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Abstract of Dissertation

Enhancing Maternal and Newborn Health in Low- and Middle-Income Countries:
Assessment of Antenatal Care Quality and Utilization of Antenatal Corticosteroids

The world has seen a significant reduction in child mortality, made possible by
tremendous global efforts. Despite this process, the burden of maternal and neonatal
death globally remains high, with the majority of mortality happening in low-resource
countries. More and more pregnant women in low- and middle-income countries
(LMICs) have attended antenatal care visits; however, the quality of antenatal care
(ANC) remains insufficient, meaning pregnant women do not always receive the essential
care they need during those visits. To enhance maternal and newborn health in LMICs,
high-quality care in pregnancy is crucial, which should include essential care components
to monitor maternal and fetal health and evidence-based intervention to prevent illness
and improve outcomes. To assess whether healthcare of good quality is provided to
people who need it in settings that can optimize the benefits of care, this dissertation
aimed to 1) examine the landscape of antenatal corticosteroid (ACS) utilization, one of
the most effective interventions to improve preterm outcome, aiming to identify priority
policy directions for ACS scale-up, and 2) investigate the quality of antenatal care,
focusing on key care components essential to reduce adverse perinatal outcomes in low-
resource countries.

Three papers in this dissertation focused on antenatal corticosteroids in LMICs.
The first two studies using health facility survey data from nine countries found low ACS
utilization, limited corticosteroid availability, and inadequate facility readiness, with huge

gaps between drug availability and actual utilization. To encourage ACS uptake and
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ensure its safe and effective provision, our findings suggested that policymakers should
equip facilities for proper ACS use and target well-equipped facilities for ACS scale-up.
The third study on ACS identified barriers to effective ACS utilization in Ethiopia. The
country’s health service delivery structure strongly affects the effectiveness of ACS.
Simply increasing ACS uptake without taking into account how high-risk pregnancies are
managed and referred within a particular health system is unlikely to improve neonatal
survival significantly. In addition, knowledge gaps in ACS use and identifying eligible
women hinder providers from implementing this intervention appropriately. These three
papers on ACS concluded that the benefits of ACS can only be realized in reasonably
equipped facilities with competent providers who adhere to guidelines under a country’s
service delivery structure that can effectively manage labor of varied risks in appropriate
settings. Lastly, the fourth paper on the assessment of antenatal care quality found that
pregnant women received antenatal care of suboptimal quality in Ethiopia, Kenya, and
South Africa; suboptimal ANC quality was significantly associated with an increased risk
of late miscarriage and stillbirth. Our findings also suggested the importance of
ultrasound examination in antenatal care.

As more and more pregnant women in LMICs have access to antenatal care,
improving the quality of antenatal care becomes enormously crucial. The ongoing global
efforts should focus on ensuring the provision of essential care components to every
pregnant woman and evidence-based interventions to eligible women in settings that can

optimize the benefits of healthcare services.
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Chapter 1: Introduction

1.1 Background

Our world has made substantial progress in reducing child mortality. Over the
past three decades, the global under-five mortality rate declined significantly, from 93
deaths per 1,000 live births in 1990 to 37 in 2022.(1) However, despite this remarkable
improvement in child survival, we did not see similar progress in neonatal survival, and
the burden of neonatal death remains high.(1) Neonatal deaths account for nearly half of
the under-five mortality globally, primarily attributable to preterm birth-related
complications, infections, and intrapartum-related events.(2, 3) Among the estimated 5.3
million under-five mortality in 2019, 46% were neonatal deaths; among neonatal deaths,
about one-third were preterm-birth related, which was equivalent to 0.9 million deaths.(2)
Preterm births remain a serious global public health issue. A recent series in The Lancet
proposed a newly developed umbrella term: “small vulnerable newborns,” bringing
together preterm births, small for gestational age, and low birth weight newborns.(4) The
series presented a conceptual framework for the underlying contextual causes, maternal
exposures, and consequences of being small newborns, aiming to facilitate
comprehensive and coordinated global efforts to prevent and manage small vulnerable
newborns.(4) The global community has invested tremendously in this large population,
as saving their lives could help achieve the Sustainable Developmental Goals (SDGs)
target of ending preventable child and newborn deaths. Additionally, there were 287,000
maternal deaths in the world in 2020, with 95% happening in low- and middle-income

countries (LMICs).(5)



To address the global maternal and newborn health challenges, antenatal care
(ANC) is crucial for the health of pregnant women and their newborn babies. The World
Health Organization (WHO) guidelines on antenatal care (ANC) outlined the important
functions of ANC, including health promotion, disease screening and diagnosis, and
prevention of illnesses through good clinical practices and evidence-based
interventions.(6) Studies have found that ANC coverage improved in LMICs; however,
the quality of ANC is sufficient.(7-9) This phenomenon is particularly concerning as
providing ANC with poor quality is ineffective and wasteful, missing the opportunity to
promote health, identify risk factors, and prevent illness for pregnant women and their

newborn babies.

1.2 Research Overview

This dissertation aimed to investigate a fundamental overarching question:
whether the right care is provided to pregnant women in need at the right time in the
right places. First, this dissertation used antenatal corticosteroid (ACS) utilization among
pregnant women at risk of imminent preterm labor as an example to examine if an
evidence-based antenatal intervention is provided to eligible women. ACS is a specific
antenatal intervention targeting pregnant women who are likely to deliver a newborn
prematurely. This intervention improves preterm newborn survival by accelerating fetal
lung maturity.(10) However, its utilization remains limited in countries with the highest
burden of preterm births.

Second, this dissertation assessed the quality of antenatal care. ANC serves as a

platform that provides a wide range of services to ensure the health of pregnant women



and their babies.(6) Massive global efforts have been made to increase ANC utilization,
but the quality of ANC is disproportionately insufficient. For example, a rich body of
literature has examined the associations between ANC utilization and health outcomes
such as neonatal death.(11, 12) However, evidence gaps remained in the content of ANC
that constitutes good quality and how quality affects health outcomes. The last part of this
dissertation focused on assessing ANC quality, identifying key care components, and

investigating how ANC quality relates to perinatal outcomes.

Antenatal corticosteroids: utilization, facility readiness, and factors affecting use

Preterm births are a serious global health issue. Newborns born prematurely are at
an increased risk of developing respiratory distress syndrome (RDS), a common
respiratory complication and a leading cause of neonatal death. RDS is caused by an
insufficiency of surfactant, a substance produced in fetal lung cells that reduces the
surface tension of alveoli and helps expand lung cells for gas exchange. Administering
ACS to pregnant women who are likely to deliver their babies prematurely accelerates
fetal lung maturity by stimulating the synthesis and release of surfactant, greatly reducing
the occurrence of RDS and improving the survival of preterm babies.(10) In 1972,
Liggins and Howie conducted the first trial of ACS, demonstrating its benefits in
reducing RDS among preterm newborns.(13) Since then, many studies have further
confirmed the beneficial effects. In 1994, the National Institute of Health Consensus
Development Conference Statement recommended ACS use for pregnant women at risk
of preterm birth in the United States.(14) More recently, a 2020 Cochrane review

summarizing data from 27 trials involving more than 10,000 infants showed that ACS



reduced the risk of RDS by 29% and neonatal death by 22%.(10) Given the potential
profound impact of ACS at the population level, the WHO and other professional
organizations recommend giving ACS to pregnant women at risk of imminent preterm
labor between 24 and 34 weeks of gestation.(15-18) The WHO recommendations also
specify that ACS should be given in conditions where the following five criteria are met:
1) Gestational age can be accurately assessed, 2) There is a high likelihood of preterm
birth within 7 days of starting ACS therapy, 3) There is no evidence of maternal
infection, 4) Adequate childbirth care is available, 5) The preterm newborn can receive
adequate care.(17)

While ACS is widely administered in industrialized countries, its adoption in
LMICs remains disproportionately low despite the fact that the majority of the world’s
preterm newborns are born in these areas.(3) There are three primary evidence gaps in
ACS utilization in LMICs. First, the current status of ACS use in LMICs is mainly
unknown despite some outdated studies reporting ACS coverage rates at the individual
level (Table 1). However, no recent data on ACS utilization at the facility level is
available. Second, the structural readiness of facilities in LMICs to provide ACS in
accordance with international guidelines is unclear. Readiness is defined as the
availability of required components to provide health services, such as medicines,
equipment, diagnostics, commodities, and staff.(19) While the WHO recommends
administering ACS in settings that meet those five criteria, there have been ongoing
discussions on the feasibility of some of these criteria, particularly when applied to
healthcare settings with varying capacities.(20-25) Measuring facility readiness and

identifying appropriate levels of readiness for safe and effective ACS use warrants future



studies. Third, there is an urgent need for a comprehensive understanding of factors
influencing ACS utilization. Prior studies have examined factors associated with low
ACS in low-resource countries.(26-31) These factors can be broadly grouped into
national, facility, and individual levels (including maternal and provider levels).
Understanding the complexity of these factors across various levels helps identify priority
actions to promote ACS uptake.

To address the above evidence gaps, | conducted two studies that assessed the
utilization of antenatal corticosteroids and facility readiness to give this intervention
appropriately; I also investigated factors associated with ACS utilization. | used data
from the Demographic and Health Survey Program (DHS) Service Provision
Assessments (SPA), which are health facility surveys that collect data on service
availability and quality of care in LMICs. For the third paper on ACS, I identified
barriers to effective ACS utilization, focusing on Ethiopia, which is among the countries
with the highest burden of preterm births.(32) Using data from multiple sources, | aimed
to understand the landscape of ACS use and identify barriers to its appropriate utilization
in Ethiopia. In addition to the 2021-2022 Ethiopian SPA data, | also used data from the
2016 Ethiopian Emergency Obstetric and Newborn Care assessment, reviewed Ethiopian
national obstetric and antenatal care guidelines, summarized studies on ACS use in
Ethiopia, and conducted informal standardized discussions with Ethiopian policymaker

and physicians specialized in obstetrics and neonatology.



Table 1. ACS coverage data in LMICs from the literature

Study (author, Definition of ACS Available data
coverage
year) (or term used) Asia Latin America Africa
Silva 1999: ACS use among - Brazil 4% -
Assessment of ACS ~ women who gave
use (33) birth at GA 28 to 33
weeks
Tita 2005: Evidence- ACS use in - - Cameroon 10%
based reproductive prematurity
health interventions
(34)
Pattanittum 2008: ACS use for women  Indonesia 9%, - -
ACS use in 4 South ~ who gave birth Malaysia 55%,
East Asian Countries before GA 34 weeks  Philippines
(35) 15%, Thailand
73%
Riganti 2010: ACS ACS use among - Ecuador 35%, -
use in 3 Latin women who gave El Salvador
American countries birth between GA 24 55%,
(36) to 34 weeks Uruguay 71%
Bhutta 2014: Antenatal steroids 41% (weighted average from 75 Countdown countries,

Evidence on the
interventions to
prevent maternal and
neonatal deaths (37)
Vogel 2014: The
2011 WHO
multicountry survey
for 29 countries (38)

Berrueta 2016: ACT
trial, a cluster RCT
to scale up ACS use
(data from the
control clusters) (39)

coverage

ACS use in women
who gave birth
between GA 26 to 34
weeks

ACS use among
infants with
birthweight <5"
percentile (a proxy
of preterm),
restricted to hospital
births

including 34 low-income countries and middle-income

countries)

Afghanistan
16%,

China 68%,
Pakistan 63%,
Vietnam 52%,
Sri Lanka 65%,
Thailand 44%,
India 69%,
Japan 58%,
Mongolia 69%,
Nepal 20%,
Philippines
47%,

Jordan 91%,
Lebanon 57%,
Occupied
Palestinian
territory 88%,
Qatar 31%
India (Belgaum
site) 12.4%,
India (Nagpur
site) 5.6%,
Pakistan 6.1%,

Brazil 30%,
Cambodia 58%,
Argentina 74%,
Mexico 54%,
Nicaragua 71%,
Peru 75%,
Ecuador 35%,
Paraguay 69%

Argentina
44.5%,
Guatemala
22.3%

Democratic
Republic of the
Congo 16%,
Kenya 32%,
Uganda 27%,
Angola 26%,
Niger 20%,
Nigeria 30%

Zambia 11.1%,
Kenya 3.8%

*Japan and Qatar are high-income countries



Quality of antenatal care and its association with fetal and neonatal outcomes

Based on the 2016 WHO recommendations on antenatal care for a positive
pregnancy experience, high-quality antenatal care is crucial in ensuring the health of
pregnant women and their babies.(6) Tremendous global efforts have been made to
increase ANC utilization. While studies have shown increased ANC coverage, with more
women in LMICs having attended at least one ANC visit or the recommended number of
visits, the quality of ANC that women receive is insufficient.(7-9, 40, 41) Globally,
healthcare of poor quality has become a bigger challenge to reduce mortality and
morbidity globally than limited access to care.(42) In addition, previous research has
linked antenatal care to adverse fetal and neonatal outcomes.(11, 12, 43-47) However,
most of it focused on the utilization of ANC, meaning the number of ANC contacts.
There are still critical evidence gaps in the associations between the quality of ANC and
adverse perinatal outcomes.

For the fourth paper in this dissertation, I used the data from the eCohort study, a
longitudinal study that collected data on the utilization and quality of antenatal care in
four countries (Ethiopia, Kenya, South Africa, and India). This paper used data from
three African countries to examine ANC quality and its association with perinatal
outcomes, including fetal loss (including late miscarriage, defined as fetal loss between
13 to 28 weeks of gestation, and stillbirth, defined as fetal loss after 28 weeks of

gestation), and low birth weight newborns (birth body weight less than 2.5kg).



1.3 Research Aims
To answer the overarching question and address the knowledge gaps, this dissertation has

four aims:

Aim 1: Examine the current status of antenatal corticosteroid utilization in low- and
middle-income countries and facility readiness to administer antenatal corticosteroids in
line with the WHO recommendations

Aim 2: Investigate facility-level factors associated with antenatal corticosteroid
utilization in low- and middle-income countries, with a focus on facility characteristics,
facility readiness, and past performance of Comprehensive Emergency Obstetric and
Newborn Care (CEmONC) signal functions

Aim 3: Assess the landscape of antenatal corticosteroid utilization in Ethiopia and
identify barriers to its appropriate provision in the country

Aim 4: Assess the quality of antenatal care and its association with fetal and neonatal

outcomes (including late miscarriage and stillbirth, and low birth weight newborns)



Chapter 2: Antenatal Corticosteroids for pregnant women at risk of preterm labor

in low- and middle-income countries: utilization and facility readiness

Abstract

Background

Administering antenatal corticosteroids (ACS) to pregnant women at risk of imminent
preterm labor improves newborn survival. However, ACS remains substantially
underused in low- and middle-income countries (LMICs) despite these countries
accounting for the majority of preterm births globally. Providing ACS in inadequately
equipped settings can be harmful to both mothers and newborns. Therefore, health
facilities must demonstrate readiness to administer ACS appropriately to ensure its safety
and effects. This study aimed to assess ACS utilization and facility readiness to
administer ACS based on WHO recommendations across nine LMICs.

Methods

The study used data from Service Provision Assessments in nine LMICs. The primary
outcome was ACS utilization, defined as having ever provided ACS in a health facility.
We also assessed the availability of injectable corticosteroids (dexamethasone or
betamethasone) and facility readiness to administer ACS appropriately. To measure
facility readiness, we developed an overall readiness index based on 35 indicators,
grouped into four readiness categories based on the WHO recommendations. The results
were stratified by the level of facility.

Results

Across eight countries with comparable sampling strategies, only 10.7% (median, range

6.7% - 35.2%) of facilities had provided ACS; one-fourth (median 25.3%, range 4.6% -
9



61.5%) of facilities had injectable corticosteroids available at the time of the survey.
Significant gaps were observed between corticosteroid availability and ACS utilization.
We also found low overall readiness indices, ranging from 8.1% for Bangladesh to 32.9%
for Senegal. Across four readiness categories, the readiness index was the lowest for
criterion 1 (ability to assess gestational age accurately) (7.3%), followed by criterion 2
(ability to identify maternal infections) (24.8%), criterion 4 (ability to provide adequate
preterm newborn care) (31.3%), and criterion 3 (ability to provide adequate childbirth
care) (32.9%).

Conclusions

We proposed a strategy for measuring facility readiness to implement one of the most
effective interventions to improve neonatal survival. Countries should operationalize
readiness measurement, improve facilities readiness to deliver this life-saving

intervention, and encourage ACS uptake in well-equipped facilities.
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2.1 Introduction

Antenatal corticosteroids (ACS) use among pregnant women at risk of imminent
preterm labor is one of the most effective interventions for improving neonatal survival.
By accelerating fetal lung maturity, ACS can reduce the risks of respiratory distress
syndrome by 30% and neonatal death by 20%.(10) The World Health Organization
(WHO) and other professional medical organizations recommend administering ACS to
pregnant women with a high likelihood of preterm labor at gestational age (GA) of 24 to
34 weeks.(15-18)

However, ACS adoption remains extremely limited in low- and middle-income
countries (LMICs) despite these countries accounting for 80% of preterm births
globally.(3) An estimated 13.4 million newborns were born prematurely in 2020, with
preterm birth being the leading cause of neonatal death and accounting for nearly half
(46%) of under-five mortality.(2, 48) In addition, 75% of neonatal deaths occur within
the first week of life, with one million neonatal deaths happening within the first 24 hours
after birth.(49, 50) These statistics highlight the urgency of prioritizing interventions that
target the huge population of preterm babies.(37, 51) ACS has been considered “the
lowest-hanging and sweetest fruit” as an intervention for improving preterm outcomes in
LMICs.(20) While ACS use has been widely advocated in LMICs, its uptake in these
countries remains a subject of ongoing discussions, and evidence on the current
landscape of ACS use in resource-constrained countries is still scarce.(20-25)

Two significant evidence gaps remain. First, the status of ACS use in LMICs is
mainly unknown despite outdated coverage data. Second, the structural readiness of

health facilities in LMICs to provide ACS in accordance with international guidelines is
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unclear. In 2022, the WHO released its updated recommendations, emphasizing five
conditions for safe and effective administration of ACS: 1) GA can be accurately
assessed, 2) there is a high likelihood of preterm birth within 7 days of starting ACS
therapy, 3) there is no evidence of maternal infections, 4) adequate childbirth care is
available, and 5) the preterm newborn can receive appropriate care.(17)

The WHO recommendations caution that these five conditions may not be met
consistently across settings due to variations in facility capabilities, highlighting the
potential harms of ACS in healthcare settings that cannot meet the criteria.(17) As a
potent anti-inflammatory drug, ACS suppresses immune functions. Maternal infections
remain a major concern if ACS is given to vulnerable pregnant women who are ineligible
for this intervention. Also, observational studies have reported increased neurocognitive
disorders among late preterm infants (born at GA 34 to 36 weeks) who were exposed to
ACS.(52-54) The balance between the benefits and risks emphasized the importance of
locations where ACS should be provided. However, knowledge about facility readiness
in resource-constrained countries remains limited. In 2021, Kankaria et al. found that
primary and secondary facilities in northern India were not ready to administer ACS
safely, which is, to date, the only study assessing facility readiness to give ACS.(55) As
facility readiness is crucial for delivering healthcare of good quality(56), there is an
urgent need to comprehensively understand the readiness of health facilities in LMICs to
implement this life-saving intervention appropriately.

To address these critical evidence gaps, this study aimed to assess ACS
utilization, corticosteroid availability, and facility readiness to administer ACS according

to the WHO recommendations.
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2.2 Methods
Study sample

This study used data from Service Provision Assessment (SPA), a health facility
survey on service availability and quality of care in LMICs.(57) We restricted our
analyses to SPA surveys conducted in the past ten years and used the latest survey
available for countries with SPA data. This study included ten surveys from nine
countries: Afghanistan 2018-2019, Bangladesh 2017-2018, Nepal 2021, Haiti 2017-2018,
the Democratic Republic of the Congo (DRC) 2017-2018, Ethiopia 2021-2022, Malawi
2013-2014, Senegal 2018 and 2019, and Tanzania 2014-2015. All surveys were
completed before the release of the 2022 WHO recommendations; most, except Malawi
2013-2014 and Tanzania 2014-2015 surveys, were conducted after the WHO
recommendations on interventions to improve preterm birth outcomes in 2015, which
included guidelines on ACS use.(58) The sampling strategies varied based on country
needs (Appendix A. Supplemental Table 1).(59-68) The majority of surveys adopted
stratified random sampling strategies to obtain a nationally representative sample in the
country.(59-61, 64, 65) Malawi 2013-2014 and Haiti 2017-2018 SPA surveys were
national census.(66, 68) Unlike other surveys, Afghanistan 2018-2019 mainly sampled
urban hospitals.(67) Senegal implemented continuous SPA over five consecutive years to
survey all health facilities.(62, 63, 69) In order to have similar sample sizes across
countries, we merged data for Senegal over two years (2018 and 2019). Our study used
data from two core instruments (out of five) of the SPA survey questionnaire: facility
inventory and health worker interviews. In each country, only facilities that provided
antenatal care (ANC) or delivery services (normal deliveries or Cesarean deliveries) were

included.
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Measures

Our primary outcome was ACS utilization, defined as facilities having ever
provided ACS to pregnant women. We focused on two secondary outcomes:
corticosteroid availability (injectable dexamethasone or betamethasone) and facility
structural readiness. In SPA surveys, most countries did not assess corticosteroid
availability within the maternal and newborn care section, except for the Afghanistan
2018-2019 survey. Alternatively, we used the availability of injectable corticosteroids in
the section for medicines for non-communicable diseases as a proxy.

We assessed facility readiness to provide ACS in accordance with the 2022 WHO
recommendations on ACS use. We identified 35 indicators from the SPA questionnaire,
which were grouped into four readiness categories based on four of the five WHO criteria
(Appendix A. Supplemental Table 2). No indicators were identified for the second
criterion (a high likelihood of preterm labor), as the diagnosis of imminent preterm labor
typically relies on clinical symptoms and signs first. The first readiness category focused
on the facility’s ability to assess GA accurately, and we included only one indicator for
this category (the presence of a functional ultrasound). The second readiness category
included 4 indicators and covered the facility’s ability to identify maternal infections. The
third and fourth categories included 13 and 17 indicators and assessed the facility’s
readiness to provide adequate childbirth care and preterm newborn care, respectively. For
each category, readiness indices were calculated by dividing the number of indicators
available by the total number of indicators assessed, with higher percentages indicating
higher readiness. An overall readiness index was calculated by averaging the readiness
indices from four categories. This approach was chosen based on previous studies on

facility readiness to implement health improvement interventions.(70, 71)

14



Statistical analysis

First, we presented descriptive statistics of ACS utilization, corticosteroid
availability, and facility readiness indices, taking facility sampling weights into account.
Results were stratified by three facility levels. Level 1 facilities only provided ANC and
did not conduct deliveries; ANC was defined as the care that pregnant women receive
before birth, including risk identification, prevention, and management of pregnancy-
related health conditions, education, and health promotion.(72) Level 2 facilities
performed normal deliveries but not Cesarean deliveries, while level 3 facilities
performed Cesarean deliveries. Because Afghanistan mainly sampled hospitals, which
differed substantially from other countries, it was reported separately. We excluded
Afghanistan from the distribution of outcomes across countries and included it only in
analyses within each facility level.

Second, we assessed the relationships between ACS use and, respectively, ACS
availability and overall readiness indices at sub-national levels (e.g., regions in Ethiopia
and provinces in DRC). This approach was driven by the hypothesis that facilities
without corticosteroids or with low readiness might refer patients in need of ACS to
nearby facilities. We averaged each of the three measures (ACS use, corticosteroid
availability, and overall readiness index) for all facilities in each sub-national region.
Lastly, we examined the differences in the overall readiness index between facilities that

have ever and never used ACS by country. All analyses were performed using R.

2.3 Results
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This study included 8669 facilities from ten surveys in nine countries. All surveys
had a high response rate (median 94.9%), ranging from 88.8% in Afghanistan to 99.0% in
Tanzania (Appendix A. Supplemental Table 3).

The majority of facilities (88.9%, median; range 66.1% - 98.8%) provided
maternal health care services and were included in our analyses (Appendix A.
Supplemental Table 3). The median sample size was 929 facilities (median; range 108 -
1500) (Table 2). Among eight countries (excluding Afghanistan), 22.6% (median; range
7.1% - 88.7%) of facilities were urban. The proportion of facilities at different levels
varied across countries. Across eight countries, one-third (median 32.0%) of the facilities
were level 1 facilities that provided antenatal care, with Bangladesh having the largest
proportion (76.2%) of level 1 facilities and the DRC having the smallest proportion
(1.9%). The proportion of level 2 facilities was 59.4% (median), with Tanzania having
the largest proportion (83.3%) and Bangladesh having the smallest proportion (19.5%).
Only 6.2% (median) of facilities were level 3 facilities, ranging from 2.7% in Ethiopia to
26.5% of facilities in the DRC (Table 2).

ACS utilization. ACS was underused across all countries. Excluding Afghanistan,
the median ACS use was 10.7%, ranging from 6.7% of facilities in Bangladesh to 35.2%
of facilities in the DRC that had ever administered ACS (Figure 1a). In Afghanistan,
68.7% of facilities had administered ACS at the time of the survey. We did not find
higher ACS use in surveys that were done more recently. While none of the level 1
facilities had provided ACS, ACS use increased by facility level (Figure 1b). Within

each level of facilities across nine countries, 21.6% (median, range 5.0% - 26.9%) of

16



level 2 facilities and 76.3% (median, range 52.7% - 90.3%) of level 3 facilities had
administered ACS.

ACS availability. Corticosteroid availability was limited. Across eight countries,
one-fourth of the facilities (median 25.3%, range 4.6% - 61.5%) had at least one valid
corticosteroid (injectable dexamethasone or betamethasone) available at the time of the
survey, while 93.3% of facilities in Afghanistan had it available (Figure 1c¢).
Corticosteroid availability generally increased by facility level within each country
(Figure 1d). Notably, significant gaps existed between corticosteroid availability and
ACS utilization, particularly in level 2 facilities. Among level 2 facilities across nine
countries, 46.5% (median) had injectable corticosteroids available, but 21.6% (median)

had administered ACS (Appendix A. Supplemental Figure 1).
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Table 2. Characteristics of surveys and facilities included in the study

Surve Number of Number of
Country eary facilities facilities included Urban location Facility type
y surveyed?! in the analysis?
Level 1: Level 2: Fa(I:_iTi\':ieelsst:hat
Facilities that provide Facilities that perform erform Cesarean
antenatal care normal delivery P -
section
= = i 043
Vo e oo Median 22.6%° Median 32.0%? Median 59.4%" 'Ef:géae”;ﬁ "
0p - 04)3 05 - 04)3 0 - 04)3 : -
(range 142 - 1576)  (range 108 - 1500) (range 7.1% - 88.7%) (range 1.9% - 76.2%) (range 19.5% - 83.3%) 26.506)?
South Asia
Afghanistan  2018-2019 142 108 107 (99.4%) 7 (4.1%) 10 (10.1%) 91 (85.9%)
Bangladesh 2017-2018 1524 1498 379 (7.1%) 676 (76.2%) 551 (19.5%) 271 (4.4%)
Nepal 2021 1576 1500 961 (53.2%) 693 (47.5%) 565 (47.1%) 242 (5.3%)
Caribbean
Haiti 2017-2018 1007 929 340 (36.5%) 567 (61.0%) 255 (27.5%) 107 (11.5%)
Sub-Saharan Africa
DRC 2017-2018 1380 1364 297 (22.0%) 10 (1.9%) 511 (71.6%) 843 (26.5%)
Ethiopia 2021-2022 1158 911 455 (18.2%) 261 (75.0%) 309 (22.3%) 341 (2.7%)
Malawi 2013-2014 977 645 119 (18.6%) 103 (16.5%) 471 (72.6%) 71 (10.9%)
Senegal o8 and 841 658 594 (88.7%) 65 (14.3%) 531 (78.6%) 62 (7.1%)
Tanzania 2014-2015 1188 1056 325 (19.1%) 104 (11.5%) 681 (83.3%) 271 (5.2%)

! A total of 625 facilities that were sampled had a sampling weight of zero, indicating non-response, refusal, or closure. Those facilities were not surveyed and were excluded.

2 Only facilities that provided either antenatal care or delivery services (normal delivery or Cesarean section) were included in the analysis.
? The median and range were obtained across eight countries, excluding Afghanistan, because its survey used a remarkably different sampling strategy.

18



Figure 1a. Antenatal corticosteroids utilization by country, Figure 1b. Antenatal corticosteroids utilization by country and facility
level, Figure 1c. Availability of at least one corticosteroid by country, Figure 1d. Availability of at least one corticosteroid by country

and facility level
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Facility readiness. Readiness indices were low (Figure 2). Only 22% of the
facilities in the sample had an overall readiness index above 50%. Other than
Afghanistan, overall readiness indices were low among the eight countries, ranging from
8.1% in Bangladesh to 32.9% in Senegal. Afghanistan had an overall readiness index of
57.7%. We did not see higher overall readiness indices in surveys conducted in more
recent years. Also, overall readiness indices increased by facility level. Across four
readiness categories among eight countries, facilities performed the worst in the ability to
assess GA accurately, with a readiness index of 7.3% (median), followed by the ability to
identify maternal infection (median, 24.8%), provide adequate preterm care (median
31.3%), and provide adequate childbirth care (median 32.9%). When delving into the
details of specific indicators among the 35 indicators we identified, we found very limited
availability for respiratory support-related equipment across countries in the readiness
category of adequate preterm newborn care (Appendix A. Supplemental Table 4,

Supplemental Figures 2-5).



Figure 2. Facility readiness by country, readiness category, and facility level
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ACS use, availability, and readiness at sub-national levels. At the sub-national
level, positive associations were observed between corticosteroid availability and ACS
use, as well as between overall readiness indices and ACS use (Figures 3a and 3b). A
few Ethiopian regions (Dire Dawa and Harari) had an average overall readiness index
above 50% but low ACS use (<25%). In contrast, some regions of the DRC (Kasai
Central, Kongo Central, Kinshasa, and Haut-Katanga) had low overall readiness indices
(<50%), but ACS use greater than 50% (Figure 3b).

At the facility level, overall readiness indices differed between facilities that had
ever and never provided ACS within each country (Appendix A. Supplemental Figures
6-8). In most countries (Afghanistan, Bangladesh, DRC, Malawi, Senegal, and Tanzania),
the median overall readiness index for facilities (level 2 and level 3) that had utilized
ACS was higher than that for facilities that had never used it. In contrast, the results were

reversed for Nepal, Haiti, and Ethiopia (Appendix A. Supplemental Figure 6).
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Figure 3a. Corticosteroid availability versus ACS utilization by region, Figure 3b.

Overall readiness indices versus ACS utilization by region

3a. Corticosteroid avallability versus ACS utilization by country region

100%
Kunduz
[
Ralih
*
Hirat
75%
=
= Kabul
o )
o L country and survey year
< Paktya Y Yy
‘§ o ® AFGI8
3 Haut Katangs ® BDI7
2 Randabar
T ® DRCIT
= L]
- Kasai Central ®
g T TCE g ® ETH
- Kango Central
7 Kuile ® HTI7
= Kald:
= P ® Mwis
c
& . ® NP21
G Tshoao sl
c .Kamﬂﬂum\ml ® SN1819
G Tanganika Hautuele .
2 ¢ Maibidambe El o TZ14
5 Dakar ° . @ BasUala .
a Dicurgel MMETE g G v ]
o South1 Kaockack Thies Kwange Nord Kivu
£ [ e
50 Gemialt Walarn
25% Jmsha Northt e " ho\\la'\\l
Kagera Harari * L™ Sud Unangi
@ Moo Sankun . Sowtheast Central ®
e Bierishangul. L"““a Kassi Addia Absba
lianjsro Granﬂ Anza Kedougou @ Mippaz L]
Aml"sr e m. -t (]
Tabora @ e g orssSegam 57" ey Mongsls MNarh
Ruuma SDM’" amheﬂa Afar ot @ - @ Sediov
b i arovin e
lwa\‘ L .:""9"“' Ambﬂ'\\le Tshuapa Dlre Defa  Mades pmvm .
Oromiya MNord, Llhsng\ Nnn'wwast s«m Louie "Emaligrovines
'. Niwanze F. anck Gancaki province
an [ Maghar )
0% 25% 50% 75% 100%
Proportion of facilities with corticosteroids available (%)
3b. Overall readiness index versus ACS utilization by country region
100%
Kunduz ®
" Balkh
Hirat
o .
75%
2
< Kabul
] Paktya @
2 L) country and survey year
T
5 ) Nangerhar o AFGi8
Haut Kata:
H faut Katanga ° ® 8017
2 Kandahar
1 Kasai Central ® DRC17
= [ Kango.Central
1 L4 ® ET2H
£ 50% Kinshasa
7 ® HTI7
o] Kolda
= Kailu ) MW
] Tshopo
s Lualaba @ e
= Kasar Oriental
® sN1819
5 Equateur.Tazgamka Hautugle | Nord Kivu
s Bas.Usle o )@,Kivuman ma » Diourbel & TZ14
3 MaiNdombe ™ poppcoundar, Dakar © Thies
o Eano ® Kaokack Arusha RSouthl
25% Ht.Lomai IS
- ° / ort entral
Lomamu/q 4 Central s °
Sud.Ubanal o Southeasty  Kafne R (i At .
Harari
Sankuru  Kasar  Nerth _ Kagera .L°“ga Sidama o P
Morogufc giehangu
Rangpur M."”ga":. ] N\ppes' & Amhara L
Barissly T5MUAPE @ H Somali o ® sediou o
Al o @ Artibonit ® Dares. a\aam .Z‘gm"d‘m Dire.Dawa
Pe Dhaka  Mortmuest ‘ s LI
Sylhet i} ) % e
i Magharie @ ) A Ifinga
0% Mymensingh Simiyu  Rukwa Lindi 12N93
0% 25% 50% 75% 100%

Overall readiness index (%)

AFG18; Afghanista

2016-2019; BD17: Bangladesh 2017-2018; NP21: Nepal 2021; HT17: Haiti 2017; DRCA17: the Democratic Republic of the Congo 2017-2018

ET21: Ethiopia 20121-2022; MWA13: Malawi 2013-2014; SN1819: Senegal 2018 and 2019; TZ14: Tanzania 2014-2015

23



2.4 Discussion

This study assessed ACS use, corticosteroid availability, and structural readiness
to implement the intervention appropriately based on international recommendations
among 8,669 health facilities from nine LMICs. We had three major findings: 1) ACS
was substantially underused, 2) corticosteroid availability was limited, and 3) facilities in
these countries had low levels of readiness.

We found limited ACS use, with only one out of ten health facilities having
administered ACS. However, it is challenging to compare our results with existing
literature since previous research mostly measured ACS coverage among pregnant
women who had preterm birth or antenatal exposure to ACS among preterm babies.(33-
36, 38, 39) A WHO maternal and newborn health survey for 29 countries in 2011 found
that 54% of women who gave birth at GA 26 to 34 weeks were given ACS, with the
lowest use in Afghanistan (16%), Nepal (20%), and the DRC (16%).(38) Another
analysis using the data from the 2015 Antenatal Corticosteroids Trial (ACT trial) showed
an overall low ACS use in control clusters; in Kenya, only 3.8 % of pregnant women of
infants born with birthweight less than the 5" percentile, a proxy for preterm births,
received ACS.(39) Our findings add crucial value to understanding the status of ACS
utilization at the facility level. In addition, we found that only one-fourth of the facilities
in the sample had injectable dexamethasone or betamethasone. While dexamethasone is
on the WHO List of Essential Medicines, its suboptimal availability remains a barrier to
ACS uptake in countries that might benefit from this intervention the most, suggesting
the need to maintain supply chain stability and medicine stock.(73) Notably, we observed

significant gaps between corticosteroid availability and ACS utilization, highlighting
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great potential to prioritize readiness improvement initiatives among facilities where
injectable corticosteroids are available.

The locations for administering ACS are crucial. Two landmark studies on the
effects of ACS in LMICs presented conflicting results, indicating the importance of
healthcare settings in implementing this intervention (74, 75). The 2015 ACT trial, a
cluster randomized trial of a multifaceted intervention to promote ACS use in six
countries, unexpectedly found increased neonatal deaths and suspected maternal
infections among intervention clusters.(74) On the contrary, the WHO Antenatal
Corticosteroids for Improving Outcomes in Preterm Newborns Trial (ACTION-I trial) in
2020, an RCT in five countries, showed ACS reduced neonatal deaths without increasing
maternal infections.(75) These contradictory findings could partially be explained by the
different settings of these two trials: the ACT trial was done in all levels of care,
including clinics and primary care centers, whereas the ACTION-I trial included
secondary or tertiary hospitals.(75) The drastically different findings emphasized the
importance of healthcare settings—more precisely, the readiness level of facilities
required for safe and effective use of ACS. Our study offered a strategy for measuring
facility readiness to implement this life-saving intervention. However, recommendations
on what levels of facilities should administer ACS need to be made carefully. Countries
also have different guidelines regarding the levels of care at which ACS should be given.
One policy analysis on ACS use in Africa found that ACS was recommended at lower
levels of care before referral in Ethiopia and Tanzania, but the DRC and Malawi only
allowed ACS use in hospitals.(30) Assuming essential equipment, medicines, and trained

staff are available, some level 2 and level 3 facilities with high levels of readiness that
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have never provided ACS should be targeted for encouraging ACS use. Also, our sub-
national level analyses found that some provinces in the DRC with low overall readiness
(<50%) frequently administered ACS. Policymakers should ensure that ACS is delivered
in well-equipped settings.

Another critical issue centers around the different aspects of facility readiness.
Our readiness index was developed based on the WHO criteria. However, it is debatable,
first, whether some criteria could be met across facility levels, and second, whether
facilities must meet all criteria to safely and effectively administer ACS. For example,
ultrasound examination in early pregnancy is the gold standard for GA assessment.
However, we found that only 7.3% (median across eight countries, range 0.2% to 12.3%;
82.4% for Afghanistan) of maternal care facilities had a functional ultrasound. Access to
obstetric ultrasound for GA dating is limited in LMICs despite its increasing use.(24, 29).
In this case, GA dating should occur early in pregnancy, while ACS use occurs later in
pregnancy. Thus, the decision to administer ACS should not be based on the ultrasound
availability in place but on the availability of accurate GA assessment (which may come
from care obtained at another facility). Another crucial element for adequate preterm
newborn care from the WHO recommendations is non-invasive respiratory support.
However, this recommendation might exclude most preterm newborns that will likely
benefit from ACS exposure because they usually lack access to such respiratory support
at the primary level of care in LMICs.(76) A similar concern applies to the criteria for
adequate childbirth care, referring to nine Comprehensive Emergency Obstetric and

Newborn Care signal functions, including blood transfusions and Cesarean sections.
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Again, it is debatable whether a facility can give ACS only when it can do blood
transfusions.

Our study had several strengths. This is the first study to comprehensively assess
ACS utilization, corticosteroid availability, and structural readiness to provide ACS at the
facility level. We included data from multiple countries to understand the landscape of
ACS use and identified policy directions for areas with a high burden of preterm births.
Nonetheless, our study has a few limitations. First, sampling strategies and survey years
varied across countries spanning nine years. National guidelines on ACS use also differed
by country. We caution careful interpretations for any attempts to make cross-country
comparisons. Second, some readiness indicators served as proxies because SPA surveys
do not assess the availability of injectable corticosteroids and ultrasound in the maternal
and newborn care section. We also used the availability of rapid diagnostic tests for HIV
and syphilis to estimate facilities’ ability to detect maternal infections. This approach
might overestimate or underestimate the true availability or readiness.

Antenatal corticosteroid utilization in LMICs has gained tremendous international
attention as its health benefits at the population level could be profound.(37, 77-80) ACS
is promising to improve neonatal survival, but it should never be used as a “just-in-case”
intervention.(18) It must be given to the right people (pregnant women at risk of
imminent preterm labor and without maternal infections), at the right time (the specified
GA window), and in the right place (settings that are adequately equipped and ready to
provide quality maternal and newborn care). Future research and programs should
operationalize readiness measurement, enhance facility readiness to administer ACS and

encourage ACS uptake among well-equipped facilities.
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Chapter 3: Factors affecting antenatal corticosteroid use in low- and middle-income
countries: facility characteristics, structural readiness, and past performance of

CEmMONC signal functions

Abstract

Background

Antenatal corticosteroids (ACS) utilization is disproportionately limited in low- and
middle-income countries where most global preterm newborns who could benefit from
this intervention are born. Understanding the factors affecting ACS use is crucial for
improving its uptake. This study aimed to investigate facility-level factors associated with
ACS use in low-resource countries.

Methods

We used data from ten Service Provision Assessment surveys across nine countries. We
restricted the sample to facilities that provided delivery services. Our primary outcome
was recent ACS use, defined as having administered ACS within the past three months
before the survey. We conducted mixed-effect log binomial regressions, with country as a
fixed effect and sub-national divisions as random intercepts, to explore the association
between recent ACS use and facility characteristics, injectable corticosteroids and
ultrasound availability, facility structural readiness, and past performance of nine
Comprehensive Emergency Obstetric and Newborn Care (CEmONC) signal functions.
Results

This study included 6183 facilities from nine countries. Across eight countries with
nationally representative data, only 22.7% (median, range 4.0% to 27.4%) of facilities

had used ACS recently. Urban facilities had a 21% higher likelihood of recent ACS use
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(95% CI 6% to 38%) than rural facilities. Corticosteroid availability in the facility was
associated with a 14% higher likelihood of recent ACS use (95% CI 1%-29%). Facilities
in the highest readiness tertile were more likely to have recent ACS use than those in the
lowest (RR 1.91, 95% CI 1.58-2.30). Each CEmONC signal function, except for vaginal
deliveries, was significantly associated with recent ACS use, with neonatal resuscitation
having the largest effect (RR 2.62, 95% CI 1.93-3.55).

Conclusion

Facilities that had performed CEmONC services were more likely to administer ACS,
highlighting the importance of provider knowledge, skills, and competence in managing

obstetric and newborn emergencies for effective ACS provision.

29



3.1 Introduction

Administering antenatal corticosteroids (ACS) to pregnant women with a high
likelihood of preterm labor at gestational age (GA) 24 to 34 weeks is recommended by
the World Health Organization (WHO) and major medical associations.(15-18) By
accelerating fetal lung maturity, this intervention effectively reduces neonatal mortality
and morbidity, particularly respiratory complications.(10) ACS use has been encouraged
in low- and middle-income countries (LMICs), where 80% of preterm births occur
globally.(3) However, its uptake remains limited in these countries. The WHO Born Too
Soon report suggested prioritizing existing highly effective interventions, including
ACS.(81) The International Federation of Gynecology and Obstetrics also listed ACS use
among its PremPrep-5 initiative of effective and low-cost interventions to improve
preterm outcomes.(76) Therefore, a thorough understanding of factors associated with
low ACS use in LMICs is urgently needed.

Factors affecting ACS use in low-resource countries are complex.(29) These
factors can be primarily grouped into several levels. At the national level, guidelines and
policies on ACS use are fundamental. Previous studies have identified limited, unclear, or
inconsistent national guidelines as major obstacles.(27, 29-31). The 2023 WHO Model
List of Essential Medicines includes dexamethasone, one of the two antenatal
corticosteroids, under medicines for reproductive health and perinatal care.(73) However,
a study assessing barriers to ACS use found that the absence of ACS from National
Essential Medicines Lists was a significant barrier in half of the twelve African and Asian
countries examined.(31) Another policy analysis for seven sub-Saharan countries showed

that although most countries included ACS use in their national protocols, details on
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accurate GA assessment and criteria for identifying eligible women were often
unclear.(30) At the facility level, poor healthcare quality—attributed to various factors,
such as insufficient medicines and equipment for maternal and newborn care and lack of
integration of ACS into regular perinatal care—hinders appropriate ACS use.(29, 31) At
the individual level, providers’ knowledge gaps in ACS use and identifying preterm labor
prevent its proper use.(28, 29, 82). Pregnant women, also at the individual level, may lack
access to this intervention due to their underlying socioeconomic constraints; among
those who have access, their perceptions of risks and benefits also affect ACS use.(29)
Hence, untangling the complexity of factors affecting ACS use is critical for identifying
priority actions.

Appropriate settings for safe and effective ACS use are challenging to define. The
WHO recommends giving ACS when the following conditions are met: accurate GA
assessment, a high likelihood of imminent preterm labor, no clinical maternal infections,
and adequate childbirth and preterm newborn care available.(17) However, implementing
some of these recommendations in low-resource settings poses practical challenges,
raising discussions in the global community.(23, 24, 76) Facilities that can perform
Comprehensive Emergency Obstetric and Newborn Care (CEmONC) are considered
appropriate settings for administering ACS.(17, 31) Basic Emergency Obstetric and
Newborn Care (BEmONC) includes a set of seven signal functions; CEmONC includes
all BEmONC services and adds two additional functions: Cesarean section and blood
transfusion.(83) This set of health services defines the capability of a facility to manage
obstetric and newborn emergencies (84, 85), and health facilities in LMICs are

designated as a BEMONC or CEmONC facility based on their capabilities.(83) It is
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important to note that many pregnant women who present with obstetric emergencies and
require CEmONC services are likely to deliver preterm babies. While managing maternal
emergencies, it is also crucial for providers to take a holistic approach and implement
interventions that improve preterm outcomes simultaneously, such as administering
antenatal corticosteroids. A study comparing indices to measure facility readiness noted
that the past performance of CEmONC signal functions reflected a certain or minimally
required level of inputs available and provider competence in managing obstetric
emergencies.(86) However, no studies have examined the relationships between health
facilities’ abilities to perform CEmONC signal functions and ACS utilization.

This study aimed to assess the complex relationships among ACS utilization,
facility characteristics, corticosteroid and ultrasound availability, structural readiness, and

the past performance of CEmONC signal functions.

3.2 Methods
Study sample

We used the same data as the first paper in this dissertation (Chapter 2). Our
sample included three countries from Asia (Afghanistan 2018-2019, Bangladesh 2017-
2018, Nepal 2021), one from the Caribbean (Haiti 2017-2018), and five from sub-
Saharan Africa (the Democratic Republic of Congo (DRC) 2017-2018, Ethiopia 2021-
2022, Malawi 2013-2014, Senegal 2018 and 2019, and Tanzania 2014-2015). Most
surveys employed a stratified random sampling strategy; some were national censuses.
Unlike other surveys, the Afghanistan 2018-2019 survey primarily sampled urban

hospitals. Since Senegal implemented continuous SPA over five consecutive years (69),
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we merged the 2018 and 2019 Senegal SPA data to achieve a comparable sample size to
other surveys and to be consistent with the methods in Chapter 2. The SPA questionnaire
has five instruments, of which this study used data from the inventory instrument. We
restricted our analyses to facilities that provided delivery services (normal delivery and/or
Cesarean sections).
Measures

The primary outcome was recent ACS use at the facility level, defined as having
administered ACS within the past 3 months before the survey. Administering ACS within
this timeframe was believed to reflect the facility’s functionality at the time of the
survey.(83) We identified three main groups of facility-level factors to explore their
relationships with recent ACS use. First, we included facility characteristics such as
location (urban versus rural) and managing authority types. Because surveys used
different groupings for managing authority types, we developed a standardized
categorization with four groups (public, private for-profit, private not-for-profit/mission
or faith-based, and others) (Appendix B. Supplemental Table 5). Second, we identified
28 items essential for safe and effective ACS use based on the WHO recommendations,
which could be grouped into four major categories: equipment, diagnostics, medicines
and commodities, and guidelines (17); we used these items to develop facility structural
readiness (Appendix B. Supplemental Table 6). Based on the number of available
items, we developed facility readiness tertiles that were country-specific to account for
the vastly different contexts and survey years spanning from 2013 to 2021. A functional
ultrasound was included separately because access to ultrasound in early pregnancy is

crucial for accurate GA dating. The measure of a functional ultrasound was based on its
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availability in a health facility in general. The availability of at least one valid
corticosteroid (injectable betamethasone or dexamethasone) was also included separately.
However, we used its availability in medicines for non-communicable diseases as a proxy
because SPA does not survey corticosteroid availability in the maternal and newborn care
section. We adopted the same approach as the first paper (Chapter 2). Additionally, we
constructed several binary variables that indicated having at least one medical doctor,
midwife, obstetrician/gynecologist, pediatrician, or specialist. Countries surveyed staff
types in various ways of grouping. All countries surveyed the availability of medical
doctors and midwives. Six countries (Afghanistan, Haiti, DRC, Malawi, Senegal, and
Tanzania) assessed the availability of specialists in general but not specifically
obstetricians/gynecologists or pediatricians. Conversely, three countries (Bangladesh,
Nepal, and Ethiopia) collected data on the availability of obstetricians/gynecologists and
pediatricians but not specialists. We used this data to construct a binary variable
indicating at least one specialist. The development of staff variables is detailed in
Appendix B. Supplemental Table 7. Lastly, we included each CEmONC signal
function, defined as having ever performed each of them before the survey, in the model.
Statistical analysis

In reporting descriptive statistics, we presented the proportion of facilities that had
used ACS within the past three months before the survey by country and facility
characteristics. We also reported the proportion of facilities that had performed each
CEmONC signal function. In presenting outcome distribution across countries, we
presented the median and range from eight countries, excluding Afghanistan, because of

its different sampling strategy. To assess factors associated with recent ACS use, we
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conducted mixed-effect log binomial regressions to report adjusted relative risks (RR),
including country as a fixed effect and sub-national regions within each country as
random intercepts. We performed bivariate regressions that also included a fixed effect of
country and random intercepts of sub-national divisions. Modified Poisson regressions
(with a robust standard error) were conducted to explore country-specific associations for
each country.(87) This approach was chosen to obtain effect measures of relative risks
and ensure model convergence with smaller sample sizes compared to the pooled
regression models. We did not include sub-national divisions as random intercepts in

within-country regressions. All analyses were performed using R.

3.3 Results

This study included 6,183 facilities of nine LMICs from ten SPA surveys. Across
eight countries (excluding Afghanistan), about one-third of facilities (median 30.5%;
range 14.6% to 89.6%) were in urban areas, whereas most (99.4%) facilities in
Afghanistan were urban (Table 3). Most facilities were public (median 83.6%; range
43.1% to 91.6%), followed by private for-profit facilities (median 9.8%; range 3.6% to
24.7%) and private not-for-profit/mission or faith-based facilities (median 8.7%; range
0.8% to 27.2%). Staffing of specialized professionals was generally suboptimal. Across
eight countries, fewer than one-fifth or one-fifth of facilities had at least one medical
doctor (median 17.3%; range 6.1% to 76.5%) or midwife (median 20.2%; range 7.7% to
95.9%). In Afghanistan, 39.6% of the facilities had at least one medical doctor, and most
(93.4%) had at least one midwife. For the three countries that assessed the availability of
obstetricians/gynecologists and pediatricians, fewer than 10% of the facilities had at least

one obstetrician/gynecologist (median 8.9%; range 7.5% to 16.7%) and pediatrician
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(median 7.5%; range 5.1% to 12.5%). Similarly, only 9.1% (median; range 3.1% to
70.6%) of the facilities among the six countries that surveyed specialists had at least one

specialist.
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Table 3. Characteristics of surveys and facilities included in the analysis of 9 LMICs

Facility characteristics

Median (range) *

Afghanistan
2018-2019
(n=101)

Bangladesh
2017-2018
(n=822)

Nepal
2021
(n=807)

Country and survey year

Haiti
2017-2018
(n=362)

DRC
2017-2018
(n=1354)

Ethiopia
2021-2022
(n=650)

Malawi
2013-2014
(n=542)

Senegal
2018& 2019
(n=593)

Tanzania
2014-2015
(n=952)

Location

0,
Urban (%) w4 63?‘_58/; 6%) 100 (99.4%) 326 (21.9%) 485 (43.3%) 145 (40.0%) 293 (21.8%) 391 (39.0%) 82 (15.1%) 542 (89.6%) 278 (14.6%)
Managing authority type (%)
0,
Public 43 15/369/; 6%) 14 (8.2%)  682(83.6%) 631 (91.6%) 156 (43.1%) 823 (61.9%) 560 (91.3%) 356 (65.5%) 537 (85.3%) 692 (83.6%)
0,
Private for-profit @ 60/?'?2/27%) 71(714%) 104 (11.6%) 154 (7.5%) 89 (24.7%) 154 (17.9%)  75(7.9%)  25(49%)  37(121%) 70 (3.6%)
an_ate qot_—for- 8.7%
profit/mission (0.8% - 27.2%) 16 (20.4%) 36 (4.9%) 22(0.8%)  52(14.3%) 377 (20.2%)  15(0.9%) 148 (27.2%)  19(2.6%) 180 (12.5%)
or faith-based o7 7
0,
Others 0% 01/; 9%) 0 (0%) 0 (0%) 0 (0%) 65 (17.9%) 0 (0%) 0 (0%) 13 (2.5%) 0 (0%) 10 (0.3%)
Staff (%)
Has at least one medical 17.3% 0 0 0 o 0 0 0 0 o
doctor (6.1% - 76.5%) 56 (39.6%) 344 (27.1%) 166 (7.1%) 277 (76.5%) 852 (31.1%) 431 (23.2%) 59 (10.8%) 138 (11.3%) 238 (6.1%)
0,
Has at least one midwife @ 7;0_'09?9%) 07 (93.4%) 121 (8.6%) 176 (7.7%) 277 (76.5%) 233 (7.9%) 252 (9.3%) 520 (95.9%) 461 (74.3%) 577 (30.6%)
Has at least one 8.9%
obstetrician (7.5% - 12 %) - 213 (16.7%) 196 (8.9%) - - 191 (7.5%) - - -
or gynecologist? R
Has at least one 7.5%
pediatrician’ (5.1% - 12.5%) - 164 (12.5%) 168 (7.5%) - - 144 (5.1%) - - -
9.1%

Has at least one specialist?

(3.1% - 70.6%)

86 (70.6%)

165 (45.5%)

107 (3.3%)

31 (5.7%)

89 (12.5%)

133 (3.1%)

! Median and range were obtained from eight countries excluding Afghanistan.
2 Only Bangladesh 2017-2018, Nepal 2021, and Ethiopia 2021-2022 surveyed the number of obstetricians or gynecologists, and pediatricians. Other countries surveyed the number of specialists but did

not survey specific staff types.



Recent ACS use. The proportions of facilities that had used ACS within the past 3
months varied, ranging from 4.0% in Tanzania to 27.4% in Ethiopia, with a median of
22.7% (Table 4). Afghanistan had 59.4% of the facilities that used ACS recently. Recent
ACS use also differed by facility characteristics (Table 4). Urban facilities had more
recent ACS use versus rural facilities (44.5% versus 21.1%). Facilities with injectable
corticosteroids and a functional ultrasound were more likely to use ACS in the past three
months compared to those without. The proportion of facilities that had recently used
ACS increased by readiness tertile: 14.6% for the lowest tertile, 21.9% for the middle,
and 48% for the highest. Facilities with at least one medical doctor, midwife, or specialist
were more likely to administer ACS recently than those without: 56.5% versus 13.2%,
38.8% versus 25.1%, 61.8% versus 23.4%, respectively. In addition, higher proportions
of facilities that had provided any of the CEmONC services used ACS recently than those
that had never performed the signal function.

CEmONC signal functions past performance. One-fifth of the facilities (19.0%,
median of eight countries) had ever performed all nine CEmONC signal functions,
compared to two-fifths (40.6%) in Afghanistan. Across eight countries and among nine
signal functions, Cesarean sections and the provision of blood transfusions were
performed in the smallest proportion of facilities since only CEmONC facilities were
designated for these two services. Among seven BEmONC signal functions, the
provision of parenteral anticonvulsant was performed in the smallest proportion of
facilities (median 37.6%), while oxytocin administration was performed in the largest
proportion (median 94.3%) (Figure 4). Ethiopia was the only country among the eight

where more than 80% of the facilities had performed each BEmONC signal function.



Factors affecting recent ACS use. Table 4 details the results of mixed-effect log
binomial regressions, showing facility characteristics, structural readiness, and past
performance of CEmONC are associated with recent ACS use. Urban facilities had 21%
higher recent ACS use than rural ones (RR 1.21, 95% CI 1.06-1.39). Private for-profit
facilities and private not-for-profit facilities, compared to public facilities, were
associated with lower recent ACS use, although both types showed higher recent ACS
use in bivariate regressions. The availability of injectable corticosteroids and ultrasound
were associated with increased recent ACS use by 14% (RR 1.14, 95% CI 1.01-1.29) and
26% (RR 1.26, 95% CI 1.10-1.45), respectively. Facilities in the highest readiness tertile
had 91% higher recent ACS use than those in the lowest (RR 1.91, 95% CI 1.58-2.30).
Staffing types affected recent ACS use: facilities with at least one medical doctor,
midwife, or specialist had increased recent ACS use by 43% (RR 1.43, 95% CI 1.22—
1.67), 23% (RR 1.23, 95% CI 1.08 to 1.40), and 21% (RR 1.21, 95%CI 1.05-1.39),
respectively. Lastly, past experience in performing each CEmONC signal function,
except for assisted vaginal delivery, was significantly associated with more recent ACS
use, with performing neonatal resuscitation having the largest effect (RR 2.62, 95%CI
1.93-3.56). Country-specific regressions were detailed in Appendix B. Supplemental

Table 8.

39



Table 4. Mixed effect log binomial regression models of recent antenatal corticosteroid utilization

. S Bivariate regrssion’ Multivariate regression’
Proportion of facilities | relative risk Adjusted
1 o,
with recent ACS use (%) (RR) 95% CI p-value relative risk (aRR) 95% CI p-value

Country
Afghanistan 2018-2019 59.4% 2.11 1.26-3.52 0.004 0.89 0.53-1.50 0.661
Nepal 2021 8.2% 0.45 0.28-0.71 0.001 0.34 0.22-0.51 <0.001
Haiti 2017-2018 23.6% 0.59 0.37-0.93 0.022 0.32 0.21-0.51 <0.001
DRC 2017-2018 22.2% 1.05 0.74-1.49 0.795 0.76 0.53-1.07 0.113
Ethiopia 2021-2022 27.4% 1.53 1.01-2.31 0.043 0.80 0.54-1.18 0.257
Malawi 2013-2014 21.5% 0.44 0.26-0.73 0.002 0.53 0.32-0.87 0.012
Senegal 2018 and 2019 23.4% 0.66 0.44 - 0.99 0.047 0.95 0.64 —1.42 0.810
Tanzania 2014-2015 4.0% 0.35 0.24-0.51 <0.001 0.25 0.17-0.36 <0.001
Bangladesh 2017-2018 23.2% ref ref
Facility characteristics
Location

Urban versus rural* 44.5% versus 21.1% 3.09 2.77-3.45 <0.001 1.21 1.06 - 1.38 0.004
Managing authority type

Public 28.0% ref ref

Private for-profit 43.0% 1.51 1.32-1.74 <0.001 0.78 0.66—0.91 0.002

Private not-for-profit/faith or mission-based 37.8% 1.48 1.29-1.70 <0.001 0.85 0.73-0.99 0.039

Others 19.5% 1.00 0.59 — 1.68 0.995 0.99 0.58 —1.69 0.975
Structural readiness
Corticosteroid availability versus unavailability® 45.1% versus 18.9% 2.72 243 -3.04 <0.001 1.14 1.01 -1.29 0.032
Ultrasound availability versus unavailability® 60.9% versus 19.3% 5.00 448 -5.57 <0.001 1.26 1.10—1.45 0.001
Readiness tertile®

High 48.0% 7.52 6.37-8.89 <0.001 1.91 1.58-2.30 <0.001

Medium 21.9% 227 1.91-2.70 <0.001 1.23 1.03-1.48 0.021

Low 14.6% ref ref
Staffing’

At least one medical doctor versus no medical doctor® 56.5% versus 13.2% 5.99 533-6.74 <0.001 1.43 1.22 -1.67 <0.001

At least one midwife versus no midwife® 38.8% versus 25.1% 3.17 2.84-3.55 <0.001 1.23 1.08 - 1.40 0.002

At least one specialist versus no specialist® 61.8% versus 23.4% 4.37 3.91 -4.90 <0.001 1.21 1.05-1.39 0.009
CEmONC signal functions’
Ever provide parenteral antibiotics versus never 37.8% versus 6.1% 7.18 5.70 -9.05 <0.001 1.48 1.15-1.90 0.002
Ever provide parenteral oxytocin versus never 33.1% versus 5.5% 8.73 5.80-13.14 <0.001 1.77 1.15-2.73 0.010
Ever provide parenteral anticonvulsants versus never 46.2% versus 11.5% 5.40 4.75-6.14 <0.001 1.65 1.43-1.91 <0.001
Ever perform assisted vaginal delivery versus never 37.1% versus 12.6% 3.44 2.91 -4.06 <0.001 1.12 0.93-1.34 0.224
Ever perform manual removal of placenta versus never 38.2% versus 7.2% 5.62 4.57-6.91 <0.001 1.98 1.58-2.47 <0.001
Ever perform removal of retained products versus never 39.8% versus 11.8% 3.74 3.24-432 <0.001 1.39 1.19-1.63 <0.001
Ever perform neonatal resuscitation versus never 36.7% versus 4.4% 9.46 7.06 — 12.66 <0.001 2.62 1.93-3.55 <0.001
Ever perform Cesarean sections versus never 63.5% versus 13.1% 8.01 7.12-9.01 <0.001 1.85 1.53-2.24 <0.001
Ever provide blood transfusion versus never 63.8% versus 15.1% 6.69 5.99-747 <0.001 1.37 1.16 — 1.63 <0.001

' Recent ACS use was defined as using ACS within the past 3 months. For each country, the proportions were calculated considering facility sampling weight. > Risk ratios (RR) were derived from
bivariate regressions that included each independent variable separately, country fixed effects, and sub-national divisions as random intercepts. * Adjusted risk ratios (aRR) were derived from mixed
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effect log binomial regression model that included all independent variables, country fixed effects, and sub-national regions as random intercepts. * Rural is the reference level. * Unavailability is the
reference level. ® Readiness tertiles refer to country-specific readiness tertiles, calculated by the available numbers of equipment, diagnostics, medicines and commodities, and guidelines.

" These binary variables indicate facilities having at least one medical doctor, midwife, or specialist, which were constructed based on the surveyed staff types for each SPA. # No medical doctor, no
midwife, or no specialist is the reference level. ° Facilities that never performed each CEmONC signal function are the reference level.
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Figure 4. Proportion of facilities that have performed nine Comprehensive Emergency Obstetric and Newborn Care signal functions

Provide parenteral antibiotics

Provide parenteral oxytocin

Provide parenteral anticonvulsants 25.7% 29.8% 36.3% 29.5% 37.6%

Perform assisted vaginal delivery

Proportion level
0-20%
21-40%

B o0

| EED

W ot

Perform manual removal of placenta

Signal functions

Perform removal of retained products

Perform neonatal resuscitation
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Provide blood transfusion 13.2% 9.9% 31.2% 20.9% 10.2% 14.8% 4.6% 5.7% 11.7%
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Country and survey year

AFG18: Afghanistan 2018-2019; BD17: Bangladesh 2017-2016; NP21: Nepal 2021; HT17: Haiti 2017-2018; DRCAT: the Democratic Republic of Cango 2017-2018; ET21: Ethiopia 20121-2022; MW13: Malawi 2013-2014; SN1819: Senegal 2018 and 2019; TZ14: Tanzania 2014-2015;
median*: median across eight countries except Afghanistan



3.4 Discussion

Our study showed the complex relationships between ACS utilization and facility-
level factors. We found that recent ACS use was significantly higher in urban facilities,
facilities with injectable corticosteroids and ultrasound available, facilities with the
highest level of readiness, and facilities that had performed CEmONC services.

A consistent corticosteroid stock is fundamental for promoting ACS use.(88, 89)
In our first paper (Chapter 2), we found that only one-fourth of the facilities that provided
antenatal care or delivery services in the same eight countries (excluding Afghanistan)
had injectable corticosteroids available. Notably, we found a relatively small effect of
corticosteroid availability (RR 1.14). As we used the availability of corticosteroids under
the medicines for non-communicable diseases as a proxy, this approach might have
overestimated their availability in maternal care. Thus, the effect size, while still
statistically significant, is not as large as expected. The phenomenon might be explained
by the idea that corticosteroid unavailability only partially contributed to the barrier to
proper ACS use. In other words, while the availability of corticosteroids is essential, it
does not guarantee their use. Our first paper (Chapter 2) also revealed gaps between
corticosteroid availability and ACS use. We suspect that the effect of corticosteroid
availability might be offset by other factors, such as providers’ insufficient knowledge;
well-trained providers may help facilitate stable medicine availability. Providers play a
critical role in effective ACS utilization, including their awareness and knowledge of
ACS, abilities to identify eligible women, and their perceived risks and benefits of
ACS.(26, 28, 82, 88, 90) Similarly, the concern about the gap between availability and

utilization also applies to facility readiness, meaning that high structural readiness does



not always translate into good clinical practices; for example, the volume of delivery
service at a facility is related to its provision of services for managing obstetric
emergencies.(91) To triangulate factors affecting ACS use, we proposed a framework for
effective and safe ACS use at four levels (Figure 5).

Figure 5. Framework for safe and effective antenatal corticosteroid utilization at four
levels

National level (national policy, guideline, essential medicines list, health service delivery structure)

Facility level

T e — . . .
Maternal level Tools to identify eligible women, including assessing
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status,

status (knowledge,
awareness and skills
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knowledge of competence, D :

corticosteroids and those for adequate childbirth care and

the risk of perceptions of
preterm newborn care

P retel(;n birth, risks and benefits
attendance at of ACS)
antenatal care

Visits)

Staff and obstetric protocols, staff trained to provide
adequate childbirth care and newborn care

While we found an association between ultrasound availability and recent ACS
use, the effect size is relatively small, and the interpretation requires caution. First,
ultrasound in early pregnancy, the gold standard for accurate GA dating, is uncommon in
low-resource countries. Although its use is increasing in these countries (92), the first
study in Chapter 2 showed that only 7.3% of facilities in eight LMICs had a functional
ultrasound at the time of the survey. A Bangladesh household survey of 700 women
found that only 11% received an ultrasound examination in the first trimester.(93)
Another critical point is that many women in LMICs initiate their antenatal care late (94,
95), resulting in missed opportunities. The prevalence of early antenatal care visits,

defined as initiating before 14 weeks of gestation, was only 24.0% in LMICs versus
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81.9% in high-income countries.(94) The limited ultrasound availability and late
presentation to antenatal care might partly explain the small effect size in our findings.
Additionally, the ultrasound measurement we used only reflected its availability at the
time of the survey, which may not fully represent its availability during women’s first
antenatal care visits, whether in the same facility or another.

Notably, this study identified strong associations between CEmONC signal
functions and recent ACS use. There are a few potential explanations. First, CEmONC
signal functions are meant to manage obstetric emergencies, which often involve a high
likelihood of preterm birth. In these cases, providers should adopt a comprehensive
approach to both save mothers’ lives and improve preterm newborn outcomes, including
ACS administration to eligible women. For example, studies have demonstrated the
benefits of administering ACS to women with severe preeclampsia.(96, 97) Second, this
finding highlights the importance of provider knowledge, skills, and competence. The
effect sizes for some CEmONC signal functions (RR 2.62 for neonatal resuscitation, RR
1.98 for performing manual removal of placenta, and 1.85 for performing Cesarean
sections) are much larger than that for corticosteroid availability (RR 1.14). In other
words, by controlling all other factors, facilities with providers who have performed
neonatal resuscitations are much more likely to administer ACS. This finding suggests
that past performance of CEmONC signal functions reflects two critical aspects: first,
providers’ knowledge, skills, and competence to perform the services, and second, the
availability of a minimal level of medicines and equipment — these two together are
crucial for delivering effective care; missing either will not work.(86) Our findings have

strong policy implications. Policymakers should prioritize provider training in emergency
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obstetric care while improving facility readiness and creating environments that
encourage good clinical practice because in-service training alone does not deliver long-
lasting effects.(98)

Our study has a few limitations. First, the countries in our sample differed in
many aspects.(99) For example, national guidelines about ACS use vary. Some countries,
such as Tanzania and Ethiopia, recommend administering ACS at the primary level of
care, followed by referrals.(100-102) We recommend careful interpretations in any
attempt to compare across countries. Second, there is a temporal discrepancy between
corticosteroid availability and recent ACS use, with the former measured at the time of
the survey and the latter defined as having provided ACS in the past 3 months before the
survey. In addition, ACS utilization in the past 3 months does not represent the
appropriateness of ACS use, meaning that the correct doses are given to pregnant women
at the eligible GA without infections. Third, we are aware of the collinearity between
some independent variables in the regressions. For instance, facilities in the highest
readiness tertile are likely to have the equipment, medicines, or staff required for
CEmONC signal functions.

This study confirmed the complexity of factors affecting ACS utilization in
LMICs. While corticosteroid availability is fundamental, providers’ knowledge and
skills—reflected by the past performance of CEmONC services in our findings—affect safe
and effective ACS administration. Policymakers should examine factors contributing to
low ACS use at various levels and identify strategies to promote the implementation of

this life-saving intervention.
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Chapter 4: Barriers to improving preterm newborn outcomes through effective

antenatal corticosteroid use in Ethiopia

Abstract

Ethiopia faces one of the highest burdens of preterm births in the world. The
country’s national strategy has prioritized high-impact interventions to reduce neonatal
death, including antenatal corticosteroid (ACS) utilization. However, effective use of
ACS has faced various challenges. In this paper, we used multiple data sources to
examine the current landscape of ACS use and to elucidate barriers to effective ACS
adoption in Ethiopia, including a review of national obstetric guidelines over the past
decade, a review of existing literature, a descriptive analysis of recent health facility data,
and informal discussions with local obstetricians and maternal health policymakers.

National obstetric protocols recommend administering ACS in both hospitals and
health centers for women at risk of preterm labor. However, ACS remains underused.
The 2021 Ethiopian Service Provision Assessment survey revealed that only 22% of
facilities providing antenatal care and delivery services had administered ACS in the past
3 months, ranging from only 2.8% in private clinics, 20.8% in health centers, 78.9% in
primary hospitals, and 82.5%-86.7% in general and referral hospitals. Only 44.7% of
facilities had valid injectable corticosteroids in stock at the time of the survey. Notably,
private clinics had both the lowest corticosteroid availability (16.9%) and utilization. At
the patient level, the 2016 Ethiopian Emergency Obstetric and Newborn Care Assessment
reported that only 5% of preterm infants were born to women who had received ACS.

Through discussions with stakeholders and a review of the literature, we

identified several barriers to effective ACS use in Ethiopia, including healthcare service
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organization, gaps in healthcare providers’ knowledge and skills (particularly at the
primary healthcare level), difficulties in accurate gestational age assessment resulted
from limited access to early obstetric ultrasound and late antenatal care initiation, gaps in
corticosteroid availability. Simply increasing ACS uptake is unlikely to achieve the
desired outcomes without improvements in health system re-organization and integration
with other life-saving maternal and newborn health interventions. Addressing these
barriers requires improvements in infrastructure, drug supply, and human resources
capacity building, all of which must build on a well-designed service delivery structure to

ensure and optimize the benefits of ACS.
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4.1 Introduction

Ethiopia faces a substantial burden of preterm infants.(32) With a prevalence of
preterm birth of 10.5% in the country, an estimated 495,900 preterm infants were born in
2020.(32, 103) As a leading cause of neonatal death, preterm birth is a serious public
health issue.(104, 105) A study assessing risk factors of neonatal mortality in Ethiopia
found that preterm infants had five times the odds of death compared to term
infants.(106) In addition, an observational study in the country reported that respiratory
distress syndrome (RDS), a common respiratory complication due to fetal lung
immaturity, contributed to nearly half (45%) of preterm infant deaths.(107) While
Ethiopia has made progress in reducing neonatal mortality rate from 59 per 1,000 live
births in 1990 to 26 per 1,000 live births in 2021 (108), the country will fall short of
achieving the Sustainable Development Goals to end preventable newborn death by
2030.(105) It is clear that prioritizing interventions for preterm infants is crucial for
reducing neonatal mortality in Ethiopia.

Antenatal corticosteroids (ACS) use among pregnant women at risk of imminent
preterm labor has been proven to significantly improve preterm health outcomes by
accelerating fetal lung maturity and reducing respiratory complications. A 2020 Cochrane
review, including 27 trials of more than 10,000 infants, found that ACS reduces the risk
of RDS and neonatal death by 30% and 22%, respectively.(10) The World Health
Organization (WHO) and other medical associations all recommend administering ACS
to pregnant women at risk of imminent preterm labor between gestational age (GA) of 24
to 34 weeks.(15, 16, 18, 73) As the majority of preterm births globally occur in low- and

middle-income countries (LMICs), ACS use has been strongly advocated in these
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countries. A recent Lancet series on “small vulnerable newborns” identified a package of
antenatal interventions for the health of this vast population, highlighting the benefits of
ACS in reducing complications of preterm births.(51) Similarly, Ethiopia’s national
strategies have prioritized high-impact interventions to improve newborn outcomes,
including promoting the use of antenatal corticosteroids.(109-111)

However, there is scarce evidence on the current status of ACS utilization in
Ethiopia, despite the country’s burden of preterm births and the benefits of ACS at the
population level. This study aimed to assess the landscape of ACS utilization in Ethiopia

and to identify barriers to its effective implementation.

4.2 Methods

This study drew data from multiple sources, including 1) the 2021-2022 Ethiopia
Service Provision Assessment (SPA), 2) the 2016 Ethiopian Emergency Obstetric and
Newborn Care (EmONC) assessment, 3) Ethiopian national obstetric and antenatal care
guidelines, 4) a literature review on ACS utilization in Ethiopia, and 5) standardized
discussions with Ethiopian policymaker and physicians specialized in obstetrics and
neonatology.

First, SPA surveys are health facility surveys conducted by the Demographic and
Health Survey Program (DHS) to measure service availability and quality of care in
LMICs.(57) The 2021-2022 Ethiopia SPA is the most recent assessment for Ethiopia.(60)
Using the SPA data, we restricted our analyses to facilities that provided antenatal care
(ANC) or provided delivery services (normal spontaneous delivery or Cesarean sections),
and we also excluded health posts. We presented the weighted proportions of facilities

with injectable corticosteroids (either dexamethasone or betamethasone) available and
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those that had administered ACS within the three months before the survey, stratified by
subnational regions and facility types (referral hospitals, general hospitals, primary
hospitals, private clinics, and health centers). Since SPA did not survey corticosteroid
availability in the maternal and child health care section, we used its availability in the
section for medicines of non-communicable diseases as a proxy. This approach was
adopted to be consistent with the methods for the first two papers (Chapters 2 and 3).
Second, the 2016 Ethiopian EmMONC assessment is a cross-sectional census of health
facilities that provided delivery services in 2015(112). This assessment comprised 14
modules that collected data on facility readiness and quality of care, including physical
and human resources, service statistics, provider knowledge, and referrals. One module
collected data on newborn complications at the individual level, including newborns with
difficulties in breathing, young infants with infections, and preterm and low birth weight
babies (birth weight less than 2kg). The information was collected by reviewing medical
records of the last two cases admitted in the past month in each facility. We used this data
to assess the proportion of infants whose mothers had received ACS before birth.(112)
After excluding term and post-term newborns with a birth weight less than 2.0kg, we
described the characteristics of facilities according to ACS receipt.

In addition, we identified the country’s national guidelines and protocols on
maternal and newborn care and reviewed any content in relation to ACS utilization.(101,
102, 113-119) Lastly, we discussed with Ethiopian policymaker (n=1) and physicians in
obstetrics (n=3) and neonatology (n=1) to obtain their perspectives on the current status

of ACS utilization and barriers to effective use in the country using a standardized
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discussion agenda with prespecified questions (Appendix C. Supplemental Table 8);

we also invited them to collaboratively contribute to the study.

4.3 Results
National guidelines on antenatal corticosteroid use

Table 5 summarizes the country’s national guidelines on ACS use. First, like the
WHO Model List of Essential Medicines, injectable dexamethasone is among the listed
obstetric medicines in the country’s most recent Essential Medicines List (EML).
Ethiopian guidelines also recommend the use of betamethasone alternatively, while the
WHO list does not include betamethasone.(73, 113) We reviewed two versions of
national obstetric guidelines: the 2014 Standard Treatment Guidelines (including separate
guidelines for general hospitals, primary hospitals, and health centers) and the 2021
Obstetrics Management Protocols (including separate protocols for hospitals and health
centers).(101, 102, 117-119) Both recommend administering ACS in cases of preterm
labor at both hospitals and health centers. In fact, ACS use was covered as early as 2013
in the Basic Emergency Obstetric and Newborn Care Manual. (116)

Ethiopian guidelines suggest that ACS should be administered in both hospitals
and health centers. In health centers, ACS should be given as a part of pre-referral
management, followed by urgent referrals to a higher-level of facility. Regarding
eligibility, the Ethiopian guidelines specify the eligible GA as the period between 28 and
34 weeks of gestation; this information is found in the 2014 version but not clearly
described in the 2021 protocol. While it is slightly different from the international

recommendations of 24 to 34 weeks of gestation, this difference might be attributed to
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the viable gestational age in the context. Also, the country’s guidelines mention the
contraindications of ACS use, recommending not administering ACS in cases with
infections like chorioamnionitis. The dose and administration route covered in the
country’s guidelines generally aligns with international recommendations. Notably, a
repeated course of ACS is recommended one week after the first course if the pregnant

woman is still under 34 weeks of gestation.
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Table 5. Summary of Ethiopian national guidelines on antenatal corticosteroid use

2020 Ethiopian National Essential Medicine List 6" edition (113)

o Dexamethasone is listed in the section for essential obstetrics and gynecological
medications. Betamethasone can be used alternatively.

2020 Management Protocol on Selected Obstetrics Topics for Hospitals (115)
2021 Obstetric Management Protocol for Hospitals (101)

e Administer antenatal corticosteroids (betamethasone 12 mg IM 24 hours apart for two
doses or dexamethasone 6 mg IM 12 hours apart for four doses) for lung maturity.

¢ Note that if preterm birth is considered imminent, treatment for short duration still
improves fetal lung maturity and chances of neonatal survival. Therefore, the first dose of
corticosteroids should be administered even if the ability to give the second dose is
thought to be unlikely.

¢ Antenatal corticosteroid therapy should not be administered in women with
chorioamnionitis.

2021 Obstetric Management Protocol for Health Centers (102)

o Pre-referral management includes dexamethasone 6 mg IM stat (document the time given
on referral paper). Refer urgently after pre-referral care is provided.

2014 Standard Treatment Guidelines for General Hospitals (119)
2014 Standard Treatment Guidelines for Primary Hospitals (118)

e Steroid therapy for stimulation of surfactant production to be given at 28-34 weeks of
gestation.

e The first line drug is betamethasone (12mg IV, 24 hours apart for two doses). The second
line drug is dexamethasone (6mg PO/IM, six hours apart for two doses).

o  After 48 hours from the first dose, the full effect on maturing the surfactant has been
obtained. If the patient does not deliver within one week, the treatment should be repeated
if the fetus is less than 34 weeks of gestation.

o Use of corticosteroids in the presence of infection is contraindicated.

2014 Standard Treatment Guidelines for Health Centers (117)

e The recommendations are the same as the 2014 Standard Treatment Guidelines for
General Hospitals and Primary Hospitals.

e Patients with preterm labor should be treated in a center where there is a NICU and should
be referred as early as possible.

2013 Basic Emergency Obstetric and Newborn Care Training Manual (116)

e Give corticosteroids to the mother to improve fetal lung maturity (betamethasone 12 mg
IM, two doses 12 hours apart; or dexamethasone 6 mg IM, four doses 6 hours apart)

e Corticosteroids should not be used in the presence of frank infection.

e Consider transferring to the most appropriate service for the care of the newborn, if
possible.

* |M: intramuscularly; IV: intravenous; PO: Oral
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ACS availability and utilization: evidence from facility assessments and literature

Analyses of the 2021-2022 SPA data showed that among facilities providing
ANC or delivery services (n=710), 44.7% had injectable corticosteroids available at the
time of the survey, and only 22.1% had administered ACS in the past 3 months prior to
the survey (Table 5). ACS availability was highest in primary hospitals (81.3%),
followed by general hospitals (77.5%) and referral hospitals (60%), and lowest in health
centers (49.4%). ACS utilization increased by the level of care, ranging from 20.8% in
health centers to 82.5% and 86.7% in general and referral hospitals, respectively.
Notably, private clinics had the lowest availability (16.9%) and utilization (2.8%). Across
subnational regions, Somali (53.7%) and Harari (50.0%) had the highest proportion of
facilities that had used ACS recently, and Afar had the lowest (10.6%) even though Afar
had the highest corticosteroid availability (59.5%). The region of Sidama had the lowest
availability (22.4%). There are gaps between availability and utilization across
subnational regions, especially in primary hospitals, health centers, and private clinics
(Table 6).

Evidence on ACS coverage rates at the individual patient level is limited. The
2016 EmONC assessment reviewed the medical records of the last two preterm babies
born across all health facilities providing delivery care in the country. They found that
among 1,150 records of preterm and low birth weight babies (<2,000gm) reviewed, 4.5%
were born to women who received ACS prior to the delivery.(112) We found variations
in facility characteristics between babies who had and had not received ACS (Table 7).
Among newborns who received ACS, the majority (71.2%) were born in hospitals,

compared to 28.9% born in health centers or specialized MCH centers; in contrast, a



smaller proportion (26.0%) of those who did not receive ACS were found in hospitals.
Few studies have investigated ACS coverage among preterm infants in Ethiopia.
All of them found low ACS coverage, even in higher-level facilities.(120-122) Two
studies (Girma et al. and Legess et al.) retrospectively reviewed medical records in the
highest level of hospitals to assess predictors of neonatal mortality; one study was
conducted in two hospitals in Tigray, and the other was done among five hospitals in
Oromia.(120, 122) In the study by Girma et al., 14.4% of preterm (< GA 37 weeks) were
born to mothers who received ACS. Similarly, another study by Legess et al. revealed a
similar coverage rate of 15.0%, but among neonates who were diagnosed with respiratory
distress syndrome admitted to neonatal intensive care units (NICU). The former found
that ACS exposure was not significantly associated with neonatal survival (120), while
the latter showed that ACS administration before birth protected against neonatal
death.(122) Another study by Metaferia et al. specifically focused on describing ACS
utilization in Ethiopia, prospectively collecting data from five teaching hospitals in
different regions of the country.(121) They found that among preterm infants (< GA 35
weeks) admitted to these five hospitals, one-third (37.5%) were delivered by women who
received ACS. Regarding delivery locations, almost all those who received ACS were
delivered at hospitals, whereas a substantial proportion (19.1%) of those who did not
receive ACS were born in health centers.(121) However, this study also found that the

risk of early neonatal sepsis was higher among those whose mothers received ACS.
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Table 6. Proportion of facilities that had injectable corticosteroids available and had provided antenatal corticosteroids in the past 3 months by sub-national regions and facility

types

Private clinics

Facility types Referral hospitals General hospitals Primary hospitals . . .. Health centers
Subnational regions n=30 n=120 n=218 (Including MCESP;SC ialized clinics) n =267
Availability Recent use’ Availability Recent use’ Availability Recent use’ Availability Recent use’ Availability Recent use’ Availability Recent use’

National (n=710)" 44.7% 22.1% 18 (60.0%) 26 (86.7%) 93 (77.5%) 99 (82.5%) 171 (81.3%) 165 (78.9%) 19 (16.9%) 2 (2.8%) 128 (49.4%) 65 (20.8%)
Afar (n =28) 9/19 (59.5%) 6/28 (10.6%) 1/1 (100%) 1/1 (100%) 2/2 (100%) 2/2 (100%) 3/3 (100%) 2/3 (66.7%) 2/3 (36.7%) 0/3 (0%) 11/19 (57.9%) 1/19 (5.3%)
Ambhara (n=127) 89/127 (47.9%) 74/127 (26.6%) 3/5 (60.0%) 5/5 (100%) 14/16 (87.5%) 12/16 (75.0%) 51/62 (82.3%) 47/62 (75.8%) 3/9 (22.6%) 0/9 (0%) 18/35 (51.4%) 10/35 (28.6%)
Oromiya (n=176) 118/176 (43.7%)  106/176 (18.2%) 5/7 (71.4%) 7/7 (100%) 34/46 (73.9%) 40/46 (87.0%) 55/67 (82.1%) 51/67 (76.1%) 1/14 (5.5%) 1/14 (5.5%) 23/42 (54.8%) 7/42 (16.7%)
Somali (n = 44) 27/44 (48.7%) 26/44 (53.7%) 1/1 (100%) 1/1 (100%) 4/4 (100%) 4/4 (100%) 7/7 (100%) 6/7 (85.7%) 3/5 (60.0%) 0/5 (0%) 12/27 (44.4%) 15/27 (55.6%)
Benishangul
(n=21) 12/21 (53.0%) 6/21 (24.9%) NA NA 1/2 (50.0%) 2/2 (100%) 2/3 (66.7%) 0/3 (0%) 0/1 (0%) 0/1 (0%) 9/15 (60.0%) 4/15 (26.7%)
SN.N.P (n=110) 56/110 (42.2%) 58/110 (18.6%) 4/6 (66.7%) 6/6 (100%) 5/10 (50.0%) 9/10 (90%) 32/51 (77.3%) 42/51 (86.9%) 0/5 (0%) 0/5 (0%) 15/38 (39.5%) 3/38 (7.9%)
Gambella (n=35) 14/35 (35.2%) 11/35 (17.9%) NA NA 0/1 (0%) 1/1 (100%) 4/4 (100%) 3/4 (75.0%) 4/12 (31.7%) 0/12 (0%) 6/18 (33.3%) 7/18 (38.9%)
Harari (n = 14) 7/14 (50%) 7/14 (50%) 0/1 (0%) 1/1 (100%) 2/2 (100%) 2/2 (100%) 1/1 (100%) 0/1 (0%) 1/2 (50.0%) 0/2 (0%) 3/8 (37.5%) 4/8 (50.0%)
Addis Ababa
(n = 64) 47/64 (53.5%) 29/64 (14.7%) 2/7 (28.6%) 4/7 (57.1%) 22/25 (88.0%) 18/25 (72.0%) 3/3 (100%) 2/3 (66.7%) 2/7 (34.4%) 0/7 (0%) 18/22 (81.8%) 5/20 (22.7%)
Dire Dawa (n = 27) 16/27 (51.7%) 5/27 (15.2%) 1/1 (100%) 0/1 (0%) 5/5 (100%) 3/5 (60.0%) NA NA 1/6 (16.9%) 0/6 (0%) 9/15 (60.0%) 2/15 (13.3%)
Sidama (n = 64 24/64 (22.4% 29/64 (30.2% 1/1 (100% 1/1 (100% 4/7 (57.1% 6/7 (85.7% 13/17 (76.5% 14/17 (82.4% 2/11 (18.2% 1/11 (9.1% 4/28 (14.3% 7/28 (25.0%

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 9.1%) ( ) ( )

! Excludes health posts and facilities with zero sample weight. Includes only facilities that provide antenatal care or delivery services (normal spontaneous deliveries or Cesarean sections). Sampling weights were taken into account when reporting proportions.
2 Provided antenatal corticosteroid within the past three months before the survey

Marked grey where there is a gap between availability and utilization within the past three months
NA: Not applicable due to no sample for the facility type in the region



Table 7. Characteristics of health facilities according to antenatal corticosteroid exposure status
of preterm and low birth weight babies (birth weight <2,000gm) from the 2016 Ethiopian

Emergency Obstetric and Newborn Care Assessment

Preterm and low birth weight babies (n=1150)

Characteristics ;
With ACS exposure BNEUEACS

o 1
n = 52 (4.5%) exposure p-value

n = 1098 (95.5%)

Frequency (%) Frequency (%)
Urban (ref. rural) 41 (78.8%) 608 (55.4%) 0.001
Managing authority types
Public 43 (82.7%) 1042 (94.9%)
Private for-profit 8 (15.4%) 33 (3.0%) <0.001
lt:lac;tégor-proflt or faith-based/Misson or faith- 1(1.9%) 23 (2.1%)
Facility type
Referral/Specialized hospitals 7 (13.5%) 36 (3.3%)
General hospitals 19 (36.5%) 108 (9.8%)
Primary hospitals 11 (21.2%) 142 (12.9%) <0.001
Private clinics? 3(5.8%) 19 (1.7%)
Health centers 12 (23.1%) 793 (72.2%)
EmONC status
Designated CEmONCS facilities 37 (74.0%) 251 (24.4%)
Designated BEmONC* facilities 12 (24.0%) 652 (63.5%) <0.001
Not designated EmMONC facilities 1 (2.0%) 124 (12.1%)
Equipment
Number of beds for obstetric care (mean, SD) 21.6 (22.3) 10.2 (13.0) <0.001
Have a functioning NICU® 29 (55.8%) 213 (19.4%) <0.001
Have a functioning newborn corner 34 (65.4%) 403 (36.7%) <0.001
:Z\t/:rgafluggrtrl]gr;ilgﬁ izpra]zce for the management of 27 (51.9%) 263 (24.0%) <0.001
Have a functioning space for OB/GY N® operations 27 (51.9%) 180 (16.4%) <0.001
Staffing
Have at least one doctor 40 (76.9%) 296 (27.0%) <0.001
Have at least one pediatrician/neonatologist 14 (26.9%) 93 (8.5%) <0.001
Have at least one midwife 51 (98.1%) 1089 (99.2%) 0.942
Have at least one nurse 51 (98.1%) 1095 (99.7%) 0.442

Data source: 2016 Ethiopian Emergency Obstetric and Newborn Care Assessment.(112) In this assessment, individual newborn
patient data were collected from a review of medical records for the last two cases of preterm and low birth weight babies (birth
weight less than 2,000gm) admitted in the past month in each facility.

! p-values are from chi-squared tests for categorical variables and t-tests for discrete variables.

2Includes higher clinics, maternal and child health (MCH) specialized clinics, and maternal and child health specialized centers.
3 CEmONC: comprehensive emergency obstetric and newborn care

4*BEmONC: basic emergency obstetric and newborn care

SNICU: neonatal intensive care unit

¢ obstetrics and gynecology



Barriers to effective ACS use in Ethiopia
Healthcare service organization

According to the latest population-based survey, 50% of women in Ethiopia give
birth in health facilities.(123) As 80% of the population in the country lives in rural areas
(124), health centers are the primary source of care for pregnant women seeking
antenatal and delivery care. It is estimated that nearly three-quarters (72%) of
institutional deliveries take place at the primary level of care.(125) It can be reasonably
inferred that a significant number of women with signs of preterm labor or obstetric
conditions likely to trigger preterm labor will present first in health centers. For these
women, both the 2014 and 2021 guidelines recommend ACS use as part of pre-referral
management.(102) In-utero transfers to hospitals will then benefit both pregnant women
and their incoming preterm babies, as health centers are not equipped to handle preterm
labor, related obstetric emergencies, or preterm infants that need immediate intensive
care.

However, the success of current practice depends on multiple factors. First, the
stage of labor is crucial. If labor is already advanced, immediate attended delivery is
warranted. In such cases, even if corticosteroids were given before birth to the pregnant
woman, a preterm baby born at a small gestational age that is born in a health center
lacking necessary equipment and medications is very unlikely to survive. These babies
need immediate care, such as respiratory support, which is usually unavailable in health
centers. Referrals of preterm babies are then required, but often challenging because of
distance and transportation constraints, as well as limited medical information continuity.

Fundamentally, it is crucial to revisit the country's structure of maternal care
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service delivery. One outstanding question is determining the appropriate facility level
for labor and delivery services. Since 15% of pregnancies end with complications and the
majority of these complications cannot be predicted (126), it is reasonable to question
whether health centers are an appropriate setting for childbirth care. Previous studies
have examined the effect of service delivery redesign and suggested that shifting
deliveries to or close to hospitals could improve maternal and neonatal survival, whereas
the primary level of care, such as health centers, should be reserved for antenatal and
postpartum care.(127, 128) Pregnant women with signs of preterm labor should be
directed to visit hospitals directly, even though the majority of the country’s institutional
deliveries still occur at the primary level, which includes health centers in urban areas,
and health posts, health centers, and primary hospitals in rural areas. Policies regarding
patient triage based on risk stratification need to be tailored to the local context,
considering feasibility and facility capability. Simply increasing ACS uptake is unlikely
to improve preterm newborn survival without consideration of how service delivery
structure affects the effectiveness of ACS.
Knowledge gaps and know-do gap

A systemic review of factors affecting the appropriate use of interventions for
preterm labor concluded that varied levels of knowledge on ACS use among healthcare
providers affected its appropriate use.(29) In Ethiopia, providers’ knowledge gaps have
been frequently referred to as critical challenges to implementing ACS effectively. These
gaps are twofold. First, there is a lack of or insufficient understanding of ACS use and its
benefits in promoting fetal lung maturity. Second, there are difficulties in identifying

eligible pregnant women at risk of imminent preterm labor. Knowledge gaps are
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particularly important in primary-level facilities staffed with midwives and health
officers. For example, two qualitative studies in Malawi similarly showed low awareness
of ACS and its purpose for accelerating fetal lung maturity among midwives and clinical
officers.(28, 82) Not only do these cadres have less training in preterm labor
management, but they also see fewer cases each month than those working in larger
hospitals. For these reasons, maintaining skills in appropriate ACS administration is
challenging at the primary care level. The findings in the 2016 EmONC assessment
reflected these two layers of knowledge gaps: among the facilities that had not used ACS
in the past 3 months, about one-fourth (23%) reported a lack of training, and nearly two-
thirds (63%) reported not having seen any case with indication for ACS use. The latter is
worth further investigation, as not seeing cases with the indication could be attributed to
low service volume, inability to identify such cases, or both.

Beyond the knowledge gaps in ACS use, the know-do gap among providers is the
next challenge. Studies have shown that know-do gaps — the gap between having the
knowledge and practice based on the knowledge — are associated with poor quality of
care.(129, 130) In the case of ACS use, studies found that the perceived risks and benefits
of providers also determine the administration of ACS.(28, 29) The perceived risks,
especially the fear of infection, and uncertainties regarding its benefits could partly
explain the know-do gap.

Accurate GA assessment

An accurate gestational age assessment is the first and foremost requirement for

determining eligibility for ACS use. However, there are practical concerns about GA

assessment in the country. First, access to ultrasound in the first trimester — the gold
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standard to assess GA — is still limited, while the government planned to scale up
obstetric ultrasound services in health centers. (131, 132) The first paper in Chapter 2 that
used the 2021-2022 SPA data found that only 4.5% of facilities that provided ANC
and/or delivery services had a functional ultrasound, with 1.2% among facilities that
provided ANC, 6.1% among those performing normal deliveries, and 84.9% among those
doing Cesarean sections. In addition, a large proportion of pregnant women go to their
first ANC visit late, resulting in missed opportunities for accurate GA dating.(133) The
2016 Ethiopian Mini DHS showed that only one-third (28%) of women had their first
ANC visit in the first trimester.(123) Similarly, a previous study conducted in the Oromia
region found that only 44.4% of pregnant women received an ultrasound during their first
ANC visit. (134) This study included a large number of private facilities and likely
overestimates ultrasound coverage in the region. Second, the date of the last menstrual
period (LMP) is often used to determine GA. However, a study in the Amhara region of
Ethiopia showed that one-fourth of pregnant women did not know their LMP.(135)
Healthcare providers often need to rely on proxies such as fundal height or LMP, making
it challenging to diagnose preterm labor and ascertain the GA period eligible for ACS.
Drug availability

The availability of injectable corticosteroids across different facility types is
suboptimal, with only 50% of health centers and between 60% to 80% of hospitals at
various levels having corticosteroids in stock at the time of the SPA survey (Table 7).
There needs to be a stable stock of injectable corticosteroids at all levels of care where
ACS is recommended. Injectable corticosteroids are low-cost and should be provided

freely in public facilities in Ethiopia. Injectable corticosteroids do not require a specific
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temperature for storage. These two features should make it feasible to maintain a

consistent stock in Ethiopia.

4.4 Discussion

In this study, we described ACS utilization in Ethiopia and identified a few
barriers to its effective use. Our findings confirmed the complexity of these barriers, as
exemplified in a framework for safe and effective ACS use proposed in the second paper
(Chapter 3). We found that stable corticosteroid availability remains an issue across all
levels of care. Even in settings with corticosteroids available, gaps in providers’
knowledge of ACS use and difficulties in identifying preterm labor, particularly in
primary healthcare facilities, have been cited as critical barriers to effective ACS use.
Meanwhile, an accurate GA assessment to identify women who are eligible to receive the
drug is challenging in the country. From an overall implementation standpoint, the
country’s healthcare service delivery structure appears to shape the effectiveness of ACS
administration at the primary level. Addressing these barriers requires a strong policy
foundation, with investments in facility infrastructure, a stable drug supply chain,
workforce capacity, and a redesigned service delivery structure that can maximize the
benefits of ACS. Efforts to narrow knowledge gaps should go beyond providing in-
service training and workshops because these approaches often generate suboptimal and
unsustainable impacts(98), particularly in health centers with low service volumes.

While ACS is a promising intervention for improving preterm newborn survival,
it cannot deliver results on its own. ACS must be integrated into a health system where

all components function effectively together to ensure positive outcomes. Similar to other
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interventions, such as magnesium sulfate for preeclampsia or eclampsia (136), simply
increasing ACS uptake without strengthening the health system and thinking about
redesigning service delivery is unlikely to improve neonatal health. Efforts to promote
ACS uptake should prioritize solutions that address existing barriers and be embedded in

a systematic approach to enhance maternal and newborn health.
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Chapter 5: Quality of antenatal care and perinatal outcomes: evidence from a

cohort study in Ethiopia, Kenya, and South Africa

Abstract
Background
Antenatal care (ANC) is crucial for improving maternal and newborn health. Despite
global efforts to improve ANC coverage, quality remains suboptimal. Evidence on how
ANC quality affects perinatal outcomes remains limited. This study investigated the
association between the quality of antenatal care and fetal loss and low birth weight
(LBW) newborns.
Methods
We used data from the eCohort study that collected longitudinal data on ANC utilization
and quality and followed women until the end of pregnancy in Ethiopia, Kenya, and
South Africa. Primary outcomes included fetal losses (late miscarriages and stillbirths)
and LBW. Good quality ANC was defined as receiving six basic care components at the
first ANC visit: blood pressure measurement, blood and urine tests, ultrasound, iron and
folic acid supplementation, and counseling on pregnancy danger signs. We conducted
mixed-effect logistic regressions to assess the associations between good quality ANC
and primary outcomes, with a sensitivity analysis where good quality ANC excluded
ultrasound.
Results
Among 2,633 pregnant women followed until the end of pregnancy, only 14.0% in
Ethiopia, 5.6% in Kenya, and 2.6% in South Africa received all six basic care

components. The receipt of ultrasound examinations varied significantly, with 43.4% of
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women in Ethiopia and only 7.6% and 8.3% in Kenya and South Africa, respectively.
Fetal loss prevalence was 3.6% in Ethiopia, 3.8% in Kenya, and 4.0% in South Africa.
Among neonates who were alive at the time of the survey, South Africa had a higher
percentage of LBW newborns (12.8%) than Ethiopia and Kenya (8.5%). We found a
significant association between good quality ANC and fetal loss (RR 0.44, 95% CI 0.12 —
0.77), but the association was no longer significant when good quality ANC excluded
ultrasound (RR 0.80, 95% CI 0.56 — 1.04). No significant associations were observed
between good quality ANC and LBW. Multiple pregnancies were rarely detected, with
more than half to three-quarters of multiple pregnancies undetected at the first ANC
visits.

Conclusion

The quality of ANC received in this study sample is suboptimal. Our regressions
highlighted the importance of ultrasound scans. The findings are concerning, as the six
basic care components are fundamental for pregnancy health. With increased ANC
coverage, future research and programs should prioritize quality improvement, ensuring

the delivery of good clinical practice and evidence-based antenatal interventions.
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5.1 Introduction

Antenatal care (ANC) is critical in ensuring the health of pregnant women and
their babies. It serves several crucial functions, including health promotion, screening and
diagnoses of diseases, and prevention of illnesses throughout pregnancy.(6) Thus, quality
ANC is tremendously important. The 2016 World Health Organization (WHO)
recommendations on ANC emphasize the importance of high-quality ANC in delivering
the right care at the right time.(6)

Previous research has linked ANC to reduced adverse neonatal outcomes, yet a
large body of evidence has focused specifically on the utilization of ANC, or in other
words, the number of ANC visits. Two meta-analyses concluded that at least one ANC
visit reduced the risk of neonatal mortality by 34% to 39% in low- and middle-income
countries (LMICs) in Asia and sub-Saharan Africa.(11, 12) Additionally, a multicountry
study using 193 Demographic and Health Surveys (DHS) from 69 countries showed the
effects of at least one and at least four ANC visits in reducing neonatal and infant
deaths.(44) In addition to lowering mortality rates, studies also found protective effects of
ANC utilization against fetal loss in pregnancy and low birth weight (LBW)
newborns.(43-47, 137)

Massive efforts have been made to increase ANC utilization, and nowadays,
global attention has gradually shifted to ANC quality. Some LMICs have reached high
levels of ANC coverage; however, the quality of ANC continues to be suboptimal.(7)
The content of care received by pregnant women remains insufficient even among those
who initiated ANC visits timely and met the recommended number of ANC visits.(8, 9)

Additionally, the evidence on the association between ANC quality and perinatal



outcomes, although emerging, is still limited compared to the extensive literature on
ANC utilization. A study using data from the Ghana Maternal Health Survey, including
nearly 5,000 women, found that high-quality ANC decreased the risk of stillbirth.(43)
Another study in urban Nairobi, Kenya, demonstrated the beneficial effects of good
quality ANC in protecting against stillbirth.(137) On the other hand, there is a wealth of
evidence on the effect of a specific antenatal intervention rather than the overall ANC
quality on fetal and newborn health.(37) A 2020 Cochrane review reported the positive
effects of particular antenatal interventions on stillbirth and perinatal death.(138)
Critical evidence gaps remain in understanding the associations between the
quality of ANC and fetal and neonatal health outcomes. First, there is an urgent need to
identify the key care components of good quality ANC that contribute to positive health
outcomes. Second, research on the effects of ANC quality on LBW newborns is
relatively limited compared to other neonatal outcomes, such as neonatal death. Hence,
this study aimed to examine ANC quality and its association with fetal loss and LBW

newborns.

5.2 Methods
Data source

We used data from the eCohort study, a health system study that collected
longitudinal data on the utilization and quality of ANC in four countries (Ethiopia,
Kenya, South Africa, and India). Data from three African countries were used for this
study. The study was conducted in two sites in each country, with one rural and one

urban. Pregnant women were enrolled at their first ANC visits and underwent an in-
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person health assessment at baseline, which included blood pressure, weight, height, mid-
upper-arm circumference measurement, and a finger prick hemoglobin test for detecting
anemia. The follow-up surveys during pregnancy and after delivery were conducted via
phone, collecting data on the utilization of antenatal care, the content of care received,
participant health, and newborn health if the pregnancy resulted in a live birth. More
details of the eCohort methodology are available elsewhere.(139) The present analysis
included participants who were followed until the end of pregnancy.
Measures

We specified two primary outcomes: fetal loss and LBW newborns. First, fetal
loss included late miscarriages — pregnancy losses between gestational age (GA) 13 to 28
weeks, and stillbirths — pregnancy losses after GA 28 weeks. We excluded participants
who experienced early miscarriages (pregnancy losses before 13 weeks of gestation)
since miscarriages in the first trimester are mainly caused by chromosomal
abnormalities.(140, 141) Second, LBW newborns were defined as newborn babies with a
birth body weight of less than 2.5 kg or a birth body size that was smaller than average or
very small when birth weight was unknown. Data on newborn birth body size were self-
reported by mothers based on a scale of five levels (very large, larger than average,
average, smaller than average, and very small). This study collected data on actual birth
body weight or self-reported birth body size only for the neonates who were still alive
during the follow-up phone survey. GA at baseline, which was used to determine late
miscarriage or stillbirth, was estimated based on the date of last menstrual period (LMP),
estimated due date (EDD), or self-reported weeks of pregnancy if the previous two dates

were unavailable.
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We identified a list of independent variables potentially associated with the
primary outcomes. First, we assessed the socioeconomic and demographic status of
participants, including age, marital or partnered status, whether the current pregnancy
was intended, education level (categorized into three groups: no education or some
primary education, complete primary education, and complete secondary education or
higher), health literacy (defined as answering six health knowledge questions correctly),
and wealth status (categorized into country-specific wealth tertiles). Second, maternal
health-related variables included self-rated own health as very good or excellent on a
Likert scale of five levels (excellent, very good, good, fair, and poor), risk factors at
baseline (categorized by the number of risk factors: no risk factor, one risk factor, two
risk factors, and three or more risk factors), reporting at least one danger signs at baseline
(vaginal bleeding, fever, or fainting or loss of consciousness). Risk factors included any
chronic systemic illness(es) known before pregnancy, history of obstetric complications
(including Cesarean sections, preterm birth, stillbirth, neonatal death, or postpartum
hemorrhage), and multiple pregnancies detected at the first ANC visits. Multiple
pregnancies and maternal HIV status were reported separately in descriptive statistics of
participant characteristics; both were included in developing the risk factor categorization
for regressions.

Antenatal care quality

The primary independent variable was good quality ANC, a binary variable
indicating the receipt of six basic care components at the first ANC visits: blood pressure
measurement, blood test (either a blood draw or finger prick), urine test, ultrasound

examination, iron and folic acid (IFA) given or prescribed, and counseling on pregnancy
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danger signs. We also created another good quality ANC variable that excluded
ultrasound scans. We restricted the care components to those received at the first visits to
avoid immortal time bias since pregnant women who experienced fetal losses would not
receive additional ANC components in another follow-up visit.

Statistical analysis

First, we presented the socioeconomic and demographic characteristics of
pregnant women. We also presented the proportions of women who received each of the
six or all six care components. Second, we reported the descriptive statistics for fetal and
neonatal outcomes (late miscarriage, stillbirth, and LBW newborns) at the fetal and
neonatal level. Third, we conducted mixed-effect logistic regressions to investigate the
associations between good quality ANC and fetal loss and LBW newborns, respectively,
including country as a fixed effect, two levels of random intercept (study sites and
facilities), and robust standard errors. We used post-estimation commands and marginal
probabilities to obtain risk ratios for the association between good quality ANC and each
of the perinatal outcomes.

Regressions were performed at the fetal and neonatal level. We conducted eight
regressions. In our primary analyses, the fetal loss model was restricted to women whose
first ANC visits occurred in the first trimester of pregnancy to avoid selection bias.
Including pregnant women who were already in the second or third trimester at baseline
will introduce bias because pregnancies that have progressed to the second or third
trimester are less likely or impossible to develop late miscarriages, which by definition
occur in the second trimester. In other words, participants who have passed the period

during which particular outcomes of interest could occur should not be included in the
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sample. The LBW regression model included all women (regardless of pregnancy stage
at enrollment) but controlled for GA at the first ANC visit (in trimesters) (first trimester:
<13 weeks of gestation, second trimester: >13 to <28 weeks of gestation, third trimester:
>28 weeks of gestation). We performed two sensitivity analyses. First, we used subsets of
the sample for both primary outcomes. For the outcome of fetal loss, we used a sample
subset with a more reliable baseline GA, defined as baseline GA calculated based on
LMP or EDD, and excluded women whose baseline GA was self-reported weeks of
pregnancy. For the outcome of LBW newborns, the subset was restricted to those
newborns with actual birth weight data available and excluded those with only birth body
size data. Second, all the regressions were repeated using a good quality ANC variable

that excluded ultrasound. All analyses were performed using STATA version 18.0.

5.3 Results

This study included 2633 women followed until the end of pregnancy (Table 8).
The mean ages of participants across the three countries ranged from 25.6 to 26.9 years
old, with more adolescents in South Africa. Nearly all participants in Ethiopia (97.6%)
and the majority in Kenya (78.1%) were married or partnered, compared to a small
proportion (11.7%) in South Africa. Pregnancy intention varied widely, with 73.4% in
Ethiopia, 60.9% in Kenya, and only 16.9% in South Africa reporting the current
pregnancy as intended. South Africa had more women (70.1%) who completed secondary
or higher education, compared to 57.8% in Kenya and 22.2% in Ethiopia. However,
health literacy across the three countries did not differ as much: 44.4% of women in

Kenya, 32.5% in South Africa, and 26.8% in Ethiopia correctly answered six health
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literacy questions. In addition, maternal health status differed. More than half (56.0%) in
Kenya, 42.4% in South Africa, and 37.9% in Ethiopia rated their health as very good or
excellent. Three-quarters of participants in Ethiopia (75.9%) and Kenya (72.0%) reported
no risk factors at the baseline, compared to half (49.8%) in South Africa. Additionally,
25.5% of women in South Africa, 13.1% in Ethiopia, and 8.3% in Kenya reported at least
one of the three pregnancy danger signs at their first ANC visits. There was a higher
proportion of women with HIV in South Africa (28.6%) than in Kenya (1.7%) and
Ethiopia (1.5%). Notably, we found low detection of multiple pregnancies at first ANC
visits. In Ethiopia, Kenya, and South Africa, respectively, only 43.8% (7/16), 22.2%
(4/18), and 26.3% (5/19) of multiple pregnancies identified at delivery were known at the

first ANC visits.
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Table 8. Characteristics of pregnant women followed until the end of pregnancy in three

countries!

Ethiopia Kenya South Africa
N=883 N=896 N=854
Frequency (%) Frequency (%0) Frequency (%0)

Socioeconomic and demographic status

Age (mean/standard deviation) 25.6 (0.2) 26.9 (0.2) 26.7 (0.2)
Age range
15 to <20 years old 73 8.3% 104 11.6% 142 16.6%
>20 to <35 years old 753 85.3% 667 74.4% 591 69.2%
>35 years old 57 6.5% 125 14.0% 121 14.2%
Married or partnered 862 97.6% 700 78.1% 100 11.7%
Intended pregnancy 648 73.4% 546 60.9% 144 16.9%
Education level
No education or some primary 334 37.8% 65 7.3% 6 0.7%
Complete primary 353 40.0% 313 34.9% 248 29.0%
Complete secondary or higher 196 22.2% 518 57.8% 599 70.1%
Health literacy? 237 26.8% 398 44.4% 277 32.4%
Wealth status®
Poorest 283 32.0% 299 33.4% 228 26.7%
Middle 286 32.4% 383 42.8% 339 39.7%
Richest 296 33.5% 209 23.3% 286 33.5%

Maternal health

Self-rated own health as very good or 335 37.9% 502 56.0% 362 42 4%

excellent*

Risk factor at baseline®
No risk factor 670 75.9% 645 72.0% 425 49.8%
One risk factor 179 20.3% 190 21.2% 280 32.8%
Two risk factors 28 3.2% 34 3.8% 104 12.2%
Three or more risk factors 6 0.7% 27 3.0% 45 5.3%

HIV status® 13 1.5% 15 1.7% 244 28.6%

Pregnancy characteristics

Trimester of the first ANC visit

The first trimester’ 259 29.3% 124 13.8% 319 37.8%
The second trimester’ 559 63.3% 613 68.4% 444 52.0%
The third trimester” 48 5.4% 159 17.8% 77 9.0%
Report at least one danger sign at baseline® 116 13.1% 74 8.3% 218 25.5%
Multiple pregnancies known at baseline 7 0.8% 4 0.5% 5 0.6%
Multiple pregnancies identified at delivery 16 1.8% 18 2.0% 19 2.2%

! Participants who had an early miscarriage (fetal loss before 13 weeks of gestation) or lost to follow-up after the first ANC visits were
excluded.

2 Defined as answering six health knowledge questions correctly. The six questions were adopted from the Indian Health and Human
Development Survey.

3Wealth tertile is country-specific.

4 Self-rated own health was based on a Likert scale of five levels (excellent, very good, good, fair, and poor).

% Includes any chronic systemic illness(es) known before pregnancy (including diabetes, hypertension, cardiac disease, HIV, mental
health disorder, schizophrenia, epilepsy, seizure, renal disorder, asthma, tuberculosis, anemia, hemoglobinopathy, chronic pelvic
inflammatory disease, ovarian cyst, fibroids, uterine myoma, genital tract abnormalities, thyroid cancer, thyroid disease, peptic ulcer
disease, gestational hypertension in a previous pregnancy, a history of stroke) and any history of obstetric complications (Cesarean
section, stillbirth, preterm birth, neonatal death, and postpartum hemorrhage)

S HIV was reported separately in descriptive statistics, but it was included in developing the categorization of risk factors.

"The first trimester is defined as less than 13 weeks of gestation; the second trimester is defined as between 13 to less than 28 weeks
of gestation; the third trimester is defined as above 28 weeks of gestation

8 Includes vaginal bleeding, fever, and fainting or loss of consciousness.
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Only 7.4% of women received all six care components at their first ANC visits,
with 14.0% in Ethiopia, 5.6% in Kenya, and 2.6% in South Africa (Table 9). Nearly all
participants in South Africa received pressure measurement, blood test, and urine test; in
Ethiopia and Kenya, the proportions remained close to or exceeded 90% for these three
care components, except that only three-quarters (72.5%) in Ethiopia had blood pressure
measured. The proportion of women who received an ultrasound scan at their first ANC
visits was much lower and varied across the countries, with 43.4% in Ethiopia but only
8.3% in Kenya and 7.6% in South Africa. Counseling on danger signs of pregnancy was
highest in Kenya (60.7%), followed by 49.2% in South Africa, and lowest in Ethiopia
(30.9%). Iron and folic acid supplements were given or prescribed to more than 92.7%
and 92.5% of women in Kenya and South Africa, respectively, and 80.7% in Ethiopia.
Excluding ultrasound, the proportion of women who received all five care components
was higher in Kenya (52.5%) and South Africa (47.0%) than in Ethiopia (20.3%).
Appendix D. Supplemental Table 9 shows results stratified by research sites in each
country.

Table 10 details the descriptive statistics of outcomes at the fetal and neonatal
level. The prevalences of fetal loss were similar, with late miscarriage ranging from 2.3%
in Ethiopia and Kenya to 2.7% in South Africa and stillbirth ranging from 1.3% in
Ethiopia and South Africa to 1.5% in Kenya. Among neonates who were alive at the
postpartum follow-up survey, South Africa had a higher percentage of LBW infants
(12.8%), compared to 8.5% in both Ethiopia and Kenya. In Ethiopia, the data on EDD
and LMP were available for only half (51.1%) of fetuses and neonates, and actual

newborn birth body weight data were available for 60% of newborns who were still alive
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at the postpartum survey. In contrast, the other two countries had over 90% or close to

100% having this information available.
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Table 9. Proportion of pregnant women who received each of the six and all six care components at first ANC visits in three countries

Overall Ethiopia Kenya South Africa
ANC quality care components N=2633 N=883 N=896 N=854
Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Physical examination

Blood pressure measurement 2404 89.5% 640 72.5% 861 96.1% 852 99.8%
Test and examinations

Blood test (blood draw or finger prick) 2621 97.5% 838 94.9% 876 97.8% 853 99.9%

Urine test 2456 91.4% 752 85.2% 801 89.4% 850 99.5%

Ultrasound 532 19.8% 383 43.4% 74 8.3% 65 7.6%
Counseling

Signs of preghancy complications 1271 47.3% 273 30.9% 544 60.7% 420 49.2%
Preventions

Iron and folic acid given or prescribed 2376 88.4% 713 80.7% 831 92.7% 790 92.5%
Completeness of all six care components® 200 7.4% 124 14.0% 50 5.6% 22 2.6%
Completeness of all five care components? 1078 40.1% 179 20.3% 470 52.5% 401 47.0%

TInclude blood pressure measurement, blood test, urine test, ultrasound examination, iron and folic acid given or prescribed, counseling on signs of pregnancy complications
ZInclude all the care components except for ultrasound examination.
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Table 10. Fetal and neonatal outcomes among three countries

Ethiopia Kenya South Africa
N=900 N=914 N=873
Fetal outcomes Frequency (%) Frequency (%o) Frequency (%)
Late miscarriages® 21 2.3% 21 2.3% 24 2.7%
Stillbirths? 12 1.3% 14 1.5% 11 1.3%
Livebirths 867 96.3% 879 96.2% 833 96.0%
Neonatal outcomes _ _ _
(among neonates still alive at the time of the survey) NS NS NS
Low birth weight newborns? 72 8.5% 73 8.5% 106 12.8%
Fetal outcomes (among those with more reliable baseline GA)* N=460 (51.1%)° N=875 (95.7%)° N=868 (99.4%)°
Late miscarriages® 9 2.0% 20 2.3% 24 2.8%
Stillbirths? 6 1.3% 13 1.5% 11 1.3%
Neonatal outcomes (among neonates still alive at the time of the _ 07 _ 07 _ 07
survey and who had data on actual birth weights) IS (i) ASRZ R, ST (RRAYE,
Low birth weight newborns® 37 7.3% 69 8.2% 93 12.0%

! Defined as fetal loss between 13 to 28 weeks of gestation
2 Defined as fetal loss after 28 weeks of gestation
% Defined as newborn birth body weight less than 2.5kg, or self-reported newborn size as smaller than average or very small if actual birth weight
was unavailable.
4 More reliable baseline GA was determined by last menstrual period or estimated due date.
® Defined as newborn birth body weight less than 2.5kg.
6 The percentage was calculated by dividing the number with a more reliable baseline GA by the number with a more reliable baseline GA or mothers’ self-reported weeks of pregnancy if last menstrual
period and estimated due date were unknown.
"The percentage was calculated by dividing the number with actual birth weight by the number with actual birth weight and
Mothers’ self-reported birth size if actual birth body weight was unknown.
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Figure 6 summarizes risk ratios (RR) for the associations between good quality ANC and
perinatal outcomes from the eight regression models. Our primary analysis found that receiving
all six care components was associated with a 56% reduced risk of fetal losses (RR 0.44, 95% CI
0.12-0.77). The predicted probabilities of fetal loss for receiving good qulaity ANC and not
receiving good qulaity ANC were 2.9% and 6.6%, respectively. The sensitivity analysis in the
sample of women with a more reliable baseline GA found no significant association (RR 0.39,
95% CI 0.12-1.27). Regressions for LBW newborns, both primary and sensitivity analyses, did
not show associations between good quality ANC and LBW newborns. On the other hand, in the
sensitivity analysis with good quality ANC defined as receiving five care components (excluding
ultrasound), no significant associations were found for both outcomes. Modifying the definition
of good quality ANC from six to five care components, we observed that effect sizes shifted
toward 1 for both outcomes and both primary and sensitivity analyses done in subsets. In
addition, pregnant women who presented any of the three danger signs at baseline were
associated with increased fetal loss in both regressions using good quality ANC of six care
components (OR 1.56, 95% CI 1.11-2.20) and five (OR 1.61, 95% CI 1.14-2.27) (Table 11). In
the regressions for LBW newborns, South Africa was associated with increased LBW newborns;
women aged 20 to 35 years old, compared to those younger than 20 years old, had significantly

lower odds of delivering an LBW newborn (Appendix D. Supplemental Table 10).
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Figure 6. Risk ratio (RR) of fetal loss (late miscarriage and stillbirth) and LBW

newborns between those who received and who did not receive good quality ANC

Good quality ANC (six care companents)
Qutcome and analysis RR (95% CI)
Late miscarriage and stillbirth

Primary analysis (n=710) & 0.44 (012, 0.77)
Sensitivity analysis (more reliable baseline GA) (n=572) L 0.39 (012, 1.27)

Low birth weight newborns
Primary analysis (n=2444) -_—: 0.78 (0.46, 1.10)
Sensitivity analysis (among those with measured BW) (n=2067) & 0.71(0.27,1.14)

Good quality ANC (five care components)
Qutcome and analysis RR (95% CI)
Late miscarriage and stillbirth

Primary analysis (n=710) & 0.80 (0.56, 1.04)
Sensitivity analysis (more reliable baseline GA) (n=572) — 0.84 (0.64, 1.03)

Low birth weight newborns

Primary analysis (n=2444) —— 0.93(0.74,1.13)
Sensitivity analysis (among those with measured BW) (n=2067) —8—— 100(0.76,1.24)
1 T I 1
1 4 8 1 1.3

GA: gestational age; LMP: last menstrual peried; EDD: estimated due date: BW: birth weight

Results are from eight mixed-effect logistic regression models that assessed the associations of good quality ANC (defined as
receiving six basic care components at first ANC visits or five, excluding ultrasound) and fetal losses and LBW newborns,
respectively. For each outcome, a sensitivity analysis was performed among a sample subset: a sample subset with a more reliable
baseline GA was used for the model of fetal loss; a sample subset with measured BW data available was used for the LBW model. All
regressions included country as a fixed effect, study site and facility as random intercepts, and a list of covariates, including age,
education level, health literacy, health status, pregnancy intention, risk factor categories, and presence of any danger signs at first
ANC visits. For LBW regression, the time of enrolment at the first ANC visits (in the trimester) was also included as a covariate.
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Table 11. Results of mixed-effect logistic regressions for fetal loss (late miscarriage and

stillbirth)
Good quality ANC Good quality ANC
(received six care components) (received five care components)
N=710 N=710
95%
Odds Ratio Cor?fsi([ﬁnce p- ggt(?z Confidenc p-
(OR) Interval (CI) value (OR) e Ir(lglr)val value
Received good quality ANC 0.42 0.19-0.90 0.027 0.78 0.56-1.09 0.143
Socioeconomic and
demographic status
Country
Ethiopia ref ref
Kenya 0.86 0.46 - 1.61 0.632 0.99 0.45-219 0.981
South Africa 0.52 0.12-2.18 0.368 0.60 0.12-294 0.530
Age range
15 to <20 years old ref ref
>20 to <35 years old 0.92 0.36 —2.32 0.855 0.91 0.35-237 0.844
>35 years old 1.64 0.33 -8.07 0.541 1.60 0.31-8.13  0.572
Intended pregnancy 0.84 0.32-221 0.723 0.84 0.31-228 0.736
Education level
No education or some primary ref ref
Complete primary 1.11 0.48 - 2.60 0.803 1.06 0.45-251 0.898
Complete secondary or higher 1.34 0.70 - 2.59 0.375 1.29 0.66 —2.55  0.456
Health literacy* 1.59 0.73-3.44 0.242 1.59 0.74-3.40 0.236
Wealth
Poorest ref ref
Middle 0.66 0.33-1.33 0.242 0.67 0.34-1.34 0.258
Richest 0.85 0.56 - 1.28 0.430 0.85 0.58-1.23 0.385
Maternal health
Self-rated own health as very 0.69 038-128 0242 070  039-126 0.234
good or excellent
Risk factor at baseline®
No risk factor ref ref
One risk factor 1.16 0.66 — 2.06 0.606 1.19 0.67-2.11 0.546
Two risk factors 1.15 0.36 — 3.68 0.818 1.10 0.36-3.39 0.868
Three or more risk factors 1.88 0.60 - 5.95 0.281 2.03 0.68-6.10 0.205
Reported any pregnancy danger 1.56 1.11-220  0.011 1.61 1.14-227 0.007

signs at baseline

! Defined as answering six health knowledge questions correctly. The six questions were adopted from the Indian Health and Human
Development Survey.

2 Self-rated own health was based on a Likert scale of five levels (excellent, very good, good, fair, and poor)

8Risk factors at baseline include any chronic systemic illness(es) known before pregnancy (including diabetes, hypertension, cardiac
disease, HIV, mental health disorder, schizophrenia, epilepsy, seizure, renal disorder, asthma, tuberculosis, anemia,
hemoglobinopathy, chronic pelvic inflammatory disease, ovarian cyst, fibroids, uterine myoma, genital tract abnormalities, thyroid
cancer, thyroid disease, peptic ulcer disease, gestational hypertension in previous pregnancy, a history of stroke), any history of
obstetric complications (Cesarean section, stillbirth, preterm birth, neonatal death, and postpartum hemorrhage), and multiple
pregnancy known at the first ANC visit

“ Pregnancy danger signs at baseline include vaginal bleeding, fever, and fainting or loss of consciousness
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5.4 Discussion

In this analysis, we used data from the eCohort study in three African countries
and investigated associations between ANC quality and perinatal outcomes. We found
that less than 10% of pregnant women in the study received all six basic care components
at their first ANC visits. While blood pressure measurement and blood and urine tests
were performed in nearly all women, the proportion of women receiving ultrasound
examinations was much lower. Our regression analyses also found that receiving six care
components was associated with a reduction in fetal losses (late miscarriages and
stillbirths) but not in LBW.

The significant association between good quality ANC and fetal loss confirmed
the importance of ultrasound examinations, as the association became insignificant when
excluding ultrasound from defining good quality ANC. We observed a larger effect size,
with a 56% reduction in the risk of fetal loss when good quality ANC included
ultrasound, compared to a 20% reduction when excluding ultrasound. Notably, another
significant finding was the low detection of multiple pregnancies at the first ANC visits.
For example, more than three-quarters of multiple pregnancies in South Africa were not
detected at the first ANC visits; meanwhile, South Africa had the lowest proportion who
had an ultrasound scan at first visits. This phenomenon is particularly concerning, as
multiple pregnancy is a well-studied risk factor for numerous adverse outcomes.(142)
Early identification of multiple pregnancies helps in risk stratification and benefits high-
risk pregnancies from timely referrals. In addition to detecting multiple pregnancies,
obstetric ultrasounds can assess GA accurately, monitor fetal growth, identify congenital

anomalies, and detect breech babies and obstructed labor — all of which are critical for

82



ensuring the health of pregnant women and their babies.(143) However, a cluster
randomized trial assessing the effects of ultrasound in ANC in five LMICs found
anticipated higher detection of multiple pregnancies but no improvement in maternal,
fetal, and neonatal death.(144) There remain two critical gaps in obstetric ultrasound use
in LMICs. First, access to obstetric ultrasound is still limited despite increasing use.(145)
Second, obstetric ultrasounds are mainly diagnostic, and the ability to use ultrasound scan
results for improving maternal and newborn health varies depending on the facility
capacities.(144) While we found the associations between fetal loss and good quality
ANC that included ultrasound and acknowledged its benefits, we cautioned careful scale-
ups of obstetric ultrasound use in low-resource settings.

A few studies have alerted the global community to the poor quality of ANC
despite increased coverage.(7-9, 40, 41) The question, “What constitutes good quality
ANC?” remains. A few studies have used the DHS household survey data to examine the
content of ANC received by women. A study using the Demographic and Health Survey
(DHS) of 91 LMICs found that one-third of women who used ANC did not receive a
package of three essential care components (blood pressure measurement, blood test, and
urine test).(7) Similar findings of achieving the recommended number of ANC visits but
not receiving essential care contents were also found in other studies.(8, 9) Another study
of 10 LMICs reported that the majority of women in need of ANC had at least one visit
and two-fifths had at least 4; however, the content of care they received was suboptimal,
with blood pressure measurement being the most commonly performed and the
counseling on complications the least, which was similar to our findings.(9)A recent

study in India also revealed the poor coverage of quality-adjusted ANC, defined as

83



receiving care including blood pressure and weight measurement, abdomen examination,
and blood and urine tests.(40) It is worth noting that most prior studies did not include
ultrasound in defining the essential components for good quality ANC, while the WHO
recommends ultrasound before 24 weeks of gestation for all pregnancies.(6) Our
findings, together with prior research, suggest that global efforts should shift to ensuring
the delivery of necessary care at ANC visits over merely increasing the number of
contacts.

Stillbirths have significant economic and psychosocial consequences.(146) Nearly
two million babies were stillborn globally every year, with 98% occurring in
LMICs.(147, 148) The Every Newborn Action Plan aimed to reduce stillbirths to 12 or
fewer per 1,000 births by 2030.(149) While 40% of stillbirths occur during labor and
some could be avoided primarily by improved delivery care (148), antepartum stillbirths
are linked to several modifiable risk factors, including maternal infections (malaria,
syphilis, HIV), non-communicable diseases such as hypertension and diabetes, nutrition,
and lifestyle factors.(147, 150-153) Hence, high-quality ANC is crucial to prevent
antepartum stillbirths by addressing these risk factors. However, a conceptual framework
on stillbirth in LMICs proposed by UNICEF in 2022 mentioned notable evidence gaps in
measuring the overall effects of ANC quality on stillbirth.(154) A study in Ghana
developed an addictive ANC quality index of receiving nine care components during any
of their ANC visits; this study found that the receipt of eight or nine care components was
associated with a significant reduction in stillbirth (OR 0.50, 95% C1 0.29 — 0.84).(43)
Our study adds value to the limited body of evidence on this topic.

LBW babies are also a serious global health problem, with an estimated 14.7% of
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liveborn newborns being LBW globally in 2020.(155) Our study found that 8.5% of
babies who were still alive at the follow-up survey in Ethiopia and Kenya and 12.8% in
South Africa were LBW. The actual prevalence of LBW might be higher because the
data on birth weight or size were unavailable for cases of neonatal and infant deaths.
Also, there was a higher prevalence of LBW in South Africa, which might be attributable
to more adolescent pregnant women and HIV carriers. Evidence-based antenatal
interventions have been identified to prevent LBW, including a number of nutritional
interventions such as supplementations of IFA, balanced protein/energy, micronutrients,
etc.(156, 157) However, evidence regarding the associations between ANC quality and
LBW newborns is relatively limited compared to other neonatal outcomes, such as
neonatal death. Available evidence suggested that ANC attendance and good quality
ANC reduced LBW newborns.(44-46) Recently, a conceptual framework brought
together preterm infants, small-for-gestational-age babies, and LBW newborns under the
newly developed term "small vulnerable newborns,” emphasizing a comprehensive
approach that integrates effective interventions and necessary care components into ANC
to support this vast population of small babies globally.(4, 51) In our analysis, we did not
see the linkages between good quality ANC and LBW newborns. There are a few
potential explanations. First, the ANC care components we identified were proxies of
good quality ANC, which might not capture all aspects of quality. Second, receiving the
core ANC care components does not guarantee adherence to medical advice or
appropriate management when risk factors are detected.(158)

Our study had limitations. First, our analyses and inference testing are limited by

small sample sizes. Late miscarriages and stillbirths are rare outcomes; only 3.9% of
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women in our study experienced late miscarriages or stillbirths, which led to large
estimates of standard errors. Similarly, some of the sensitivity analyses were likely
underpowered. Second, we caution that our results may have limited generalizability as
the study enrolled participants from two particular sites in each country, meaning that the
samples were not nationally representative. Third, we only included care components at
the first ANC visit to define good quality. These care components, while fundamental,
are surrogate indicators for the overall ANC quality throughout pregnancy. The rationale
for not including care content at follow-up visits and ANC utilization (the number of
ANC visits) is to avoid immortal time bias. This bias often occurs in perinatal
epidemiology studies assessing the associations between stillbirths and pregnancy
complications, where pregnancy complications are often treated as exposures. If a
pregnancy ends in stillbirth before the pregnancy complication develops, the exposure
status will be inaccurately assigned, as the woman does not have the opportunity to
experience the exposure.(159, 160) Similarly, it is impossible for women who have
developed feta losses to attend additional ANC visits and receive additional care at
follow-up visits. Fourth, the LBW analysis may be limited by inaccurate birth weights
that were self-reported by mothers since 56.6% of women in Ethiopia, 92.4% in Kenya,
and 88.8% in South Africa knew their babies’ weight at birth. Fifth, newborn birth weight
and size data were only collected for babies alive at the time of the survey, excluding
neonatal and infant deaths, some of which might be LBW, as LBW newborns were at a
higher risk of death compared to normal-weight babies. In addition, we were unable to
distinguish between antepartum and intrapartum stillbirths in the fetal loss analysis.

Lastly, these three countries differed in their national ANC guidelines. For instance,
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Ethiopia and Kenya recommend an ultrasound scan for all women before 24 weeks of
gestation, while South Africa’s 4" edition national ANC guidelines recommend an
ultrasound scan only for women who are unsure about their LMP, resulting in a lower
proportion of women receiving an ultrasound at first ANC visits in South Africa.

As more women in LMICs have made ANC contacts, the challenge remains in
delivering ANC of good quality in areas with the highest burdens of maternal and
newborn morbidity and mortality. Future programs and research should continue to
examine the relationship between overall ANC quality and perinatal outcomes, expand
the dialogue on ANC quality from care components that detect health conditions to
appropriate management of those health conditions, and consider scaling up obstetric

ultrasound in identifying high-risk pregnancies.
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Chapter 6: Discussion

6.1 Summary of Findings

This dissertation has several significant findings. In the first two papers on
corticosteroid utilization and facility readiness, I found that, first, antenatal
corticosteroids among pregnant women at risk of imminent preterm labor were
substantially underused, with only one out of ten health facilities having administered
ACS in the 9 LMICs in the sample. Second, corticosteroid availability was still limited,
as one-fourth of the facilities had either injectable dexamethasone or betamethasone
available at the time of the survey. Significant gaps existed between drug availability and
actual utilization. Third, health facilities in these countries had low levels of readiness to
administer ACS appropriately based on the WHO recommendations on ACS use. In
addition, one-fifth of the facilities had an overall readiness index above 50%. Lastly, in
identifying facility-level factors affecting ACS use, past performance of CEmONC signal
functions was significantly associated with recent ACS provisions, with neonatal
resuscitation having the largest effect (RR 2.62). As the past performance of CEmONC
reflected a minimal level of provider competence in managing obstetric emergencies, this
finding highlighted the importance of provider knowledge, skills, and competence in
delivering corticosteroids appropriately.

In the third paper on Ethiopia, a few major barriers to the appropriate provision of
ACS were identified, including health service delivery structure, knowledge gaps among
providers, accurate GA assessment, and drug availability. The country’s health service
structure largely affects the effectiveness of ACS utilization. Ethiopia’s national obstetric

protocols suggest administering ACS at health centers, the primary care level where
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many women seek antenatal and delivery care. However, health centers lack the
necessary equipment and medicines to take care of preterm newborns; these babies are
unlikely to survive even if they might have received corticosteroids before birth.
Additionally, insufficient provider knowledge hinders the appropriate utilization of ACS.
These knowledge gaps are twofold: first, the existence of ACS, its function and benefits,
and how to administer it accurately, and second, the identification of women with
imminent preterm labor.

Our last paper found suboptimal ANC quality in Ethiopia, Kenya, and South
Africa. Only 7.4% of women in the sample received good quality ANC, defined as
receiving all six core care components at their first ANC visits. Good quality ANC was
significantly associated with a reduction in the risk of late miscarriage and stillbirth. Yet,
the association became insignificant when ultrasound scan was removed from defining
good quality ANC. This finding highlighted the importance of ultrasound examinations in

antenatal care.

6.2 Strengths and Limitations

To our knowledge, this dissertation is the first study to comprehensively examine
the landscape of availability and utilization of ACS at the facility level and facility
structural readiness in multiple countries using the DHS SPA data. As most previous
research on ACS utilization studied coverage rates at the individual level, this dissertation
adds significant value in addressing the evidence gaps. Our second paper found
significant associations between recent ACS use and the past performance of CEmONC

services, which was considered a particular strength, as very few studies have explored
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this relationship. Additionally, the third paper, focusing on Ethiopia, conducted a detailed
and comprehensive investigation of the current landscape of ACS utilization and
identified several barriers to appropriate ACS provision. Based on the findings, we are
able to suggest priority areas for policy changes in the country with one of the highest
numbers of preterm newborns globally. Lastly, the last paper on the association of good
quality ANC and perinatal outcomes added value to the limited body of literature on the
associations between ANC quality and positive birth outcomes. Our findings highlighted
the importance of ultrasound examinations, which were less commonly studied in
previous research on ANC quality.

On the other hand, this dissertation has limitations. For the first two papers, I am
aware of the inherent limitations of using the SPA facility survey data. The nine countries
in the sample varied in various aspects, so careful interpretation was suggested if
attempting to do cross-country comparisons. Some indicators used for constructing the
readiness variable are proxies, which might over- or underestimate the true availability.
In the third paper on the barriers to effective ACS provision in Ethiopia, I summarized
our findings through a standardized discussion with stakeholders without adopting a
standard qualitative research approach. Certain nuances might not be captured without a
standard coding and theme development process. The last paper on ANC quality using
eCohort study data also has limitations. First, my analysis might be underpowered due to
small sample sizes and rare outcomes. In defining good quality ANC, I restricted care
components to those provided at the first ANC visits in order to avoid immortal time bias,
as pregnant women who develop fetal losses are unlikely to have additional ANC visits

and more care inherently. To avoid selection bias, I restricted the sample to women
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enrolled in their first trimester for regressions for fetal loss. These restrictions resulted in
small sample sizes. Second, some limitations came from the data collection process. For
example, only newborns who were alive during follow-up surveys had birth weight and
birth size data available. Third, the six care components, while fundamental, are surrogate

indicators of the overall quality of antenatal care.

6.3 Conclusion

Antenatal corticosteroid utilization is a promising intervention to improve preterm
outcomes in low-source countries, but it is not a silver bullet that can independently save
thousands of preterm newborns’ lives on its own. In order to realize the population
benefits of ACS, policymakers should be cautious about their strategies in ACS scale-up,
taking into account the country’s specific context. Fundamentally, ACS uptake needs
support from national guidelines and requires leadership-level commitments to encourage
nationwide ACS uptake in adequately equipped facilities. Meanwhile, a country’s health
service delivery structure affects the effectiveness of ACS, as the levels of care where
ACS provisions and preterm deliveries take place matter tremendously. At the facility
level, countries should equip specific levels of facilities for safe and effective use based
on the countries’ strategies. ACS needs to be administered in healthcare settings that are
ready. The benefits of this intervention — reducing respiratory complications and
neonatal death through accelerating fetal lung maturity — can only be realized when the
equipment and medicines required for managing preterm deliveries and preterm
newborns are available. Additionally, concerted efforts across policymakers, health

facilities, and providers are needed to improve providers’ knowledge, skills, and
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competence. ACS provision should be incorporated into routine training for providers
who will attend birth and manage preterm deliveries. On the other hand, the overall
quality of antenatal care received by pregnant women is suboptimal, and ultrasound
examination is substantially underused. This finding is particularly concerning as
providing health services with poor quality is ineffective, wasteful, and ineffective.(42)
The global community should continue its efforts to ensure the delivery of essential care
components during ANC visits.

No single solution — either a specific antenatal intervention or a particular care
component — could independently improve population health dramatically. All the
solutions must be incorporated into health systems that can function properly and
collaboratively across different levels. We have passed the halfway point towards the
deadline of Sustainable Developmental Goals, and some evidence suggests that the global
community is unlikely to achieve the target of ending preventable child and newborn
deaths. Nevertheless, there is still a silver lining: we have actionable evidence on how to
enhance maternal and newborn health. The global community has to ensure that the right

care is provided to pregnant women in need at the right times in the right places.

92



References

1. United Nations Inter-agency Group for Child Mortality Estimation. Levels and
trends in child mortality. 2023.

2. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al. Global,
regional, and national causes of under-5 mortality in 2000-19: an updated systematic
analysis with implications for the Sustainable Development Goals. The Lancet Child &
adolescent health. 2022;6(2):106-15. Epub 2021/11/21. doi: 10.1016/s2352-
4642(21)00311-4. PubMed PMID: 34800370; PubMed Central PMCID:
PMCPMC8786667.

3. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, et
al. Global, regional, and national estimates of levels of preterm birth in 2014: a
systematic review and modelling analysis. The Lancet Global health. 2019;7(1):e37-¢46.
Epub 2018/11/06. doi: 10.1016/s2214-109x(18)30451-0. PubMed PMID: 30389451;
PubMed Central PMCID: PMCPMC6293055.

4, Ashorn P, Ashorn U, Muthiani Y, Aboubaker S, Askari S, Bahl R, et al. Small
vulnerable newborns-big potential for impact. Lancet (London, England).
2023;401(10389):1692-706. Epub 2023/05/12. doi: 10.1016/s0140-6736(23)00354-9.
PubMed PMID: 37167991.

5. World Health Organization. Maternal mortality. Available from:
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality.

6. World Health Organization. WHO recommendations on antenatal care for a
positive pregnancy experience. 2016.

7. Arsenault C, Jordan K, Lee D, Dinsa G, Manzi F, Marchant T, et al. Equity in
antenatal care quality: an analysis of 91 national household surveys. The Lancet Global
health. 2018;6(11):e1186-€95. Epub 2018/10/17. doi: 10.1016/52214-109x(18)30389-9.
PubMed PMID: 30322649; PubMed Central PMCID: PMCPMC6187112.

8. Hodgins S, D'Agostino A. The quality-coverage gap in antenatal care: toward
better measurement of effective coverage. Global health, science and practice.
2014;2(2):173-81. Epub 2014/10/03. doi: 10.9745/ghsp-d-13-00176. PubMed PMID:
25276575; PubMed Central PMCID: PMCPMC4168625.

9. Benova L, Tungalp O, Moran AC, Campbell OMR. Not just a number: examining
coverage and content of antenatal care in low-income and middle-income countries. BMJ
Glob Health. 2018;3(2):¢000779. Epub 2018/04/18. doi: 10.1136/bmjgh-2018-000779.
PubMed PMID: 29662698; PubMed Central PMCID: PMCPMC5898334.

10. McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal corticosteroids for
accelerating fetal lung maturation for women at risk of preterm birth. Cochrane Database
Syst Rev. 2020;12(12):Cd004454. Epub 2020/12/29. doi:
10.1002/14651858.CD004454.pub4. PubMed PMID: 33368142; PubMed Central
PMCID: PMCPMC8094626 Stuart Dalziel reports receiving research funding, not
associated with the review topic, from Cure Kids, Health Research Council, and Starship

93


https://www.who.int/news-room/fact-sheets/detail/maternal-mortality

Foundation, New Zealand. Stuart Dalziel is employed by The University of Auckland and
Auckland District Health Board. He is also on the board of the Advanced Paediatric Life
Support New Zealand.

11. Tekelab T, Chojenta C, Smith R, Loxton D. The impact of antenatal care on
neonatal mortality in sub-Saharan Africa: A systematic review and meta-analysis. PLoS
One. 2019;14(9):€0222566. Epub 2019/09/14. doi: 10.1371/journal.pone.0222566.
PubMed PMID: 31518365; PubMed Central PMCID: PMCPMC6743758.

12. Wondemagegn AT, Alebel A, Tesema C, Abie W. The effect of antenatal care
follow-up on neonatal health outcomes: a systematic review and meta-analysis. Public
health reviews. 2018;39:33. Epub 2018/12/24. doi: 10.1186/s40985-018-0110-y. PubMed
PMID: 30574407; PubMed Central PMCID: PMCPMC6296103.

13.  Liggins GC, Howie RN. A controlled trial of antepartum glucocorticoid treatment
for prevention of the respiratory distress syndrome in premature infants. Pediatrics.
1972;50(4):515-25. Epub 1972/10/01. PubMed PMID: 4561295.

14.  Effect of corticosteroids for fetal maturation on perinatal outcomes. NIH
consensus statement. 1994;12(2):1-24. Epub 1994/02/02. PubMed PMID: 7728157.

15.  El-Sayed YY, Borders AEB, Gyamfi-Bannerma C. ACOG committee opinion,
Antenatal Corticosteroid Therapy for Fetal Maturation The American College of
Obstetricians and Gynecologists. 2017;130(2 ):e102-¢9.

16. Reddy UM, Deshmukh U, Dude A, Harper L, Osmundson SS. Society for
Maternal-Fetal Medicine Consult Series #58: Use of antenatal corticosteroids for
individuals at risk for late preterm delivery: Replaces SMFM Statement #4,
Implementation of the use of antenatal corticosteroids in the late preterm birth period in
women at risk for preterm delivery, August 2016. American journal of obstetrics and
gynecology. 2021;225(5):B36-b42. Epub 2021/08/08. doi: 10.1016/j.aj0og.2021.07.023.
PubMed PMID: 34363784.

17. The World Health Organization. 2022 WHO recommendations on ACS to
improve preterm birth outcomes. 2022. Epub 2022/09/29.

18.  Norman J, Shennan A, Jacobsson B, Stock SJ, Birth FWGT{P. FIGO good practice
recommendations on the use of prenatal corticosteroids to improve outcomes and
minimize harm in babies born preterm. Int J Gynaecol Obstet. 2021;155(1):26-30. Epub
2021/09/15. doi: 10.1002/ijgo.13836. PubMed PMID: 34520057.

19.  World Health Organization. Service availability and readiness assessment.

20. Jobe AH, Kemp MW, Kamath-Rayne B, Schmidt AF. Antenatal corticosteroids
for low and middle income countries. Semin Perinatol. 2019;43(5):241-6. Epub
2019/04/14. doi: 10.1053/j.semperi.2019.03.012. PubMed PMID: 30979597.

21. McClure EM, Goldenberg RL, Jobe AH, Miodovnik M, Koso-Thomas M,
Buekens P, et al. Reducing neonatal mortality associated with preterm birth: gaps in
knowledge of the impact of antenatal corticosteroids on preterm birth outcomes in low-
middle income countries. Reprod Health. 2016;13(1):61. Epub 2016/05/26. doi:

94



10.1186/512978-016-0180-6. PubMed PMID: 27221397; PubMed Central PMCID:
PMCPMC4877818.

22.  Vogel JP, Oladapo OT, Pileggi-Castro C, Adejuyigbe EA, Althabe F, Ariff S, et
al. Antenatal corticosteroids for women at risk of imminent preterm birth in low-resource
countries: the case for equipoise and the need for efficacy trials. BMJ Glob Health.
2017;2(3):e000398. Epub 2017/10/31. doi: 10.1136/bmjgh-2017-000398. PubMed
PMID: 29082019; PubMed Central PMCID: PMCPMC5656119.

23. Sultana S, Vogel JP, Oladapo OT. The efficacy of antenatal corticosteroids to
improve preterm newborn outcomes in low-resource countries: Are we there yet? BJOG :
an international journal of obstetrics and gynaecology. 2023. Epub 2023/08/02. doi:
10.1111/1471-0528.17611. PubMed PMID: 37530472.

24, Townsend R, Calvert C. Antenatal corticosteroids in adequately equipped
facilities in low-resource settings. The Lancet Global health. 2022;10(10):e1379-e80.
Epub 2022/09/17. doi: 10.1016/s2214-109x(22)00387-4. PubMed PMID: 36113517.

25. Azad K, Costello A. Extreme caution is needed before scale-up of antenatal
corticosteroids to reduce preterm deaths in low-income settings. The Lancet Global
health. 2014;2(4):e191-2. Epub 2014/08/12. doi: 10.1016/s2214-109x(14)70020-8.
PubMed PMID: 25103050.

26.  Leviton LC, Baker S, Hassol A, Goldenberg RL. An exploration of opinion and
practice patterns affecting low use of antenatal corticosteroids. American journal of
obstetrics and gynecology. 1995;173(1):312-6. Epub 1995/07/01. doi: 10.1016/0002-
9378(95)90220-1. PubMed PMID: 7631711.

27. Aleman A, Cafferata ML, Gibbons L, Althabe F, Ortiz J, Sandoval X, et al. Use
of antenatal corticosteroids for preterm birth in Latin America: providers knowledge,
attitudes and practices. Reprod Health. 2013;10:4. Epub 2013/01/31. doi: 10.1186/1742-
4755-10-4. PubMed PMID: 23360713; PubMed Central PMCID: PMCPMC3598882.

28. Antony KM, Levison J, Suter MA, Raine S, Chiudzu G, Phiri H, et al. Qualitative
assessment of knowledge transfer regarding preterm birth in Malawi following the
implementation of targeted health messages over 3 years. International journal of
women's health. 2019;11:75-95. Epub 2019/02/19. doi: 10.2147/ijwh.S185199. PubMed
PMID: 30774452; PubMed Central PMCID: PMCPMC6361229.

29. Zahroh RI, Hazfiarini A, Eddy KE, Vogel JP, Tuncalp O, Minckas N, et al.
Factors influencing appropriate use of interventions for management of women
experiencing preterm birth: A mixed-methods systematic review and narrative synthesis.
PLoS medicine. 2022;19(8):e1004074. doi: 10.1371/journal.pmed.1004074.

30. Greensides D, Robb-McCord J, Noriega A, Litch JA. Antenatal Corticosteroids
for Women at Risk of Imminent Preterm Birth in 7 sub-Saharan African Countries: A
Policy and Implementation Landscape Analysis. Global health, science and practice.
2018;6(4):644-56. Epub 2018/12/24. doi: 10.9745/ghsp-d-18-00171. PubMed PMID:
30573455; PubMed Central PMCID: PMCPMC6370350.

95



31. Liu G, Segre J, Giilmezoglu A, Mathai M, Smith JM, Hermida J, et al. Antenatal
corticosteroids for management of preterm birth: a multi-country analysis of health
system bottlenecks and potential solutions. BMC pregnancy and childbirth. 2015;15
Suppl 2(Suppl 2):S3. Epub 2015/09/24. doi: 10.1186/1471-2393-15-s2-s3. PubMed
PMID: 26390927; PubMed Central PMCID: PMCPMC4577756.

32. Ohuma EO, Moller A-B, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin A,
et al. National, regional, and global estimates of preterm birth in 2020, with trends from
2010: a systematic analysis. The Lancet. 2023;402(10409):1261-71. doi: 10.1016/S0140-
6736(23)00878-4.

33. Krauss Silva L PT, Franklin R, Oliveira N. Assessment of quality of obstetric care
and corticoid use in preterm labor. Cadernos de Salude Publica. 1999;15(4):1-23.

34, Tita AT, Selwyn BJ, Waller DK, Kapadia AS, Dongmo S. Evidence-based
reproductive health care in Cameroon: population-based study of awareness, use and
barriers. Bulletin of the World Health Organization. 2005;83(12):895-903. Epub
2006/02/08. PubMed PMID: 16462981; PubMed Central PMCID: PMCPMC2626486.

35. Pattanittum P, Ewens MR, Laopaiboon M, Lumbiganon P, McDonald SJ,
Crowther CA. Use of antenatal corticosteroids prior to preterm birth in four South East
Asian countries within the SEA-ORCHID project. BMC pregnancy and childbirth.
2008;8:47. Epub 2008/10/18. doi: 10.1186/1471-2393-8-47. PubMed PMID: 18925968;
PubMed Central PMCID: PMCPMC2596081.

36. Riganti AA, Cafferata ML, Althabe F, Gibbons L, Segarra JO, Sandoval X, et al.
Use of prenatal corticosteroids for preterm birth in three Latin American countries. Int J
Gynaecol Obstet. 2010;108(1):52-7. Epub 2009/11/07. doi: 10.1016/].1j20.2009.08.022.
PubMed PMID: 19892349; PubMed Central PMCID: PMCPMC3401047.

37. Bhutta ZA, Das JK, Bahl R, Lawn JE, Salam RA, Paul VK, et al. Can available
interventions end preventable deaths in mothers, newborn babies, and stillbirths, and at
what cost? Lancet (London, England). 2014;384(9940):347-70. Epub 2014/05/24. doi:
10.1016/s0140-6736(14)60792-3. PubMed PMID: 24853604.

38. Vogel JP, Souza JP, Giilmezoglu AM, Mori R, Lumbiganon P, Qureshi Z, et al.
Use of antenatal corticosteroids and tocolytic drugs in preterm births in 29 countries: an
analysis of the WHO Multicountry Survey on Maternal and Newborn Health. Lancet
(London, England). 2014;384(9957):1869-77. Epub 2014/08/17. doi: 10.1016/s0140-
6736(14)60580-8. PubMed PMID: 25128271.

39, Berrueta M, Hemingway-Foday J, Thorsten VR, Goldenberg RL, Carlo WA,
Garces A, et al. Use of antenatal corticosteroids at health facilities and communities in
low-and-middle income countries. Reprod Health. 2016;13(1):66. Epub 2016/05/28. doi:
10.1186/s12978-016-0176-2. PubMed PMID: 27228986, PubMed Central PMCID:
PMCPMC4882797.

40. Dandona R, Kumar GA, Majumder M, Akbar M, Prasad Dora SS, Dandona L.
Poor coverage of quality-adjusted antenatal care services: a population-level assessment
by visit and source of antenatal care services in Bihar state of India. The Lancet regional

96



health Southeast Asia. 2024;25:100332. Epub 2024/07/18. doi:
10.1016/j.lansea.2023.100332. PubMed PMID: 39021484; PubMed Central PMCID:
PMCPMC467073.

41. Tikmani SS, Ali SA, Saleem S, Bann CM, Mwenechanya M, Carlo WA, et al.
Trends of antenatal care during pregnancy in low- and middle-income countries: Findings
from the global network maternal and newborn health registry. Semin Perinatol.
2019;43(5):297-307. Epub 2019/04/22. doi: 10.1053/j.semperi.2019.03.020. PubMed
PMID: 31005357; PubMed Central PMCID: PMCPMC7027164.

42. Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan S, et al.
High-quality health systems in the Sustainable Development Goals era: time for a
revolution. The Lancet Global health. 2018;6(11):e1196-e252. Epub 2018/09/10. doi:
10.1016/s2214-109x(18)30386-3. PubMed PMID: 30196093; PubMed Central PMCID:
PMCPMC7734391.

43.  Afulani PA. Determinants of stillbirths in Ghana: does quality of antenatal care
matter? BMC pregnancy and childbirth. 2016;16(1):132. Epub 2016/06/04. doi:
10.1186/s12884-016-0925-9. PubMed PMID: 27255155; PubMed Central PMCID:
PMCPMC4891927.

44.  KuhntJ, Vollmer S. Antenatal care services and its implications for vital and
health outcomes of children: evidence from 193 surveys in 69 low-income and middle-
income countries. BMJ Open. 2017;7(11):e017122. doi: 10.1136/bmjopen-2017-017122.

45, Zhou H, Wang A, Huang X, Guo S, Yang Y, Martin K, et al. Quality antenatal
care protects against low birth weight in 42 poor counties of Western China. PLoS One.
2019;14(1):¢0210393. Epub 2019/01/17. doi: 10.1371/journal.pone.0210393. PubMed
PMID: 30650127; PubMed Central PMCID: PMCPMC6335019.

46. Weyori AE, Seidu A-A, Aboagye RG, Holmes FA, Okyere J, Ahinkorah BO.
Antenatal care attendance and low birth weight of institutional births in sub-Saharan
Africa. BMC pregnancy and childbirth. 2022;22(1):283. doi: 10.1186/s12884-022-04576-
4.

47. Uwimana G, Elhoumed M, Gebremedhin MA, Azalati MM, Nan L, Zeng L.
Association between quality antenatal care and low birth weight in Rwanda: a cross-
sectional study design using the Rwanda demographic and health surveys data. BMC
health services research. 2023;23(1):558. Epub 2023/05/31. doi: 10.1186/s12913-023-
09482-9. PubMed PMID: 37254102; PubMed Central PMCID: PMCPMC10230721.

48. Ohuma EO, Moller AB, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin A,
et al. National, regional, and global estimates of preterm birth in 2020, with trends from
2010: a systematic analysis. Lancet (London, England). 2023;402(10409):1261-71. Epub
2023/10/08. doi: 10.1016/s0140-6736(23)00878-4. PubMed PMID: 37805217.

49. The World Health Organization. Newborn mortality 2024 [cited 2024 May 13].
Available from: https://www.who.int/westernpacific/news-room/fact-
sheets/detail/newborn-mortality.

97


https://www.who.int/westernpacific/news-room/fact-sheets/detail/newborn-mortality
https://www.who.int/westernpacific/news-room/fact-sheets/detail/newborn-mortality

50. Sankar MJ, Natarajan CK, Das RR, Agarwal R, Chandrasekaran A, Paul VK.
When do newborns die? A systematic review of timing of overall and cause-specific
neonatal deaths in developing countries. Journal of perinatology : official journal of the
California Perinatal Association. 2016;36 Suppl 1(Suppl 1):S1-s11. Epub 2016/04/26.
doi: 10.1038/jp.2016.27. PubMed PMID: 27109087; PubMed Central PMCID:
PMCPMC(C4848744.

51. Hofmeyr GJ, Black RE, Rogozinska E, Heuer A, Walker N, Ashorn P, et al.
Evidence-based antenatal interventions to reduce the incidence of small vulnerable
newborns and their associated poor outcomes. Lancet (London, England).
2023;401(10389):1733-44. Epub 2023/05/12. doi: 10.1016/s0140-6736(23)00355-0.
PubMed PMID: 37167988.

52. Ninan K, Liyanage SK, Murphy KE, Asztalos EV, McDonald SD. Evaluation of
Long-term Outcomes Associated With Preterm Exposure to Antenatal Corticosteroids: A
Systematic Review and Meta-analysis. JAMA pediatrics. 2022;176(6):¢220483. Epub
2022/04/12. doi: 10.1001/jamapediatrics.2022.0483. PubMed PMID: 35404395; PubMed
Central PMCID: PMCPMC9002717.

53. Lin YH, Lin CH, Lin MC, Hsu YC, Hsu CT. Antenatal Corticosteroid Exposure
Is Associated with Childhood Mental Disorders in Late Preterm and Term Infants. J
Pediatr. 2022. Epub 2022/10/07. doi: 10.1016/j.jpeds.2022.09.050. PubMed PMID:
36202238.

54. Raikkonen K, Gissler M, Kajantie E. Associations Between Maternal Antenatal
Corticosteroid Treatment and Mental and Behavioral Disorders in Children. JAMA.
2020;323(19):1924-33. Epub 2020/05/20. doi: 10.1001/jama.2020.3937. PubMed PMID:
32427304; PubMed Central PMCID: PMCPMC7237984.

55. Kankaria A, Duggal M, Chauhan A, Sarkar D, Dalpath S, Kumar A, et al.
Readiness to Provide Antenatal Corticosteroids for Threatened Preterm Birth in Public
Health Facilities in Northern India. Global health, science and practice. 2021;9(3):575-
89. Epub 2021/10/02. doi: 10.9745/ghsp-d-20-00716. PubMed PMID: 34593583;
PubMed Central PMCID: PMCPMC8514043.

56. Leslie HH, Spiegelman D, Zhou X, Kruk ME. Service readiness of health
facilities in Bangladesh, Haiti, Kenya, Malawi, Namibia, Nepal, Rwanda, Senegal,
Uganda and the United Republic of Tanzania. Bulletin of the World Health Organization.
2017;95(11):738-48. Epub 2017/11/18. doi: 10.2471/blt.17.191916. PubMed PMID:
29147054; PubMed Central PMCID: PMCPMC5677617.

57. The DHS program. The Demographic and Health Surveys, The Service Provision
Assessment USAID; [cited 2023 July 20]. Available from:
https://dhsprogram.com/methodology/Survey-Types/SPA.cfm.

58. The World Health Organization. WHO recommendations on interventions to
improve preterm birth outcomes. 2015

59. Ministry of Health, ICF. Nepal Health Facility Survey 2021. Kathmandu, Nepal,
Rockville, Maryland, USA: Ministry of Health and Population, New ERA and ICF, 2022.

98


https://dhsprogram.com/methodology/Survey-Types/SPA.cfm

60. Ethiopian Public Health Institute, Ministry of Health Ethiopia, ICF. Ethiopia
Service Provision Assessment 2021-22. 2021.

61.  National Institute of Population Research, Ministry of Health, ICF. Bangladesh
Health Facility Survey 2017. Dhaka, Bangladesh: NIPORT - ICF, 2020.

62.  Agence Nationale de la Statistique et de la Démographie/ANSD, ICF. Senegal:
Enquéte Continue sur la Prestation des Services de Soins de Santé (ECPSS) 2018. Dakar,
Sénégal: ANSD/ICF, 2020.

63.  Agence Nationale de la Statistique et de la Démographie , ICF. Senegal: Enquéte
Continue sur la Prestation des Services de Soins de Santé (ECPSS) 2019. Dakar, Sénégal:
ANSD/ICF, 2020.

64.  Ecole de Sant¢ Publique de Kishasa ESPK/Kinshasa RDAC, ICF. Republique
Democratique du Congo Evaluation des Presentations des Services de souns de Santé
EPSS 2017-2018. Kinshasa, République Démocratique du Congo: ESPK and ICF, 2019.

65. Ministry of Health Tanzania, National Bureau of Statistics Tanzania, Office of
Chief Government Statistician/Tanzania, ICF International. Tanzania Service Provision
Assessment Survey 2014-2015. Dar es Salaam, Tanzania: MoHSW/Tanzania,
MoH/Tanzania, NBS/Tanzania, OCGS/Tanzania, and ICF International, 2016.

66.  Ministry of Health - MoH/Malawi, ICF International. Malawi Service Provision
Assessment 2013-14. Lilongwe, Malawi: MoH/Malawi and ICF International, 2014.

67.  The World Bank. The World Bank Microdata Library. Service Provision
Assessment Survey Afghanistan 2018-2019 Available from:
https://microdata.worldbank.org/index.php/catalog/3645/study-description.

68. Institut Haitien de 'Enfance , ICF. Haiti Evaluation de la Prestation des Services
de Soins de Santé (EPSSS 2017-2018). 2019.

69. The DHS program. Continuous Service Provision Assessment.

70. Mallick L, Temsah G, Wang W. Comparing summary measures of quality of care
for family planning in Haiti, Malawi, and Tanzania. PLOS ONE. 2019;14(6):e0217547.
doi: 10.1371/journal.pone.0217547.

71. Sheffel A, Zeger S, Heidkamp R, Munos MK. Development of summary indices
of antenatal care service quality in Haiti, Malawi and Tanzania. BMJ Open.
2019;9(12):e032558. doi: 10.1136/bmjopen-2019-032558.

72. The World Health Organization. WHO recommendations on antenatal care for a
positive pregnancy experience. 2016.

73. The World Health Organization. The WHO Model List of Essential Medicines
23rd list 2023.

74. Althabe F, Belizan JM, McClure EM, Hemingway-Foday J, Berrueta M, Mazzoni
A, et al. A population-based, multifaceted strategy to implement antenatal corticosteroid
treatment versus standard care for the reduction of neonatal mortality due to preterm birth

99


https://microdata.worldbank.org/index.php/catalog/3645/study-description

in low-income and middle-income countries: the ACT cluster-randomised trial. The
Lancet. 2015;385(9968):629-39. doi: 10.1016/s0140-6736(14)61651-2.

75.  Collaborators WAT, Oladapo OT, Vogel JP, Piaggio G, Nguyen MH, Althabe F,
et al. Antenatal Dexamethasone for Early Preterm Birth in Low-Resource Countries. N
Engl J Med. 2020;383(26):2514-25. Epub 2020/10/24. doi: 10.1056/NEJMo0a2022398.
PubMed PMID: 33095526, PubMed Central PMCID: PMCPMC7660991.

76. Hall M, Valencia CM, Soma-Pillay P, Luyt K, Jacobsson B, Shennan A. Effective
and simple interventions to improve outcomes for preterm infants worldwide: The FIGO
PremPrep-5 initiative. Int J Gynaecol Obstet. 2024;165(3):929-35. Epub 2024/01/24. doi:
10.1002/1jg0.15269. PubMed PMID: 38264849.

77. Sebastian E, Bykersma C, Eggleston A, Eddy KE, Chim ST, Zahroh RI, et al.
Cost-effectiveness of antenatal corticosteroids and tocolytic agents in the management of
preterm birth: A systematic review. EClinicalMedicine. 2022;49:101496. Epub
2022/06/25. doi: 10.1016/j.eclinm.2022.101496. PubMed PMID: 35747187; PubMed
Central PMCID: PMCPMC(C9167884.

78. Eddy KE, Vogel JP, Scott N, Fetene D, Tidhar T, Oladapo OT, et al. Antenatal
dexamethasone for improving preterm newborn outcomes in low-resource countries: a
cost-effectiveness analysis of the WHO ACTION-I trial. The Lancet Global Health.
2022;10(10):e1523-e33. doi: 10.1016/s2214-109%(22)00340-0.

79. Bill and Melinda Gates Foundation. 2023 Goalkeepers Report. 2023.

80. The United Nations Population Fund. UN Commission on Life-Saving
Commodities for Women and Children Commissioners' Report. 2012.

81. The World Health Organization. Born too soon: decade of action on preterm birth.
2023.

82. Levison J, Nanthuru D, Chiudzu G, Kazembe PN, Phiri H, Ramin SM, et al.
Qualitative assessment of attitudes and knowledge on preterm birth in Malawi and within
country framework of care. BMC pregnancy and childbirth. 2014;14:123. Epub
2014/04/03. doi: 10.1186/1471-2393-14-123. PubMed PMID: 24690288; PubMed
Central PMCID: PMCPMC3975452.

83. The World Health Organization. Monitoring Emergency Obstetric Care: a
Handbook. 2009.

84. Otolorin E, Gomez P, Currie S, Thapa K, Dao B. Essential basic and emergency
obstetric and newborn care: from education and training to service delivery and quality of
care. Int J Gynaecol Obstet. 2015;130 Suppl 2:S46-53. Epub 2015/06/28. doi:
10.1016/j.1jg0.2015.03.007. PubMed PMID: 26115858.

85.  Campbell OM, Graham W/J. Strategies for reducing maternal mortality: getting on
with what works. Lancet (London, England). 2006;368(9543):1284-99. Epub 2006/10/10.
doi: 10.1016/s0140-6736(06)69381-1. PubMed PMID: 17027735.

86. Stierman EK, Ahmed S, Shiferaw S, Zimmerman LA, Creanga AA. Measuring
facility readiness to provide childbirth care: a comparison of indices using data from a

100



health facility survey in Ethiopia. BMJ Glob Health. 2021;6(10). Epub 2021/10/07. doi:
10.1136/bmjgh-2021-006698. PubMed PMID: 34610906; PubMed Central PMCID:
PMCPM(C8493923.

87. Zou G. A Modified Poisson Regression Approach to Prospective Studies with
Binary Data. American Journal of Epidemiology. 2004;159(7):702-6. doi:
10.1093/aje/kwh090.

88. Kaplan HC, Sherman SN, Cleveland C, Goldenhar LM, Lannon CM, Bailit JL.
Reliable implementation of evidence: a qualitative study of antenatal corticosteroid
administration in Ohio hospitals. BMJ quality & safety. 2016;25(3):173-81. Epub
2015/06/10. doi: 10.1136/bmjqs-2015-003984. PubMed PMID: 26056321.

89. Smith JM, Gupta S, Williams E, Brickson K, Ly Sotha K, Tep N, et al. Providing
antenatal corticosteroids for preterm birth: a quality improvement initiative in Cambodia
and the Philippines. International journal for quality in health care : journal of the
International Society for Quality in Health Care. 2016;28(6):682-8. Epub 2016/09/11.
doi: 10.1093/intghc/mzw095. PubMed PMID: 27614015; PubMed Central PMCID:
PMCPMC5892161.

90.  Mc Goldrick EL, Crawford T, Brown JA, Groom KM, Crowther CA. Identifying
the barriers and enablers in the implementation of the New Zealand and Australian

Antenatal Corticosteroid Clinical Practice Guidelines. BMC health services research.
2016;16(1):617. doi: 10.1186/s12913-016-1858-8.

91. Kruk ME, Leslie HH, Verguet S, Mbaruku GM, Adanu RMK, Langer A. Quality
of basic maternal care functions in health facilities of five African countries: an analysis
of national health system surveys. The Lancet Global health. 2016;4(11):e845-e55. Epub
2016/10/22. doi: 10.1016/s2214-109x(16)30180-2. PubMed PMID: 27670090.

92. Stewart KA, Navarro SM, Kambala S, Tan G, Poondla R, Lederman S, et al.
Trends in Ultrasound Use in Low and Middle Income Countries: A Systematic Review.
International journal of MCH and AIDS. 2020;9(1):103-20. Epub 2020/03/04. doi:
10.21106/ijma.294. PubMed PMID: 32123634; PubMed Central PMCID:
PMCPMC7031872.

93. Siddique AB, Perkins J, Mazumder T, Haider MR, Banik G, Tahsina T, et al.
Antenatal care in rural Bangladesh: Gaps in adequate coverage and content. PLoS One.
2018;13(11):e0205149. Epub 2018/11/20. doi: 10.1371/journal.pone.0205149. PubMed
PMID: 30452444; PubMed Central PMCID: PMCPMC6242304.

94.  Moller AB, Petzold M, Chou D, Say L. Early antenatal care visit: a systematic
analysis of regional and global levels and trends of coverage from 1990 to 2013. The
Lancet Global health. 2017;5(10):e977-e83. Epub 2017/09/16. doi: 10.1016/s2214-
109x(17)30325-x. PubMed PMID: 28911763; PubMed Central PMCID:
PMCPMC5603717.

95. Gebresilassie B, Belete T, Tilahun W, Berhane B, Gebresilassie S. Timing of first
antenatal care attendance and associated factors among pregnant women in public health
institutions of Axum town, Tigray, Ethiopia, 2017: a mixed design study. BMC

101



pregnancy and childbirth. 2019;19(1):340. Epub 2019/09/20. doi: 10.1186/s12884-019-
2490-5. PubMed PMID: 31533657; PubMed Central PMCID: PMCPMC67515809.

96.  Briceno-Pérez C, Reyna-Villasmil E, Vigil-De-Gracia P. Antenatal corticosteroid
therapy: Historical and scientific basis to improve preterm birth management. European
Journal of Obstetrics & Gynecology and Reproductive Biology. 2019;234:32-7. doi:
https://doi.org/10.1016/j.ejogrb.2018.12.025.

97. Magann EF, Haram K, Ounpraseuth S, Mortensen JH, Spencer HJ, Morrison JC.
Use of antenatal corticosteroids in special circumstances: a comprehensive review. Acta
obstetricia et gynecologica Scandinavica. 2017;96(4):395-409. Epub 2017/01/29. doi:
10.1111/a0gs.13104. PubMed PMID: 28130929.

98. Arsenault C, Rowe SY, Ross-Degnan D, Peters DH, Roder-DeWan S, Kruk ME,
et al. How does the effectiveness of strategies to improve healthcare provider practices in
low-income and middle-income countries change after implementation? Secondary
analysis of a systematic review. BMJ quality & safety. 2022;31(2):123-33. Epub
2021/05/20. doi: 10.1136/bmjqs-2020-011717. PubMed PMID: 34006598; PubMed
Central PMCID: PMCPMC8784997.

99, Yang W-C, Arsenault C, Fan VY, Leslie HH, Farooq F, Pembe AB, et al.
Antenatal corticosteroids for pregnant women at risk of preterm labor in low- and
middle-income countries: utilization and facility readiness. medRxiv.

2024:2024.07.31.24310863. doi: 10.1101/2024.07.31.24310863.

100. Ministry of Health and Social Welfare the United Republic of Tanzania.
Administration of Antenatal Corticosteroids in Pre-Term Labour. 2015.

101. Ministry of Health Ethiopia. Obstetrics Management Protocol for Hospitals. 2021.

102.  Ministry of Health Ethiopia. Obstetrics Management Protocol for Health Centers.
2021.

103.  Muchie KF, Lakew AM, Teshome DF, Yenit MK, Sisay MM, Mekonnen FA, et
al. Epidemiology of preterm birth in Ethiopia: systematic review and meta-analysis.
BMC pregnancy and childbirth. 2020;20(1):574. Epub 2020/10/01. doi: 10.1186/s12884-
020-03271-6. PubMed PMID: 32993555; PubMed Central PMCID: PMCPMC7526155.

104. Assefa N, Lakew Y, Belay B, Kedir H, Zelalem D, Baraki N, et al. Neonatal
mortality and causes of death in Kersa Health and Demographic Surveillance System
(Kersa HDSS), Ethiopia, 2008-2013. Maternal health, neonatology and perinatology.
2016;2:7. Epub 2016/07/21. doi: 10.1186/s40748-016-0035-8. PubMed PMID:
27437118; PubMed Central PMCID: PMCPMC4950756.

105. Tessema GA, Berheto TM, Pereira G, Misganaw A, Kinfu Y, Collaborators
GBDECM. National and subnational burden of under-5, infant, and neonatal mortality in
Ethiopia, 1990-2019: Findings from the Global Burden of Disease Study 2019. PLOS
Global Public Health. 2023;3(6):e0001471. doi: 10.1371/journal.pgph.0001471.

106. Wolde HF, Gonete KA, Akalu TY, Baraki AG, Lakew AM. Factors affecting
neonatal mortality in the general population: evidence from the 2016 Ethiopian

102


https://doi.org/10.1016/j.ejogrb.2018.12.025

Demographic and Health Survey (EDHS)-multilevel analysis. BMC research notes.
2019;12(1):610. Epub 2019/09/25. doi: 10.1186/s13104-019-4668-3. PubMed PMID:
31547855; PubMed Central PMCID: PMCPMC6757386.

107. Muhe LM, McClure EM, Nigussie AK, Mekasha A, Worku B, Worku A, et al.
Major causes of death in preterm infants in selected hospitals in Ethiopia (SIP): a
prospective, cross-sectional, observational study. The Lancet Global health.
2019;7(8):e1130-e8. Epub 2019/07/16. doi: 10.1016/s2214-109x(19)30220-7. PubMed
PMID: 31303299; PubMed Central PMCID: PMCPMC6639243.

108. The World Bank. Ethiopia's Neonatal Mortality rate (per 1000 live births) [cited
2023 August 25]. Available from:
https://data.worldbank.org/indicator/SH.DYN.NMRT?end=2021&locations=ET &start=1
980.

109. Ministry of Health Ethiopia. National Strategy for Newborn and Child Survival in
Ethiopia 2015-2019. 2015

110.  Ethiopia Federal Ministry of Health. Ethiopia National Reprodutive Health
Strategy 2016-2020. 2016.

111.  Ethiopia Federal Ministry of Health. Ethiopia Reproductive Health Strategic Plan
2021-2025. 2021.

112.  Ethiopian Public Health Institute. 2016 Ethiopian Emergency Obstetric and
Newborn Care (EmONC) Assessment. 2017.

113.  Ethiopian Ministry of Health, Ethiopian Food and Drug Authority. Ethiopian
Essential Medicines List 6th edition 2020.

114.  Ministry of Health Ethiopia. National Antenatal Care Guideline. 2022.

115.  Ministry of Health Ethiopia. Management Protocol on Selected Obstetrics Topics
for Hospitals 2020.

116. Ministry of Health Ethiopia. Basic Emergency Obstetric and Newborn Care
Training Manual 2013.

117.  Ministry of Health Ethiopia. Standard Treatment Guidelines for Health Centers.
2014.

118.  Ministry of Health Ethiopia. Standard Treatment Guidelines for Primary Hospitals
2014

119. Ministry of Health Ethiopia. Standard Treatment Guidelines for General
Hospitals. 2014.

120. Girma B, Berhe H, Mekonnen F, Nigussie J. Survival and predictors of mortality
among preterm neonates in Northern Ethiopia: A retrospective follow-up study. Frontiers
in pediatrics. 2022;10:1083749. Epub 2023/01/31. doi: 10.3389/fped.2022.1083749.
PubMed PMID: 36714659; PubMed Central PMCID: PMCPMC9880159.

103


https://data.worldbank.org/indicator/SH.DYN.NMRT?end=2021&locations=ET&start=1980
https://data.worldbank.org/indicator/SH.DYN.NMRT?end=2021&locations=ET&start=1980

121. Metaferia G, Abayneh M, Aynalem S, Demisse AG, Demtse AG, Eshetu B, et al.
Antenatal Steroid Utilization in Ethiopia. Global pediatric health.
2021;8:2333794x21990344. Epub 2021/02/23. doi: 10.1177/2333794x21990344.
PubMed PMID: 33614845; PubMed Central PMCID: PMCPMC7868499.

122.  Legesse BT, Abera NM, Alemu TG, Atalell KA. Incidence and predictors of
mortality among neonates with respiratory distress syndrome admitted at West Oromia
Referral Hospitals, Ethiopia, 2022. Multi-centred institution based retrospective follow-
up study. PLoS One. 2023;18(8):¢0289050. Epub 2023/08/01. doi:
10.1371/journal.pone.0289050. PubMed PMID: 37527266; PubMed Central PMCID:
PMCPMC10393157.

123.  Federal Ministry of Health Ethiopia, Ethiopia Public Health Institute, ICF. The
2019 Ethiopian Mini Demographic and Health Survey. 2019.

124.  The World Bank. Rural population (% of total population), Ethiopia 2023.
Available from: https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=ET.

125. Gage AD, Fink G, Ataguba JE, Kruk ME. Hospital delivery and neonatal
mortality in 37 countries in sub-Saharan Africa and South Asia: An ecological study.
PLoS medicine. 2021;18(12):e1003843. Epub 2021/12/02. doi:
10.1371/journal.pmed.1003843. PubMed PMID: 34851947; PubMed Central PMCID:
PMCPMC8635398 following competing interests: MK is a member of the Editorial
Board of PLOS Medicine.

126. The World Health Organization. Managing complications in pregnancy and
childbirth: A guide for midwives and doctors - Second Edition. 2017

127.  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). Epub 2020/10/16. doi:
10.1136/bmjgh-2020-002539. PubMed PMID: 33055093; PubMed Central PMCID:
PMCPMC7559116.

128. Nimako K, Gage A, Benski C, Roder-DeWan S, Ali K, Kandie C, et al. Health
System Redesign to Shift to Hospital Delivery for Maternal and Newborn Survival:
Feasibility Assessment in Kakamega County, Kenya. Global health, science and practice.
2021;9(4):1000-10. Epub 2021/12/23. doi: 10.9745/ghsp-d-20-00684. PubMed PMID:
34933993; PubMed Central PMCID: PMCPMC8691889.

129. Gage AD, Kruk ME, Girma T, Lemango ET. The know-do gap in sick child care
in Ethiopia. PLoS One. 2018;13(12):e0208898. Epub 2018/12/13. doi:
10.1371/journal.pone.0208898. PubMed PMID: 30540855; PubMed Central PMCID:
PMCPMC6291134.

130. Leonard KL, Masatu MC. Professionalism and the know-do gap: exploring
intrinsic motivation among health workers in Tanzania. Health economics.
2010;19(12):1461-77. Epub 2009/12/05. doi: 10.1002/hec.1564. PubMed PMID:
19960481.

104


https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=ET

131.  Abawollo HS, Argaw MD, Tsegaye ZT, Beshir IA, Guteta AA, Heyi AF, et al.
Institutionalization of limited obstetric ultrasound leading to increased antenatal, skilled
delivery, and postnatal service utilization in three regions of Ethiopia: A pre-post study.
PLoS One. 2023;18(2):e0281626. Epub 2023/02/16. doi: 10.1371/journal.pone.0281626.
PubMed PMID: 36791077; PubMed Central PMCID: PMCPMC10045583.

132.  The Federal Democratic Republic of Ethiopia MoH. Health Sector
Transformation Plan II, 2020/21-2024/25. 2021.

133. Teshale AB, Tesema GA. Prevalence and associated factors of delayed first
antenatal care booking among reproductive age women in Ethiopia; a multilevel analysis
of EDHS 2016 data. PLOS ONE. 2020;15(7):e0235538. doi:
10.1371/journal.pone.0235538.

134.  Arsenault C, Mfeka-Nkabinde NG, Chaudhry M, Jarhyan P, Taddele T, Mugenya
I, et al. Antenatal care quality and detection of risk among pregnant women: An
observational study in Ethiopia, India, Kenya, and South Africa. PLoS medicine.
2024;21(8):1004446. doi: 10.1371/journal.pmed.1004446.

135. Shewaye M, Cherie N, Molla A, Tsegaw A, Yenew C, Tamiru D, et al. A mixed-
method study examined the reasons why pregnant women late initiate antenatal care in
Northeast Ethiopia. PLoS One. 2023;18(7):¢0288922. Epub 2023/07/24. doi:
10.1371/journal.pone.0288922. PubMed PMID: 37486942; PubMed Central PMCID:
PMCPMC10365264.

136.  Verschueren KJC, Paidin RR, Broekhuis A, Ramkhelawan OSS, Kodan LR,
Kanhai HHH, et al. Why magnesium sulfate ‘coverage’ only is not enough to reduce
eclampsia: Lessons learned in a middle-income country. Pregnancy Hypertension.
2020;22:136-43. doi: https://doi.org/10.1016/j.preghy.2020.09.006.

137.  Gwako GN, Were F, Obimbo MM, Kinuthia J, Gachuno OW, Gichangi PB.
Association between utilization and quality of antenatal care with stillbirths in four
tertiary hospitals in a low-income urban setting. Acta obstetricia et gynecologica
Scandinavica. 2021;100(4):676-83. Epub 2020/07/11. doi: 10.1111/a0gs.13956. PubMed
PMID: 32648596; PubMed Central PMCID: PMCPMC10652915.

138. OtaE, da Silva Lopes K, Middleton P, Flenady V, Wariki WM, Rahman MO, et
al. Antenatal interventions for preventing stillbirth, fetal loss and perinatal death: an

overview of Cochrane systematic reviews. Cochrane Database Syst Rev.
2020;12(12):Cd009599. Epub 2020/12/19. doi: 10.1002/14651858.CD009599.pub2.

139.  Arsenault C, Wright K, Taddele T, Tadele A, Derseh Mebratie A, Tiruneh Tiyare
F, et al. The maternal and newborn health eCohort to track longitudinal care quality:
study protocol and survey development. Global health action. 2024;17(1):2392352. Epub
2024/08/20. doi: 10.1080/16549716.2024.2392352. PubMed PMID: 39163134; PubMed
Central PMCID: PMCPMC11338195.

140. ACOG Practice Bulletin No. 200: Early Pregnancy Loss. Obstet Gynecol.
2018;132(5):e197-e207. Epub 2018/08/30. doi: 10.1097/a0g.0000000000002899.
PubMed PMID: 30157093.

105


https://doi.org/10.1016/j.preghy.2020.09.006

141.  Neill S. Management of Early Pregnancy Loss. Jama. 2023;329(16):1399-400.
Epub 2023/04/08. doi: 10.1001/jama.2023.0933. PubMed PMID: 37027174.

142. Norwitz ER, Edusa V, Park JS. Maternal physiology and complications of
multiple pregnancy. Semin Perinatol. 2005;29(5):338-48. Epub 2005/12/20. doi:
10.1053/j.semperi.2005.08.002. PubMed PMID: 16360493.

143.  Harris RD, Marks WM. Compact ultrasound for improving maternal and perinatal
care in low-resource settings: review of the potential benefits, implementation challenges,
and public health issues. Journal of ultrasound in medicine : official journal of the
American Institute of Ultrasound in Medicine. 2009;28(8):1067-76. Epub 2009/08/01.
doi: 10.7863/jum.2009.28.8.1067. PubMed PMID: 19643790.

144.  Goldenberg RL, Nathan RO, Swanson D, Saleem S, Mirza W, Esamai F, et al.
Routine antenatal ultrasound in low- and middle-income countries: first look - a cluster
randomised trial. BJOG : an international journal of obstetrics and gynaecology.
2018;125(12):1591-9. Epub 2018/05/22. doi: 10.1111/1471-0528.15287. PubMed PMID:
29782696, PubMed Central PMCID: PMCPMC6390492.

145. Kim ET, Singh K, Moran A, Armbruster D, Kozuki N. Obstetric ultrasound use in
low and middle income countries: a narrative review. Reproductive Health.
2018;15(1):129. doi: 10.1186/s12978-018-0571-y.

146. Heazell AEP, Siassakos D, Blencowe H, Burden C, Bhutta ZA, Cacciatore J, et al.
Stillbirths: economic and psychosocial consequences. Lancet (London, England).
2016;387(10018):604-16. Epub 2016/01/23. doi: 10.1016/s0140-6736(15)00836-3.
PubMed PMID: 26794073.

147. Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C, Hogan D, et al.
Stillbirths: rates, risk factors, and acceleration towards 2030. Lancet (London, England).
2016;387(10018):587-603. Epub 2016/01/23. doi: 10.1016/s0140-6736(15)00837-5.
PubMed PMID: 26794078.

148. The World Health Organization. Stillbirth Available from:
https://www.who.int/health-topics/stillbirth#tab=tab_1.

149. UNICEF, WHO. Every newborn: an action plan to end preventable newborn
deaths. 2013.

150.  Getahun D, Ananth CV, Kinzler WL. Risk factors for antepartum and intrapartum
stillbirth: a population-based study. American journal of obstetrics and gynecology.
2007;196(6):499-507. Epub 2007/06/06. doi: 10.1016/j.aj0g.2006.09.017. PubMed
PMID: 17547873.

151. DiMario S, Say L, Lincetto O. Risk factors for stillbirth in developing countries:
a systematic review of the literature. Sexually transmitted diseases. 2007;34(7
Suppl):S11-21. Epub 2007/07/10. doi: 10.1097/01.0lq.0000258130.07476.e3. PubMed
PMID: 17592385.

152.  Mukherjee A, Di Stefano L, Blencowe H, Mee P. Determinants of stillbirths in
sub-Saharan Africa: A systematic review. BJOG : an international journal of obstetrics

106


https://www.who.int/health-topics/stillbirth#tab=tab_1

and gynaecology. 2024;131(2):140-50. Epub 2023/06/05. doi: 10.1111/1471-0528.17562.
PubMed PMID: 37272228.

153.  McClure EM, Garces A, Saleem S, Moore JL, Bose CL, Esamai F, et al. Global
Network for Women's and Children's Health Research: probable causes of stillbirth in
low- and middle-income countries using a prospectively defined classification system.
BJOG : an international journal of obstetrics and gynaecology. 2018;125(2):131-8. Epub
2017/02/01. doi: 10.1111/1471-0528.14493. PubMed PMID: 28139875; PubMed Central
PMCID: PMCPMC5537043.

154. UNICEEF. Stillbirth in Low- and Middle-Income Countries a conceptual
framework. 2022.

155. Okwaraji YB, Krasevec J, Bradley E, Conkle J, Stevens GA, Gatica-Dominguez
G, et al. National, regional, and global estimates of low birthweight in 2020, with trends
from 2000: a systematic analysis. Lancet (London, England). 2024;403(10431):1071-80.
Epub 2024/03/03. doi: 10.1016/s0140-6736(23)01198-4. PubMed PMID: 38430921.

156. The World Health Organization. Global Nutrition Targets 2025 Low Birth Weight
Policy Brief. 2014.

157. Lassi ZS, Padhani ZA, Rabbani A, Rind F, Salam RA, Bhutta ZA. Effects of
nutritional interventions during pregnancy on birth, child health and development
outcomes: A systematic review of evidence from low- and middle-income countries.
Campbell systematic reviews. 2021;17(2):e1150. Epub 2021/06/21. doi:
10.1002/c12.1150. PubMed PMID: 37131924; PubMed Central PMCID:
PMCPMC8356342.

158.  Afulani PA. Rural/urban and socioeconomic differentials in quality of antenatal
care in Ghana. PLoS One. 2015;10(2):e0117996. Epub 2015/02/20. doi:
10.1371/journal.pone.0117996. PubMed PMID: 25695737; PubMed Central PMCID:
PMCPMC(C4335004.

159. Neophytou AM, Kioumourtzoglou MA, Goin DE, Darwin KC, Casey JA.
Educational note: addressing special cases of bias that frequently occur in perinatal
epidemiology. International journal of epidemiology. 2021;50(1):337-45. Epub
2020/12/29. doi: 10.1093/ije/dyaa252. PubMed PMID: 33367719; PubMed Central
PMCID: PMCPMC(C8453403.

160. Hutcheon JA, Kuret V, Joseph KS, Sabr Y, Lim K. Immortal time bias in the
study of stillbirth risk factors: the example of gestational diabetes. Epidemiology
(Cambridge, Mass). 2013;24(6):787-90. Epub 2013/09/21. doi:
10.1097/EDE.Ob013e3182a6d9%aa. PubMed PMID: 24045720.

107



Appendix A. Chapter 2 Supplemental tables and figures

Supplemental Table 1. Sampling strategies of included SPA surveys

Survey

Sampling strategy'

Afghanistan 2018-2019

The survey focused on major public and private hospitals in the country's
main seven provinces (including Nangarhar, Paktya, Kunduz, Balkh,
Kandahar, and Herat, and Kabul). Among six provinces excluding Kabul,
all 12 public hospitals, 37 private hospitals, and 52 private clinics were
included. In Kabul, all 26 public and 20 private hospitals were surveyed,
but a randomly selected sample of 13 private clinics (out of 84) were
included.

Bangladesh 2017-2018

The survey adopted a stratified random sampling strategy for 1,600
facilities to obtain nationally representative data for different facility
types, different facility management authorities, and each of the eight
divisions (Barisal, Chittagong, Dhaka, Khulna, Mymensingh, Rajshahi,
Rangpur, and Sylhet) of the country.

Nepal 2021

The survey adopted a stratified random sampling strategy for 1,633
health facilities through an equal probability systematic sampling. All
government hospitals, all non-government hospitals with at least one bed,
and all non-government hospitals in the provinces of Karnali and
Sudurpashchim were included because of their small numbers. Also, all
primary health care centers (PHCCs) and stand-alone HIV testing and
counseling centers (stand-alone HTCs) were included.

Haiti 2017-2018

The survey was a national census of all operational health facilities in the
country during the survey period of 2017 to 2018.

The Democratic Republic of
the Congo 2017-2018

The survey adopted a probability sampling strategy from 12,059 health
facilities in the country, excluding health posts. On average,
approximately 50 facilities were selected for each of the 26 provinces,
reaching a sample of 1,380 facilities.

Ethiopia 2021-2022

The survey adopted a stratified random sampling strategy, reaching a
sample of 1,407 health facilities via an unequal probability systematic
sampling. Within each region, stratification was achieved by facility
type. All public and private hospitals were included because of their
small numbers and crucial roles in the country's health system. Health
centers were sampled, but all health centers in Dire Dawa and Harari
were included. Clinics were sampled with all higher clinics included, and
all clinics in Harari included. Health posts were sampled.

Malawi 2013-2014

The survey was a national census of all formal-sector health facilities,
including public, private, and other managing authority types, in the
country during the survey period between 2013 to 2014.

Senegal 2018 and 2019

Senegal implemented a continuous SPA, which was designed to
continuously collect data on health facilities over a period of 5 years
from 2012 to 2017, aiming to survey all health facilities in the country.

Tanzania 2014-2015

The survey was a sample of formal-sector health facilities, including
public and private, during the survey period between 2014 and 2015. The
sample was selected to obtain national representative data by facility
type, managing authority type, and region.

! Information obtained from SPA reports.
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Supplemental Table 2. The indicators used to assess facility readiness based on the 2022
WHO recommendations on ACS use

Antenatal corticosteroid therapy is recommended for women with a high likelihood of preterm birth from 24 to 34 weeks of
gestation when the following conditions are met:

WHO conditions/criteria getzg:)l:::: Indicators indentified from the SPA survey SPA dataset
1. Gestational age Readiness to Equipment ultrasound Inventory
assessment can be accurately assess dataset
accurately undertaken. GA
2. There is no clinical Readiness to Equipment thermometer
evidence of maternal identify maternal | Diagnostics hematology analyzer
infection. infections HIV rapid diagnostic test

syphilis rapid diagnostic test
3. Adequate childbirth care Readiness to Equipment delivery pack
is available (including the provide adequate cord clamp
capacity to recognize and childbirth care manual vacuum extractor
safely manage preterm labor vacuum aspiration kit or D&C kit
and birth). forceps (large)
forceps (medium)
Medicines and parenteral antibiotics
commodities parenteral anticonvulsants
(diazepam)
parenteral oxytocin
Staff and guidelines a health worker who can perform
C/S
an anesthetist
national guidelines for BEmONC
national guidelines for CEmONC
4. The preterm newborn can | Readiness to Equipment suction bulb or penguin sucker
receive adequate care provide preterm stethoscope
(including resuscitation, newborn care newborn masks (0, 1), neonatal
kangaroo mother care, size self-inflating bag
thermal care, feeding incubator
support, infection treatment, other external heat source
and respiratory support, pulse oximeter
incl}l_ding _continuous oXygen concentrator
positive airway pressure as filled oxygen cylinder
needed). T
oxygen distribution system
Medicines and glucometer
commodities glucometer strips
hand-washing soap
disposable latex gloves
Staff and guidelines staff trained on Integrated Health
Management of Pregnancy and worker
Childbirth (IMPAC) interview
staff trained in Comprehensive dataset!
Emergency Obstetric and
Newborn Care
staff trained on routine care for
labor and normal vaginal delivery
guidelines on the management of | Inventory
preterm labor dataset

*GA: gestational age; C/S: Cesarean section; BEmONC: Basic Emergency Obstetrics and Newborn Care; CEmONC: Comprehensive
Emergency Obstetrics and Newborn Care
'To report readiness at the facility level using data from health worker interviews, we converted data from the health-worker level to
the facility level by measuring the facility with at least one health worker who had received relevant training.
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Supplemental Table 3. Survey response rates and number of facilities sampled, surveyed, and included in the analysis

Country Survey year Response rate? Number of facilities sampled Numgs:vc;fyze(ljcillltles ﬁzngg (i(;f)t)h%fel:ﬁglll;/gi?
. N =1041 N =097 N=
(ranr;:gggf?/jg? 0%) mediar? 1130 mediar? 191358 media??ggg
(range 160, 1626) (range 142, 1576) (range 108, 1500)
South Asia
Afghanistan  2018-19 88.8%? 160 142 108 (76.1%)
Bangladesh ~ 2017-18 95.3% 1600 1524 1498 (98.3%)
Nepal 2021 97.0% 1626 1576 1500 (95.2%)
Caribbean
Haiti 2017-18 97.5% 1033 1007 929 (92.3%)
Sub-Saharan Africa
DRC 2017-18 97.7% 1412 1380 1364 (98.8%)
Ethiopia 2021-22 82.3% 1407 1158 911 (78.7%)
Malawi 2013-14 92.2% 1060 977 645 (66.1%)
Senegal 2018 89.3% 466 841
Senegal 2019 04.5% 454 (2018: 416; 2019: 425) 601 (r1.5%)
Tanzania 2014-15 99.0% 1200 1188 1056 (88.9%)

! Response rates were obtained from SPA final reports.

2 Afghanistan 2018-2019 survey does not have a publicly available SPA final report. Its response rate was manually calculated.

3 The response rate for Senegal 2019 is 94.5%, calculated by excluding health huts. The rate is 93.6% (425/454) if including health huts.

4 The number of facilities surveyed is smaller than the number of facilities sampled because of non-response, refusal, or closure.

3 Facilities included in the analysis are facilities that either provided antenatal care, performed normal deliveries, or performed Cesarean sections. The proportion was calculated by dividing the number
of facilities included in the analysis by the number of facilities surveyed.
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Supplemental Table 4. Facility structural readiness for 35 indicators by country and facility level

. . South Asia
Fg:sregesglc\;e}s_{s Sitﬁ%g:ilgs The proportion of facilities with the indicators available Afghanistan 2018-19 Bangladesh 2017-18

Median (range)! Overall Level 1 Level 2 Level 3 Overall Level 1 Level 2 Level 3
é:ssess Equipment The proportion of facilities with a functional ultrasound machine in use 7.3% (0.2%, 12.3%) 92(82.4%) 3(41.2%) 5(67%) 84(86.2%) 178(3.6%) 13(0.7%) 19(1.7%) 92(82.4%)
2. Identify | Equipment | The proportion with equipment thermometer 52.3% (20.7%, 76.2%) | 65(58.6%) 0(0%) 6(75%) 59(59.4%) 734(20.7%) 0(0%) 481(85.2%) | 65(58.6%)

maternal Diagnostics | The proportion of facilities with (1) hematology analyzer 7.6% (2.7%, 30.5%) 94(92%) 6(86.3%) 5(70.1%) | 83(94.8%) 131(2.7%) 11(0.5%) 16(1.7%) 94(92%)

infections the following diagnostics (2) HIV rapid diagnostic test 52.4% (21.2%, 82.1%) | 37(25.8%) 2(27.5%) 1(7.2%) 34(27.9%)

(3) syphilis rapid diagnostic test 13.8% (3.0%, 68.8%) | 30(21.9%) 2(27.5%) 1(7.2%) 27(23.3%) 128(3%) 18(1.1%) 22(2.7%) 30(21.9%)
3. Provide Equipment The proportion of facilities with (1) delivery pack 62.5% (19.0%, 87.5%) 80(74.5%) 0(0%) 5(28.6%) 75(83.4%) 692(19%) 0(0%) 449(77.5%) 80(74.5%)
adequate the following equipment to (2) cord clamp 55.8% (15.8%, 82.1%) | 78(70.3%) 0(0%) 6(37.3%) | 72(77.5%) 566(15.8%) 0(0%) 358(63.6%) | 78(70.3%)
childbirth perform CEmMONC (obstetric- (3) manual vacuum extractor 9.1% (4.7%, 33.9%) 76(69.1%) 0(0%) 3(17.4%) | 73(78.4%) 214(4.8%) 0(0%) 90(14.7%) | 76(69.1%)
care related) (4) vacuum aspiration kit or D&C kit 10.9% (5.8%, 49.4%) | 74(60.5%) 0(0%) 6(37%) 68(66.1%) 303(5.8%) 0(0%) 125(14.5%) | 74(60.5%)
(5) forceps (large) 32.2% (5.4%, 73.5%) | 85(74.9%) 0(0%) 10(100%) | 75(75.6%) 718(19.7%) 0(0%) 473(80.4%) | 85(74.9%)
(6) forceps (medium) 34.8% (5.2%, 82.2%) | 84(74.3%) 0(0%) 10(100%) | 74(74.8%) 697(19.4%) 0(0%) 451(79.4%) | 84(74.3%)

Medicines The proportion of facilities with (1) parenteral antibiotics 31.4% (4.6%, 51.3%) 45(42%) 0(0%) 2(50%) 43(43%) 281(4.6%) 0(0%) 82(7.6%) 45(42%)
and the following medicines (2) parenteral anticonvulsants (diazepam) | 31.8% (4.7%, 66.6%) | 49(45.1%) 0(0%) 2(50%) 47(46.7%) 264(4.7%) 0(0%) 73(8.6%) 49(45.1%)
commodities (3) parenteral oxytocin 56.4% (7.5%, 79.2%) 78(74.4%) 0(0%) 5(32.2%) | 73(82.8%) 401(7.5%) 0(0%) 178(21.6%) | 78(74.4%)
Staff and The proportion of facilities that (1) a health worker who can perform C/S 4.0% (2.2%, 20.5%) 46(32.5%) 0(0%) 0(0%) 46(37.8%) 158(2.5%) 0(0%) 0(0%) 46(32.5%)
guidelines have the following staff (2) an anesthetist 3.8% (1.9%, 12.3%) 36(26.6%) 0(0%) 0(0%) 36(31%) 118(1.9%) 0(0%) 0(0%) 36(26.6%)

The proportion of facilities with (1) national guidelines for BEmONC 18.2% (2.8%, 40.9%) 9(5.1%) 0(0%) 0(0%) 9(5.9%) 132(2.8%) 0(0%) 80(10.9%) 9(5.1%)

the following guidelines (2) national guidelines for CEmONC 13.4% (2.2%, 41.9%) 9(5.1%) 0(0%) 0(0%) 9(5.9%) 114(2.2%) 0(0%) 65(8.7%) 9(5.1%)
4. Provide | Equipment The proportion of facilities with (1) suction bulb or penguin sucker 46.2% (15.8%, 80.4%) | 78(81.6%) 0(0%) 7(79.4%) 71(85.7%) 652(15.8%) 0(0%) 414(62.6%) 78(81.6%)
adequate the following equipment for (2) stethoscope (in general) 51.1% (23.1%, 81.3%) | 87(87.4%) 0(0%) 5(69.7%) 82(93.7%) 804(23.2%) 0(0%) 540(97.6%) 87(87.4%)
preterm neonatal resuscitation (3) newborn masks, self-inflating bag 37.3% (13.1%, 74.4%) | 83(77.3%) 0(0%) 6(37%) 77(85.7%) 601(13.1%) 0(0%) 358(48%) 83(77.3%)
newborn The proportion of facilities with (1) incubator 4.5% (2.2%, 6.6%) 54(55.4%) 0(0%) 2(11.1%) | 52(63.3%) 127(2.2%) 0(0%) 29(2.7%) 54(55.4%)
care thermal care equipment (2) other external heat source 14.6% (4.2%, 58.4%) | 68(64.1%) 0(0%) 3(16.7%) | 65(72.7%) 176(4.2%) 0(0%) 61(10.7%) | 68(64.1%)
The proportion of facilities with (1) pulse oximeter 8.8% (2.8%, 42.0%) 49(53.7%) 1(13.7%) 1(5.6%) 47(61.2%) 142(3%) 7(0.4%) 18(1.1%) 49(53.7%)
equipment for respiratory care, (2) oxygen concentrator 9.2% (2.4%, 15.2%) 40(48.2%) 0(0%) 0(0%) 40(56.1%) 192(3.2%) 6(0.3%) 69(5.8%) 40(48.2%)
including safe oxygen use (3) filled oxygen cylinder 9.8% (1.8%, 22.5%) 82(84.9%) 3(45.1%) 7(82.4%) | 72(87.1%) 334(6.6%) 23(1%) 122(13.2%) | 82(84.9%)
(4) oxygen distribution system 3.5% (1.6%, 8.5%) 16(13.3%) 2(27.5%) 1(5.6%) 13(13.5%) 84(1.6%) 2(0.1%) 26(2%) 16(13.3%)

Medicines The proportion with commodities | (1) glucometer 22.2% (19.3%, 79.7%) 42(37%) 0(0%) 3(55.5%) 39(36.6%) 310(21.1%) 124(21.7%) | 64(10.6%) 42(37%)

and | for monitoring blood glucose (2) glucometer strips 20.6% (17.4%, 82.0%) | 37(34%) 0(0%) 3(55.5%) | 34(33.1%) | 303(21.3%) | 126(22.2%) | 57(9.9%) 37(34%)
commodities |"The proportion with commodities | (1) hand-washing soap 50.8% (45.3%, 88.5%) | 71(62.6%) 7(100%) 4(22.7%) | 60(65.5%) | 1075(72.8%) | 473(72.1%) | 406(77.3%) | 71(62.6%)
for infection management (2) disposable latex gloves 89.8% (69.4%, 96.4%) | 102(88.9%) 7(100%) 8(50.5%) | 87(92.9%) | 1158(73.7%) | 458(70.3%) | 472(84.7%) | 102(88.9%)
Staff and The proportion of facilities with at | (1) IMPAC? 18.6% (2.4%, 37.8%) | 15(12.9%) | 1(13.7%) 0(0%) 14(14.3%) 116(15%) 32(16.6%) | 45(11.7%) | 15(12.9%)

quidelines 'reeizt“?:; t?gf‘r:f:g";t:gﬁ: ;’r‘]’zo has  ["(2) CEMONC® 17.6% (2.0%, 29.6%) |  7(4.2%) 0(0%) 0(0%) 7(4.9%) B4(106%) | 19123%) | 3261%) | 7(42%)
following in the past 24 months <(13e)| isgr‘;f'”e care for labor, normal 24.0% (2.8%, 435%) | 16(135%) | 1(13.7%) 00%) | 15(15.1%) | 153(182%) | 32(20.5%) | 78(14.8%) | 16(13.5%)

;Zefg[?oﬁtwlgorgﬁzfeﬂe?es with | guidelines on the management Of Preter | 1 05 (3.206, 34.7%) |  9(5.1%) 0(0%) 0(0%) 9(5.9%) 140(3.2%) 0(0%) 85(13.6%) | 9(5.1%)

' Median and range were obtained from data across eight countries (excluding Afghanistan). *Integrated Management of Pregnancy and Childbirth. *Comprehensive Emergency Obstetric and Newborn Care.
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Supplemental Table 4. Facility structural readiness for 35 indicators by country and facility level (continued)

Four readiness categories based - —_ . N~ : South Asia (_:._aribbean
on WHO criteria The proportion of facilities with the indicators available Nepal 2021 Haiti 2017-2018
Overall Level 1 Level 2 Level 3 Overall Level 1 Level 2 Level 3
;Egsjgtsesl)?A Equipment The proportion of facilities with a functional ultrasound machine in use 422(12.3%) 61(5.3%) 135(10.3%) 226(93.3%) 100(10.8%) 18(3.29%) 14(5.5%) 68(63.5%)
2. ldentify Equipment The proportion with the equipment | thermometer 731(48%) 0(0%) 515(91.7%) 216(90.1%) 310(33.4%) 0(0%) 227(89%) 83(77.5%)
maternal Diagnostics The proportion of facilities with the | (1) hematology analyzer 309(8.6%) 37(3.8%) 70(5.4%) 202(79.3%) 283(30.5%) 123(21.7%) 88(34.5%) 72(67.3%)
infections following diagnostics (2) HIV rapid diagnostic test 197(21.2%) 97(17.1%) 68(26.6%) 32(29.9%)
(3) syphilis rapid diagnostic test 304(12.8%) | 69(7.2%) 149(16.2%) 86(32.4%) 194(20.9%) | 106(18.7%) 60(23.5%) 28(26.2%)
3. Provide Equipment The proportion of facilities with the | (1) delivery pack 767(50.6%) 0(0%) 549(97.2%) 218(88.6%) 283(30.5%) 0(0%) 198(77.6%) 85(79.4%)
adequate following equipment to perform (2) cord clamp 714(46.8%) 0(0%) 505(89.4%) 209(87.1%) 314(33.8%) 0(0%) 218(85.5%) 96(89.6%)
childbirth care CEMONC (obstetric-related) (3) manual vacuum extractor 313(12.1%) 0(0%) 137(17.6%) 176(70.8%) 51(5.5%) 0(0%) 20(7.8%) 31(28.9%)
(4) vacuum aspiration kit or D&C kit 326(10.9%) 0(0%) 138(14.5%) 188(76.6%) 100(10.8%) 0(0%) 55(21.6%) 45(42%)
(5) forceps (large) 640(40.6%) 0(0%) 441(76.7%) 199(83.9%) 50(5.4%) 0(0%) 17(6.7%) 33(30.8%)
(6) forceps (medium) 707(46.1%) 0(0%) 499(88%) 208(87.1%) 49(5.3%) 0(0%) 20(7.9%) 29(27.1%)
Medicines The proportion of facilities with the | (1) parenteral antibiotics 575(34.4%) 0(0%) 388(64%) 187(79%) 179(19.3%) 0(0%) 109(42.8%) 70(65.3%)
and following medicines (2) parenteral anticonvulsants (diazepam) 358(14.7%) 0(0%) 175(22.4%) 183(76.8%) 112(12.1%) 0(0%) 67(26.3%) 45(41.9%)
commodities (3) parenteral oxytocin 760(50.5%) 0(0%) 547(97.4%) 213(86.7%) 257(27.7%) 0(0%) 173(67.9%) 84(78.4%)
Staff and The proportion of facilities that (1) a health worker who can perform C/S 166(3.5%) 0(0%) 0(0%) 166(65.6%) 54(5.8%) 0(0%) 0(0%) 54(50.4%)
guidelines have the following staff (2) an anesthetist 152(3.2%) 0(0%) 0(0%) 152(60.4%) 43(4.6%) 0(0%) 0(0%) 43(40.1%)
The proportion of facilities with the | (1) national guidelines for BEmONC
following guidelines (2) national guidelines for CEmONC 124(13.4%) 0(0%) 88(34.5%) 36(33.6%)
4. Provide Equipment The proportion of facilities with the | (1) suction bulb or penguin sucker 393(22.3%) 0(0%) 252(40.4%) 141(61.2%) 325(35%) 0(0%) 226(88.6%) 99(92.5%)
adequate following equipment for neonatal (2) stethoscope (in general) 771(51.1%) 0(0%) 551(98%) 220(91.9%) 335(36.1%) 0(0%) 242(94.9%) 93(86.8%)
preterm resuscitation (3) newborn masks, self-inflating bag 718(47.7%) 0(0%) 511(91.5%) 207(86.2%) 207(22.3%) 0(0%) 122(47.8%) 85(79.5%)
newborn care The proportion of facilities with (1) incubator 141(4.5%) 0(0%) 42(4.7%) 99(43.6%) 59(6.4%) 0(0%) 24(9.5%) 35(32.7%)
equipment for thermal care (2) other external heat source 530(33.6%) 0(0%) 354(63.2%) 176(72.8%) 160(17.2%) 0(0%) 90(35.3%) 70(65.4%)
The proportion of facilities with (1) pulse oximeter 770(42%) | 211(28.1%) | 340(50.4%) 219(91.8%) 155(16.7%) 58(10.2%) 54(21.2%) 43(40.1%)
equipment for respiratory care, (2) oxygen concentrator 307(11.7%) 37(4.1%) 145(14.7%) 125(52.3%) 100(10.8%) 23(4.1%) 40(15.7%) 37(34.6%)
including safe oxygen use (3) filled oxygen cylinder 507(22.5%) | 85(8.5%) 237(30.3%) 185(78.7%) 149(16.1%) 36(6.3%) 55(21.7%) 58(54.2%)
(4) oxygen distribution system 128(3.2%) 11(1%) 7(0.6%) 110(45.4%) 32(3.5%) 5(0.9%) 11(4.4%) 16(14.9%)
Medicines | The proportion with commodities | (1) glucometer 348(19.4%) | 94(11.4%) | 150(24.9%) 104(42.6%) 463(49.8%) 227(40%) 159(62.3%) | 77(71.9%)
and | formonitoring blood glucose (2) glucometer strips 325(17.4%) | 82(10%) | 138(21.9%) 105(42.9%) 424(45.6%) | 201(354%) | 146(57.2%) | 77(71.9%)
commodities The proportion with commodities (1) hand-washing soap 1297(88.5%) | 595(86.2%) | 507(91.7%) 195(81.8%) 492(52.9%) | 305(53.8%) | 133(52.1%) 54(50.5%)
for infection management (2) disposable latex gloves 1433(95.8%) | 651(93.8%) | 554(97.9%) 228(94.2%) | 831(895%) | 497(87.7%) | 235(92.2%) | 99(92.5%)
Staff and The proportion of facilities with at | (1) IMPAC! 87(4.5%) 4(0.7%) 54(7.7%) 29(10.2%) 257(27.8%) 76(13.5%) 109(42.8%) 72(67.3%)
guidelines 'r‘:ézt“j’:j tr;gf‘r:fﬂ W;’J'gjtr mo has (2) CEMONC? 98(4.4%) 5(1.2%) 57(6.8%) 36(12.5%) 218(235%) | 59(10.4%) | 91(35.7%) | 68(63.5%)
following in thegpast 24 months (3) Routine care for labor and normal delivery 180(11.1%) 7(1%) 119(20.4%) 54(18.9%) 258(27.9%) 75(13.3%) 111(43.6%) 72(67.3%)
;rhe pr_oporti(_)n o_f facilities with the | guidelines on the management of preterm labor 60(6.4%) 0(0%) 40(15.6%) 20(18.6%)
ollowing guidelines

'Integrated Management of Pregnancy and Childbirth. 2Comprehensive Emergency Obstetric and Newborn Care.

: data unavailable
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Supplemental Table 4. Facility structural readiness for 35 indicators by country and facility level (continued)

Four readiness categories based

The proportion of facilities with the indicators available

Sub-Saharan Africa

DRC 2017-2018

Ethiopia 2021-2022

I X LS Overall Level 1 Level 2 Level 3 Overall Level 1 Level 2 Level 3
;Egsjgtsesl)?A Equipment The proportion of facilities with a functional ultrasound machine in use 450(10.7%) 1(12.5%) 8(1.2%) 441(36.2%) 344(4.5%) 16(1.2%) 38(6.1%) 290(84.9%)
2. Identify Equipment The proportion with the equipment | thermometer 1102(76.2%) 0(0%) 377(74.6%) | 725(85.9%) 568(21%) 0(0%) 262(83.5%) 306(91%)
maternal Diagnostics The proportion of facilities with the | (1) hematology analyzer 179(5.4%) 1(12.5%) 8(2%) 170(14.1%) 364(5.7%) 17(1%) 68(12.4%) | 279(82.2%)
infections following diagnostics (2) HIV rapid diagnostic test 654(44.2%) 4(28.1%) 189(39.3%) 461(58.5%) 616(29.1%) 62(10.5%) 258(85.6%) 296(80.1%)

(3) syphilis rapid diagnostic test 218(11.8%) 1(12.5%) 53(9.9%) 164(16.9%) 238(11.1%) 24(5.2%) 107(29.1%) 107(28.2%)

3. Provide Equipment The proportion of facilities with the | (1) delivery pack 1240(87.5%) 0(0%) 437(87.2%) 803(94.5%) 605(22.5%) 0(0%) 276(89.5%) 329(96.9%)
adequate following equipment to perform (2) cord clamp 1160(79.1%) 0(0%) 409(80.1%) 751(81.9%) 625(23.4%) 0(0%) 292(93.4%) 333(97.9%)
childbirth care CEmONC (obstetric-related) (3) manual vacuum extractor 273(7.2%) 0(0%) 28(5.1%) 245(13.4%) 518(16.5%) 0(0%) 205(62.8%) | 313(92.8%)
(4) vacuum aspiration kit or D&C kit 729(36.4%) 0(0%) 134(26.4%) 595(65.9%) 385(10%) 0(0%) 124(36.2%) 261(70.4%)

(5) forceps (large) 127(5.9%) 0(0%) 31(5.4%) 96(7.6%) 617(23.9%) 0(0%) 286(95.4%) | 331(97.4%)

(6) forceps (medium) 112(5.2%) 0(0%) 21(4.6%) 91(7.1%) 611(23.4%) 0(0%) 281(93.4%) | 330(96.4%)

Medicines The proportion of facilities with the | (1) parenteral antibiotics 549(36.4%) 0(0%) 174(34.3%) 375(44.4%) 489(16.4%) 0(0%) 204(64.6%) 285(75.7%)

and following medicines (2) parenteral anticonvulsants (diazepam) 785(55.4%) 0(0%) 253(52.7%) 532(66.6%) 351(10.4%) 0(0%) 121(39.3%) 230(61.6%)

commodities (3) parenteral oxytocin 1110(77.3%) 0(0%) 394(77.5%) 716(82.4%) 611(22.8%) 0(0%) 283(90.7%) | 328(96.7%)

Staff and The proportion of facilities that (1) a health worker who can perform C/S 725(20.5%) 0(0%) 0(0%) 725(77.3%) 312(2.2%) 0(0%) 0(0%) 312(83.5%)

guidelines have the following staff (2) an anesthetist 486(12.3%) 0(0%) 0(0%) 486(46.4%) 311(2.2%) 0(0%) 0(0%) 311(82.8%)

The proportion of facilities with the | (1) national guidelines for BEmONC 350(11.5%) 0(0%) 147(45%) 203(55%)

following guidelines (2) national guidelines for CEmONC 411(24.7%) 0(0%) 118(23.2%) | 293(30.5%) 162(4.3%) 0(0%) 45(15.5%) 117(33%)

4. Provide Equipment The proportion of facilities with the | (1) suction bulb or penguin sucker 1099(80.4%) 0(0%) 388(80%) 711(87.1%) 577(21.3%) 0(0%) 261(84.3%) 316(93.6%)
adequate following equipment for neonatal (2) stethoscope (in general) 1144(81.3%) 0(0%) 412(81.5%) 732(86.3%) 612(23.1%) 0(0%) 290(92.1%) 322(95.1%)
preterm resuscitation (3) newborn masks and self-inflating bag 561(26.9%) 0(0%) 102(21%) 459(44.6%) 593(21.6%) 0(0%) 262(85.2%) 331(97.4%)
newborn care The proportion of facilities with (1) incubator 114(3%) 0(0%) 3(0.6%) 111(9.7%) 232(4.5%) 0(0%) 60(14.4%) 172(47.1%)
equipment for thermal care (2) other external heat source 411(18.2%) 0(0%) 62(12.4%) 349(35.3%) 382(9.4%) 0(0%) 118(32.7%) 264(79.5%)

The proportion of facilities with (1) pulse oximeter 78(2.8%) 1(12.5%) 2(0.4%) 75(8.6%) 318(26.8%) 23(31.1%) 85(21%) 210(64.9%)

equipment for respiratory care, (2) oxygen concentrator 105(2.4%) 2(14.4%) 2(0.5%) 101(6.7%) 184(11.2%) 11(11.3%) 38(6.8%) 135(46.5%)

including safe oxygen use (3) filled oxygen cylinder 73(1.8%) 2(14.4%) 1(0.3%) 70(4.8%) 200(13%) 12(15.7%) 43(7.9%) 145(49%)

(4) oxygen distribution system 80(4.8%) 3(7.2%) 12(2.6%) 65(17.7%)

Medicines The proportion with commodities (1) glucometer 761(34%) 3(27.7%) 76(18.2%) 682(77%) 564(21%) 38(4.1%) 202(68.8%) | 324(95.6%)

and for monitoring blood glucose (2) glucometer strips 674(29.6%) 3(27.7%) 63(15.6%) | 608(67.4%) | 542(19.3%) 35(3.8%) 188(62.5%) | 319(94.4%)

commodities - The proportion with commodities | (1) hand-washing soap 686(48.4%) | 7(57.8%) | 208(45.6%) | 451(55.6%) | 487(453%) | 116(42.7%) | 160(51.8%) | 211(63.3%)

for infection management (2) disposable latex gloves 1256(90.2%) | 10(100%) | 453(88.5%) | 793(93.9%) | 761(69.4%) | 160(615%) | 283(93%) | 318(94.1%)

Staff and The proportion of facilities withat | (1) IMPAC? 423(34.5%) 1(41.7%) 107(33.8%) | 315(35.6%) 108(2.4%) 5(0.4%) 41(6.6%) 62(24.7%)

guidelines 'r‘éaczt“?:; Sg;‘m W;J'gjtr ;’;20 has  I"(2) CEMONC? 401(29.6%) | 1(4L7%) | 93(286%) | 307(31.2%) | 112(2%) 4(0.3%) 38(5.6%) | 70(19.3%)

following in thegpast 24 months (3) Routine care for labor and normal delivery 415(33.6%) 1(41.7%) 107(33.5%) | 307(33.8%) 126(2.8%) 7(1.1%) 44(6.5%) 75(20.6%)

;I;r:fogx?n%o;t&?ge?ifnzcnlmes with the | guidelines on the management of preterm labor 232(11.4%) 0(0%) 46(8.8%) 186(19%) 248(7.2%) 0(0%) 86(27.1%) 162(43.2%)
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Supplemental Table 4. Facility structural readiness for 35 indicators by country and facility level (continued)

Four readiness categories based

The proportion of facilities with the indicators available

Sub-Saharan Africa

Malawi 2013-2014

Senegal 2018 and 2019

01 WA e Overall Level 1 Level 2 Level 3 Overall Level 1 Level 2 Level 3
;Egsjgtsesl)?A Equipment The proportion of facilities with a functional ultrasound machine in use 65(10%) 4(3.8%) 7(15%) 54(76%) 1(0.2%) 0(0%) 1(0.2%) 0(0%)
2. Identify Equipment The proportion with the equipment | thermometer 453(69.6%) 0(0%) 390(82.6%) 63(88.6%) 495(69.9%) 0(0%) 436(80.2%) 59(96.4%)
maternal Diagnostics The proportion of facilities with the | (1) hematology analyzer 57(8.8%) 8(7.7%) 6(1.3%) 43(60.8%) 139(16.1%) 7(28.9%) 80(10.5%) 52(52.2%)
infections following diagnostics (2) HIV rapid diagnostic test 391(60.6%) 57(55.4%) 288(61.2%) 46(64.6%) 548(78.7%) | 40(40.5%) 461(86.2%) 47(72.7%)

(3) syphilis rapid diagnostic test 96(14.8%) 17(16.4%) 54(11.4%) 25(35.2%) 487(68.8%) 37(39.5%) 410(77.6%) 40(30.2%)
3. Provide Equipment The proportion of facilities with the | (1) delivery pack 486(74.8%) 0(0%) 418(88.7%) 68(95.7%) 579(83.7%) 0(0%) 521(97.8%) 58(96%)
adequate following equipment to perform (2) cord clamp 482(74.1%) 0(0%) 416(88.2%) 66(92.9%) 568(82.1%) 0(0%) 509(95.8%) 59(96.4%)
childbirth care CEmONC (obstetric-related) (3) manual vacuum extractor 221(33.9%) 0(0%) 165(34.8%) 56(78.8%) 96(11%) 0(0%) 57(7.6%) 39(71.5%)
(4) vacuum aspiration kit or D&C kit 131(20.1%) 0(0%) 97(20.4%) 34(48%) 343(49.4%) 0(0%) 303(55.7%) 40(79.1%)
(5) forceps (large) 448(69%) 0(0%) 390(82.8%) 58(81.7%) 521(73.5%) 0(0%) 464(85%) 57(94.9%)
(6) forceps (medium) 434(66.9%) 0(0%) 379(80.5%) 55(77.5%) 533(75.6%) 0(0%) 474(87.5%) 59(96.4%)
Medicines The proportion of facilities with the | (1) parenteral antibiotics 299(46.1%) 0(0%) 244(51.9%) 55(77.4%) 362(51.3%) 0(0%) 316(60.7%) 46(51.1%)
and following medicines (2) parenteral anticonvulsants (diazepam) 433(66.6%) 0(0%) 371(78.6%) 62(87.2%) 363(51.6%) 0(0%) 317(58.1%) 46(83.6%)
commodities (3) parenteral oxytocin 514(79.2%) 0(0%) 449(95.3%) 65(91.4%) 451(62.3%) 0(0%) 402(74.5%) 49(52.2%)
Staff and The proportion of facilities that (1) a health worker who can perform C/S 57(8.7%) 0(0%) 0(0%) 57(80.1%) 49(3.5%) 0(0%) 0(0%) 49(48.7%)
guidelines have the following staff (2) an anesthetist 47(7.2%) 0(0%) 0(0%) 47(66%) 51(3.6%) 0(0%) 0(0%) 51(50.4%)
The proportion of facilities with the | (1) national guidelines for BEmONC 266(40.9%) 0(0%) 231(48.9%) 35(49.1%)
following guidelines (2) national guidelines for CEmONC 148(22.8%) 0(0%) 117(24.8%) 31(43.6%) 304(41.9%) 0(0%) 269(47.5%) 35(64.5%)
4. Provide Equipment The proportion of facilities with the | (1) suction bulb or penguin sucker 399(61.5%) 0(0%) 346(73.6%) 53(74.5%) 480(66.4%) 0(0%) 434(76.9%) 46(84.9%)
adequate following equipment for neonatal (2) stethoscope (in general) 423(65.2%) 0(0%) 369(78.4%) 54(76.1%) 369(51.1%) 0(0%) 314(56.7%) 55(92.2%)
preterm resuscitation (3) newborn masks and self-inflating bag 483(74.4%) 0(0%) 418(88.7%) 65(91.4%) 477(67.4%) 0(0%) 419(77.1%) 58(94.9%)
newborn care The proportion of facilities with (1) incubator 37(5.7%) 0(0%) 8(1.7%) 29(41.1%) 41(6.6%) 0(0%) 18(3%) 23(59.4%)
equipment for thermal care (2) other external heat source 78(12%) 0(0%) 31(6.5%) 47(66.3%) 407(58.4%) 0(0%) 350(65.9%) 57(94.2%)
The proportion of facilities with (1) pulse oximeter 60(9.3%) 9(8.8%) 25(5.3%) 26(36.9%) 68(8.2%) 2(1.2%) 22(2.5%) 44(85.1%)
equipment for respiratory care, (2) oxygen concentrator 99(15.2%) 9(8.5%) 54(11.4%) 36(50.7%) 61(7.5%) 1(0.6%) 23(2.9%) 37(73.4%)
including safe oxygen use (3) filled oxygen cylinder 47(7.3%) 7(6.8%) 16(3.4%) 24(34%) 99(12.4%) 5(10.9%) 44(6%) 50(85.7%)
(4) oxygen distribution system 27(4.2%) 2(1.9%) 15(3.2%) 10(14.2%) 60(8.5%) 1(9.1%) 16(2.1%) 43(78.4%)
Medicines The proportion commodities for (1) glucometer 151(23.4%) 32(31.2%) 58(12.3%) 61(85.8%) | 532(79.7%) | 48(72.9%) | 446(81.1%) 38(77.7%)
and monitoring blood glucose (2) glucometer strips 129(20%) 24(234%) | 48(10.1%) 57(80.2%) 537(82%) 46(71%) 446(84%) 45(82.5%)
commodities - The proportion of facilities with (1) hand-washing soap 313(48.7%) | 57(55.4%) | 211(44.9%) | 45(635%) | 334(48.2%) | 36(44.9%) | 263(50.1%) 35(34.6%)
?ﬂ%ﬁ%ﬂﬁi forinfection (2) disposable latex gloves 622(96.4%) | 96(93%) | 458(97.2%) | 68(95.8%) | 584(86.7%) | 55(81.7%) | 480(91.5%) 49(44.4%)
Staff and The proportion of facilities withat | (1) IMPAC? 137(21.2%) 3(2.9%) 103(21.9%) 31(44.2%) 223(37.8%) 10(19%) 190(41.8%) 23(21.3%)
guidelines 'r‘éaczt“?:; Sg;‘m W;J'gjtr ;’;20 has  ["(2) CEMONC? 133(20.6%) 5(4.8%) 97(206%) | 31(443%) | 170275%) | 9(175%) | 141(29.6%) 20(18.6%)
following in thegpast 24 months (3) Routine care for labor and normal delivery 214(33.2%) 3(2.9%) 166(35.3%) | 45(64.1%) | 236(43.5%) | 10(46.1%) | 205(45.4%) 21(18.8%)
;I;r:fogx?n%o;t&?ge?ifnzcnl|t|es with the | guidelines on the management of preterm labor 226(34.7%) 0(0%) 190(40.2%) 36(50.6%) 130(18%) 0(0%) 107(17.7%) 23(57.6%)
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Supplemental Table 4. Facility structural readiness for 35 indicators by country and facility level (continued)

Four readiness categories based on WHO

The proportion of facilities with the indicators available

Sub-Saharan Africa

Tanzania 2014-2015

criteria Overall Level 1 Level 2 Level 3
1. Assess GA accurately Equipment The proportion of facilities with a functional ultrasound machine in use 223(4.6%) 6(2.9%) 23(1%) 194(65.1%)
2. ldentify maternal Equipment The proportion of facilities with the equipment | thermometer 654(56.6%) 0(0%) 417(62.7%) 237(84.6%)
infections Diagnostics The proportion of facilities with the following (1) hematology analyzer 233(6.7%) 12(10.1%) 52(3%) 169(58.2%)
diagnostics (2) HIV rapid diagnostic test 879(82.1%) 76(77.4%) 573(82.6%) 230(83%)
(3) syphilis rapid diagnostic test 455(40%) 50(41.1%) 275(39.5%) 130(45.4%)
3. Provide adequate Equipment The proportion of facilities with the following (1) delivery pack 838(74.4%) 0(0%) 575(83.2%) 263(97.1%)
childbirth care equipment to perform CEmONC (obstetric- (2) cord clamp 711(64.7%) 0(0%) 487(72.4%) 224(83.3%)
related) (3) manual vacuum extractor 176(4.7%) 0(0%) 26(2.2%) 150(54.5%)
(4) vacuum aspiration kit or D&C kit 197(6.6%) 0(0%) 77(5.1%) 120(45.7%)
(5) forceps (large) 821(72.1%) 0(0%) 568(80.7%) 253(93.3%)
(6) forceps (medium) 896(82.2%) 0(0%) 634(92.5%) 262(96.9%)
Medicines and The proportion of facilities with the following (1) parenteral antibiotics 363(28.4%) 0(0%) 211(30.7%) 152(54.4%)
commodities medicines (2) parenteral anticonvulsants (diazepam) 580(48.9%) 0(0%) 369(53.9%) 211(76.7%)
(3) parenteral oxytocin 818(69.8%) 0(0%) 562(77.9%) 256(93.2%)
Staff and The proportion of facilities that have the (1) a health worker who can perform C/S 238(4.4%) 0(0%) 0(0%) 238(83.6%)
guidelines following staff (2) an anesthetist 215(3.9%) 0(0%) 0(0%) 215(74.3%)
The proportion of facilities with the following (1) national guidelines for BEmONC 368(25%) 0(0%) 249(27.3%) 119(43.2%)
guidelines (2) national guidelines for CEmONC 134(7.9%) 0(0%) 79(8.1%) 55(20.7%)
4. Provide adequate Equipment The proportion of facilities with the following (1) suction bulb or penguin sucker 652(57.4%) 0(0%) 427(63.9%) 225(80.7%)
preterm newborn care equipment for neonatal resuscitation (2) stethoscope (in general) 732(64%) 0(0%) 490(71.4%) 242(86.4%)
(3) newborn masks, neonatal size self-inflating bag 772(67.4%) 0(0%) 512(75%) 260(94.8%)
The proportion of facilities with equipment for | (1) incubator 97(2.4%) 0(0%) 17(1.1%) 80(28%)
thermal care (2) other external heat source 188(5.6%) 0(0%) 41(3.4%) 147(52.5%)
The proportion of facilities with equipment for | (1) pulse oximeter 84(2.8%) 8(10.1%) 9(0.4%) 67(25.3%)
respiratory care, including safe oxygen use (2) oxygen concentrator 159(5.2%) 11(12.2%) 45(2.1%) 103(38.7%)
(3) filled oxygen cylinder 105(3.7%) 8(11.1%) 20(1%) 77(29.7%)
(4) oxygen distribution system 51(2.1%) 5(5.5%) 12(0.9%) 34(12.9%)
Medicines and The proportion of facilities with commodities (1) glucometer 453(19.3%) 40(42.2%) 181(12%) 232(86%)
commodities for monitoring blood glucose (2) glucometer strips 395(17.8%) 35(39.3%) 147(11%) 213(78.4%)
The proportion of facilities with medicines and | (1) hand-washing soap 697(63.5%) 67(64.1%) 434(63.1%) 196(70%)
commodities for infection management (2) disposable latex gloves 996(94%) 98(94.1%) 640(94%) 258(94.9%)
Staff and The proportion of facilities with at least one (1) IMPAC! 228(16%) 3(5.1%) 138(16.6%) 87(31.5%)
guidelines health worker who has received training about | (2) CEmMONC? 252(14.7%) 2(5%) 146(14.6%) 104(36.8%)
the following in the past 24 months (3) Routine care for labor and normal delivery 308(20.1%) 6(9.2%) 185(20.2%) 117(42.6%)
The proportion of facilities with the following guidelines on management of preterm labor 153(10.2%) 0(0%) 83(10.7%) 70(24.9%)

guidelines
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Supplemental Figure 1. ACS utilization and corticosteroid availability by facility level

Corticosteroids availability and ACS utilization by country and facility level
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Supplemental Figure 2. Heatmap of facility readiness for all facilities by country
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Supplemental Figure 3. Heatmap of facility readiness for level 1 facilities by country
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Supplemental Figure 4. Heatmap of facility readiness for level 2 facilities by country
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Supplemental Figure 5. Heatmap of facility readiness for level 3 facilities by country
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Supplemental Figure 6. Differences in overall readiness indexes by antenatal corticosteroid utilization for level 2 and level 3
facilities”

Overall readiness index for level 2 and level 3 facilities by ACS utilization (%)
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"Level 1 facilities were excluded as none of the level 1 facilities across nine countries had provided ACS.
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Supplemental Figure 7. Differences in overall readiness indexes by antenatal corticosteroid utilization for level 2 facilities
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Supplemental Figure 8. Differences in overall readiness indexes by antenatal corticosteroid utilization for level 3 facilities
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Appendix B. Chapter 3 Supplemental tables and figures

Supplemental Table 5. Development of standardized categorization of facility managing
authority types

. . . 3) Private not-for-
?gggg%%?&ﬁ?ﬁ?;gﬁez{ 1) Public FZ))r(I;’flg;vate et~ profit/mission or 4) Others
faith-based
Afghanistan public/government | private for-profit | private not-for-profit -
2018-2019
Nepal 2021 public/government | private for-profit | private not-for-profit, | -
mission-based
facilities
Haiti 2017 public/government | private for-profit | private not-for-profit mixed
Malawi public/government | private for-profit | private not-for-profit, | Christian
2013-2014 mission-based Health
facilities Association of
Country- Malawi,
e Company
specific - - - - —
cateqorizati Tanzania public/government | private for-profit | mission-based parastatal
gorization 2014-2015 faciliti
for managing ) aclities
authority
2
types Ethiopia public/government, | private for-profit | private not-for-profit, | -
2021-2022 other government mission-based
(military, federal, facilities
etc.)
Bangladesh public/government, | private for-profit | private not-for-profit -
2017-2018 local government
DRC public/government | private for-profit | private not-for-profit, | -
2017-2018 mission-based
facilities
Senegal public/government | private for-profit | private not-for-profit -
2018 & 2019

' We developed the standardized categorization for managing authority types across nine countries.
2 The country-specific categorizations were obtained from surveys of each country.
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Supplemental Table 6. Items included to develop structural readiness tertiles

Readiness items included (number of items = 28)'

Equipment (n=16)

thermometer, delivery pack, cord clamp, manual vacuum extractor, vacuum aspiratory kit or
D&C kit, forceps (large), forceps (medium), suction bulb or penguin sucker, stethoscope,
newborn masks and neonatal size self-inflating bag, incubator, other external heat source,
pulse oximeter, oxygen concentrator, filled oxygen cylinder, oxygen distribution system

Diagnostics (n=3)
hematology analyzer, HIV rapid diagnostic test, syphilis rapid diagnostic test

Medicines and commodities (n=7)
parenteral antibiotics, parenteral oxytocin, parenteral anticonvulsant, glucometer, glucometer
strips, hand-washing soap, disposable latex gloves

Guidelines (n=2)
national guideline for CEmONC?, guideline on management of preterm labor

'Not all surveys included in this study surveyed all these 28 items. Bangladesh 2017-2018 did not survey HIV diagnostic test; Nepal
2021 did not survey HIV diagnostic test, CEmONC, and guidelines on the management of preterm labor; DRC 2017-2018 did not
survey oxygen distribution system. Readiness tertile was constructed based on the country-specific number of items surveyed.
2CEmONC: Comprehensive Emergency Obstetric and Newborn Care
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Supplemental Table 7. Types of staff used to construct binary variables indicating at least one medical doctor, midwife,
obstetrician/gynecologist, or specialist

Types of staff included to construct binary variables

At least one medical doctor

At least one midwife

At least one

At least one

At least one

(including nursing
officers and midwives)

obstetrician/gynecologist pediatrician specialist
Afghanistan 2018-2019 | general medical doctor registered midwife, NA! NA! specialist
community midwife
Bangladesh 2017-2018 | senior consultant (medicine), nurse midwife, midwife | senior consultant senior consultant specialist®
junior consultant (medicine), (obgyn?), (pediatrician), junior
residential medical officer junior consultant (obgyn®), | consultant
(RMO), medical officer indoor medical officer (pediatrician),
(MO)/physician, indoor (IMO) obgyn? indoor medical officer
medical officer (IMO), indoor (IMO) pediatrician
medical officer (IMO)
medicine
Nepal 2021 generalist nurse (MN, BSC gynecologist/obstetrician pediatrician specialist®
NURSE, BN, PCL,
midwife)
Haiti 2017-2018 generalist nurse (health nurse, NA! NA! specialist
community nurse,
midwife)
DRC 2017-2018 generalist midwife NA! NA! specialist
Ethiopia 2021-2022 generalist midwife (BSc), midwife | gynecologist/obstetrician | pediatrician specialist®
(diploma)
Malawi 2013-2014 generalist registered nurse NA! NA! specialist
midwife (BSC),
enrolled midwife/nurse
midwife technician,
enrolled nurse midwife
Senegal 2018 and 2019 | generalist midwife NA! NA! specialist
Tanzania 2014-2015 generalist registered nurse NA! NA! specialist

! Afghanistan, Haiti, DRC, Malawi, Senegal, and Ethiopia did not specifically survey the availability of obstetricians/gynecologists and pediatricians; they surveyed the availability of

specialists.

% For Bangladesh, Nepal, and Ethiopia, the variable of at least one specialist was constructed based on the variables of at least one obstetrician/gynecologist and at least one pediatrician.

3 Obstetrics and gynecology
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Supplemental Table 8. Country-specific regressions of recent antenatal corticosteroid utilization'

Afghanistan Bangladesh Nepal
(n=99) (n=810) (n=800)
Adjusted Adjusted Adjusted
relagve | gsopcr | pvalwe | "R | gsoicr | pevame | "Y€ | 9sepcr | pevalue
risk risk risk
(aRR) (aRR) (aRR)

Facility characteristic
Location

Urban Z - - 1.12 1.05 - 1.20 0.001 1.02 0.98 —1.06 0.351

Rural 2 - - ref ref
Managing authority type

Public ref ref ref

Private for-profit 0.93 0.83 —1.04 0.216 1.03 0.97 - 1.09 0.293 0.89 0.82 - 0.96 0.004

Private not-for-profit 0.99 0.82-1.19 0.897 0.97 0.88 —1.06 0.474 0.92 0.79-1.07 0.273

Others - - -
Structural readiness
Corticosteroid availability 1.01 0.88 —1.17 0.852 1.04 0.99 -1.10 0.143 1.04 1.00—1.08 0.036
Ultrasound availability 0.87 0.79 - 0.96 0.005 1.00 0.95 -1.06 0.924 1.01 0.96 —1.07 0.628
Readiness tertile

High 1.05 0.92-1.19 0.488 0.95 0.81-1.12 0.540 0.97 0.89 —1.05 0.466

Medium 0.97 0.85-1.10 0.606 0.92 0.79-1.08 0.322 0.94 0.87-1.02 0.152

Low ref ref ref
Staffing

At least one medical doctor 1.03 0.94 —-1.13 0.551 1.04 098 —1.11 0.219 1.01 0.94-1.09 0.692

At least one midwife 0.62 0.42-0.91 0.015 1.05 0.99 -1.11 0.088 0.98 0.91-1.06 0.690

At least one specialist 1.02 0.90-1.16 0.723 1.03 0.96 —1.10 0.473 1.02 0.94-1.11 0.608
CEmONC signal functions
Provide parenteral antibiotics 1.22 1.04-1.44 0.018 1.05 1.00-1.11 0.071 1.01 0.98 —1.04 0.446
Provide parenteral oxytocin 0.94 0.83 - 1.07 0.343 1.01 0.96 - 1.07 0.661 0.97 0.92-1.02 0.205
Provide parenteral anticonvulsants 1.20 1.03 - 1.40 0.019 1.13 1.07-1.19 <0.001 1.07 1.02-1.15 0.007
Perform assisted vaginal delivery 0.90 0.77 - 1.05 0.195 1.01 0.97 - 1.05 0.719 1.07 1.01-1.14 0.026
Perform manual removal of placenta 1.08 0.83 —1.40 0.560 1.05 1.00-1.11 0.043 0.99 0.95-1.02 0.441
Perform removal of retained products 1.14 0.74 -1.77 0.550 1.09 1.04-1.15 <0.001 1.05 1.01 -1.09 0.012
Perform neonatal resuscitation 1.29 1.10-1.51 0.002 1.06 1.01-1.11 0.013 1.03 0.99 - 1.06 0.098
Perform Cesarean sections 1.59 1.38 - 1.84 <0.001 1.02 0.95-1.10 0.607 1.23 1.08 —1.41 0.002
Provide blood transfusion 091 0.82 —1.01 0.066 1.07 1.01-1.14 0.026 1.07 0.96 —1.20 0.234

'"Modified Poisson regressions (Poisson regression with a robust error variance) were used to obtain adjusted relative risks (aRR).
2 Location (urban versus rural) was removed from the model as most of the facilities in Afghanistan were urban.

127




Supplemental Table 8. Country-specific regressions of recent antenatal corticosteroid utilization (continued)’

Haiti DRC Ethiopia
(n=361) (n=1329) (n=640)
Adj us.ted Adj us.ted Adjusted
rel?tlve 95% CI p-value rel?tlve 95% CI p-value relative 95% CI p-value
risk risk risk (aRR)
(aRR) (aRR)

Facility characteristic
Urban versus rural

Urban 1.02 0.95—1.09 0.653 1.01 0.96 —1.05 0.794 1.05 0.99 - 1.10 0.104

Rural ref ref ref
Managing authority type

Public ref ref ref

Private for-profit 0.94 0.87 —1.02 0.152 0.94 0.89 —1.00 0.036 0.92 0.86 —0.99 0.020

Private not for-profit 1.05 0.97-1.14 0.198 0.96 0.93 —1.00 0.039 0.99 0.90 —1.09 0.872

Others 1.02 0.95-1.10 0.595 - -
Structural readiness
Corticosteroid availability 1.05 0.98 —1.13 0.168 1.02 0.98 —1.06 0.400 0.98 0.94-1.02 0.410
Ultrasound availability 1.07 0.98 - 1.17 0.144 1.08 1.03-1.13 0.002 0.99 0.93 -1.05 0.726
Readiness tertile

High 1.16 1.00-1.34 0.044 1.18 1.12-1.24 <0.001 1.11 1.03-1.20 0.008

Medium 1.11 0.96 —1.29 0.158 1.05 1.00-1.10 0.037 1.11 1.04-1.19 0.003

Low ref ref ref
Staffing’

At least one medical doctor 0.96 0.89 —1.04 0.357 1.09 1.02-1.18 0.017 1.05 0.97-1.14 0.259

At least one midwife 1.01 0.93 - 1.09 0.857 1.03 0.98 —1.07 0.220 1.05 1.00-1.10 0.053

At least one specialist 1.00 0.93 - 1.08 0.937 1.05 0.99 -1.11 0.093 1.01 0.96 — 1.06 0.635
CEmONC signal functions
Provide parenteral antibiotics 0.95 0.87 —1.03 0.222 1.02 0.97 - 1.06 0.528 0.97 0.84 —1.11 0.623
Provide parenteral oxytocin 0.99 0.89-1.10 0.835 1.03 0.94-1.13 0.492 1.09 091 -1.31 0.353
Provide parenteral anticonvulsants 1.13 1.06 —1.22 <0.001 1.06 1.02-1.10 0.004 1.15 1.07-1.25 <0.001
Perform assisted vaginal delivery 0.99 0.93 - 1.06 0.761 0.94 0.90 - 0.99 0.020 0.97 0.84-1.11 0.627
Perform manual removal of placenta 1.05 0.98-1.12 0.180 1.07 1.02-1.13 0.010 1.10 0.98 -1.23 0.102
Perform removal of retained products 1.05 0.98 -1.12 0.140 1.02 0.98 —1.06 0.255 1.05 0.95-1.15 0.356
Perform neonatal resuscitation 1.06 1.00-1.12 0.068 1.11 1.05-1.16 <0.001 1.07 0.94-1.21 0.327
Perform Cesarean sections 1.19 1.01 —1.40 0.036 1.04 0.97 - 1.12 0.255 1.25 1.12-1.40 <0.001
Provide blood transfusion 1.09 0.95-1.25 0.228 1.06 1.00-1.12 0.041 1.00 0.90-1.10 0.941

'"Modified Poisson regressions (Poisson regression with a robust error variance) were used to obtain adjusted relative risks (aRR).
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Supplemental Table 8. Country-specific regressions of recent antenatal corticosteroid utilization (continued)’

Malawi Senegal Tanzania
(n=533) (n=591) (n=948)
Adjusted Adjusted Adjusted
rela:ltlve 95% CI1 p-value relﬁ:ltlve 95% CI p-value rela:ltlve 95% CI p-value
risk risk risk
(aRR) (aRR) (aRR)

Facility characteristic
Urban versus rural

Urban 1.02 0.95-1.10 0.575 0.90 0.82 —1.00 0.052 0.98 0.93 —1.03 0.427

Rural ref ref ref
Managing authority type

Public ref ref ref

Private for-profit 0.93 0.82 - 1.05 0.242 1.06 0.96 —1.18 0.229 1.02 0.95-1.11 0.563

Private not for-profit 0.99 0.93 - 1.05 0.667 0.94 0.83 —1.06 0.334 0.96 091 -1.02 0.167

Others 1.02 0.87—1.20 0.819 - 0.93 0.77-1.12 0.442
Structural readiness
Corticosteroid availability 1.06 0.97-1.16 0.220 1.00 0.96 — 1.05 0.904 1.01 0.94 - 1.08 0.808
Ultrasound availability 1.18 1.02-1.37 0.028 2 1.14 1.05-1.23 0.003
Readiness tertile?

High 1.11 1.03-1.20 0.005 1.14 1.05-1.23 0.001 1.09 1.03-1.15 0.003

Medium 1.01 0.95-1.07 0.802 0.99 0.93 —1.06 0.881 1.00 0.98 —1.03 0.755

Low ref ref ref
Staffing’

At least one medical doctor 1.21 1.05-1.39 0.009 1.08 1.00-1.17 0.051 1.04 0.96 —1.12 0.365

At least one midwife 1.02 0.92 -1.13 0.721 0.99 0.93 - 1.06 0.834 1.01 0.98 —1.04 0.484

At least one specialist 1.01 0.90 —1.12 0.915 1.13 1.02-1.26 0.020 1.01 0.94-1.09 0.786
CEmONC signal functions
Provide parenteral antibiotics 1.07 1.00-1.15 0.055 1.00 0.92 -1.09 0.951 1.02 0.99 - 1.05 0.252
Provide parenteral oxytocin 0.88 0.67-1.16 0.372 1.08 1.01 -1.15 0.033 1.01 0.97 —1.06 0.598
Provide parenteral anticonvulsants 0.94 0.87 - 1.01 0.110 1.12 1.06 - 1.18 <0.001 0.98 0.94-1.02 0.327
Perform assisted vaginal delivery 1.01 0.96 - 1.07 0.629 1.05 0.88 —1.26 0.554 1.01 0.98 - 1.05 0.473
Perform manual removal of placenta 1.07 1.01 -1.14 0.019 1.12 1.07-1.18 <0.001 1.06 1.03 - 1.09 <0.001
Perform removal of retained products 1.01 0.96 —1.07 0.605 1.01 0.94 -1.09 0.759 1.01 0.97-1.04 0.678
Perform neonatal resuscitation 1.15 1.00 —1.31 0.044 1.09 1.01 -1.17 0.023 1.00 0.97 -1.03 0.868
Perform Cesarean sections 1.07 0.90 - 1.27 0.466 1.05 0.93 -1.20 0.409 1.05 0.95-1.17 0.338
Provide blood transfusion 0.96 0.81-1.12 0.588 1.04 0.92-1.17 0.580 1.11 1.00 - 1.24 0.057

'"Modified Poisson regressions (Poisson regression with a robust error variance) were used to obtain adjusted relative risks (aRR).
2 Ultrasound was removed from the model for Senegal because no facilities in the sample had ultrasound available.
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Appendix C. Chapter 4 supplemental tables and figures

Supplemental Table 9. Discussion questions

General questions about ACS

e From your perspective, do you think ACS use in Ethiopia is high or low? What about
in your health facility (if applicable)?
e In your opinion, what are the main barriers to increasing ACS use in Ethiopia?

Questions about gaps in ACS use in Ethiopia

e Why is ACS sometimes not provided in health centers despite being recommended in
the obstetric protocols for women at risk of preterm labor?

e In some regions, there are significant gaps between corticosteroid availability and ACS
utilization. What might be the reasons for these gaps?

Questions relevant to the 2022 WHO recommendations on ACS use

e ACS use requires accurate GA assessment. What method does your facility usually use
to estimate GA? What are the barriers to accurate GA assessment in Ethiopia, and how
do those relate to ACS utilization?

e The WHO recommendations require the exclusion of chorioamnionitis when giving
ACS. How is chorioamnionitis diagnosed in Ethiopia, and could this be a barrier to
ACS use?
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Appendix D. Chapter 5 supplemental tables and figures

Supplemental Table 10. Proportion of pregnant women who received each of the six and all six care components at first ANC visits
in three countries by research sites

Ethiopia Kenya Kenya
N=883 N=896 N=854

ANC quality care components East Shewa Adama Town Kitui Kiambu Nongoma uMhlathuze
N=451 N=432 N=459 N=437 N=436 N=418

Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Physical examination

Blood pressure measurement 252 55.9% 388 89.8% 432 94.1% 429 98.2% 434 99.5% 418 100%

Test and examinations

Blood test (blood draw or finger prick) 411 91.1% 427 98.8% 446 97.2% 430 98.4% 436 100% 417 99.8%

Urine test 325 72.1% 427 98.8% 399 86.9% 402 92.0% 434 99.5% 416 99.5%

Ultrasound 140 31.0% 243 56.3% 18 3.9% 56 12.8% 2 0.5% 63 15.1%
Counseling

Signs of pregnancy complications 102 22.6% 171 39.6% 318 47.5% 326 74.6% 220 50.5% 200 47.9%

Preventions

Iron and folic acid given or prescribed 359 79.6% 354 81.9% 413 90.0% 418 95.7% 377 86.5% 413 98.8%

Completeness of all six care

9 9 0 9 9 0
components! 20 4.4% 104 24.1% 13 2.8% 37 8.5% 1 0.2% 21 5.0%

SO EETES O LN 6L 53 11.8% 126  29.2% 183 39.9% 287  657% 206 47.3% 195  46.7%
Components

Include blood pressure measurement, blood test, urine test, ultrasound examination, iron and folic acid given or prescribed, counseling on signs of pregnancy complications
Znclude all the care components except for ultrasound examination.
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Supplemental Table 11. Results of mixed effect logistic regressions for low birth weight
newborns

Good quality ANC Good quality ANC
(received six care components) (received five care components)
N = 2444 N = 2444
Odds 95% Odds 95%
- Confidence ] "
Ratio il p-value Ratio Confidence p-value
(OR) (1) (OR) Interval (Cl)
Received good quality ANC 0.76 0.48-1.19 0.231 0.93 0.73-1.18 0.527
Socioeconomic and demographic status
Country
Ethiopia ref ref
Kenya 1.00 0.62-1.60 0.997 1.05 0.67 —1.63 0.84
South Africa 171 1.38-2.12 <0.001 1.80 1.48-2.19 <0.001
Age range
15 to <20 years old ref ref
>20 to <35 years old 0.76 0.60 — 0.96 0.022 0.76 0.59 - 0.96 0.024
>35 years old 1.00 0.63 —1.59 0.995 0.99 0.62 —-1.57 0.97
Intended pregnancy 1.15 0.78 - 1.68 0.478 1.15 0.79-1.69 0.462
Education level
No education or some primary ref ref
Complete primary 1.19 0.86 - 1.63 0.295 1.17 0.86 —1.60 0.315
Complete secondary or higher 0.89 0.54 - 1.47 0.651 0.89 0.54-1.46 0.633
Health literacy* 0.91 0.75-1.10 0.313 0.91 0.75-1.10 0.311
Wealth
Poorest ref ref
Middle 0.87 0.63-1.20 0.405 0.88 0.63-1.21 0.426
Richest 0.65 0.42 -1.02 0.059 0.65 0.41-1.02 0.062
Trimester of the first ANC visit
The first trimester? ref ref
The second trimester? 0.88 0.68-1.14 0.330 0.88 0.69-1.13 0.319
The third trimester? 0.67 0.31-1.47 0.322 0.68 0.31-1.48 0.33
Maternal health
Self-rated own health as very good or 0.92 066-129 0643 0.92 0.66—1.29 0.642
excellent
Risk factor at baseline*
No risk factor ref ref
One risk factor 121 0.93-1.58 0.151 1.22 0.93-1.59 0.144
Two risk factors 1.18 0.66 —2.12 0.567 1.17 0.66 — 2.09 0.584
Three or more risk factors 1.06 048-231 0.888 1.07 049-231 0.867
Reported any pregnancy danger signs at 0.79 0.50-1.25 0.318 0.79 0.51-1.24 0.304

baseline®

1 Defined as answering six health knowledge questions correctly. The six questions were adopted from the Indian Health and Human
Development Survey.

2The first trimester is defined as less than 13 weeks of gestation; the second trimester is defined as between 13 to less than 28 weeks
of gestation; the third trimester is defined as above 28 weeks of gestation.

3 Self-rated own health was based on a Likert scale of five levels (excellent, very good, good, fair, and poor)

4Risk factors at baseline include any chronic systemic illness(es) known before pregnancy (including diabetes, hypertension, cardiac
disease, HIV, mental health disorder, schizophrenia, epilepsy, seizure, renal disorder, asthma, tuberculosis, anemia,
hemoglobinopathy, chronic pelvic inflammatory disease, ovarian cyst, fibroids, uterine myoma, genital tract abnormalities, thyroid
cancer, thyroid disease, peptic ulcer disease, gestational hypertension in previous pregnancy, a history of stroke), any history of
obstetric complications (Cesarean section, stillbirth, preterm birth, neonatal death, and postpartum hemorrhage), and multiple
pregnancy known at the first ANC visit

5 Pregnancy danger signs at baseline include vaginal bleeding, fever, and fainting or loss of consciousness.
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