
Supplemental Materials
Supplemental Information 1: DHS
Used in the Study

The DHS are nationally
representative surveys conducted in
low- and middle-income countries
worldwide.6 We used all surveys for
which data on ECD as well as the
geographic information (latitude and
longitude) of each participant's
cluster were available. We used a
total of 13 surveys from 12
countries, and the years and
countries of the surveys we used in
our study as well as the number of
participants in each survey who met
the inclusion criteria are shown in
Supplemental Table 6.

Supplemental Information 2: ECDI
Items

The ECDI is an index developed by
United Nations International
Children’s Fund11 and is used as a
measure of ECD in widely-conducted
surveys, including the DHS and
MICS.6,12 The ECDI uses the
following 4 domains of
development:

1. Social-emotional domain, on
track if at least 2 of the
following are true: gets along
well with other children; does
not kick, bite, or hit other
children; and does not get
distracted easily.

2. Physical domain, on track if 1
or both of the following are
true: can pick up a small object
with 2 fingers, like a stick or a
rock from the ground and is not
sometimes too sick to play.

3. Approaches to learning domain,
on track if 1 or both of the
following are true: follows
simple directions on how to do
something correctly and, when
given something to do, is able
to do it independently.

4. Language and cognitive domain,
on track if at least 2 of the
following are true: can identify
and/or name at least 10 letters
of the alphabet, can read at
least 4 simple, popular words,
and knows the name and
recognizes the symbol of all
numbers from 1 to 10.

A child who is on track in at least 3
of 4 domains is considered to be
developmentally on track overall.11

Supplemental Information 3: Results
for Individual Domains of ECD

We estimated the associations
between exposure to conflicts and
individual domains (socioemotional
development, physical development,
approaches to learning, and
language and cognitive domains) of
ECD. The change in probability of a
child being developmentally on

track in each of the domains was
estimated after inverse probability
of treatment weighting with
individual- and cluster-level
characteristics. The results of each
of the 4 domains are superimposed
in Fig 2. We present the raw results
of the individual domains in
Supplemental Table 7.

The socioemotional, language and
cognitive, and approaches to
learning domains had negative
associations with exposure to armed
conflicts. Similar to overall ECD, the
associations were compounded with
longer years of exposure for the
socioemotional domain. On the
contrary, the physical domain had a
positive association with exposure
to armed conflicts, although the
associations were small.

Supplemental Information 4:
Mediation Analyses

We used inverse probability
weighting to conduct mediation
analyses (Tables 3-5). The following
binary variables were included as
potential mediators: stunting (as
defined by the World Health
Organization),1 lack of attendance of
early childhood education, inadequate
child care (left alone or in the care of
another child <10 years of age for >1
hour at least once in the past week),
unavailability of learning material
(children's books and toys), lack of
access to health care (whether the
respondent visited a health facility in
the last 12 months), and mother's
experience of emotional, physical, or
sexual abuse by her husband or
partner.2–4 The significance level of the
mediation analyses was set at P <.005.

The inverse probability weighting
approach is suitable when the
exposure and mediators are binary
and is especially useful when there
are multiple mediators because it
can accommodate potential

SUPPLEMENTAL TABLE 6 DHS Used in the Study

Country Year No. Participants Included

Benin 2017–2018 4072
Burundi 2016–2017 2327
Cambodia 2014 1668
Cameroon 2011 1673
Chad 2014–2015 3806
Haiti 2016–2017 1424
Honduras 2011–2012 2894
Jordan 2017–2018 2026
Jordan 2012 2690
Rwanda 2014–2015 1321
Timor-Leste 2016 851
Togo 2013–2014 1167
Uganda 2016 1619
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mediator-mediator interactions.5

The mediators can be taken into
account either individually
(expressed as the indirect effect of
each individual mediator) or en
masse (expressed as the total
indirect effect). Using this technique,
we calculated the total effect, total
direct effect, total indirect effect, and
each mediator's individual indirect
effect for each year of consecutive
exposure.

Additionally, because of the limited
availability of data, we conducted

separate mediation analyses with
the mother's physical health (the
mother's health was considered
poor if she answered yes to any of
the following questions: have you
been told by a health professional
that you have a cardiac disease? A
pulmonary disease? Cancer or a
tumor? Arthritis? Other chronic
disease?) and mother's depression
(whether she has been told to have
depression by a health professional)
among the mediators (Supplemental
Table 8). However, these data were
only available in 3 of the 13 surveys

(Benin, Haiti, and Timor-Leste).
Because of the small sample size
(N 5 1946), we were only able to
estimate mediatory effects for up to
3 consecutive years of exposure to
nearby armed conflicts because
there were no participants who
were exposed to $4 consecutive
years of armed conflicts.

Supplemental Information 5:
Sensitivity Analysis for Significance
of Proximity to Conflict

To determine the significance of
proximity to conflict, we analyzed the

SUPPLEMENTAL TABLE 7 Association Between Prolonged Exposure to Armed Conflicts and Individual Domains of ECD

Domain and Consecutive y of
Armed Conflict Exposure

Change in Probability of
Being on Track, % 95% CI

Socioemotional domain
1 �4.5 �6.0 to �3.0
2 �2.5 �4.4 to �0.7
3 �8.0 �10.7 to �5.1
4 �13.1 �16.3 to �9.9
5 �15.5 �19.0 to �12.1

Physical domain
1 0.2 �0.6 to 1.0
2 0.8 0.1 to 1.7
3 0.6 �0.9 to 2.0
4 1.4 0.2 to 2.6
5 1.6 0.4 to 2.9

Approaches to learning domain
1 �4.3 �5.8 to �2.9
2 �3.2 �5.0 to �1.5
3 �1.8 �4.3 to 0.7
4 �1.8 �4.4 to 0.8
5 �3.6 �6.4 to �0.7

Language and cognitive domain
1 �3.4 �4.4 to �2.4
2 �3.5 �4.6 to �2.3
3 �3.5 �5.1 to �1.9
4 �3.1 �4.8 to �1.3
5 �3.8 �5.5 to �2.0

The associations were estimated after inverse probability of treatment weighting with individual- and cluster-level characteristics. CI, confidence interval.

SUPPLEMENTAL TABLE 8 Mediation Analyses of Mother's Physical Health and Mental Health

1 y of Conflict Exposure 2 Consecutive y of Conflict Exposure 3 Consecutive y of Conflict Exposure

Change in Probability of Being
Developmentally on Track, % 95% CI

Change in Probability of Being
Developmentally on Track, % 95% CI

Change in Probability of Being
Developmentally on Track, % 95% CI

Total effect �6.9 �34.7 to 20.9 �6.9 �34.4 to 20.5 �6.9 �34.8 to 20.9
Total direct effect �4.3 �33.2 to 24.6 �4.3 �32.8 to 24.2 �4.3 �33.2 to 24.6
Total indirect effect 12.1 �26.7 to 51.0 12.1 �26.6 to 50.9 12.1 �26.7 to 51.0
Indirect effects of

individual covariates
Mother's poor

physical health
0.0 �0.8 to 0.8 0.0 �0.8 to 0.8 0.0 �0.7 to 0.8

Mother's depression 0.0 �0.3 to 0.4 0.0 �0.4 to 0.4 0.0 �0.4 to 0.4

Mediation analyses were conducted by using inverse probability weighting. CI, confidence interval.
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association between exposure to
armed conflicts from 51 to 100 km
and the probability of being
developmentally on track
(Supplemental Table 9). The
associations were estimated after
inverse probability of treatment
weighting with individual- and cluster-
level covariates. The association
between prolonged exposure to armed
conflicts from 51 to 100 km and ECD
were small.

Supplemental Information 6:
Sensitivity Analysis for Migration

The main analyses do not take into
account whether the child has
stayed in the same residence during
the duration of exposure to conflicts.
Thus, to account for potential
migration, we estimated the
association between exposure to

conflict and ECD using a sample of
participants who had resided in the
same place of residence for $5
years, after inverse probability of
treatment weighting with individual-
and cluster-level characteristics
(Supplemental Table 10).

Supplemental Information 7:
Sensitivity Analysis for Extreme
Probability Weights

Considering the possibility that our
estimates could be biased because of
highly influential inverse probability
weights, we estimated the changes
in the probability of being
developmentally on track after
discarding observations with
extreme probability weights (<0.01
or >0.99). The results revealed a
similar trend as Table 2 and Fig 1
(Supplemental Table 11).

Supplemental Information 8:
Sensitivity Analysis for Imputation
Method

To address the possibility that MICEs
may have biased our results, we
estimated the association between
exposure to conflicts and ECD using
samples imputed by random forest
and k-nearest neighbors
(Supplemental Table 12).

SUPPLEMENTAL TABLE 9 Effects of Exposure to Armed Conflicts Between 51 and 100 km

Consecutive y of Armed Conflict Exposure Change in Probability of Being Developmentally on Track, % 95% CI

1 �2.3 �3.5 to �1.1
2 �1.1 �2.4 to 0.3
3 0.2 �1.2 to 1.5
4 �0.5 �2.0 to 1.0
5 2.1 0.5 to 3.7

The associations were estimated after inverse probability of treatment weighting. CI, confidence interval.

SUPPLEMENTAL TABLE 10 Association Between Prolonged Exposure to Armed Conflicts Within 50 km and ECD, for Participants in the Same Place of
Residence for $5 years

Consecutive y of Armed Conflict Exposure Change in Probability of Being Developmentally on Track, % 95% CI

1 �6.0 �8.5 to �3.5
2 �3.5 �5.8 to �1.1
3 �1.9 �4.7 to 0.9
4 �5.3 �8.3 to �2.3
5 �6.7 �9.7 to �3.6

The associations were estimated after inverse probability of treatment weighting. The estimations account for possible migration. CI, confidence interval.

SUPPLEMENTAL TABLE 11 Associations After Trimming Observations With Extreme Probability Weights

Consecutive y of Armed Conflict Exposure Change in Probability of Being Developmentally on Track, % 95% CI

1 �5.9 �7.5 to �4.3
2 �3.8 �5.7 to �1.8
3 �4.7 �7.6 to �1.7
4 �8.3 �11.5 to �5.2
5 �11.1 �14.4 to �7.8

The associations were estimated after inverse probability of treatment weighting. Observations with extreme weights (<0.01 or >0.99) were trimmed. CI, confidence interval.
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SUPPLEMENTAL TABLE 12 Associations Estimated From Samples Imputed by Using Alternative Methods

Consecutive y of Armed Conflict Exposure Change in Probability of Being Developmentally on Track, % 95% CI

Random forest imputation
1 �5.9 �7.5 to �4.3
2 �3.8 �5.7 to �1.8
3 �4.6 �7.5 to �1.8
4 �8.1 �11.3 to �4.9
5 �10.5 �13.9 to �7.0

K-nearest neighbor imputation
1 �5.9 �7.5 to �4.3
2 �3.8 �5.8 to �1.8
3 �4.5 �7.4 to �1.6
4 �7.9 �11.0 to �4.8
5 �10.4 �13.8 to �6.9

The associations were estimated after inverse probability of treatment weighting. CI, confidence interval.
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