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Coaching Intensity, Adherence to Essential Birth Practices,
and Health Outcomes in the BetterBirth Trial in Uttar Pradesh,
India
Dale A. Barnhart,a Donna Spiegelman,a,b Corwin M. Zigler,c,d Nabihah Kara,e MeganMarx Delaney,a,e

Tapan Kalita,f,g Pinki Maji,f Lisa R. Hirschhorn,h Katherine E. A. Semraue,i,j

Frequent coaching was associated with increased adherence to evidence-based essential birth practices among
birth attendants but not with improved maternal and perinatal health outcomes in the BetterBirth Trial, which
assessed the impact of a complex intervention to implement the World Health Organization’s Safe Childbirth
Checklist. To promote sustainable behavior change, future coaching-based interventions may need to explore
cost-effective, feasible mechanisms for providing more frequent coaching delivered with high coverage among
health care workers for longer durations.

ABSTRACT
Background: Coaching can improve the quality of care in primary-level birth facilities and promote birth attendant adherence to essen-
tial birth practices (EBPs) that reduce maternal and perinatal mortality. The intensity of coaching needed to promote and sustain behav-
ior change is unknown. We investigated the relationship between coaching intensity, EBP adherence, and maternal and perinatal health
outcomes using data from the BetterBirth Trial, which assessed the impact of a complex, coaching-based implementation of the World
Health Organization’s Safe Childbirth Checklist in Uttar Pradesh, India.
Methods: For each birth, we defined multiple coaching intensity metrics, including coaching frequency (coaching visits per month), cu-
mulative coaching (total coaching visits accrued during the intervention), and scheduling adherence (coaching delivered as scheduled).
We considered coaching delivered at both facility and birth attendant levels. We assessed the association between coaching intensity
and birth attendant adherence to 18 EBPs and with maternal and perinatal health outcomes using regression models.
Results: Coaching frequency was associated with modestly increased EBP adherence. Delivering 6 coaching visits per month to facilities
was associated with adherence to 1.3 additional EBPs (95% confidence interval [CI]=0.6, 1.9). High-frequency coaching delivered with
high coverage among birth attendants was associated with greater improvements: providing 70% of birth attendants at a facility with at
least 1 visit per month was associated with adherence to 2.0 additional EBPs (95% CI=1.0, 2.9). Neither cumulative coaching nor
scheduling adherence was associated with EBP adherence. Coaching was generally not associated with health outcomes, possibly due
to the small magnitude of association between coaching and EBP adherence.
Conclusions: Frequent coaching may promote behavior change, especially if delivered with high coverage among birth attendants.
However, the effects of coaching were modest and did not persist over time, suggesting that future coaching-based interventions should
explore providing frequent coaching for longer periods.

INTRODUCTION

Rates of maternal and neonatal mortality in low- and
middle-income countries can bemore than10 times

higher than in high-income countries.1,2 Despite global
increases in facility-based deliveries, progress in reduc-
ing the rates of these preventable deaths has been slower
than expected due to poor quality of care in health facil-
ities and poor adherence to evidence-based practices
among birth attendants.3–7 Improving the quality of
care at birth facilities has the potential to avert 531,000
stillbirths, 1.3 million newborn deaths, and 112,000ma-
ternal deaths each year.8 However, evidence-based
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strategies for improving the quality of care in birth
facilities are lacking. Providing training alone can
increase knowledge of evidence-based practices
but does not necessarily translate into meaningful
improvements in quality of care.9,10 Consequently,
additional strategies are needed to improve the
quality of intrapartum and postpartum care.

Coaching is one strategy to promote birth atten-
dant behavior change. The coaching process helps
individuals use their existing skills, resources, and
training to improve their performance and achieve
personalized goals.11,12 Typically, coaching focuses
on individual behavior change, but it can also
be directed toward addressing systemic problems.
Unlike traditional supervision,which is a hierarchi-
cal process where a leader is accountable for the
activities of a group or individual,13 or mentoring,
which is focused more broadly on professional
and personal development, coaching is individual-
focused, task-oriented, and performance-driven.14

To improve performance, coaches use multiple
approaches, including modeling desired behaviors,
providing supportive supervision, providing auditing
and feedback, and promoting problem solving.15

These strategies are effective at improving quality of
care in low- and middle-income countries across a
variety of clinical areas,16,17 including Integrated
Management of Childhood Illness,18,19 drugmanage-
ment and prescription practices,20,21 primary care,22

malaria case management,23 voluntary male cir-
cumcision,24 and reproductive health.25,26

Although some studies have reported associa-
tions between increased intensity of coaching-
related activities and improved quality of care,21–23

the optimal coaching intensity needed to promote
and sustain behavior change is unknown. Coaching
intensity can be quantified across multiple domains,
including frequency (e.g., 2 coaching visits per
week); duration (e.g., 6 weeks of coaching); and cu-
mulative dose, which reflects both the frequency
and the duration of the intervention (e.g., 2 sessions
per week for 6 weeks equals 12 cumulative visits).27

Once the desired coaching regimen has been deter-
mined, coaching fidelity can also be described in
terms of scheduling adherence or the extent to
which the coaching regimen is delivered in accor-
dance with the intended schedule.28 Additional
dimensions of coaching intensity exist (Box), and fi-
delity could also be described in terms of these other
domains. Understanding which domains of coach-
ing intensity are most strongly associated with qual-
ity of care improvements can identify coaching
regimens that are optimized to promote behav-
ior change and, ultimately, to improve health
outcomes.

One coaching-based intervention designed to
improve the quality of care provided to mothers
and newborns during facility-based childbirth is
the BetterBirth Program.Although this intervention
did not reduce maternal morbidity or maternal and
perinatalmortality in a recentmatched-pair, cluster-
randomized trial conducted in Uttar Pradesh,
India, it increased birth attendant adherence to
18 essential birth practices (EBPs) believed by
experts to prevent or successfully manage com-
plications during facility-based deliveries from
an average of 7.9 in the control arm to an average
of 11.1 in the intervention arm.29

In this article, we used data from the interven-
tion arm of the BetterBirth Trial to assess the rela-
tionship between coaching frequency, cumulative
coaching, and scheduling adherence with birth at-
tendant adherence to EBPs andmaternal and peri-
natal health outcomes. By investigating multiple
dimensions of coaching intensity, we aimed to
provide insights into the optimal coaching regi-
men for future coaching-based interventions.

METHODS
Intervention
The BetterBirth Program was designed to promote
the use of the World Health Organization’s Safe
Childbirth Checklist (SCC), a 28-item tool intended

BOX. Coaching Intensity Domains
Coaching Forma: coaching delivery method, including the coach’s identity and experience level (e.g., peer coaching, expert coaching) and the
strategies the coach used to generate behavior change (e.g., role playing, motivational support)

Coaching Qualitya: coach’s ability to correctly and consistently use coaching strategies to generate behavior change

Coaching Frequency: number of coaching sessions delivered over a specific duration of time (e.g., 2 coaching visits per week)

Coaching Durationa: time period during which coaching is delivered (e.g., 6 weeks of coaching)

Cumulative Coaching: accrual of exposure to coaching over time that is determined by both coaching frequency and coaching duration (e.g.,
2 sessions per week for 6 weeks equals 12 cumulative visits)
aCoaching intensity domain not covered in this analysis.

By investigating
dimensions of
coaching intensity,
we aimed to
provide insights
into the optimal
coaching regimen
for future
interventions.
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to assist birth attendants in performing EBPs. To
ensure EBPs are completed in time to avoid poten-
tial complications, these items are organized into
4 “pause points”: (1) on admission, (2) just before
pushing, (3) within 1 hour after birth, and (4) be-
fore discharge. When using the checklist, birth
attendants can either first read the item and then
complete the task or first provide care and then re-
view the checklist to confirm that all tasks for that
pause point have been completed.30 Coaching was
recommended as a core component of SCC imple-
mentation packages since the checklist’s initial
development31 and was a major feature of the
BetterBirth Program’smulticomponent implemen-
tation package.

The BetterBirth Program used an engage-
launch-support model, which has been previously
described in detail.32–34 Briefly, district- and facility-
level leadership were introduced to the BetterBirth
program and engaged to identify priority areas for
improvement related to the SCC. Each facility held
an educational and motivational launch event to
train birth attendants on using the SCC. Finally, on-
going coaching and data feedback were used to sup-
port behavior change.

Birth attendants, who were primarily auxiliary
nurse midwives or general nurses in the labor and
delivery wards, received peer-to-peer coaching
from study staff who were nurses with training in
childbirth and at least 2 years of experience in de-
livery. These coaching relationships were designed
to be collaborative and were not designed to re-
place the existing traditional supervision structure.
In practice, coaches’ training, age, and years of ex-
perience were similar to that of the nurse birth
attendants, who comprised approximately 78% of
the birth attendant population. However, about
16% of the birth attendant population were auxil-
iary nursemidwives, who were older and had few-
er years of formal training but more years of
experience, and approximately 7%were ladymed-
ical officers, who were trained as physicians.35

Coaches’ clinical skills were assessed via inter-
views during the recruitment process. Coaches re-
ceived 5–7 days of skills-based training, which
emphasized coaching skills, including relationship
building; verbal and nonverbal interpersonal com-
munication; handling difficult persons or situa-
tions; observation, listening, and speaking skills;
and prioritizing and setting goals with frontline
health workers. The training program for coaches
also included a physician-led review of govern-
ment guidelines around skilled birth attendants.

Coaching followed an “opportunity-ability-
motivations-supplies” framework adapted from

previous behavior change models.33,36,37 In this
framework, coachesmotivated birth attendant be-
havior change using techniques such as storytell-
ing and positive acknowledgment to emphasize
the importance of adopting EBPs to meet national
guidelines and save lives. They also observed de-
liveries, collected data, and provided real-time
feedback on current adherence to EBPs; identified
existing opportunity-, ability-, motivation-, or
supply-related barriers to EBP adherence; and en-
gaged in group problem solving to address these
barriers. For example, if birth attendants were un-
able to complete EBPs because supplies or medica-
tions were missing, coaches would classify the
issue as a supply-related barrier and advocate
with administrators or pharmacists to obtain the
supply. Other examples of how coaches addressed
specific barriers can be found elsewhere.33,38 As
part of the study design, coaches did not directly
provide additional technical training or coach on
clinical quality but did advocate with facility lea-
ders (lady medical officers or medical officers in-
charge) for additional training opportunities or
engage in role playing to address ability-related
barriers.

Birth attendant coaching was scheduled to oc-
cur twice per week during the first through fourth
months of the intervention, once per week during
the fifth and sixth months of the intervention,
once every 2 weeks during the seventh month,
and once per month in the eighth month for a to-
tal of 43 visits per health facility. Coaching visits
were intended to last for the entire duration of a
daytime shift (8 am to 5 pm). Additional details
on the content of coaching sessions, perceptions
around the credibility of the peer-coaching pro-
gram, and the quality of the relationships between
coaches and birth attendants have been published
elsewhere.34 The same coaching schedule was
planned for all facilities, regardless of delivery
load or birth attendant staff size.

A parallel peer-to-peer coaching also occurred
at the facility leadership level with facility leader-
ship being coached by other physicians or public
health professionals to help improve their abilities
to provide leadership and supervision. In this
manner, coaching was intended to support rather
than substitute for existing supervision structures.
Facility leadership coaching followed a similar, but
less intensive, schedule for a total of 23 visits. To
promote long-term sustainability, each site also
designated a childbirth quality coordinator who
was a well-respected facility-based staff member
but not necessarily a supervisor or manager and
was intended to serve as a long-term, facility-
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based coach and project champion. In practice,
this role was often filled by a head nurse, medical
officer in-charge, or pharmacist. This champion
was intended to continue the practice of peer-
coaching and not replace existing supervision
practices.

Trial Design and Study Setting
This implementation package was evaluated in
a matched-pair, cluster-randomized trial that
enrolled 120 primary-level health facilities
in Uttar Pradesh, India, a region with high ma-
ternal (258/100,000 live births) and neonatal
(49/1,000 live births) mortality.39

All facilities enrolled in the BetterBirth Trial
were required to conduct at least 1,000 deliveries
per year, have at least 3 birth attendants trained
at the level of auxiliary nurse midwife or higher,
have no concurrent quality improvement or re-
search programs, and have district and facility
leadership who were willing to participate. Forty-
six facilities were primary health centers, 56 were
community health centers, and 18were first refer-
ral units.29 Primary-level facilities should have
had the capacity to provide basic emergency ob-
stetric and newborn care but often lacked the nec-
essary resources to do so.40 District hospitals were
not included in this study. Eligible facilities were
matched on baseline characteristics and random-
ized within pairs to receive either the coaching-
based intervention or the current standard of
care. Roll-out of the intervention was staggered
across 5 geographically-defined research hubs
centered in the urban areas of Agra, Gorakhpur,
Lucknow, Meerut, and Varanasi. Full details on
study procedures, including sample size calcula-
tions, can be found elsewhere.41

Data Collection
At each facility, registerswere used to document the
admission date for each woman in labor and any
instances of facility-based mortality and morbidity.
Data on 7-day health outcomes were obtained
using a call center, which contacted mothers and
their families between 8 and 42 days postpartum,
followed by home visits if neither the woman nor a
family memberwas reached by phone after 22 days
postpartum.42

In a convenience sample of births occurring in
30 facilities (15 intervention, 15 control) located
in the Lucknow hub, which is in central Uttar
Pradesh, additional direct observations of deliver-
ies were conducted to collect data on birth atten-
dant EBP adherence. Trained independent nurses

observed and recorded EBP adherence using stan-
dardized data collection tools. Visits from indepen-
dent data collectors occurred in addition to the
coaching visits,which occurred in all intervention fa-
cilities. Unlike coaches, who used the opportunity-
ability-motivation-supplies framework to improve
birth attendant performance, study nurses who
served as independent observers did not serve as
coaches and did not intervene in clinical care.
Data collection on EBP adherence occurred dur-
ing 3 of the 4 pause points: on admission to facil-
ity, just before pushing, and within 1 hour after
birth. However, practical considerations related
to the timing and duration of labor prevented all
births from being continuously observed from
admission through discharge. Consequently, not
all EBPswere observed for each birth. For interven-
tion facilities, nurse coaches recorded the date of
each coaching visit as well as the unique ID code
for each birth attendant who was coached during
that visit.

Outcomes
We considered 2 types of outcomes: birth atten-
dant EBP adherence and maternal and perinatal
health outcomes. EBP adherence was measured
as the number of EBPs that a birth attendant suc-
cessfully completed of the 18 practices that the
World Health Organization recommends as essen-
tial for all mothers and newborns (Table 1).29,30

Previous research has suggested that this EBPs ad-
herence metric is associated with reduced risk of
perinatal mortality in this setting.43

Mother-baby dyads were included as a birth in
our EBP analysis if they occurred at 1 of the 15 in-
tervention facilities where EBP adherence data
were collected, occurred after the start of coaching
at that facility, and were directly observed during
admission to facility, just before pushing, and
within 1 hour after birth such that adherence to
all 18 practices was recorded. Our analysis was
conducted exclusively among intervention sites
to focus on likely effects of birth attendant coach-
ing without potential confounding from other
components of the complex intervention.

As in the main trial, our primary health out-
comewas a composite outcome of events occurring
within 7 days after delivery that included severe
maternal morbidity, defined as self-reported com-
plications including seizures, loss of consciousness
formore than 1 hour, fever with foul-smelling vag-
inal discharge, hemorrhage, or stroke; maternal
mortality; or perinatal mortality, defined as still-
birth or death within the first 7 days of life. A
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secondary composite health outcome consisting of
only 7-daymaternal or perinatalmortalitywas also
considered.29

Mother-baby dyads were included as a birth in
the health outcomes analysis if they occurred in
an intervention facility after the start of coaching,
if mothers consented to follow-up, and if data on
7-day outcomes were obtained. As in themain tri-
al, dyads were included in the 7-day outcome
analysis even if they were transferred to a higher-
level facility before delivery. Because the timing of
direct observations of birth attendant adherence
to EBPs (that occurred 0–8 and 13–17 months af-
ter the start of coaching) differed somewhat from
the timing of call center activities (that continued
from 0–13 months after the start of coaching), the
EBP adherence sample is not a subset of the health
outcomes sample. However, some births appear in
both samples.

Coaching Intensity
For each birth, we calculatedmetrics that reflected
multiple domains of coaching intensity, including
coaching frequency, cumulative coaching, and
scheduling adherence. These metrics were based
on the dates of the peer-to-peer birth attendant
coaching visits that had occurred at a given facility
before each birth. For coaching frequency, we
assigned each birth a coaching intensity equal to
the number of coaching visits occurring at that fa-
cility in the 30 days before the admission date (vis-
its in the past month).

Because we hypothesized that the impact of
coaching on birth-related outcomes would be
stronger when we considered the intensity of
coaching provided to the birth attendants who
conducted the deliveries rather than to the facility
as a whole, we also created coaching frequency

metrics that reflected coaching delivered at the
birth attendant level. In this study, it was not pos-
sible to identify which birth attendant conducted a
specific delivery, so we created coaching metrics
that reflected the delivery of coaching among all
birth attendants working at a single facility. These
metrics included the average number of visits in
the past month among birth attendants, the per-
centage of birth attendants receiving at least 1 visit
in the past month, and the standard deviation of
coaching visits in the past month among birth
attendants. We hypothesized that facilities would
experience more benefits from coaching if birth
attendants had, on average, a greater number of
visits in the past month, higher coaching coverage
(percentage of birth attendants receiving at least
1 visit in past month), and a more equal distribu-
tion of coaching visits among birth attendants
(lower standard deviation in visits among birth
attendants in the past month).

All metrics reflecting coaching delivered at the
birth attendant level were calculated under the as-
sumption that the birth attendants listed in the
coaching database reflected a complete list of birth
attendants employed by the facility over the
course of the intervention. These metrics did not
consider staff turnover, which was assumed to be
minimal over the intervention period. We also ex-
plored coaching frequencymetrics calculated over
a 1-week, rather than a 1-month, time horizon.
However, since these 2 time windows produced
similar results, we have presented only the results
for the 1-month time horizon. Results for the
1-week time horizon can be found in the
Supplemental Tables.

For cumulative coaching, we assigned each
birth a coaching intensity equal to the total num-
ber of coaching visits accrued at the facility

TABLE 1. Eighteen Essential Birth Practices From the World Health Organization Safe Childbirth Checklista

At Admission Before Pushing After Birth Any Time

Partograph started Hand hygiene Oxytocin administered within 1 minute Maternal temperature taken

Birth companion present Clean towel available Birth companion present Maternal blood pressure taken

Clean blade available Baby weighed

Cord tie available Baby temperature taken

Mucus extractor available Skin-to-skin warming initiated

Neonatal bag available Skin-to-skin warming maintained for 1 hour

Clean pads available Breastfeeding initiated

a Independent observers assessed the birth attendant’s adherence to essential birth practices but not their technical skill or quality in performing the practice.
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between the start of program and the admission
date (total visits). As with coaching frequency, we
believed that (a) coaching delivered at the birth at-
tendant level would have a greater impact on birth
attendant behavior change and health outcomes
than coaching delivered at the facility level and
(b) facilities with higher coverage of coaching at
the birth attendant level would experience greater
benefits from coaching. Therefore, for each birth
we also calculated the mean number of visits ac-
crued among birth attendants between the start
of the program and the admission date and the
standard deviation of coaching visits among birth
attendants.

Scheduling adherence was defined according
to the prescribed frontline coaching schedule of
attaining at least 2 visits per week during the first
4 months of the intervention, at least 1 visit per
week during the fifth and sixth months, at least
1 visit every 2 weeks during the seventh month,
and at least 1 visit per month during the eighth
month. Current scheduling nonadherence was a
binary variable reflecting whether the date of ad-
mission occurred on a day when the facility had
deviated from this schedule. Cumulative schedul-
ing nonadherence reflected the total number of
nonadherent days accrued between the start of
program and the date of admission. For example,
if a facility had been 3 days late for its first coaching
visit and 4 days late for its second coaching visit,
then subsequent births would receive a cumula-
tive scheduling nonadherence value of 7.

Statistical Methods
Because the BetterBirth Program prescribed high-
frequency coaching early in the intervention
and gradually reduced the frequency of coaching
over time, there were strong correlations among
coaching frequency metrics, cumulative coaching
metrics, and time since the start of the intervention.
We reported the mean and standard deviation
for each coaching metric and explored correlations
between coaching metrics graphically and using
Spearman correlation coefficients. To assess asso-
ciations between each metric of coaching intensity
and the outcomes of interest, we used generalized
linear models and accounted for clustering at the
facility level by estimating standard errors using
the empirical variancewith an exchangeablework-
ing covariance structure.44

For EBP adherence, we estimated the change
in the number of EBPs that birth attendants ad-
hered to associated with each coaching intensity
metric using an identity link and a normal

distribution. For binary health outcomes, we
estimated the risk ratios associated with each
coaching intensity metric using a log link and a bi-
nomial distribution.45 Because coaching metrics
had very different ranges (e.g., total coaching
ranged from 1 to 47 and percentage of birth atten-
dants receiving at least 10 visits ranged from
0% to 100%), we reported effect sizes associated
with increasing each of the coaching metrics from
their 25th percentile to their 75th percentile, or by
1 interquartile range. These percentiles were cal-
culated in the health outcomes dataset.Where rel-
evant, we also reported effect sizes for a 1-unit
increase.

For all models, we used robust score tests to
assess the statistical significance of model para-
meters.46 Our primary models adjusted for facility-
level covariates, including research hub location;
being located in a high-priority district, a designa-
tion used by the Indian government to identify dis-
tricts with a high overall burden of mortality;
distance to district hospital in kilometers; and num-
ber of skilled birth attendants at that facility. At the
birth level, models also adjusted for whether or not
the birth occurred on the same day as a coaching
visit. We fit models for each coaching metric sepa-
rately and also used stepwise regression to assess
whether multiple coaching metrics should be in-
cluded in the samemodel based on an a�.05 crite-
rion for model entry and exit.

Because the effects of behavior change inter-
ventions often fade over time,47 a phenomenon
that could render time since start of the interven-
tion to act as a confounder that biases results
against cumulative coaching metrics and in favor
of coaching frequency metrics, in a secondary set
of models we additionally adjusted for months
since the start of the intervention. We tested for
potential nonlinear relationships betweenmonths
since the start of the intervention and our out-
comes of interest using restricted cubic splines48

selected using a publicly available SAS macro.49

Finally, we assessedwhether the association be-
tween coaching intensity metrics and EBP adher-
ence or health outcomes changed over the course
of the intervention by adding an interaction be-
tween each coaching metric and months since the
start of the intervention to our models. Because of
the strong collinearities between coaching metrics
and months since the start of the intervention, sev-
eral models produced statistically significant inter-
action terms that were not interpretable. To ensure
interpretability, we reported results for these inter-
actionmodels only if both the time-by-coaching in-
teraction term and the overall effect of coaching

For each birth, we
calculated the
mean number of
visits accrued
among birth
attendants
between the start
of the program
and the admission
date and the
standard
deviation of
coaching visits
among birth
attendants.
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based on the joint null hypothesis that both the
main effect of coaching and its interaction term
were zero, were statistically significant at the a=.05
level.

RESULTS
Study Population
Data on EBP adherence at intervention facilities
were collected for 3,283 births. We excluded
262 births that occurred before the start of the
coaching intervention and 938 that were not ob-
served for all 3 pause points for a final sample of
2,083 births (Figure 1a). Health outcomes data at
intervention facilities were collected among
83,166 births. We excluded 6 deliveries referred
from another facility, 436 deliveries that occurred
after a study facility’s obstetric services moved to a
new location, 5 women admitted for abortion,
352 births that occurred before the start of coach-
ing, 1,868 births for which patients did not con-
sent to follow-up, and 265 births that were lost to
follow-up for a final sample of 80,234 births
(Figure 1b). An additional 457 births lacked com-
plete data on maternal morbidities and were ex-
cluded from analyses of the primary composite
outcome. The EBP adherence and health outcome
samples overlapped by 1,100 births and shared
many similarities (Table 2). However, facilities in
the EBP adherence sample came exclusively from

the Lucknow hub, located in the center of the
state, and were more likely to be in a high-
priority district. Due to differences in the timing
of data collection in the 2 samples, births in the
EBP adherence sample were less likely to have oc-
curred on a coaching day.

Coaching Intensity
Fidelity to the coaching schedule was very high.
By the end of the intervention, of the 60 facilities,
53 (88%) of facilities reached the target of 43 total
coaching visits, 6 (10%) reached 42 visits, and
1 (2%) facility reached 37 visits. However, fidelity
at the facility level did not necessarily translate
into delivery of high-coverage coaching among
birth attendants. Although birth attendants re-
ceived, on average, 10 coaching visits by the end
of the intervention, 34% received fewer than
5 visits. Figure 2 shows the changes in coaching
metrics over time as well as the global mean and
standard deviation for each coaching metric. As
would be expected based on the prescribed coach-
ing schedule, cumulative coaching metrics in-
creased with months since the start of the
intervention, but coaching frequency metrics de-
creased over time. By design, cumulative coaching
measures were positively associated with time
since intervention (r=0.36 to 0.87) and with
each other (r=0.30 to 0.86) while coaching fre-
quency metrics were negatively associated with

FIGURE 1. Study Populations from the BetterBirth Trial for Analysis on (a) Essential Birth Practice Adherence and (b) Health
Outcomes,a Uttar Pradesh, India

aSample includes 436 births that were excluded from main the randomized controlled trial analysis due to being involved in baseline collection.

Fidelity at the
facility level to the
coaching schedule
did not always
translate into
delivery of high-
coverage
coaching among
birth attendants.
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time since intervention (r=�0.82 to �0.97) and
positively associated with each other (r=0.79 to
0.98) (Supplemental Table).

EBP Adherence
In our primary model, all 4 coaching frequency
metrics were significantly associated with in-
creased EBP adherence (Table 3). On average,
providing a facility with 6 coaching visits per
month was associated with birth attendants ad-
hering to an additional 1.3 EBPs (95% CI=0.6,
1.9). The association between EBP adherence
and coaching frequency was larger in magnitude
and if coaching was delivered with high cover-
age among birth attendants: providing 70% of
birth attendants with at least 1 visit per month
was associated with adherence to 2.0 additional
EBPs (95%CI=1.0, 2.9), and providing all BAs at
a facility with at least 1 visit per month was asso-
ciated with adherence to 2.8 additional EBPs
(95% CI=1.4, 4.2). However, no cumulative
coaching or scheduling adherence metrics were
significantly associated with EBP adherence.
The stepwise selection procedure did not

identify a model that included multiple coaching
metrics.

When we included months since the start of
the intervention in our model, we did not detect
any nonlinear effects of time. After adjusting for
time since the start of the intervention, mean
visits in the past month per birth attendant and
percentage of birth attendants who received at
least 1 visit in the past month, 2 coaching fre-
quency metrics that both assessed coaching de-
livered at the birth attendant level, remained
significantly and positively associated with in-
creased EBP adherence. Also, cumulative coach-
ing metrics became nonsignificantly associated
with increased EBP adherence. When we in-
cluded an interaction term between coaching in-
tensity metrics and time since the start of the
intervention, the effect of coaching was found
to vary over time for only 1 coaching metric,
mean coaching visits per birth attendant (test
for interaction: P<.01; test for overall significance
of coaching: P=.04; Supplemental Tables show
results from additional models). This cumulative
coaching measure was associated with increased

TABLE 2. Descriptive Statistics for the EBP Adherence and Health Outcomes Study Populations

EBP Adherence Sample Health Outcomes Sample

Facility-level variables N=15 N=60

Research hub, No. (%)

Agra – 9 (15.0)

Gorakhpur – 11 (18.3)

Lucknow 15 (100.0) 19 (31.7)

Meerut – 7 (11.7)

Varanasi – 14 (23.3)

High priority district, No. (%) 7 (46.7) 7 (11.7)

Distance to district hospital (km), mean (SD) 29.5 (12.0) 29.5 (14.0)

Number of skilled birth attendants, mean (SD) 4.5 (1.1) 4.4 (1.2)

Annual delivery load, mean (SD) 1,795 (468.0) 1,599 (435.0)

Birth-level variables N=2,083 N=80,234

Birth occurred on coaching day, No. (%) 107 (5.1) 7,533 (9.4)

Months since intervention started at facility, mean (SD) 8.5 (5.8) 6.7 (2.8)

EBP adherence (of 18 practices), mean (SD) 12.1 (2.4) –

Primary composite,a No. (%) – 12,062 (15.0)

Secondary composite, No. (%) – 3,907 (4.9)

Abbreviations: EBP, essential birth practices; SD, standard deviation.
a 457 births are missing data on maternal morbidity, and therefore, are missing data on the primary composite outcome.

Coaching, Birth Practices, and Health Outcomes in the BetterBirth Trial www.ghspjournal.org

Global Health: Science and Practice 2020 | Volume 8 | Number 1 45

http://ghspjournal.org/lookup/suppl/doi:10.9745/GHSP-D-19-00317/-/DCSupplemental
http://ghspjournal.org/lookup/suppl/doi:10.9745/GHSP-D-19-00317/-/DCSupplemental
http://www.ghspjournal.org


EBP adherence during the early months of the in-
tervention when coaching occurred very fre-
quently, but the positive association did not
persist after coaching visits ceased (Figure 3).
There was no evidence that the association be-
tween coaching frequency metrics and EBP ad-
herence were modified by months since the start
of the intervention.

Health Outcomes
In general, coachingwas not associatedwith health
outcomes (Table 4). In our primary model, nonad-
herence to the coaching schedule was associated
with an increased risk of the primary composite
outcome, which reflected maternal morbidity,
maternal mortality, and perinatal mortality, but

this result was attenuated after adjusting for
months since the start of the intervention. After
adjusting for months since the start of the inter-
vention, we also observed a significant associa-
tion between average visits per birth attendant
and increased risk of the primary composite out-
come (relative risk [RR]=1.10, 95% CI=1.03,
1.18). However, because this model also estimat-
ed an implausibly strong 18% reduction in the
risk of mortality or morbidity over the course of a
year (RR=0.82, 95% CI=0.71, 0.95), this associa-
tion likely reflects strong correlations between
time and coaching rather than a true adverse effect
of coaching. Our stepwise selection procedure did
not identify a model that included multiple coach-
ing metrics, and no significant interactions were
detected.

FIGURE 2. Coaching Intensity Over Timea

aEach colored line reflects the coaching intensity at a given facility over time with the bolded black line reflecting the average coaching intensity across all facil-
ities. Each panel provides the mean and (standard deviation) for the exposure in the EBP adherence and health outcome samples.
Abbreviations: BA, birth attendant; SD, standard deviation.
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DISCUSSION
Our analysis suggests that in the BetterBirth Trial,
coaching frequency was associated with modestly
increased EBP adherence. Associations between
coaching frequency and EBP adherence tended to
be stronger when considering coaching delivered
at the birth attendant level rather than the facility
level. In contrast, cumulative coaching was gener-
ally not associated with EBP adherence. However,
whenwe adjusted for time since the start of the in-
tervention, cumulative coaching metrics became

nonsignificantly positively associated with in-
creased EBP adherence. When we allowed the ef-
fect of coaching to change over time since the start
of the intervention, one cumulative coachingmet-
ric, mean visits per birth attendant, was signifi-
cantly associated with increased EBP adherence
during the early months of the intervention.

Because the BetterBirth coaching schedule in-
duced strong correlations between coaching
metrics, it is difficult to isolate the independent
effects of coaching frequency from cumulative

TABLE 3. Association Between Coaching Intensity and EBP Adherence Among BAs During Births in 15 Health Facilities, Uttar
Pradesh, India (N=2,083 Births)

Model 1a Model 2b

Coaching Domain

Units in
IQR

Increase

Change in
Practices Adhered

to Associated
With 1-Unit

Increase (95% CI)

Change in
Practices Adhered

to Associated
With IQR

Increase (95% CI) P Value

Change in
Practices Adhered

to Associated
With 1-Unit

Increase (95% CI)

Change in
Practices Adhered

to Associated
With IQR

Increase (95% CI) P Value

Coaching frequency

Visits in the past month 6.0 0.2 (0.1, 0.3) 1.3 (0.6, 1.9) <.01 0.2 (�0.0, 0.4) 1.0 (�0.1, 2.2) .10

Mean visits in the past
month per BA

1.3 1.0 (0.6, 1.4) 1.2 (0.7, 1.8) <.01 0.9 (0.2, 1.6) 1.2 (0.3, 2.1) .01

BAs receiving ≥1 visit
in past month, %

70 2.8 (1.4, 4.2) 2.0 (1.0, 2.9) .01 3.4 (1.0, 5.8) 2.4 (0.7, 4.0) .03

Standard deviation in
visits among BAs past
month

1.3 0.9 (0.5, 1.4) 1.2 (0.6, 1.8) .01 0.7 (0.0, 1.5) 1.0 (-0.0, 1.9) .08

Cumulative coaching

Total visits 8.0 �0.0 (�0.1, 0.0) �0.4 (�0.8, 0.1) .09 0.1 (0.0, 0.1) 0.6 (0.3, 0.9) .07

Mean visits per BA 5.3 �0.2 (�0.4, 0.0) �1.0 (�2.1, 0.1) .09 0.2 (0.0, 0.4) 1.0 (0.0, 2.0) .21

BAs receiving ≥10 vis-
its, %

40 �3.0 (�5.9, �0.1) �1.2 (�2.4, 0.0) .12 0.3 (�3.5, 4.1) 0.1 (�1.4, 1.6) .89

Standard deviation in
visits among BAs

3.5 �0.2 (�0.4, 0.1) �0.6 (�1.5, 0.2) .12 0.3 (0.0, 0.5) 0.9 (0.2, 1.7) .08

Scheduling adherence

Current scheduling
nonadherence

NAc 0.3 (�0.7, 1.3) – .55 -0.5 (�1.3, 0.4) – .27

Cumulative scheduling
nonadherence

12 �0.0 (�0.1, 0.0) �0.5 (�1.0, 0.1) .08 0.1 (0.0, 0.1) 0.8 (0.0, 1.6) .11

Abbreviations: BA, birth attendant; CI, confidence interval; EBP, essential birth practice; IQR, interquartile range, NA, not applicable.
Effects are reported for a 1-unit increase and for increasing each continuous coaching metric from its 25th percentile to its 75th percentile, that is, by 1 IQR. Results
are from a generalized linear model with an identity link. Standard errors are estimated using the empirical variance with an exchangeable working covariance
structure to account for clustering at the facility level.
a Adjusted for whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, and whether birth occurred on the
same day as a coaching visit.
b Adjusted for everything in Model 1 plus months since start of the intervention.
c Because current scheduling nonadherence is a binary outcome, we report the effect for nonadherence vs. no adherent, rather than for a 1 IQR increase.
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coaching. Despite this limitation, our analyses
suggest that high-frequency, high-coverage coach-
ing can modestly increase birth attendant adher-
ence to EBPs. However, the positive effects of
coaching diminished over time. Since the gains in
EBP adherence were not sustained after frequency
tapered, future interventions seeking to promote
sustained improvements in EBP adherence may
consider providing high-frequency, high-coverage
coaching over a longer period of time. Future
researchers may also consider identifying feasible
and cost-effective mechanisms for delivering
this sort of high-intensity coaching as well as
mechanisms for improving the sustainability of

the intervention through enhanced facility-level
engagement.

The main trial reported greater EBP adherence
in the intervention arm (11.1 of 18.0 EBPs,
95% CI=10.4,11.8) compared to the control arm
(7.9 of 18.0 EBPs, 95% CI=7.4, 8.4) 12 months
into the intervention but no significant changes
in health outcomes.29 Similarly, in the present
analysis, health outcomes were generally not as-
sociated with coaching. As has been previously
noted, this may reflect the fact that adherence to
EBPs is an inadequate surrogate outcome for ma-
ternal and neonatal health.50 Alternatively, this
lack of association may reflect the fact that the

FIGURE 3. Effect Modification of the Association Between Mean Coaching Visits Among Birth Attendants (Cumulative) and EBP
Adherence Over Months of the Intervention (N=2,083)a

Abbreviation: EBP, essential birth practice.
aEffect sizes for coaching phases plotted at 2, 6, 12 months since the start of the intervention. Test for interaction: P<.01. Overall test for all coaching terms:
P=.04.
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magnitude of the association between coaching
and total EBP completion was relatively modest.
This small absolute change in EBP adherence may
not have produced sufficient improvements in the
quality of care to impact health outcomes. We did
observe an increased probability of experiencing
maternal morbidity, maternal mortality, or perina-
tal mortality on days when sites had deviated from
the intervention’s prescribed coaching schedule.

Because coaching was not associated with im-
proved health outcomes in any other models, this
association likely does not reflect direct benefits of
coaching. Instead, it may suggest that sites that
were unable to adhere to the coaching schedule
were also experiencing other structural issues,
such as poor leadership, understaffing, or inaccessi-
bility, that placed mothers and infants at risk of
harm.

TABLE 4. Risk Ratios for the Association Between Coaching and Health Outcomesa Among BAs During Births in Health Facilities,
Uttar Pradesh, India

Coaching Domain
Units in
Increase

Primary Composite
Maternal Morbidity or Maternal

or Infant Mortality
(n/N=12,062/79,777)

Secondary Composite
Maternal or Infant Mortality

(n/N=3,907/80,234)

Model 1b Model 2c Model 1b Model 2c

RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value

Coaching frequency

Visits in past month 6.0 1.03 (0.99, 1.07) .14 1.03 (0.94, 1.13) .49 0.98 (0.92, 1.05) .61 1.01 (0.88, 1.15) .91

Mean visits in past
month per BA

1.3 1.03 (1.00, 1.06) .10 1.02 (0.97, 1.08) .36 0.98 (0.93, 1.04) .54 0.99 (0.92, 1.07) .84

BAs receiving ≥1 visit
in past month, %

0.7 1.05 (1.00, 1.10) .05 1.06 (0.98, 1.15) .15 1.00 (0.92, 1.09) .99 1.07 (0.93, 1.22) .36

Standard deviation in
visits among BAs in
past month

1.3 1.02 (0.98, 1.05) .30 0.99 (0.94, 1.05) .82 1.00 (0.95, 1.06) .98 1.06 (0.99, 1.14) .11

Cumulative coaching

Total visits 8.0 0.99 (0.97, 1.02) .50 1.02 (0.98, 1.05) .42 1.01 (0.97, 1.05) .59 1.00 (0.94, 1.06) .93

Mean visits per BA 5.3 1.01 (0.96, 1.07) .70 1.10 (1.03, 1.18) .03 1.07 (0.98, 1.18) .18 1.10 (0.98, 1.25) .16

BAs receiving ≥10
visits, %

0.4 1.00 (0.96, 1.05) .87 1.04 (0.99, 1.09) .14 1.04 (0.96, 1.13) .32 1.04 (0.94, 1.15) .42

Standard deviation in
visits among BAs

3.5 1.00 (0.95, 1.06) .89 1.04 (0.98, 1.11) .25 1.04 (0.96, 1.13) .34 1.04 (0.96, 1.14) .37

Scheduling
adherence

Current scheduling
nonadherenced

1 1.06 (1.01, 1.12) .04 1.05 (1.00, 1.11) .08 0.97 (0.86, 1.09) .58 0.98 (0.87, 1.10) .69

Cumulative schedul-
ing nonadherence

12 1.00 (0.96, 1.05) .85 1.06 (0.99, 1.13) 0.10 1.03 (0.98, 1.09) .23 1.05 (0.99, 1.12) .12

Abbreviations: BA, birth attendant; CI, confidence interval; RR, risk ratio.
a Effects are reported for increasing each continuous coaching metric from its 25th percentile to its 75th percentile, that is, 1 interquartile range. Results are from a
generalized linear model with a log link and binomial distribution. Standard errors are estimated using the empirical variance with an exchangeable working
covariance structure.
b Adjusted for hub name, whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, whether birth occurred
on the same day as a coaching visit.
c Adjusted for everything in Model 1 plus months since start of the intervention.
d Because current scheduling nonadherence is a binary outcome, we report the effect for infidelity vs. no infidelity, rather than for a 1 interquartile range increase.

Coaching, Birth Practices, and Health Outcomes in the BetterBirth Trial www.ghspjournal.org

Global Health: Science and Practice 2020 | Volume 8 | Number 1 49

http://www.ghspjournal.org


Previous articles have reported dose-response
relationships between coaching intensity and
health worker behavior change,21–23 but to our
knowledge, this is the first article that simulta-
neously investigated multiple domains of coach-
ing intensity. Consequently, there was relatively
little precedent for defining coaching intensity
metrics. Although we initially expected greater
variation in coaching among birth attendants to
reflect poor coaching coverage and be associated
with worse outcomes, greater standard deviations
in visits among birth attendants in the past month
was significantly associated with improved EBP
adherence. This unexpected association could be
explained if coaches were strategically providing
additional coaching to specific birth attendants,
such as the facility’s designated childbirth quality
coordinator. Alternatively, this metric may have
been too strongly correlated with the remaining
coaching frequency metrics (r=0.79 to 0.98) to
serve as an independent metric of coaching dispa-
rities among birth attendants. Similarly, although
cumulative scheduling nonadherence and cumu-
lative standard deviation in visits among birth
attendants were hypothesized to have adverse
effects, both metrics were highly correlated with
and produced results similar to cumulative coach-
ing metrics hypothesized to be beneficial. In
coaching-based interventions, deviations from the
coaching schedule and disparities in the delivery
of coaching to individual health care workers will
gradually accrue over time as new opportunities
for scheduling conflicts arise. Consequently, in
many settings, wewould expect cumulative sched-
uling nonadherence and standard deviation-based
coaching metrics to exhibit problematic correla-
tions with other cumulative coaching metrics that
complicate their interpretation and may not be ap-
propriate choices of coaching intensity metrics for
future studies.

Our finding that frequent coaching was associ-
ated with modest improvements in EBP adherence
is similar to previous reports. A recent meta-
analysis found that strategies commonly used to
improve health care worker performance includ-
ing supervision, training, and group problem solv-
ing, are associated with improving health care
worker performance by 1.0, 6.4, and 13.6 percent-
age points, respectively.17 We found that, using
the BetterBirth model of coaching, providing inter-
vention facilities with 6 coaching visits per month
was associated with adherence to 1.3 additional
EBPs, or a 7.2 percentage-point increase on our
18.0-point EBP adherence scale. Although the
magnitude of the association between coaching

and EBP adherence was relatively small, providing
high-frequency, high-coverage coaching may be
able to make a greater difference. Our results sug-
gest that if all birth attendants at a facility were pro-
vided with at least 1 coaching visit per month, EBP
adherence could increase by 2.8 practices, or
15.0 percentage points. Our results are similar to
findings related to low-dose, high-frequency (LDHF)
training, which combines brief onsite trainings
with short, frequent practice sessions and has
produced positive behavior change among birth
attendants and improved maternal and child
health outcomes.51,52 Although LDHF models
emphasize the acquisition of new skills through
training and practice rather than coaching health
care providers to better use their preexisting
training, both the LDHF model and our results
suggest that frequent contact with health care
workers may be necessary to improve quality of
care and sustain the improvements.

In this study, all facilities were primary-level
health facilities located in Uttar Pradesh, and all
coaching was provided by external peer coaches
according to the opportunity-ability-motivations-
supplies framework.33 Consequently, we do not
know the extent to which the relationships ob-
served in this analysis can be generalized to other
settings or to other forms of coaching. Contextual
factors, including staffing levels, facility infrastruc-
ture, and the interactions between coaching activ-
ities and traditional supervision processes may
modify the effectiveness of coaching.

Other programs that have used coaching as a
Safe Childbirth Checklist implementation strategy
have reported extremely variable EBP adherence at
end line (range=32%–93%).29,53–60 In general, these
interventions have not specified behavior change
models nor provided full details on the frequency or
duration of coaching delivered. Consequently, it is
difficult to determine the extent to which observed
differences in the effectiveness of these interventions
result fromcontextual differences between study set-
tings, differences in facilities’ readiness to change, or
differences in their coaching intensity. Furthermore,
some of these studies relied primarily on internal
coaches recruited from within intervention facili-
ties.53,60 Although the intensity of external coaching
interventions can be evaluated using dates of coach-
ing visits, this approach would not apply to internal
coaches who are embedded within the intervention
facilities and may therefore engage in coaching for
variable amounts of time each day. Alternative
approaches of assessing coaching intensity, such as
time-motion studies, may be more appropriate for
evaluating the intensity of internal coaching
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strategies.61 Future research is needed to compare
both the effectiveness and the sustainability of inter-
nal and external coaching in this setting.

Our data provide several practical insights for
those seeking to implement or study future
coaching-based interventions. First, even high fi-
delity to a facility-centric coaching schedule will
not necessarily ensure that individual health care
workers receive adequate coaching coverage. In
our study, the unequal distribution of coaching
among birth attendants likely reflect preferential
behavior on the part of the coaches, dynamics re-
lated to the timing of shifts in birth facilities or are
the result of staff turnover. Interventionists
should specify and monitor coaching delivered at
both the facility and the health care worker levels
to identify whether these processes are taking
place.

Second, our study suggests that high-
frequency coaching can improve health worker
adherence to EBPs, but maintaining high-
frequency coaching is a resource-intensive
intervention. Future interventionists may wish
to explore cost-effective methods for maintaining
high-frequency coaching over longer periods of
time, such as recruiting internal coaches, coach-
ing more consistently on health systems at a
facility-level, or combining in-person coaching
visits with remote coaching methods.

Third, identifying optimal coaching regimens
requires designing interventions that have uncor-
related variation in coaching frequency and cu-
mulative coaching. This could be achieved, for
example, by conducting a 3-armed trial with 1
control arm, 1 arm receiving evenly spaced coach-
ing visits over a set duration of time, and a third
arm receiving the same total number of coaching
visits delivered over the same duration of time
but following a tapered schedule similar to that of
the BetterBirth Program’s.

Finally, statistically significant improvements
in quality of care indicators such as EBP adherence
do not necessarily translate into meaningful
improvements in health outcomes. In general,
changes in quality of care indicators will be more
likely to predict improvements in health outcomes
if researchers choose quality of care indicators that
are a valid surrogate for the primary health out-
comes of interest, have been empirically demon-
strated to have a causal relationship with the
health outcome, if the magnitude of the change is
clinically meaningful on the absolute scale (e.g.,
EBP adherence increased by 20 percentage points
from 60% to 80%) rather than on the relative
scale (e.g., EBP adherence doubled from 5% to

10%), and if the quality of care indicators reflect
most or all major determinants of the primary
health outcome.62 We recommend that future
researchers consider whether the quality of care
improvements observed in their study are large
enough to plausibly generate meaningful improve-
ments in the health outcomes. If not, some combi-
nation of more frequent coaching, additional
implementation strategies, and identifying and
addressing systemic barriers may be needed to fur-
ther improve the quality of care and ultimately
achieve the desired health impact.

Limitations
Our analysis has several limitations. As discussed
above, the BetterBirth Program’s coaching schedule
created strong correlations among coaching intensi-
ty metrics, which complicated the interpretation of
some findings. Second, this analysis focused on
2 domains of coaching intensity, coaching frequen-
cy and cumulative coaching, but was unable to as-
sess other domains, including coaching quality,
which was unmeasured, or coaching form, which
did not vary across sites. Therefore,we cannot com-
ment on which aspects of coaching are most effec-
tive, and it is possible that alternative coaching
models, such as those that coach on clinical quality
rather than on adherence to certain tasks, may be
more effective than the model used here. We also
did not capture information on the duration or tim-
ing of individual coaching visits.

Third, although we sought to minimize bias by
adjusting for facility-level characteristics, residual
confounding is possible if unmeasured facility or
birth attendant characteristics that were associat-
ed with the outcomes also impacted coaches’
behavior. For example, reports suggest that, to
minimize travel time, coaches would provide
difficult-to-reach facilities with visits on back-to-
back days. If less accessible facilities experienced
worse outcomes, we would expect this practice to
bias our results against coaching frequency
metrics. Coaches may have also been more likely
to provide coaching to the facilities or birth atten-
dants who were most motivated and receptive to
their help and less likely to provide coaching to
relatively junior nurses, who often staff evening,
night, and weekend shifts. We would expect both
of these processes to bias our results in favor of
coaching.

Fourth, assessment of EBP adherence out-
comes was based on directly-observed sessions
that took place during daylight hours and may
not reflect adherence at night or when birth
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attendants were not observed. Finally, because
we were unable to link individual birth attendants
to individual births in our dataset, we assessed
the effectiveness of coaching delivered at the birth
attendant level using facility-level aggregated
metrics that did not consider staff turnover within
the health facility.Wewould expect this measure-
ment error to result in an underestimation of the
direct benefits of providing coaching to individual
birth attendants.

CONCLUSIONS
Frequent coaching was associated with increased
adherence to essential birth practices among birth
attendants in the BetterBirth Trial. The effect size
was greater for coaching delivered at the birth at-
tendant level compared to coaching delivered at the
facility level. Cumulative coaching metrics were not
associated with essential birth practice adherence,
suggesting that the short-term effects of high-
frequency coachingmay not translate into sustained
effects of cumulative coaching over time. Future
coaching-based interventions seeking to promote
sustainable change may need to consider identify-
ing sustainable, cost-effective models for providing
more frequent, high-coverage coaching for longer
periods. Coaching was generally not associated
with health outcomes, suggesting that additional
coaching and other implementation strategies may
be needed to achieve the desired health impact.

Acknowledgments: We thank the governments of India and Uttar
Pradesh for collaboration and support to conduct this trial in public health
facilities; the facility staff, women, and newborns for their participation in
the trial; the scientific advisory committee members, who contributed
crucial guidance to developing this trial protocol; and the past and
current BetterBirth study team members in Boston and Uttar Pradesh.

Availability of data and material: Data from this study are available at
the Harvard Dataverse repository at Barnhart DA, Spiegelman D, Zigler
CM, et al. Coaching intensity, adherence to essential birth practices, and
health outcomes in the BetterBirth Trial. Harvard Dataverse, V2. https://
doi.org/10.7910/DVN/ONRYVC.

Funding: This study was funded by the U.S. National Institute of
Environmental Health Sciences (grant #5DP1ES025459) and the Bill &
Melinda Gates Foundation (grant #OPP1017378). The funders were not
involved with study design; data collection, analysis, and interpretation;
report writing; or in the decision to submit findings for publication.

Competing interests:None declared.

REFERENCES
1. Alkema L, Chou D, Hogan D, et al. Global, regional, and national

levels and trends in maternal mortality between 1990 and 2015,
with scenario-based projections to 2030: a systematic analysis by the
UNMaternal Mortality Estimation Inter-agency Group. Lancet.
2016;387(10017):462–474. CrossRef. Medline

2. Wang H, Bhutta ZA, Coates MM, et al. Global, regional, national,
and selected subnational levels of stillbirths, neonatal, infant, and
under-5 mortality, 1980–2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet. 2016;388(10053):1725–
1774. CrossRef. Medline

3. Ahmed I, Ali SM, Amenga-Etego S, et al. Population-based rates,
timing, and causes of maternal deaths, stillbirths, and neonatal
deaths in south Asia and sub-Saharan Africa: a multi-country pro-
spective cohort study. Lancet Glob Health. 2018;6(12):e1297–
e1308. CrossRef. Medline

4. Campbell OMR, Calvert C, Testa A, et al. The scale, scope, coverage,
and capability of childbirth care. Lancet. 2016;388(10056):2193–
2208. CrossRef. Medline

5. Harvey SA, Blandon YCW, McCaw-Binns A, et al. Are skilled birth
attendants really skilled? A measurement method, some disturbing
results and a potential way forward. Bull World Health Organ.
2007;85(10):783–790. CrossRef. Medline

6. Randive B, Diwan V, De Costa A. India’s conditional cash transfer
programme (the JSY) to promote institutional birth: is there an asso-
ciation between institutional birth proportion and maternal mortality?
PLoS One. 2013;8(6):e67452. CrossRef. Medline

7. Nagpal J, Sachdeva A, Sengupta Dhar R, Bhargava VL, Bhartia A.
Widespread nonadherence to evidence-based maternity care
guidelines: a population-based cluster randomised household sur-
vey. BJOG. 2015;122(2):238–247. CrossRef. Medline

8. Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end
preventable deaths in mothers, newborn babies, and stillbirths, and
at what cost? Lancet. 2014;384(9940):347–370. CrossRef. Medline

9. Pariyo GW, Gouws E, Bryce J, Burnham G, Uganda IMCI Impact
Study Team. Improving facility-based care for sick children in
Uganda: training is not enough. Health Policy Plan. 2005;20 Suppl
1:i58–i68. CrossRef. Medline

10. Ersdal HL, Vossius C, Bayo E, et al. A one-day “Helping Babies
Breathe” course improves simulated performance but not clinical
management of neonates. Resuscitation. 2013;84(10):1422–1427.
CrossRef. Medline

11. Schwellnus H, Carnahan H. Peer-coaching with health care profes-
sionals: what is the current status of the literature and what are the
key components necessary in peer-coaching?A scoping review.Med
Teach. 2014;36(1):38–46. CrossRef. Medline

12. Thompson R, Wolf DM, Sabatine JM. Mentoring and coaching: a
model guiding professional nurses to executive success. J Nurs Adm.
2012;42(11):536–541. CrossRef. Medline

13. Kavya R. From authoritative to supportive: The changing role of
supervisors. Indian J Public Health Res Development. 2016;7(4):77–
84. CrossRef

14. Prasad S, Sopdie E, Meya D, Kalbarczyk A, Garcia PJ. Conceptual
framework of mentoring in low- and middle-income countries to ad-
vance global health. Am J Trop Med Hyg. 2019;100(1_Suppl):9–
14. CrossRef. Medline

15. Pearson M, Brew A. Research training and supervision development.
Studies in Higher Education. 2002;27(2):135–150. CrossRef

16. Rowe AK, de Savigny D, Lanata CF, Victora CG. How can we
achieve and maintain high-quality performance of health workers in
low-resource settings? Lancet. 2005;366(9490):1026–1035.
CrossRef. Medline

17. Rowe AK, Rowe SY, Peters DH, Holloway KA, Chalker J, Ross-
Degnan D. Effectiveness of strategies to improve health-care provider
practices in low-income and middle-income countries: a systematic
review. Lancet Glob Health. 2018;6(11):e1163–e1175. CrossRef.
Medline

18. Magge H, Anatole M, Cyamatare FR, et al. Mentoring and quality
improvement strengthen integrated management of childhood illness

Coaching, Birth Practices, and Health Outcomes in the BetterBirth Trial www.ghspjournal.org

Global Health: Science and Practice 2020 | Volume 8 | Number 1 52

https://doi.org/10.7910/DVN/ONRYVC
https://doi.org/10.7910/DVN/ONRYVC
https://doi.org/10.1016/s0140-6736(15)00838-7
http://www.ncbi.nlm.nih.gov/pubmed/26584737
https://doi.org/10.1016/s0140-6736(16)31575-6
http://www.ncbi.nlm.nih.gov/pubmed/27733285
https://doi.org/10.1016/s2214-109x(18)30385-1
http://www.ncbi.nlm.nih.gov/pubmed/30361107
https://doi.org/10.1016/s0140-6736(16)31528-8
http://www.ncbi.nlm.nih.gov/pubmed/27642023
https://doi.org/10.2471/blt.06.038455
http://www.ncbi.nlm.nih.gov/pubmed/18038060
https://doi.org/10.1371/journal.pone.0067452
http://www.ncbi.nlm.nih.gov/pubmed/23826302
https://doi.org/10.1111/1471-0528.13054
http://www.ncbi.nlm.nih.gov/pubmed/25145674
https://doi.org/10.1016/s0140-6736(14)60792-3
http://www.ncbi.nlm.nih.gov/pubmed/24853604
https://doi.org/10.1093/heapol/czi051
http://www.ncbi.nlm.nih.gov/pubmed/16306071
https://doi.org/10.1016/j.resuscitation.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23612024
https://doi.org/10.3109/0142159x.2013.836269
http://www.ncbi.nlm.nih.gov/pubmed/24094039
https://doi.org/10.1097/nna.0b013e31827144ea
http://www.ncbi.nlm.nih.gov/pubmed/23100006
https://doi.org/10.5958/0976-5506.2016.00194.7
https://doi.org/10.4269/ajtmh.18-0557
http://www.ncbi.nlm.nih.gov/pubmed/30430983
https://doi.org/10.1080/03075070220119986c
https://doi.org/10.1016/s0140-6736(05)67028-6
http://www.ncbi.nlm.nih.gov/pubmed/16168785
https://doi.org/10.1016/s2214-109x(18)30398-x
http://www.ncbi.nlm.nih.gov/pubmed/30309799
http://www.ghspjournal.org


implementation in rural Rwanda.Arch Dis Child. 2015;100(6):565–
570. CrossRef. Medline

19. Rowe AK, Onikpo F, Lama M, Osterholt DM, Rowe SY, Deming MS.
A multifaceted intervention to improve health worker adherence to
integrated management of childhood illness guidelines in Benin. Am
J Public Health. 2009;99(5):837–846. CrossRef. Medline

20. Trap B, Todd CH, Moore H, Laing R. The impact of supervision on
stock management and adherence to treatment guidelines: a ran-
domized controlled trial. Health Policy Plan. 2001;16(3):273–280.
CrossRef

21. Chalker J. Improving antibiotic prescribing in Hai Phong Province,
Viet Nam: the ‘‘antibiotic-dose’’ indicator. Bull World Health Organ.
2001;79(4):313–320. Medline

22. Loevinsohn BP, Guerrero ET, Gregorio SP. Improving primary health
care through systematic supervision: a controlled field trial. Health
Policy Plan. 1995;10(2):144–153. CrossRef. Medline

23. Bello DA, Hassan ZI, Afolaranmi TO, Tagurum YO, Chirdan OO,
Zoakah AI. Supportive supervision: an effective intervention in
achieving high quality malaria case management at primary health
care level in Jos, Nigeria. Ann Afr Med. 2013;12(4):243–251.
CrossRef. Medline

24. Broughton EI, Karamagi E, Kigonya A, et al. The cost-effectiveness of
three methods of disseminating information to improve medical male
circumcision in Uganda. PLoS One. 2018;13(4):e0195691.
CrossRef. Medline

25. Stanback J, Griffey S, Lynam P, Ruto C, Cummings S. Improving ad-
herence to family planning guidelines in Kenya: an experiment. Int J
Qual Health Care. 2007;19(2):68–73. CrossRef. Medline

26. Manzi A, Nyirazinyoye L, Ntaganira J, et al. Beyond coverage: im-
proving the quality of antenatal care delivery through integrated
mentorship and quality improvement at health centers in rural
Rwanda. BMC Health Serv Res. 2018;18(1):136. CrossRef. Medline

27. Warren SF, Fey ME, Yoder PJ. Differential treatment intensity re-
search: a missing link to creating optimally effective communication
interventions.Ment Retard Dev Disabil Res Rev. 2007;13(1):70–77.
CrossRef. Medline

28. Carroll C, Patterson M, Wood S, Booth A, Rick J, Balain S. A con-
ceptual framework for implementation fidelity. Implement Sci.
2007;2:40. CrossRef

29. Semrau KEA, Hirschhorn LR, Marx Delaney M, et al. Outcomes of a
coaching-basedWHOSafe Childbirth Checklist program in India.N
Engl J Med. 2017;377(24):2313–2324. CrossRef. Medline

30. World Health Organization (WHO), Ariadne Labs.WHO Safe
Childbirth Checklist Implementation Guide: Improving the Quality of
Facility-Based Delivery for Mothers and Newborns. Geneva: WHO;
2015. https://apps.who.int/iris/bitstream/handle/10665/
199177/9789241549455_eng.pdf?sequence=1

31. Spector JM, Lashoher A, Agrawal P, et al. Designing theWHO Safe
Childbirth Checklist program to improve quality of care at childbirth.
Int J Gynaecol Obstet. 2013;122(2):164–168. CrossRef. Medline

32. Hirschhorn LR, Semrau K, Kodkany B, et al. Learning before leaping:
integration of an adaptive study design process prior to initiation of
BetterBirth, a large-scale randomized controlled trial in Uttar
Pradesh, India. Implement Sci. 2015;10:117. CrossRef. Medline

33. Hirschhorn LR, Krasne M, Maisonneuve J, et al. Integration of the
Opportunity-Ability-Motivation behavior change framework into a
coaching-basedWHO Safe Childbirth Checklist program in India.
Int J Gynaecol Obstet. 2018;142(3):321–328. CrossRef. Medline

34. Kara N, Firestone R, Kalita T, et al. The BetterBirth Program: Pursuing
effective adoption and sustained use of the WHO Safe Childbirth
Checklist through coaching-based implementation in Uttar Pradesh,
India. Glob Health: Sci Pract. 2017;5(2):232–243. CrossRef.
Medline

35. 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. CrossRef. Medline

36. Govindaraju R, Hadining A, Chandra D. Physicians’ Adoption of
Electronic Medical Records: Model Development Using Ability –
Motivation - Opportunity Framework. In: Mustofa K, Neuhold EJ,
Tjoa AM,Weippl E, You I, eds. Information and Communication
Technology: International Conference, ICT-EurAsia 2013.
Yogyakarta, Indonesia: Springer; 2013.

37. Michie S, van Stralen MM,West R. The behaviour change wheel: a
new method for characterising and designing behaviour change
interventions. Implement Sci. 2011;6:42. CrossRef. Medline

38. Maisonneuve JJ, Semrau KEA, Maji P, et al. Effectiveness of a WHO
Safe Childbirth Checklist Coaching-based intervention on the avail-
ability of Essential Birth Supplies in Uttar Pradesh, India. Int J Qual
Health Care. 2018;30(10):769–777. CrossRef. Medline

39. India Office of the Registrar General and Census Commissioner.
Annual Health Survey 2012–2013 Fact Sheet: Uttar Pradesh.

40. Sharma J, Leslie HH, Regan M, Nambiar D, Kruk ME. Can India’s
primary care facilities deliver? A cross-sectional assessment of the
Indian public health system’s capacity for basic delivery and new-
born services. BMJ Open. 2018;8(6):e020532. CrossRef. Medline

41. Semrau KE, Hirschhorn LR, Kodkany B, et al. Effectiveness of the
WHO Safe Childbirth Checklist program in reducing severe mater-
nal, fetal, and newborn harm in Uttar Pradesh, India: study protocol
for a matched-pair, cluster-randomized controlled trial. Trials.
2016;17(1):576. CrossRef. Medline

42. Gass JD Jr, Misra A, YadavMNS, et al. Implementation and results of
an integrated data quality assurance protocol in a randomized con-
trolled trial in Uttar Pradesh, India. Trials. 2017;18(1):418.
CrossRef. Medline

43. Semrau KE, Miller K, Lipsitz S, et al. Association of Adherence to
Essential Birth Practices and Perinatal Mortality in Uttar Pradesh,
India. Paper presented at: 22ndWorld Congress of Federation of
International Gynecologists & Obstetricians; October 18, 2018; Rio
de Janeiro, Brazil.

44. Fitzmaurice G, Laird N,Ware J. Applied Longitudinal Analysis. 2nd
ed. Hoboken, New Jersey: John Wiley & Sons, Inc; 2011.

45. Wacholder S. Binomial regression in GLIM: estimating risk ratios and
risk differences. Am J Epidemiol. 1986;123(1):174–184. CrossRef.
Medline

46. Rotnitzky A, Jewell NP. Hypothesis testing of regression parameters
in semiparametric generalized linear models for cluster correlated
data. Biometrika. 1990;77(3):485–497. CrossRef

47. Ory MG, Lee Smith M, Mier N, Wernicke MM. The science of sus-
taining health behavior change: the health maintenance consortium.
Am J Health Behav. 2010;34(6):647–659. CrossRef. Medline

48. Durrleman S, Simon R. Flexible regression models with cubic splines.
Stat Med. 1989;8(5):551–561. CrossRef. Medline

49. Hertzmark E, Li R, Hong B, Spiegelman D. The SAS %GLMCURV9
Macro. Donna Spiegelman: software website. https://www.hsph.
harvard.edu/donna-spiegelman/software/glmcurv9/. Published
2014.

50. Pai M, Schumacher SG, Abimbola S. Surrogate endpoints in global
health research: still searching for killer apps and silver bullets? BMJ
Glob Health. 2018;3(2):e000755. CrossRef. Medline

51. Gomez PP, Nelson AR, Asiedu A, et al. Accelerating newborn sur-
vival in Ghana through a low-dose, high-frequency health worker
training approach: a cluster randomized trial. BMC Pregnancy
Childbirth. 2018;18(1):72. CrossRef. Medline

52. Mduma E, Ersdal H, Svensen E, Kidanto H, Auestad B, Perlman J.
Frequent brief on-site simulation training and reduction in 24-

Coaching, Birth Practices, and Health Outcomes in the BetterBirth Trial www.ghspjournal.org

Global Health: Science and Practice 2020 | Volume 8 | Number 1 53

https://doi.org/10.1136/archdischild-2013-305863
http://www.ncbi.nlm.nih.gov/pubmed/24819369
https://doi.org/10.2105/ajph.2008.134411
http://www.ncbi.nlm.nih.gov/pubmed/19299681
https://doi.org/10.1093/heapol/16.3.273
http://www.ncbi.nlm.nih.gov/pubmed/11357210
https://doi.org/10.1093/heapol/10.2.144
http://www.ncbi.nlm.nih.gov/pubmed/10143452
https://doi.org/10.4103/1596-3519.122695
http://www.ncbi.nlm.nih.gov/pubmed/24309414
https://doi.org/10.1371/journal.pone.0195691
http://www.ncbi.nlm.nih.gov/pubmed/29672578
https://doi.org/10.1093/intqhc/mzl072
http://www.ncbi.nlm.nih.gov/pubmed/17277011
https://doi.org/10.1186/s12913-018-2939-7
http://www.ncbi.nlm.nih.gov/pubmed/29471830
https://doi.org/10.1002/mrdd.20139
http://www.ncbi.nlm.nih.gov/pubmed/17326112
https://doi.org/10.1186/1748-5908-2-40
https://doi.org/10.1056/nejmoa1701075
http://www.ncbi.nlm.nih.gov/pubmed/29236628
https://apps.who.int/iris/bitstream/handle/10665/199177/9789241549455_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/199177/9789241549455_eng.pdf?sequence=1
https://doi.org/10.1016/j.ijgo.2013.03.022
http://www.ncbi.nlm.nih.gov/pubmed/23742897
https://doi.org/10.1186/s13012-015-0309-y
http://www.ncbi.nlm.nih.gov/pubmed/26271331
https://doi.org/10.1002/ijgo.12542
http://www.ncbi.nlm.nih.gov/pubmed/29862506
https://doi.org/10.9745/ghsp-d-16-00411
http://www.ncbi.nlm.nih.gov/pubmed/28655801
https://doi.org/10.1186/s13012-019-0962-7
http://www.ncbi.nlm.nih.gov/pubmed/31900167
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1093/intqhc/mzy086
http://www.ncbi.nlm.nih.gov/pubmed/29718354
https://doi.org/10.1136/bmjopen-2017-020532
http://www.ncbi.nlm.nih.gov/pubmed/29866726
https://doi.org/10.1186/s13063-016-1673-x
http://www.ncbi.nlm.nih.gov/pubmed/27923401
https://doi.org/10.1186/s13063-017-2159-1
http://www.ncbi.nlm.nih.gov/pubmed/28882167
https://doi.org/10.1093/oxfordjournals.aje.a114212
http://www.ncbi.nlm.nih.gov/pubmed/3509965
https://doi.org/10.1093/biomet/77.3.485
https://doi.org/10.5993/ajhb.34.6.2
http://www.ncbi.nlm.nih.gov/pubmed/20604691
https://doi.org/10.1002/sim.4780080504
http://www.ncbi.nlm.nih.gov/pubmed/2657958
https://www.hsph.harvard.edu/donna-spiegelman/software/glmcurv9/
https://www.hsph.harvard.edu/donna-spiegelman/software/glmcurv9/
https://doi.org/10.1136/bmjgh-2018-000755
http://www.ncbi.nlm.nih.gov/pubmed/29607104
https://doi.org/10.1186/s12884-018-1705-5
http://www.ncbi.nlm.nih.gov/pubmed/29566659
http://www.ghspjournal.org


h neonatal mortality–an educational intervention study.
Resuscitation. 2015;93:1–7. CrossRef. Medline

53. Kabongo L, Gass J, Kivondo B, Kara N, Semrau K, Hirschhorn LR.
Implementing theWHO Safe Childbirth Checklist: lessons learnt on a
quality improvement initiative to improve mother and newborn care
at Gobabis District Hospital, Namibia. BMJ Open Qual. 2017;6(2):
e000145. CrossRef. Medline

54. Kumar S, Yadav V, Balasubramaniam S, et al. Effectiveness of the
WHO SCC on improving adherence to essential practices during
childbirth, in resource constrained settings. BMC Pregnancy
Childbirth. 2016;16(1):345. CrossRef. Medline

55. Nababan HY, Islam R, Mostari S, et al. Improving quality of care for
maternal and newborn health: a pre-post evaluation of the Safe
Childbirth Checklist at a hospital in Bangladesh. BMC Pregnancy
Childbirth. 2017;17(1):402. CrossRef. Medline

56. Patabendige M, Senanayake H. Implementation of the WHO safe
childbirth checklist program at a tertiary care setting in Sri Lanka: a
developing country experience. BMC Pregnancy Childbirth.
2015;15:12. CrossRef. Medline

57. Praxedes AO, Arrais L, Araujo MAA, Silva EMMD, Gama ZADS,
Freitas MR. Assessment of adherence to the Safe Childbirth Checklist
in a public maternity hospital in Northeast Brazil [in Portuguese].
Cad Saude Publica. 2017;33(10):e00034516. CrossRef. Medline

58. Senanayake HM, Patabendige M, Ramachandran R. Experience
with a context-specific modifiedWHO safe childbirth checklist at two
tertiary care settings in Sri Lanka. BMC Pregnancy Childbirth.
2018;18(1):411. CrossRef. Medline

59. Spector JM, Agrawal P, Kodkany B, et al. Improving quality of care
for maternal and newborn health: prospective pilot study of the
WHO Safe Childbirth Checklist program. PLoS One. 2012;7(5):
e35151. CrossRef. Medline

60. Tuyishime E, Park PH, Rouleau D, Livingston P, Banguti PR, Wong R.
Implementing the World Health Organization Safe Childbirth
Checklist in a district hospital in Rwanda: a pre- and post-intervention
study.Matern Health Neonatol Perinatol. 2018;4:7. CrossRef.
Medline

61. Kim B, Miller C, Ritchie M, Smith J, Kirchner J. Time-motion analysis
of implementing the collaborative chronic care model in general
mental health clinics: assessing external facilitation effort over time
using continuous and interval-based data collection approaches.
Paper presented at: 11th Annual Conference on the Science of
Dissemination and Implementation in Health; December 3–5, 2018;
Washington, DC.

62. Mainz J. Developing evidence-based clinical indicators: a state of the
art methods primer. Int J Qual Health Care. 2003;15 Suppl 1:i5–i11.
CrossRef. Medline

Peer Reviewed

Received: September 12, 2019; Accepted: January 22, 2020; First published online: March 3, 2020

Cite this article as: Barnhart DA, Spiegelman D, Zigler CM, et al. Coaching intensity, adherence to essential birth practices, and health outcomes in the
BetterBirth Trial in Uttar Pradesh, India. Glob Health Sci Pract. 2020;8(1):38-54. https://doi.org/10.9745/GHSP-D-19-00317

© Barnhart et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are properly cited. To view a
copy of the license, visit http://creativecommons.org/licenses/by/4.0/. When linking to this article, please use the following permanent link: https://
doi.org/10.9745/GHSP-D-19-00317

Coaching, Birth Practices, and Health Outcomes in the BetterBirth Trial www.ghspjournal.org

Global Health: Science and Practice 2020 | Volume 8 | Number 1 54

https://doi.org/10.1016/j.resuscitation.2015.04.019
http://www.ncbi.nlm.nih.gov/pubmed/25957942
https://doi.org/10.1136/bmjoq-2017-000145
http://www.ncbi.nlm.nih.gov/pubmed/28959784
https://doi.org/10.1186/s12884-016-1139-x
http://www.ncbi.nlm.nih.gov/pubmed/27825321
https://doi.org/10.1186/s12884-017-1588-x
http://www.ncbi.nlm.nih.gov/pubmed/29202714
https://doi.org/10.1186/s12884-015-0436-0
http://www.ncbi.nlm.nih.gov/pubmed/25648543
https://doi.org/10.1590/0102-311x00034516
http://www.ncbi.nlm.nih.gov/pubmed/29116315
https://doi.org/10.1186/s12884-018-2040-6
http://www.ncbi.nlm.nih.gov/pubmed/30342490
https://doi.org/10.1371/journal.pone.0035151
http://www.ncbi.nlm.nih.gov/pubmed/22615733
https://doi.org/10.1186/s40748-018-0075-3
http://www.ncbi.nlm.nih.gov/pubmed/29632699
https://doi.org/10.1093/intqhc/mzg084
http://www.ncbi.nlm.nih.gov/pubmed/14660518
https://doi.org/10.9745/GHSP-D-19-00317
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9745/GHSP-D-19-00317
https://doi.org/10.9745/GHSP-D-19-00317
http://www.ghspjournal.org

	fig1
	fig2
	fig3

