, and the group size was limited by the available space within the clinic. While in the pair

intervention, a pair of mother/child dyads (two mothers and their children) attended the sessions.

We developed the intervention sessions based on the Reach-Up and Learn curriculum, which was
adapted from the Jamaican Reach-Up home visiting program*. The play sessions with mothers
and children were participatory and adhered to a predetermined structure. Each session included a
review of previous home activities with discussion, a local song, engaging activities with a picture
book and developmentally appropriate toys, language-based activities, the delivery of nutritional
messages, and a review of tasks to be continued at home. Each session had specific activities and
materials tailored to the child's developmental stage, ensuring that they were both stimulating and

suitable for the child's abilities. However, the curriculum used for the pair intervention targeted



activities according to the child’s age in months, while the group intervention activities were

divided into broader age bands (e.g. 12-18 months).

Health workers, including CHCPs, FWAs, and HAs, who were stationed at each community clinic,
administered the play sessions, which typically lasted 40-60 minutes (40-50 minutes for the group-
based intervention). Prior to the initiation of the intervention, these health workers underwent a
comprehensive 10-day training on the curriculum. Additionally, they received a half-day refresher
training every three months. The supervisors of these health workers also underwent a one-day
training session to enhance their understanding of the intervention. CHCPs and HAs were overseen
by Assistant Health Inspectors (AHIs), while Family Planning Inspectors (FPIs) supervised the
FWAs. The project staff provided supervision to the health workers to maintain the quality and

effectiveness of the intervention and to ensure proper monitoring.
Control arm

Participants in the control arms in both trials received standard services provided by the health
workers at the clinics. More detail on each intervention and study design is provided in published

impact analyses 2021,
Outcomes/effectiveness

Outcomes in both trials were measured in the comparison and intervention group clinics, at
baseline and after 1 year of the interventions. In the group intervention, all participants were

evaluated, while in the pair intervention a subsample of around 40% of participants were evaluated.

Primary outcomes: The primary outcomes were children’s development and their behaviour and
growth. We measured children’s cognitive, language and motor development using the Bayley
Scales of Infant and Toddler Development (3rd version) 3*. We measured behavior scores based
on Wolke’s behaviour rating scale®>. Child behavior was rated using four scales: approach to
examiner, emotionaltone, cooperativeness, and vocalizations. Trained testers also measured
children weight and length/height using WHO standard methods3¢. Z-scores of weight-for-age,
weight-for-height, and height-for-age were calculated using WHO AnthroPlus.

Secondary outcomes: The secondary outcomes were maternal knowledge on child care, quality
of home stimulation and mothers’ depressive symptoms. Maternal knowledge was measured using

a specially designed instrument consisting of 20 questions?’. We measured quality of home



stimulation using Family Care Indicator, a validated tool in this context?’. We also collected
maternal depressive symptoms using six questions taken from the Center for Epidemiological

Studies Depression Scale.

More details on the outcomes and measurement tools and well as the findings are presented

elsewhere.20-21
Cost analysis

Base case analysis was conducted as a within-trial analysis, accounting for the full economic cost
of implementing the intervention. Economic costs of each intervention were estimated from the
provider perspective, including costs incurred by the implementing partner (icddr,b; program
costs) and costs incurred by the Bangladesh Ministry of Health and Family Welfare (provider
costs). Total costs include both start-up costs, such as training, and implementation costs of the
intervention, including facility staff and materials. The start-up period was 9 months for both
interventions, while the implementation period was 12 months for the group intervention and 16
months for the pair intervention. However, the duration of the intervention was 12 months for all

participants in both interventions.

A combination of activity-based, expenditure and ingredient approaches were used to estimate
costs.??. All cost analysis was conducted retrospectively. Program costs were based on analysis of
project accounts. All included program costs are intended to reflect the costs of intervention
design, monitoring and evaluation (M&E) and quality assurance only, excluding research costs.
This allocation of costs was based primarily on time-use survey data for program staff, which was
used to disaggregate total staff salary costs. Additionally, travel costs were allocated to the
intervention (i.e. excluding research costs) based on interviews with relevant project staff and
information from program financial reports. As a detailed disaggregation of other costs incurred
by the implementing partner was not possible, we conservatively assumed that the proportion of
all other implementing partner costs (including overheads and consumable costs) that should be

allocated to the intervention reflect the staff time-use allocation to the intervention.

Recurrent costs including intervention materials, toys, books and refreshments were directly
allocated to the interventions, as were start-up costs related to training. Structured questionaires
were used to collect provider cost data from CCs, using a sample of five randomly selected CCs

delivering the pair intervention, and three randomly selected CCs delivering the group



intervention. The total estimated facility costs include the costs of staff directly involved in the
intervention, facility overhead costs attributable to the intervention, and capital costs. Capital items

were annualized for their respective functional lifetime.

To help guide local policymakers, two alternative cost at scale scenarios were explored in the
analysis. First, cost at scale scenario 1 assumes that 10% of within-trial program costs would be
incurred in the event of intervention scale-up. This reflects that program costs (i.e., M&E, quality
assurance and intervention design) comprise a disproportionately high proportion of costs in the
within-trial analysis, but would likely not be incurred if the intervention were to be scaled up
domestically. However, some degree of quality assurance would still be required at scale to ensure
effectiveness is maintained. Second, cost scenario 2 excludes both program costs and facility costs.
This reflects that adoption of the intervention may involve a reallocation of existing resources,
rather than requiring new investment in staff and facilities. This assumes that there is existing
capacity to adopt the intervention. Thus, cost scenario 2 broadly reflects the financial cost of

intervention implementation.

Costs were estimated in Bangladeshi Taka (BDT) and inflated to 2022 base year values using
local inflation rates. These costs were then converted to USD (exchange rate of 91.7; ref). Base-

case estimates assume an annual discount rate of 3% to convert to present values.
Cost-effectiveness analysis

Incremental cost-effectiveness ratios (ICERs) were calculated by dividing incremental outcomes
by incremental costs of the interventions. ICERs were estimated for all primary child development
outcomes for which an effect of the intervention was detected. For the purposes of the cost-
effectiveness analysis, all outcomes are presented in terms of standard deviation improvements in

outcomes per currency unit.

A series of cost scenario analyses were conducted to assess the effect of changing cost assumptions
on the cost and cost-effectiveness results. Base case ICERs are compared with ICERs generated
based on both cost scenario 1 and 2 (see above). Further one-way sensitivity analyses were also
conducted to explore the impact of uncertainty in other parameters on results. Trial outcomes were
varied based on their 95% confidence intervals, and alternative discount rates of 0% and 6% were

used.



Cost and affordability at scale

The potential cost of delivering the interventions at scale was estimated. A maximum capacity of
416,000 children a year was assumed, based on previous estimates of the capacity of the 13,000
excisting community clinics nationally in Bangladesh?!'. The total cost of this expansion was
estimated based on both cost scenario 1 and 2, and compared with the annual budget of the

Bangladesh Ministry of Health and Family Welfare 4°.
Results
Provider cost analysis

Table 1 summarises estimated within-trial provider costs for both interventions. Total provider
costs were 67,529 USD for the group intervention and 117,726 USD for the pair intervention.
Program costs account for a majority of costs for both the group intervention (68%) and pair
intervention (48%). The total estimated cost per child is 156 USD for the group intervention and
136 USD for the pair intervention in the within-trial analysis. Although this may appear
counterintuitive as the group-based intervention is in theory less intensive, this reflects the large
proportion of program costs, where there may be economies of scale in monitoring activities, for
exampleas the number of participants in the pair intervention was more than double that in the
group intervention. Although program costs are higher for the pair intervention than for the
group intervention in the within-trial analysis, the per child costs are lower, reflecting that some
minimum level of program costs are likely required to establish an intervention. Alternative cost

assumptions at scale are explored below.

Table 1: Within-trial program costs for total intervention period

Group cost, USD Pair cost, USD
(n=434) (n=859)
Facility staff
2,570 16,816
Facility capital
173 1,177
Facility overheads
189 1,960
Toy making staff
1,579 4,291
Motivational workshops
7,033 13,654




Training
4,701 8,786

Intervention materials and
consumables* 5,656 13,608
Program staff

30,655 37,601
Program travel
5,436 7,462
Other program costs
9,674 11,674
Total provider costs 67,668 117,028
Total provider costs per 156 136

child

*Including toys, printed materials, refreshments etc.

Intervention outcomes

Table 2 displays outcomes from the trial impact analysis for each intervention. Primary outcome
measures included child development assessed using the Bayley scale. The group-based
intervention was found to have significant benefits of intervention to child cognition (effect size
0.85 SDs, 95% CI: 0.59, 1.11), language (0.69 SDs, 0.43, 0.94), and motor development (0.52
SDs, 0.31, 0.73). The pair intervention also significantly improved children’s cognition (1.3 SDs,
1.1, 1.5), language (1.1 SDs, 0.9, 1.2), and motor development (1.2 SDs, 1.0, 1.3).

Table 2 Trial child development outcomes

Trial outcomes Group intervention Pair intervention

Effect size, SDs [95% CI] Effect size, SDs [95% CI]
Cognition 0.85[0.59-1.11] 1.3 [1.1-1.5]
Language 0.69 [0.43 -0.94] 1.1[0.9-1.2]
Motor 0.520.31-0.73] 1.2 [1.0-1.3]

Within-trial cost-effectiveness analysis

Table 3 reports base case ICERs for each intervention, and for each of the outcomes. Higher ratios
imply a larger impact on child development per given amount of expenditure. As estimated
intervention effect sizes are larger for the pair intervention, and the estimated cost per child is
lower, the pair intervention is more cost-effective in the base case analysis. In the base case

provider perspective analysis, an additional 100 USD expenditure on the group intervention is



estimated to lead to a 0.55 SD improvement cognition, 0.44 SD in Language development and

0.33 SD in motor development. For the pair intervention, the corresponding estimates are

improvements of 0.95 SD, 0.81 SD, and 0.88 SD respectively.

Table 3 Within-trial cost-effectiveness analysis results

Incremental cost-effectiveness ratios
(Additional SD per $100 USD)

Group intervention

Pair intervention

Cognition 0.55 0.95
Language 0.44 0.81
Motor 0.33 0.88

Cost at scale scenario analyses

In cost scenario 1, excluding program costs from the cost estimates results in an estimated cost of
61 USD per child for the group intervention and 77 USD for the pair intervention (Table 4). Further
excluding facility costs (in addition to excluding the remaining 10% of program costs) in cost
scenario 2 has a relatively small influence on the less labour intensive group intervention, reducing
costs to 44 USD per child, while a larger reduction in costs isobserved for the pair intervention,
which would cost 47 USD per child under this assumption. As all of these costs are less than $100

USD per child, cost-effectiveness ratios for these cost scenarios were not calculated.

Table 4 Cost at scale scenario analyses

Group

intervention Pair intervention
Base case analysis
Total cost 67,529 117,726
Cost per child 156 136
Cost at scale scenario 1
Total cost 26,340 66,662
Cost per child 61 77
Cost at scale scenario 2
Total cost 18,831 40,478
Cost per child 44 47




Other sensitivity analyses

Appendix 1 shows the impact of changes in discount rates and trial outcomes on the results of the
cost-effectiveness analyses. Discount rates had limited influence on results. Variation in outcomes
has greater influence on results, though all ICERs for both interventions remained at a minimum

of 0.2 additional SD per $100 USD.
Cost and affordability of scale up

Scaling up the intervention to 416,000 children annually in Bangladesh would cost around $25.4
milion USD for the group intervention and $31.9 million USD for the pair intervention under cost
scenario 1. This amounts to around 0.71% and 0.90% of the annual national health budget
respectively. Under cost scenario 2, where facility costs are removed, the equivalent figures are
0.51% and 0.55% respectively. It is likely that further economies of scale in expenditure categories

such as intervention materials could reduce this cost in the event of scale up.
Discussion

We conducted an economic evaluation of two parenting interventions integrated into primary
health care centers in rural Bangladesh. Estimated total provider costs per child were $156 USD
for a group-based intervention and $136 USD for a pair intervention. The group-based intervention
was more expensive in the within-trial analysis, given higher program costs (i.e., M&E and quality
assurance), and had a smaller impact on child outcomes when compared with the pair intervention.
Although at scale the group-based intervention would be cheaper, the trial was much smaller than
that of the pair-based intervention, with around half the number of participants, and therefore per
child program costs were higher. In the within-trial analysis, the group intervention had effect sizes
per US$100 expenditure of 0.55 SD in cognition, 0.44 SD in language and 0.33 in motor, while
the equivalent effect sizes for the pair-based intervention were 0.95, 0.81 and 0.88. It is worth
noting that both interventions were evaluated with respect to separate control arms only, and were

not directly compared.

This study contributes to limited global evidence on the cost and cost-effectiveness of parenting
interventions. Relevant studies of comparable group interventions include a study of a group
intervention in India which estimated that group sessions cost $38 per child per year.#! In Kenya,

an evaluation of a group-based parenting intervention estimated provider costs of US$119 per



child.#> Finally, in Vietnam, a study estimated total provider costs for a group intervention of $234
USD per child.** Comparison across studies is hindered by differences in intervention group size,
intensity, duration, and context. However, none of the interventions referred to above were
integrated within health systems, which may enhance intervention credibility, and facilitate
expansion to larger scale implementation. In China, two interventions that were integrated within
existing primary health services cost $50.87 USD* and US$146.10 per child,!” though again
differences in costing methodologies limit comparisons. The effect sizes for the interventions in
the present study are comparatively large. For example, in comparison, effect sizes in Kenya were
0.52 SD for cognition and 0.42 SD for receptive language, while in India they were 0.28 SD for
cognition and 0.30 for language. This compares to respective effect sizes of 0.85 SD and 0.69 SD

for the group-based intervention and 1.3 SD and 1.1 SD for the pair intervention.

Verguet et al* propose a framework to improve comparability of cost-effectiveness results across
interventions by dividing incremental costs by either the average or the sum of domain-specific
effects on child development outcomes.* Using the former approach without standardizing costs
results in ICERs of $227.06 USD and $113.53 USD per 1 SD improvement for the group-based
and pair interventions respectively. For the latter approach the estimates are $75.69 USD per 1 SD
and $37.84 USD per 1 SD. If these two interventions were added to the 12 analysed by the authors,
they would be the 8" and 5% most cost-effective when using average effect sizes, or the 6% and 5
most cost-effective when using summed effect sizes. Of course, such comparisons should be
treated with caution given differences in the measurement of both costs and outcomes.
Additionally, ICERs expressed per 1 SD improvement in outcomes must also be interpreted with
caution, as interpretation depends on the size of the SD, and given that most interventions do not
reach effect sizes of this magnitude. For example, one study claims that “the intervention delivers
a 1 SD improvement in infant cognitive development for $4.56”, despite only estimating a 0.057
SD improvement on an observed child development index*. However, despite these limitations,
such comparisons may provide useful indicative evidence that the cost-effectiveness of group-

based and pair interventions is broadly in-line with other relevant studies.

Implementation costs of the two interventions may also be substantially lower at scale due to lower
monitoring costs, economies of scale and full integration into the public health system. Indeed,
both the studies were monitored by project staff mainly that also leads to high program cost. In

alternative cost scenarios where program costs are excluded, the pair intervention ($77 USD per



child) is more expensive than the group intervention ($61 USD per child). Similarly, when both
program and facility costs are excluded, the pair intervention cost $47 USD per child, compared
with $44 USD per child for the group intervention. However, in the event of scale-up, it would be
important to closely monitor whether implementation quality is maintained, as supervision and
training responsibilities would fall upon government rather than program staff. Finally, alternative
cost scenarios explored in this analysis assume capacity to absorb the intervention without
substantial reallocation from other valuable activities, which may not be realistic. Additionally,
the targeting of the intervention to risk groups during this scale-up was not explicitly considered
in the analysis. However, under current capacity and group sizes, it would only be possible to reach
around 14% of the approximately 3 million children born each year in Bangladesh, meaning some
targeting would be necessary. All decisions regarding program scale up in a given context should
account for multiple considerations beyond cost-effectiveness*’, including intervention

acceptability and feasibility.

This analysis has several limitations. First, the analysis was retrospective and was conducted
several years after the intervention was implemented, meaning that some institutional knowledge
regarding certain costs was lost over time, and several assumptions were required. Second, despite
comparatively large impacts observed in the short term, it is unclear whether these can be sustained
in the long term, and how they translate to future outcomes. There is a lack of follow-up studies
of ECD interventions to evaluate whether observed benefits are sustained, and this should be a
future research priority. Third, it was not possible to standardize outcomes, and therefore, as in
other related studies, ICERs are presented separately for different domains of child development.
Finally, the impact of both the group- and pair-based interventions was assessed relative to separate
control groups only, and it is not possible to directly compare the interventions, which differed in
terms of study size, location and other factors. Comparisons of relative cost-effectiveness should

therefore be treated with caution.
Conclusion

The findings indicates that cost-efficiency and cost-effectiveness results for both interventions are
comparable with the results from Ilimited similar interventions in LMICs. However,
implementation costs of the interventions will be substantially lower at scale due to lower

monitoring costs, economies of scale, and full integration into the public health system.



Ethical consideration

Written informed consent was obtained from mothers at enrollment. Ethical approval was
granted by the institutional review board of the International Centre for Diarrhoeal Diseases

Research, Bangladesh (icddr,b).
Acknowledgement

We thank all the participants in this study for their contribution. We thank all relevant personnel for this
study from the Government of Bangladesh. This work was supported by Grand Challenges Canada.
icddr,b is also grateful to the Governments of Bangladesh and the Government of Canada for providing

core/unrestricted support.

References:

1. Nelson CA, Zeanah CH, Fox NA. How early experience shapes human development: The case of
psychosocial deprivation. Neural plasticity 2019; 2019.

2. Black MM, Walker SP, Fernald LC, et al. Early childhood development coming of age: science
through the life course. The Lancet 2017; 389(10064): 77-90.

3. Richter LM, Daelmans B, Lombardi J, et al. Investing in the foundation of sustainable
development: pathways to scale up for early childhood development. The Lancet 2017; 389(10064):
103-18.

4, Shonkoff JP, Garner AS, Siegel BS, et al. The lifelong effects of early childhood adversity and toxic
stress. Pediatrics 2012; 129(1): e232-e46.
5. Pavlakis AE, Noble K, Pavlakis SG, Ali N, Frank Y. Brain imaging and electrophysiology

biomarkers: is there a role in poverty and education outcome research? Pediatric Neurology 2015; 52(4):
383-8.

6. Walker SP, Wachs TD, Gardner JM, et al. Child development: risk factors for adverse outcomes in
developing countries. The lancet 2007; 369(9556): 145-57.

7. Grantham-McGregor S, Cheung YB, Cueto S, et al. Developmental potential in the first 5 years
for children in developing countries. The lancet 2007; 369(9555): 60-70.

8. Doyle O, Harmon CP, Heckman JJ, Tremblay RE. Investing in early human development: timing
and economic efficiency. Economics & Human Biology 2009; 7(1): 1-6.

9. Shonkoff JP, Phillips DA. From neurons to neighborhoods: The science of early childhood

development: ERIC; 2000.

10. Survive T, Transform — The Global Strategy for Women’s, Children’s and Adolescents’ Health
(2016 — 2030). New York: United Nations; 2015

11. Chan M, Lake A, Hansen K. The early years: silent emergency or unique opportunity? The Lancet
2017; 389(10064): 11-3.



12. Hamadani JD, Huda SN, Khatun F, Grantham-McGregor SM. Psychosocial stimulation improves
the development of undernourished children in rural Bangladesh. The Journal of nutrition 2006; 136(10):
2645-52.

13. Tofail F, Hamadani JD, Mehrin F, Ridout DA, Huda SN, Grantham-McGregor SM. Psychosocial
stimulation benefits development in nonanemic children but not in anemic, iron-deficient children. The
Journal of nutrition 2013; 143(6): 885-93.

14. Nahar B, Hamadani JD, Ahmed T, et al. Effects of psychosocial stimulation on growth and
development of severely malnourished children in a nutrition unit in Bangladesh. European Journal of
Clinical Nutrition 2009; 63(6): 725-31.

15. Yousafzai AK, Rasheed MA, Rizvi A, Armstrong R, Bhutta ZA. Effect of integrated responsive
stimulation and nutrition interventions in the Lady Health Worker program in Pakistan on child
development, growth, and health outcomes: a cluster-randomised factorial effectiveness trial. The
Lancet 2014; 384(9950): 1282-93.

16. Andrew A, Attanasio O, Fitzsimons E, Grantham-McGregor S, Meghir C, Rubio-Codina M.
Impacts 2 years after a scalable early childhood development intervention to increase psychosocial
stimulation in the home: A follow-up of a cluster randomised controlled trial in Colombia. PLoS medicine
2018; 15(4): e1002556.

17. Attanasio OP, Fernandez C, Fitzsimons EQ, Grantham-McGregor SM, Meghir C, Rubio-Codina M.
Using the infrastructure of a conditional cash transfer program to deliver a scalable integrated early
child development program in Colombia: cluster randomized controlled trial. Bmj 2014; 349.

18. Barlow J, Bergman H, Korngr H, Wei Y, Bennett C. Group-based parent training programs for
improving emotional and behavioural adjustment in young children. Cochrane Database of Systematic
Reviews 2016; (8).

19. Xu M, Zhang H, Liu A, et al. Effectiveness and cost-effectiveness of a group-based intervention to
improve social-emotional development of young children in poverty-stricken areas: A cluster
randomized controlled trial. Journal of Global Health 2023; 13.

20. Hamadani JD, Mehrin SF, Tofail F, et al. Integrating an early childhood development program
into Bangladeshi primary health-care services: an open-label, cluster-randomised controlled trial. The
Lancet Global Health 2019; 7(3): e366-e75.

21. Mehrin SF, Hasan M, Tofail F, et al. Integrating a Group-Based, Early Childhood Parenting
Intervention into Primary Health Care Services in Rural Bangladesh: A Cluster-Randomised Controlled
Trial. Frontiers in Pediatrics 2022.

22. Hossain SJ, Roy BR, Sujon HM, et al. Effects of integrated psychosocial stimulation (PS) and
Unconditional Cash Transfer (UCT) on Children's development in rural Bangladesh: A cluster randomized
controlled trial. Social Science & Medicine 2022; 293: 114657.

23. Tofail F, Islam M, Akter F, et al. An integrated mother-child Intervention on child development
and maternal mental health. Pediatrics 2023; 151(Supplement 2).

24. Hossain SJ, Tofail F, Mehrin SF, Hamadani ID. Six-Year Follow-up of Childhood Stimulation on
Development of Children With and Without Anemia. Pediatrics 2023; 151(Supplement 2).

25. Yousafzai AK, Obradovic¢ J, Rasheed MA, et al. Effects of responsive stimulation and nutrition
interventions on children's development and growth at age 4 years in a disadvantaged population in
Pakistan: a longitudinal follow-up of a cluster-randomised factorial effectiveness trial. The Lancet Global
Health 2016; 4(8): e548-e58.

26. Walker SP, Chang SM, Vera-Hernandez M, Grantham-McGregor S. Early childhood stimulation
benefits adult competence and reduces violent behavior. Pediatrics 2011; 127(5): 849-57.

27. Heckman JJ. Skill formation and the economics of investing in disadvantaged children. Science
2006; 312(5782): 1900-2.



28. Campbell F, Conti G, Heckman JJ, et al. Early childhood investments substantially boost adult
health. Science 2014; 343(6178): 1478-85.

29. Walker SP, Powell C, Chang SM, et al. Delivering parenting interventions through health services
in the Caribbean: Impact, acceptability and costs: IDB Working Paper Series, 2015.
30. Kohli-Lynch M, Hardy VP, Salazar RB, et al. Human resources and curricula content for early child

development implementation: multicountry mixed methods evaluation. BMJ open 2020; 10(4):
e032134.

31. Walker S, Powell C, Chang S, et al. Delivering parenting interventions through health services in
the Caribbean. 2015.

32. De Onis M, Blossner M, Organization WH. WHO global database on child growth and
malnutrition: World Health Organization, 1997.

33. Grantham-McGregor SM, Powell CA, Walker SP, Himes JH. Nutritional supplementation,
psychosocial stimulation, and mental development of stunted children: the Jamaican Study. The Lancet
1991; 338(8758): 1-5.

34. Bayley N. Bayley scales of infant and toddler development. 2006.

35. Wolke D, Skuse D, Mathisen B. Behavioral style in failure-to-thrive infants: a preliminary
communication. Journal of Pediatric Psychology 1990; 15(2): 237-54.

36. Organization WH, eHealth WHOGOf. Building foundations for eHealth: progress of Member
States: report of the WHO Global Observatory for eHealth: World Health Organization; 2006.

37. Hamadani ID, Tofail F, Hilaly A, Huda SN, Engle P, Grantham-McGregor SM. Use of family care
indicators and their relationship with child development in Bangladesh. Journal of health, population,
and nutrition 2010; 28(1): 23.

38. Kariger P, Frongillo EA, Engle P, Britto PMR, Sywulka SM, Menon P. Indicators of family care for
development for use in multicountry surveys. Journal of health, population, and nutrition 2012; 30(4):
472.

39. Johns B, Baltussen R, Hutubessy R. Program costs in the economic evaluation of health
interventions. Cost effectiveness and resource allocation 2003; 1: 1-10.

40. Bangladesh Health Watch USPefhsrb-D, Bangladesh. 2021.

41. Grantham-McGregor S, Adya A, Attanasio O, et al. Group sessions or home visits for early
childhood development in India: a cluster RCT. Pediatrics 2020; 146(6).
42. Lopez Garcia I, Saya UY, Luoto JE. Cost-effectiveness and economic returns of group-based

parenting interventions to promote early childhood development: Results from a randomized controlled
trial in rural Kenya. PLoS medicine 2021; 18(9): e1003746.

43. Baek Y, Ademi Z, Tran T, et al. Promoting early childhood development in Viet Nam: cost-
effectiveness analysis alongside a cluster-randomised trial. The Lancet Global Health 2023; 11(8): e1269-
e76.

44, Shi H, Li X, Fang H, Zhang J, Wang X. The effectiveness and cost-effectiveness of a parenting
intervention integrated with primary health care on early childhood development: a cluster-randomized
controlled trial. Prevention Science 2020; 21: 661-71.

45, Verguet S, Bolongaita S, Morgan A, et al. Priority setting in early childhood development: an
analytical framework for economic evaluation of interventions. BMJ Global Health 2022; 7(6): e008926.
46. Dupas P, Falezan C, Jayachandran S, Walsh MP. Informing mothers about the benefits of
conversing with infants: Experimental evidence from Ghana: National Bureau of Economic Research,
2023.

47. Barker PM, Reid A, Schall MW. A framework for scaling up health interventions: lessons from
large-scale improvement initiatives in Africa. Implementation Science 2015; 11: 1-11.



Appendix 1 — Deterministic one-way sensitivity analysis results

Parameter

Group intervention

(Additional SD per $100 USD)

Pair intervention

(Additional SD per $100 USD)

Base case | Minimum | Maximum | Base case | Minimum | Maximum
Discount rate*
Cognition 0.55 0.53 0.56 0.95 0.92 0.99
Language 0.44 0.43 0.46 0.81 0.78 0.84
Motor 0.33 0.32 0.35 0.88 0.85 0.91
Outcomes”
Cognition 0.55 0.38 0.71 0.95 0.81 1.10
Language 0.44 0.28 0.60 0.81 0.66 0.88
Motor 0.33 0.20 0.47 0.88 0.73 0.95

*Varied between 0% and 6%, # varied between 95% Cls (see Table 2).




