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Abstract

IMPORTANCE The World Health Organization (WHO) Safe Childbirth Checklist (SCC) has been
adapted and implemented in at least 35 countries. Consistently, the SCC has shown increased
adherence to practices, but there are mixed results regarding its association with health outcomes
in different settings.

OBJECTIVE To examine the association of SCC implementation with mortality, accounting for
variations in evidence-based practices (EBP) adherence.

DESIGN, SETTING, AND PARTICIPANTS In this meta-analysis, data were pooled from 3 cluster
randomized trials of the SCC (January 1, 2014, to December 31, 2017). Intention to treat (ITT) and a
complier average causal effect analysis (CACE) on EBPs and perinatal mortality were estimated via a
generalized linear model. The primary facilities were in Uttar Pradesh, India; basic emergency
obstetric facilities were in Aceh, Indonesia; and primary and secondary health centers were in Khyber
Pakhtunkhwa, Pakistan.

INTERVENTIONS In India, the 8-month SCC intervention involved facility engagement, a launch
event, and 8 months of tapered coaching. In Indonesia, the 6-month SCC intervention included 11
coaching visits. In Pakistan, the 12-month SCC intervention included light touch external monitoring,
skills training, and supplies assessment.

MAIN OUTCOMES AND MEASURES Primary outcomes were stillbirth and perinatal and early
neonatal mortality. Secondary outcomes were adherence to 15 EBPs, facility supply availability,
and safety culture perceptions.

RESULTS Pooled data included 169 511 births, supply assessments from 163 facilities, and 6298
observed deliveries for EBPs and health workers’ perceptions on safety culture. Mortality did not
differ in the full sample; however, during months when EBP observations were conducted, stillbirth
rates in the intervention facilities were lower by 9.8 per 1000 births (95% CI, −18.5 to −1.1; P = .03;
q = .05) in the ITT analysis and 14.5 per 1000 births (95% CI, −27.2 to −1.7; P = .03; q = .05) in the
CACE analysis compared with control facilities. EBP adherence was higher by 3.6 practices (95% CI,
3.3 to 4.1; P < .001; q = .001) in the ITT analysis and 6.0 practices (95% CI, 5.3 to 6.8; P < .001;
q = .001) in the CACE analysis in intervention facilities.

CONCLUSIONS AND RELEVANCE In this meta-analysis, SCC use in lower-middle-income settings
was associated with increased EBP adherence and lower rates of stillbirths when EBPs were directly
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Abstract (continued)

observed. Further research is needed to identify additional factors to optimize SCC’s potential impact
on maternal and newborn safety outcomes.
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Introduction

Global maternal and newborn mortality have decreased since 2000, yet approximately 295 000
maternal deaths, 2 million stillbirths, and 2.5 million neonatal deaths occur annually.1,2 To enhance
survival, improvements in quality of care and health system strengthening are required.3 To address
quality of care around facility-based childbirth, the World Health Organization (WHO) Safe Childbirth
Checklist (SCC) was developed in 2009 to guide birth attendants through 28 evidence-based
practices (EBPs) across 4 critical pause points: on admission, just before pushing or cesarean birth, 1
hour after birth, and at discharge.4,5

The SCC has been adapted and implemented in at least 35 high-, middle-, and low-income
countries and evaluated through small implementation studies, large government programs, and
large-scale randomized clinical trials.6-11 These consistently show improved practice adherence, with
mixed results on health outcomes.

To understand the outcomes of SCC implementation across different contexts, this meta-
analysis pools data from 3 cluster randomized trials in India, Indonesia, and Pakistan. We provide
evidence on the association between SCC implementation and EBP adherence as well as in-facility
perinatal mortality (stillbirth and early neonatal death) as primary outcomes and essential birth
supplies and birth attendant perceptions of facility safety culture as secondary outcomes.12 We
further assess heterogeneous treatment effects contingent on baseline mortality, availability of
essential supplies, annual birth volume, and birth attendant years of experience.

Methods

We focused on the 3 existing cluster randomized trials that compare the intervention to a standard
of care control group without the SCC (in contrast to other randomized clinical trials that used the
SCC in the control arm).9 At the time these trials were conducted, all 3 countries were classified by
the World Bank as lower-middle-income countries. All 3 interventions implemented a locally adapted
SCC, a launch event, and facility-based coaching or monitoring structures. Birth attendant types
varied across studies and include obstetricians, midwives, nurse midwives, and other clinicians
providing birth-related care. Descriptions of included studies have been published elsewhere.13-15 A
brief description of key components relevant to data pooling can be found in the eMethods in
Supplement 1. We used deidentified datasets provided by the study principal investigators; no
additional ethical review was completed for this meta-analysis. All 3 primary studies13-15 had
extensive institutional review board review and consent processes described previously. The primary
study protocols were approved by ethics review boards at investigators’ institutions and review
boards in India, Indonesia, and Pakistan.

Outcomes
Given the original study teams’ involvement, we had access to the primary data and examined data
consistency by comparison to the primary studies. No inconsistencies were found. Our meta-analysis
followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses of Individual
Participant Data (PRISMA-IPD) guideline.

Exchanging protocols and surveys before baseline data collection enabled harmonization and
pooled analysis of 4 groups of outcomes. We select EBPs and mortality as our primary outcomes and
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consider supplies and perceptions as secondary outcomes.13-15 The theory of change suggests that
the mortality reducing effect of the SCC runs through the adherence to EBPs, which we could only
credibly measure via clinical observations. Although all the original studies considered EBPs and
mortality as outcomes in their original study protocols, supplies and perceptions were only explicitly
mentioned in a subset of protocols.13-15

First, we standardized the EBP observation data available from each study. Long-term presence
of observation teams reduced bias (usually a minimum of 6 days per week). Observers recorded
5785 births in India, 353 in Indonesia, and 246 in Pakistan. In India, EBPs were collected from 30
facilities from 1 region of the study’s 5 regions at 3 points in time with different coaching intensity
(which we consider in a robustness test). Observations were conducted in 7 hospitals in Pakistan and
17 facilities in Indonesia based on purposefully sampling facilities with sufficient case numbers. The
number of observed births per SCC pause point varies because changes in observation team shifts
and referrals prevented us from observing the full birthing process for all births. Observers also
tracked SCC use (eg, whether birth attendants picked up the tool or used it during one of the
pause points).

Second, we collected data on mortality across settings, including perinatal deaths, stillbirths,
and newborn deaths. In India, the study included 157 145 mother-newborn pairs from facility records.
In Indonesia and Pakistan, the study included 5780 and 2839 mother-newborn pairs from facility
registries, respectively.

Third, because effective SCC use requires the availability of essential birth supplies, the teams
compiled information on the availability of 22 supplies at endline. Although data collectors checked
directly for the availability of supplies in India and Pakistan, the assessment in Indonesia was based
on interviews with head midwives and facility leadership.

Fourth, we assessed birth attendants’ perceptions on various safety culture items based on
Likert scale questions (eg, availability of services, information, and resources). Across settings, we
were able to harmonize 3 key measures on performance of practices, resource access, and a general
safety assessment (items are detailed in eMethods in Supplement 1). We rescaled Likert scales
(ranges, 1-4 and 1-6) as continuous 0- to 1-point scales by dividing the scores by the top value.

Other Facility Measures
Other than the outcome measures after introduction of the intervention, the 3 trials captured
information on baseline characteristics of annual birth volume, mortality, birth attendant experience,
and availability of 16 supplies at baseline. Those measures were considered in an explorative analysis
of heterogeneous treatment effects.

Statistical Analysis
Our intention-to-treat (ITT) estimates regress each of the 15 binary outcomes of adherence to
individual EBPs separately on a binary indicator of treatment assignment. We use a generalized linear
model estimation via a logit-link function, assuming a binomial distribution, because outcomes are
bounded between 0 and 1. ITT estimates in the main results consider the initial random treatment
assignment at the facility level, irrespective of health workers using the SCC. Furthermore, we
conducted a post hoc complier analysis aiming to estimate the average treatment effect on the
individuals who adhered to the SCC (picked up and/or actively used the tool during birth), called the
complier average causal effect (CACE).16

The CACE estimator follows a 2-step approach, which is analogous to an instrumental variable
approach and uses random assignment as the instrument for adherence. In the first stage, we regress
adherence to the treatment assignment. For the analysis of EBPs, adherence is measured at
individual birth; for example, a checklist was considered adhered to when the observers noted that
the attending staff had filled out the SCC or referred to (observed) the tool itself during the birth
process (India, 60%; Indonesia, 36%; and Pakistan, 54%). Specifically, we regress this binary
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adherence measure on the treatment assignment using a generalized linear model estimation via a
logit-link function, assuming a binomial distribution.

For the analysis of mortality outcomes, we do not have a birth-specific measure of adherence
for all births because those are based on facility records. We measure adherence as the fraction of
births with observed SSC use among all births. Because this adherence measure is continuous, we
apply a linear probability model in the first stage.

In the second stage, EBPs (birth level) and mortality (facility level) are regressed on predicted
compliance, relying analogously to the ITT analysis on a generalized linear model to account for the
binary outcomes. The second stage effect can then be interpreted as the weighted effect for those
individuals who adhered to the intervention in the treatment and control arms and is thus by
definition larger than the ITT effect. Clustered SEs account for intracluster correlation at the facility
level. For the CACE, we bootstrap SEs in the second stage.

We also estimate heterogeneous treatment effects of the SCC on (1) the number of total EBPs
(range, 0-15) and (2) mortality rates at the facility level contingent on baseline covariates. For this
purpose, we run ordinary least squares estimations, which consider interactions between the
intervention and facility-level baseline characteristics (for more detail see eTables 5 and 6 in
Supplement 1) for an ITT analysis. Because the heterogeneity analysis reduces degrees of freedom
and statistical power, we relied for the mortality rates on the full sample (instead of the observation
sample alone).

Given the multiple hypotheses tested on the same data, we also adjust for the false discovery
rate (inflated type I error).17 For this purpose, we report q-values to indicate whether associations
would be statistically significant based on a procedure implemented by Anderson in Stata.18

According to the general standard in the literature, our preferred significance level across estimations
is set to α = .05 for each research question, with statistical significance assessed using 2-sided tests.
Analyses were performed via Stata, version 17.0 (StataCorp).19

Results

Baseline Characteristics
The baseline characteristics of the trial’s facilities are described in Table 1. Mean (SD) annual birth
volumes ranged from 380 (738) (Indonesia) to 1595 (524) births (India) per facility. The sample
included a fair level of heterogeneity regarding baseline mortality rates. In Pakistan, in-facility
mortality rates were lowest. There were no in-facility maternal deaths recorded in Pakistani facilities,
and it was a rare outcome in India with 3 cases; more cases occurred in Indonesia (32 total deaths).
Stillbirths were common across settings (16.1 per 1000 births). Of note, these rates did not represent
the country-level mortality rates because the trials included only in-facility births. Birth attendants
had comparable mean (SD) years of experience, ranging from 9.35 (5.36) to 13.84 (8.70) years across

Table 1. Facility-Level Baseline Characteristics of the Full Samplea

Characteristic

India Indonesia Pakistan

Facilities, No. Mean (SD) Facilities, No. Mean (SD) Facilities, No. Mean (SD)
Annual birth volume 120 1595.08 (523.47) 32 380.19 (737.61) 11 666.36 (1231.55)

Perinatal (in-facility) death rate per 1000 109 18.18 (9.61) 32 14.28 (22.41) 11 4.75 (6.18)

Early neonatal (in-facility) death rate per 1000 109 0.13 (0.43) 32 2.24 (5.63) 11 0

Stillbirth (in-facility) rate per 1000 106 18.56 (9.24) 32 12.04 (22.02) 11 4.75 (6.18)

Maternal (in-facility) death rate per 100 000 109 0 31 125.76 (396.43) 11 0

Birth attendant experience, y 120 9.97 (4.78) 32 9.35 (5.36) 12 13.84 (8.70)

No. of supplies of 16 supplies 120 12.45 (1.75) 32 14.88 (0.66) 11 12.27 (2.15)

a Observation numbers refer to the facility level for the facilities considered in the
intention-to-treat analysis. The baseline information could not be obtained for all
facilities across countries (120 in India, 32 in Indonesia, and 12 in Pakistan). The

baseline characteristics of the observation sample are provided in eTable 1 in
Supplement 1. Supply count refers to a facility-level count of a maximum of 16
available supplies (for a list see the eMethods in Supplement 1).
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all 3 settings. Of the 16 essential birth supplies, facilities in India had a mean (SD) of 12.45 (1.75)
available, whereas supply levels were higher in Indonesia (mean [SD], 14.88 [0.66]) and lower in
Pakistan (mean [SD], 12.27 [2.15]). No difference in baseline characteristics between the intervention
and control facilities was detected (eTable 2 in Supplement 1).

Table 2 presents EBP adherence in control facilities (because we did not conduct observations at
baseline). Descriptive statistics were structured along the 4 pause points: at admission (P1), shortly be-
fore birth (P2), 1 minute after birth (P3), and within 1 hour after birth (P4). Adherence to the 15 EBPs was
lowest in Indian facilities (mean [SD], 0.42 [0.07]), whereas Pakistani (mean [SD], 0.63 [0.18]) and In-
donesian (mean [SD], 0.69 [0.13]) facilities performed better. At admission (P1), birth companions were
present in Indonesia (mean [SD], 0.96 [0.19]) and India (mean [SD], 1.00 [0.05]) but less so in Pakistan
(mean [SD], 0.39 [0.49]). In general, adherence to practices was very low at admission in the India-
based facilities, including measurement of mothers’ temperature (mean [SD], 0.00 [0.04]) and blood
pressure (mean [SD], 0.03 [0.17]) as well as proper hand hygiene (mean [SD], 0.01 [0.07]), potentially
driven by relatively short time windows between admission and birth.12 Across settings, partograph use
was limited at admission (mean [SD], 0.00 [0.02] in India, 0.23 [0.42] in Indonesia, and 0.41 [0.50] in
Pakistan). Shortly before birth (P2), all facilities adhered reasonably well with ensuring supplies at bed-
side except for the availability of the neonatal bag and mask in Indonesia (mean [SD], 0.31 [0.46]) and
towels in India (mean [SD], 0.24 [0.43]). Moreover, shortly after birth (P3) in the control facilities, In-
dian facilities failed to administer oxytocin (mean [SD], 0.21 [0.40]). Several of the EBPs within 1 hour
after birth (P4) exhibited low application rates in India; facilities in the other 2 countries performed bet-
ter on P4, but neonatal temperature measurement was deficient in Indonesia (mean [SD], 0.09 [0.29])
and Pakistan (mean [SD], 0.16 [0.37]).

SCC Outcomes
EBPs and Mortality
The pooled dataset comprised 6298 observed births from the 3 cluster randomized trials. Associations
between SCC and EBPs for the observation sample for both the ITT and CACE along with 95% CIs are
provided in Figure 1 and eTable 3 in Supplement 1. In intervention facilities, adherence to the 15 EBPs
increased by 24 percentage points (95% CI, 22 to 27; P < .001; q = .001; CACE) and among those who

Table 2. Essential Birth Practices for the Control Groupa

Birth practice

India Indonesia Pakistan
Observations,
No.

Proportion,
mean (SD)

Observations,
No.

Proportion,
mean (SD)

Observations,
No.

Proportion,
mean (SD)

Birth companion at point 1 2457 1.00 (0.05) 107 0.96 (0.19) 44 0.39 (0.49)

Maternal blood pressure taken at point 1 2457 0.03 (0.17) 108 0.94 (0.23) 44 0.82 (0.39)

Maternal temperature taken at point 1 2457 0.00 (0.04) 109 0.23 (0.42) 44 0.18 (0.39)

Partograph started at point 1 2457 0.00 (0.02) 92 0.23 (0.42) 44 0.41 (0.50)

Hand hygiene at point 1 2549 0.01 (0.07) 71 0.63 (0.49) 57 0.77 (0.42)

Clean towel available at point 2 2549 0.24 (0.43) 71 0.69 (0.47) 57 0.77 (0.42)

Clean scissor available at point 2 2549 0.87 (0.33) 70 1.00 (0.00) 56 1.00 (0.00)

Cord tie available at point 2 2549 1.00 (0.07) 70 0.97 (0.17) 57 1.00 (0.00)

Mucous extractor available at point 2 2549 0.95 (0.22) 70 0.74 (0.44) 57 0.89 (0.31)

Neonatal bag and mask at point 2 2549 0.97 (0.18) 62 0.31 (0.46) 57 0.79 (0.41)

Oxytocin administered at point 3 2547 0.21 (0.40) 70 0.96 (0.20) 57 0.98 (0.13)

Newborn weight taken at point 4 2484 0.83 (0.38) 69 0.97 (0.17) 56 0.18 (0.39)

Newborn temperature taken at point 4 2484 0.00 (0.04) 65 0.09 (0.29) 56 0.16 (0.37)

Skin-to-skin care at point 4 2484 0.08 (0.28) 66 0.70 (0.46) 56 0.38 (0.49)

Initiated breastfeeding at point 4 2484 0.04 (0.19) 66 0.53 (0.50) 56 0.21 (0.41)

Maternal temperature taken anytime 2929 0.00 (0.04) 40 0.78 (0.42) 61 0.23 (0.42)

Maternal blood pressure taken anytime 2929 0.05 (0.21) 118 1.00 (0.00) 61 0.75 (0.43)

Share of 15 2023 0.42 (0.07) 17 0.69 (0.13) 38 0.63 (0.18)

a Means refer to the proportion of births in which the relevant practice was applied. Data were taken from the control groups of the respective trials, which includes births 2, 6, and
12 months after treatment initiation in India.

JAMA Network Open | Public Health The WHO Safe Childbirth Checklist and Perinatal Mortality

JAMA Network Open. 2026;9(2):e2558269. doi:10.1001/jamanetworkopen.2025.58269 (Reprinted) February 26, 2026 5/12

Downloaded from jamanetwork.com by guest on 02/27/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269


adhered by 40 percentage points (95% CI, 35 to 45; P < 001; q = .001; CACE). Thus, adherence to EBPs
increased by 4 (ITT) to 6 (CACE) practices of the 15 EBPs. The SCC was particularly associated with in-
creased measurement of vital signs, including neonatal temperature measurement (+46 percentage

Figure 1. World Health Organization Safe Childbirth Checklist (SCC) and Evidence-Based Practices
for the Observation Sample

SCC outcome (95% CI)
–0.4 0.20 0.4 0.6 0.8 1.0 1.2–0.2

Source
Pause point 1

Pause point 2

Birth companion
Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect

Intention to treat
Complier average causal effect
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SCC outcome (95% CI)

–0.03 (–0.10 to 0.05)
–0.05 (–0.22 to 0.12)

0.37 (0.27 to 0.47)
0.64 (0.46 to 0.82)

0.44 (0.31 to 0.57)
0.75 (0.52 to 0.99)

0.02 (–0.02 to 0.07)
0.04 (–0.04 to 0.12)

0.27 (0.13 to 0.41)
0.45 (0.21 to 0.69)

0.43 (0.38 to 0.48)
0.71 (0.63 to 0.80)

0.04 (–0.08 to 0.16)
0.07 (–0.19 to 0.33)

0.00 (–0.01 to 0.01)
0.00 (–0.01 to 0.01)

0.02 (–0.03 to 0.07)
0.03 (–0.06 to 0.13)

0.01 (–0.05 to 0.07)
0.02 (–0.09 to 0.12)

0.39 (0.32 to 0.47)
0.65 (0.52 to 0.78)

0.07 (–0.06 to 0.21)
0.12 (–0.12 to 0.36)

0.46 (0.32 to 0.60)
0.75 (0.51 to 0.99)

0.46 (0.43 to 0.48)
0.76 (0.71 to 0.80)

0.45 (0.39 to 0.51)
0.74 (0.64 to 0.84)

0.53 (0.41 to 0.64)
0.88 (0.67 to 1.09)
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Share of 15

Overall performance

–

Error bars indicate 95% CIs. CIs may exceed 1.0 due to
normal approximation.
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points [95% CI, 32 to 60; P < .001; q = .001] in the ITT analysis and +75 percentage points [95% CI, 51 to
99; P < .001; q = .001] in the CACE analysis) and maternal temperature (+53 percentage points [95%
CI, 41 to 64; P < .001; q = .001] in the ITT analysis and +88 percentage points [95% CI, 67 to 109; P <
.001; q = .001] in the CACE analysis) at any time. In contrast, newborn weight and partograph use were
among the exceptions, which did not show any improvements. The partograph had a low application
rate to start with, where many facilities did not have the partograph sheets and complementary sup-
plies (eFigure 2 in Supplement 1). We did not find any associations for practices with a high level at base-
line, including the supplies at bedside at P2.

Figure 2 and eTable 4 in Supplement 1 provide the ITT and CACE along with 95% CIs for the
intervention associations with mortality for the full sample and the subsample of births occurring at
facilities and months during which observers recorded EBP adherence. We did not detect a
significant difference in mortality across the full study sample; coefficients were negative, indicating
a trend toward decreasing mortality, although insignificant. However, in the subsample of
intervention facilities where observations took place, the estimated stillbirth rates were lower by 9.8
per 1000 births (95% CI, −18.5 to −1.1; P = .03; q = .05) in the ITT analysis to 14.5 per 1000 births
(95% CI, −27.2 to −1.7; P = .03; q = .05) in the CACE analysis (see eFigure 1 in Supplement 1 for
analogous depiction of odds ratios). A supplementary country fixed-effects analysis (eFigure 5 in
Supplement 1) demonstrated that the estimates for EBPs and mortality were largely unchanged,
which reduced concerns that findings were driven by unobserved factors in a single country.

Heterogeneities on Primary Outcomes
We used a heterogeneity analysis to understand the potential impacts of baseline characteristics
alongside the intervention on EBP adherence and mortality. Generally, the baseline characteristics,
including supply availability, birth attendant experience, and facility-level maternal mortality, did not
modify the outcomes (eTables 3 and 4 in Supplement 1). The heterogeneity analysis in the pooled
sample suggested that the SCC was associated with increased application of EBPs across all settings,
irrespective of baseline covariates (eTable 5 in Supplement 1). We also considered heterogeneous
intervention associations with stillbirths as an additional outcome. The SCC was associated with a
reduction of 10.7 (95% CI, −18.3 to −3.2) stillbirths per 1000 births in facilities with low stillbirth rates

Figure 2. World Health Organization Safe Childbirth Checklist (SCC) and Mortality

SCC outcome (95% CI)
–7.5 0–2.5 2.5 5.0–5.0

Source

Intention to treat

Full sampleB

SCC outcome (95% CI)

–0.38 (–1.48 to 0.71)

–1.79 (–5.18 to 1.60)

–0.21 (–5.01 to 4.59)

SCC outcome (95% CI)
–30 0–15 –10 –5 5 10 15–25 –20

Source
Perinatal mortality per 1000 births

Intention to treat
Complier average causal effect

Stillbirths per 1000 births
Intention to treat
Complier average causal effect

Early neonatal mortality per 1000 births

Perinatal mortality per 1000 births

Stillbirths per 1000 births

Intention to treat
Early neonatal mortality per 1000 births

Intention to treat

Intention to treat
Complier average causal effect

SCC outcome (95% CI)

–4.03 (–21.66 to 13.60)
–2.63 (–13.87 to 8.60)

–14.45 (–27.22 to –1.68)
–9.76 (–18.45 to –1.08)

–1.99 (–6.71 to 2.72)
–1.30 (–4.08 to 1.47)

Observation sample (facilities and months)A

Error bars indicate 95% CIs.
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at baseline (P = .006; q = .01). The positive interaction term suggests this reduction was not
observed in facilities with higher baseline stillbirth rates (P = .04; q = .07) (eTable 6 in Supplement 1).

Secondary Outcomes: Safe Childbirth Supplies and Birth Attendants’ Perceptions
on Safety Culture
A complementary analysis indicated insignificant differences in the average availability of supplies
between intervention and control facilities (eFigure 2 in Supplement 1). We also compared 3
questions about safety culture measures across birth attendants in all 3 trials (eFigure 3 and eTable 7
in Supplement 1). Birth attendants generally agreed that they had the necessary resources for a safe
birth, but average agreement was moderate (mean [SD], 0.63 [0.15] in control facilities and 0.64
[0.15] in intervention facilities). Birth attendant confidence in performing the childbirth-related
activities (mean [SD], 0.71 [0.10] in control facilities and 0.72 [0.09] in intervention facilities) and
perceived safety of giving birth at their facility was scored more favorably (mean [SD], 0.84 [0.30] in
control facilities and 0.86 [0.30] in intervention facilities). Although there was general agreement
around perceptions of safety culture, there were no significant differences between birth attendants
in the intervention vs control facilities.

Discussion

Improving the quality of childbirth care is paramount to reducing poor maternal and neonatal health
outcomes. Based on our meta-analysis, SCC use was associated with improvements in adherence to
EBPs and with lower stillbirth rates in a variety of facilities. We observed stillbirth rates that were
lower by 9.8 per 1000 births in facilities that received the SCC (ITT) and 14.5 per 1000 births in
facilities that actively used the tool (CACE) in the subsample of facilities with on-site observations. In
the full sample, estimates suggested lower stillbirth rates in facilities with low rates at baseline. There
remains a missing link between behavior adherence and stillbirths, raising the question of what
enabling environment factors or practices in the first 2 pause points of the SCC would drive a
reduction in stillbirth because the later pause points would not influence this outcome. Detection
and management of maternal high blood pressure, a sign of preeclampsia or eclampsia, or
assessment of fetal heart sounds, even without use of the partograph, could have reduced the risk of
stillbirth. Furthermore, the SCC induced more appropriate provision of oxytocin for labor
augmentation, which may have reduced the risk of stillbirth; however, inappropriate augmentation
was not measured across all 3 studies.20

The mechanisms by which the SCC succeeds in reducing stillbirth need to be further understood
to optimize implementation across settings. In a quasi-experimental study in India and a cluster
randomized study in Kenya and Uganda, locally adapted bundles of essential supplies, practitioner
skills training, data quality improvements, and simulation training contributed to effective
interventions.9,21 Given our heterogeneity analysis, providing the SCC along with coaching or
monitoring was sufficient for improved practice application and outcomes in facilities with low
stillbirth rates at baseline, whereas in settings with poor quality of care at baseline, more
implementation support is required. Lower stillbirth rates were most evident among those who
adhered, whereas estimates in the full sample did not reach statistical significance. Low
implementation fidelity may have attenuated the observed associations with mortality, underscoring
the need to interpret null findings with caution. Weak implementation can obscure the true potential
of the SCC, and future research should focus on understanding how fidelity influences effectiveness.

Strengths and Limitations
The strength of this meta-analysis includes harmonized data from 3 robustly designed cluster
randomized trials, expanding on evidence from other studies and a systematic review, documenting
significantly lower stillbirth rates (Figure 2).9,21,22 When considering external validity of results, we
carefully accounted for potential contextual heterogeneities. A jackknife exercise that eliminates
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countries from the sample indicated that effects on birth practices are strongest in India (eFigure 4
in Supplement 1). Considering the implementation contexts, this finding is not surprising given that
the BetterBirth trial in India had, for many practices, the lowest level at baseline and the coaching
intervention was most intense in this setting. The heterogeneity in the application of practices across
settings underlined previous findings that the SCC needs to be carefully adapted to the respective
context to support birth attendants’ adherence.23-25 Implementers and researchers should remain
aware of contextual differences across and within study settings.

Our study findings require interpretation in the context of the following limitations. Although
the meta-analysis is facilitated by the similarities of the trials previously mentioned, we acknowledge
differences in the country and study settings. We attempted to address this by using a country
fixed-effects analysis (eFigure 5 in Supplement 1), which does not qualitatively affect the main
results. Nonetheless, differences in economic and health system contexts across settings may have
shaped the baseline risk environment. Variation in facility infrastructure and staffing, availability and
quality of emergency obstetric and neonatal care, referral systems, and maternal sociodemographic
and clinical risk profiles could have influenced the application of the checklist and mortality
outcomes. Additionally, our mortality findings should be interpreted with caution given potential
differences in facility type and patient characteristics across study settings. The level of complexity
and risk associated with pregnancies presenting to the facilities may vary depending on the level of
the health care system, which could cause bias. Our pooled sample includes predominantly primary-
level facilities in India, a mix of primary and secondary hospitals in Pakistan, and a larger share of
referral-level institutions in Indonesia.

Moreover, the insignificant results on birth supplies and perceptions should be considered with
a grain of salt because those outcomes were not part of study protocols of all the original studies.
We reported safety culture as a secondary outcome because it was measured only at the end of the
study, yet it could also be understood as a mediating factor as part of the structural context that
influences implementation success. In the Donabedian framework, availability of supplies and
perceptions of safety culture could be considered structural elements that may moderate adherence
and outcomes.26 Our measurement of perceptions of safety culture was based on 3 survey items,
inevitably narrowing the scope compared with established instruments, such as the Agency for
Healthcare Research and Quality’s Hospital Survey on Patient Safety Culture, which rely on
multidimensional scales.26,27 Future research should use more comprehensive measures to assess
the role of safety culture in SCC adherence and health outcomes.

More specific to the primary studies, measurement bias may exist due to inaccuracies in data
entry in patient-level records on stillbirths and neonatal mortality. Our study may be sensitive to the
Hawthorne effect on observations, particularly because no blinding of the complex intervention was
possible.28 Although associations with EBPs remained robust even when considering the
postcoaching period in all trials (eFigure 6 in Supplement 1), other research suggests that adherence
decreases over time and context-tailored coaching and supervision are required to sustain behavioral
change.25,29 Thus, further research should consider longer follow-up periods, especially to identify
the drivers for sustained adherence, including general health system quality and principles of shared
accountability.30 Another multicountry randomized clinical trial of the SCC with a context-tailored
intervention and similar outcome measurement is under way in sub-Saharan Africa; thus, some of
these remaining questions may be answered in the relatively near future.31

Conclusions
We identified substantial associations between the SCC and increasing application of EBPs, especially
at admission and after birth, as well as reduction in stillbirths when considering adherence and
heterogeneity in the analysis. To realize the full potential of the SCC, implementers and policymakers
need to understand better what quality infrastructure (supplies, technical skills, and shared
accountability) is necessary to create an enabling environment that supports sustained SCC use.

JAMA Network Open | Public Health The WHO Safe Childbirth Checklist and Perinatal Mortality

JAMA Network Open. 2026;9(2):e2558269. doi:10.1001/jamanetworkopen.2025.58269 (Reprinted) February 26, 2026 9/12

Downloaded from jamanetwork.com by guest on 02/27/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269


ARTICLE INFORMATION
Accepted for Publication: December 6, 2025.

Published: February 26, 2026. doi:10.1001/jamanetworkopen.2025.58269

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2026 Kaplan LC
et al. JAMA Network Open.

Corresponding Authors: Katherine Semrau, PhD, MPH, Ariadne Labs, 401 Park Dr, Third Floor E, Boston, MA
02215 (ksemrau@ariadnelabs.org); Sebastian Vollmer, PhD, University of Göttingen, Waldweg 26, 37073
Göttingen, Germany (svollmer@uni-goettingen.de).

Author Affiliations: Georg-August-University of Göttingen, Göttingen, Germany (Kaplan); Ariadne Labs, Brigham
and Women’s Hospital, Harvard T.H. Chan School of Public Health, Boston, Massachusetts (Delaney, Molina, Tuller,
Bobanski, Semrau); Department of Economics & Centre for Modern Indian Studies, University of Goettingen,
Göttingen, Germany (Roddewig, Vollmer); Community Empowerment Lab, Lucknow, India (S. Singh); Beth Israel
Deaconess Medical Center, Boston, Massachusetts (Molina); Community Health Nursing Department, Faculty of
Nursing, Universitas Syiah Kuala, Banda Aceh, Indonesia (Diba); World Health Organization Country Office,
National Institutes of Health, Chak Shahzad, Islamabad, Pakistan (Hashmi); Department of Psychiatry and Mental
Health Nursing. Universitas Syiah Kuala, Banda Aceh, Indonesia (Marthoenis); Center for Evaluation and
Development, Mannheim, Germany (Richert); Medical Research Unit, School of Medicine, Universitas Syiah Kuala,
Banda Aceh, Indonesia (Ichsan); Department of Microbiology, School of Medicine, Universitas Syiah Kuala, Banda
Aceh, Indonesia (Ichsan); Tsunami and Disaster Mitigation Research Center, Universitas Syiah Kuala, Banda Aceh,
Indonesia (Ichsan); Community Empowerment Lab, Lucknow, India (V. P. Singh); Faculty of Medicine, Universitas
Syiah Kuala, Banda Aceh, Indonesia (Muhsin); Community Empowerment Lab, Lucknow, India (Kumar); Statistics
Department, Universitas Syiah Kuala, Banda Aceh, Indonesia (Sofyan); Centre for Modern Indian Studies (CeMIS),
Georg-August-University of Göttingen, Göttingen, Germany (Sofyan); Division of Global Health Equity, Brigham
and Women’s Hospital, Boston, Massachusetts (Semrau); Department of Medicine, Harvard Medical School,
Boston, Massachusetts (Semrau).

Author Contributions: Dr Kaplan and Ms Roddewig had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Drs Vollmer and Semrau are
co–senior authors.

Concept and design: Kaplan, Diba, Tuller, Bobanski, Marthoenis, Richert, Ichsan, Kumar, Vollmer, Semrau.

Acquisition, analysis, or interpretation of data: Kaplan, Marx Delaney, Roddewig, Singh, Molina, Tuller, Bobanski,
Hashmi, Richert, Ichsan, Pratap Singh, Muhsin, Sofyan, Vollmer, Semrau.

Drafting of the manuscript: Kaplan, Ichsan.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Kaplan, Roddewig, Diba, Hashmi, Richert, Pratap Singh, Sofyan.

Obtained funding: Kaplan, Tuller, Vollmer, Semrau.

Administrative, technical, or material support: Marx Delaney, Diba, Tuller, Bobanski, Marthoenis, Ichsan, Muhsin,
Kumar, Semrau.

Supervision: Kaplan, Marx Delaney, Singh, Tuller, Hashmi, Marthoenis, Ichsan, Kumar, Vollmer, Semrau.

Conflict of Interest Disclosures: Dr Kaplan reported receiving funding from the German Academic Exchange
Service during the conduct of the study. No other disclosures were reported.

Funding/Support: Deidentified data were used from 3 clinical trials which were funded as follows: the trial in India
(NCT02148952) received funding from the Bill & Melinda Gates Foundation; the trial in Pakistan received funding
from the GIZ Reproductive, Maternal and Newborn Health Project; and the trial in Indonesian (ISRCTN11041580)
was supported by the Reducing Poverty Risk project of the Ministry of Science and Culture of Lower Saxony, the
German Research Foundation, and the European Commission’s Expert4Asia programme.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: Jana Kuhnt was first author of the trial located in Pakistan and provided invaluable
input. We appreciate the governments of India and Uttar Pradesh; the provincial and district health offices in
Banda Aceh, Indonesia; the governments of Pakistan and Khyber Pakhtunkhwa; and the district health offices of
Nowshera and Haripur for their collaboration and support to conduct these trials in public health facilities. We
thank the facility staff, women, and newborns for their participation in the studies. We also thank the past and

JAMA Network Open | Public Health The WHO Safe Childbirth Checklist and Perinatal Mortality

JAMA Network Open. 2026;9(2):e2558269. doi:10.1001/jamanetworkopen.2025.58269 (Reprinted) February 26, 2026 10/12

Downloaded from jamanetwork.com by guest on 02/27/2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
mailto:ksemrau@ariadnelabs.org
mailto:svollmer@uni-goettingen.de
https://clinicaltrials.gov/study/NCT02148952
https://www.isrctn.com/ISRCTN11041580
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.58269&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269


current members of the study teams in Germany, India, Indonesia, Pakistan, and the US. We acknowledge the
contribution of numerous data collectors without whom the main trials would not have been possible.

REFERENCES
1. Hug L, You D, Blencowe H, et al; UN Inter-agency Group for Child Mortality Estimation and its Core Stillbirth
Estimation Group. Global, regional, and national estimates and trends in stillbirths from 2000 to 2019:
a systematic assessment. Lancet. 2021;398(10302):772-785. doi:10.1016/S0140-6736(21)01112-0

2. WHO/UNICEF. Ending Preventable Newborn Deaths and Stillbirths By 2030 - Moving Faster Towards High-
Quality Universal Health Coverage in 2020–2025. 2020. Accessed December 64, 2021. https://data.unicef.org/
resources/ending-preventable-newborn-deaths-and-stillbirths-by-2030/

3. Kruk ME, Gage AD, Joseph NT, Danaei G, García-Saisó S, Salomon JA. Mortality due to low-quality health
systems in the universal health coverage era: a systematic analysis of amenable deaths in 137 countries. Lancet.
2018;392(10160):2203-2212. doi:10.1016/S0140-6736(18)31668-4

4. Spector JM, Lashoher A, Agrawal P, et al. Designing the WHO Safe Childbirth Checklist program to improve
quality of care at childbirth. Int J Gynaecol Obstet. 2013;122(2):164-168. doi:10.1016/j.ijgo.2013.03.022

5. World Health Organization. World Health Organization Safe Childbirth Checklist. 2015. Accessed December 4,
2021. https://apps.who.int/iris/bitstream/handle/10665/199179/WHO_HIS_SDS_2015.26_eng.pdf

6. Albolino S, Dagliana G, Meda M, Ranzani F, Tanzini M. Safety and quality of maternal and Neonatal pathway:
a pilot study on the childbirth checklist in 9 Italian hospitals. Procedia Manuf. 2015;3:242-249. doi:10.1016/j.promfg.
2015.07.135

7. de Melo Carvalho ICB, de Souza Rosendo TMS, de Freitas MR, et al. Adaptation and validation of the World
Health Organization’s on safe childbirth checklist for the Brazilian context. Rev Bras Saude Mater Infant. 2018;18
(2):401-418. doi:10.1590/1806-93042018000200009

8. Senanayake HM, Patabendige M, Ramachandran R. Experience with a context-specific modified WHO safe
childbirth checklist at two tertiary care settings in Sri Lanka. BMC Pregnancy Childbirth. 2018;18(1):411. doi:10.
1186/s12884-018-2040-6

9. Walker D, Otieno P, Butrick E, et al; Preterm Birth Initiative Kenya and Uganda Implementation Research
Collaborative. Effect of a quality improvement package for intrapartum and immediate newborn care on fresh
stillbirth and neonatal mortality among preterm and low-birthweight babies in Kenya and Uganda: a cluster-
randomised facility-based trial. Lancet Glob Health. 2020;8(8):e1061-e1070. doi:10.1016/S2214-109X(20)30232-1

10. Mengistu B, Alemu H, Kassa M, et al. An innovative intervention to improve respectful maternity care in three
Districts in Ethiopia. BMC Pregnancy Childbirth. 2021;21(1):541. doi:10.1186/s12884-021-03934-y

11. Li X, Zhou T, Mao J, Wang L, Yang X, Xie L. Application of the PDCA cycle for implementing the WHO Safe
Childbirth Checklist in women with vaginal deliveries. Medicine (Baltimore). 2023;102(18):e33640. doi:10.1097/
MD.0000000000033640

12. Molina RL, Bobanski L, Dhingra-Kumar N, Moran A, Taha A, Kumar S, Semrau KEA. The WHO Safe Childbirth
Checklist after 5 years: new evidence points to future directions for improving childbirth quality and outcomes.
Lancet Glob Health. 2022;10(3):e324-e325. doi:10.1016/S2214-109X(21)00556-8

13. Semrau KEA, Hirschhorn LR, Marx Delaney M, et al; BetterBirth Trial Group. Outcomes of a coaching-based
WHO Safe Childbirth Checklist program in India. N Engl J Med. 2017;377(24):2313-2324. doi:10.1056/
NEJMoa1701075

14. Kaplan LC, Ichsan I, Diba F, et al. Effects of the World Health Organization Safe Childbirth Checklist on quality
of care and birth outcomes in Aceh, Indonesia: a cluster-randomized clinical trial. JAMA Netw Open. 2021;4(12):
e2137168. doi:10.1001/jamanetworkopen.2021.37168

15. Kuhnt J, Hashmi A, Vollmer S. The effect of the WHO Safe Childbirth Checklist on essential delivery practices
and birth outcomes: evidence from a pair-wise matched randomized controlled trial in Pakistan. SSM Popul
Health. 2023;24:101495. doi:10.1016/j.ssmph.2023.101495

16. King G, Gakidou E, Imai K, et al. Public policy for the poor? a randomised assessment of the Mexican universal
health insurance programme. Lancet. 2009;373(9673):1447-1454. doi:10.1016/S0140-6736(09)60239-7

17. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple
testing. J R Stat Soc B Stat Methodol. 1995;57(1):289-300. doi:10.1111/j.2517-6161.1995.tb02031.x

18. Anderson ML. Multiple inference and gender differences in the effects of early intervention: a reevaluation of
the Abecedarian, Perry Preschool, and Early Training Projects. J Am Stat Assoc. 2008;103(484):1481-1495. doi:10.
1198/016214508000000841

19. StataCorp. Stata Statistical Software: Release 16. StataCorp LLC; 2019.

JAMA Network Open | Public Health The WHO Safe Childbirth Checklist and Perinatal Mortality

JAMA Network Open. 2026;9(2):e2558269. doi:10.1001/jamanetworkopen.2025.58269 (Reprinted) February 26, 2026 11/12

Downloaded from jamanetwork.com by guest on 02/27/2026

https://dx.doi.org/10.1016/S0140-6736(21)01112-0
https://data.unicef.org/resources/ending-preventable-newborn-deaths-and-stillbirths-by-2030/
https://data.unicef.org/resources/ending-preventable-newborn-deaths-and-stillbirths-by-2030/
https://dx.doi.org/10.1016/S0140-6736(18)31668-4
https://dx.doi.org/10.1016/j.ijgo.2013.03.022
https://apps.who.int/iris/bitstream/handle/10665/199179/WHO_HIS_SDS_2015.26_eng.pdf
https://dx.doi.org/10.1016/j.promfg.2015.07.135
https://dx.doi.org/10.1016/j.promfg.2015.07.135
https://dx.doi.org/10.1590/1806-93042018000200009
https://dx.doi.org/10.1186/s12884-018-2040-6
https://dx.doi.org/10.1186/s12884-018-2040-6
https://dx.doi.org/10.1016/S2214-109X(20)30232-1
https://dx.doi.org/10.1186/s12884-021-03934-y
https://dx.doi.org/10.1097/MD.0000000000033640
https://dx.doi.org/10.1097/MD.0000000000033640
https://dx.doi.org/10.1016/S2214-109X(21)00556-8
https://dx.doi.org/10.1056/NEJMoa1701075
https://dx.doi.org/10.1056/NEJMoa1701075
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.37168&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.58269
https://dx.doi.org/10.1016/j.ssmph.2023.101495
https://dx.doi.org/10.1016/S0140-6736(09)60239-7
https://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://dx.doi.org/10.1198/016214508000000841
https://dx.doi.org/10.1198/016214508000000841


20. Marx Delaney M, Kalita T, Hawrusik B, et al. Modification of oxytocin use through a coaching-based
intervention based on the WHO Safe Childbirth Checklist in Uttar Pradesh, India: a secondary analysis of a cluster
randomised controlled trial. BJOG. 2021;128(12):2013-2021. doi:10.1111/1471-0528.16856

21. Varghese B, Copas A, Kumari S, et al. Does the safe childbirth checklist (SCC) program save newborn lives?
evidence from a realistic quasi-experimental study, Rajasthan, India. Matern Health Neonatol Perinatol. 2019;
5(1):3. doi:10.1186/s40748-019-0098-4

22. Tolu LB, Jeldu WG, Feyissa GT. Effectiveness of utilizing the WHO safe childbirth checklist on improving
essential childbirth practices and maternal and perinatal outcome: a systematic review and meta-analysis. PLoS
One. 2020;15(6):e0234320. doi:10.1371/journal.pone.0234320

23. Doria S, Diba F, Susanti SS, Vollmer S, Monfared IG. Mothers’ experiences of quality of care and potential
benefits of implementing the WHO safe childbirth checklist: a case study of Aceh Indonesia. BMC Pregnancy
Childbirth. 2019;19(1):461. doi:10.1186/s12884-019-2625-8

24. Molina RL, Benski AC, Bobanski L, Tuller DE, Semrau KEA. Adaptation and implementation of the WHO Safe
Childbirth Checklist around the world. Implement Sci Commun. 2021;2(1):76. doi:10.1186/s43058-021-00176-z

25. Fernández-Elorriaga M, Fifield J, Semrau KEA, et al. Impact of the WHO safe childbirth checklist on birth
attendant behavior and maternal-newborn outcomes: a systematic review and meta-analysis. Int J Gynaecol
Obstet. 2025;169(3):984-998. doi:10.1002/ijgo.16123

26. Halligan M, Zecevic A. Safety culture in healthcare: a review of concepts, dimensions, measures and progress.
BMJ Qual Saf. 2011;20(4):338-343. doi:10.1136/bmjqs.2010.040964

27. Jones KJ, Skinner A, Xu L, Sun J, Mueller K. The AHRQ hospital survey on patient safety culture: a tool to plan
and evaluate patient safety programs. In: Advances in Patient Safety: New Directions and Alternative Approaches.
Vol 2: Culture and Redesign. Agency for Healthcare Research and Quality; 2008.

28. Leonard KL, Masatu MC. Using the Hawthorne effect to examine the gap between a doctor’s best possible
practice and actual performance. J Dev Econ. 2010;93(2):226-234. doi:10.1016/j.jdeveco.2009.11.001

29. Molina RL, Neal BJ, Bobanski L, et al. Nurses’ and auxiliary nurse midwives’ adherence to essential birth
practices with peer coaching in Uttar Pradesh, India: a secondary analysis of the BetterBirth trial. Implement Sci.
2020;15(1):1-10. doi:10.1186/s13012-019-0962-7

30. Roder-DeWan S, Nimako K, Twum-Danso NAY, Amatya A, Langer A, Kruk M. Health system redesign for
maternal and newborn survival: rethinking care models to close the global equity gap. BMJ Glob Health. 2020;5
(10):e002539. doi:10.1136/bmjgh-2020-002539

31. Millogo T, Kourouma KR, Diallo A, Agbre-Yace ML, Baldé MD, Kouanda S. Effectiveness of the World Health
Organization Safe Childbirth Checklist (WHO-SCC) in preventing poor childbirth outcomes: a study protocol for a
matched-pair cluster randomized control trial. BMC Public Health. 2021;21(1):1652. doi:10.1186/s12889-021-
11673-0

SUPPLEMENT 1.
eTable 1. Baseline Characteristics in Observation Sample
eTable 2. Comparison of Baseline Characteristics Across Intervention and Control Group
eTable 3. Treatment Effects at Endline - Essential Birth Practices
eTable 4. Treatment Effects - Mortality at Endline
eTable 5. Heterogeneity Analysis: Checklist Intervention Effects on the Number of Essential Birth Practices
Contingent on Baseline Covariates
eTable 6. Checklist Intervention Effects on Stillbirths Contingent on Baseline Covariates
eFigure 1. Odds Ratios of Mortality Estimates
eFigure 2. Supplies - Comparison of Means at Endline
eFigure 4. Jackknife Exercise Essential Birth Practices and Mortality
eFigure 5. EBPs and Mortality With Country-Level Fixed Effects
eFigure 6. Treatment Effects on EBPs (Post-Coaching)
eMethods. Supplementary Methods

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Public Health The WHO Safe Childbirth Checklist and Perinatal Mortality

JAMA Network Open. 2026;9(2):e2558269. doi:10.1001/jamanetworkopen.2025.58269 (Reprinted) February 26, 2026 12/12

Downloaded from jamanetwork.com by guest on 02/27/2026

https://dx.doi.org/10.1111/1471-0528.16856
https://dx.doi.org/10.1186/s40748-019-0098-4
https://dx.doi.org/10.1371/journal.pone.0234320
https://dx.doi.org/10.1186/s12884-019-2625-8
https://dx.doi.org/10.1186/s43058-021-00176-z
https://dx.doi.org/10.1002/ijgo.16123
https://dx.doi.org/10.1136/bmjqs.2010.040964
https://dx.doi.org/10.1016/j.jdeveco.2009.11.001
https://dx.doi.org/10.1186/s13012-019-0962-7
https://dx.doi.org/10.1136/bmjgh-2020-002539
https://dx.doi.org/10.1186/s12889-021-11673-0
https://dx.doi.org/10.1186/s12889-021-11673-0

