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ABSTRACT

Background The 2030 Agenda for Sustainable Development
aims to reduce neonatal mortality to at least 12 per 1000 live
hirths. Most of the causes can be prevented or cured. Access
to quality healthcare during pregnancy and labour is the key to
reduce perinatal deaths, and maternity waiting homes (MWHs)
may have an impact, especially for women who live far from
the healthcare system. We conducted a case—control study

to evaluate the effectiveness of MWH in reducing perinatal
mortality in a secondary hospital in Ethiopia.

Methods We did a nested case—control study from January
2014 through December 2017. The enrolled cases were
mothers whose childbirth resulted in stillbirth or early neonatal
death. The controls were mothers with an alive baby at 7 days
or with an alive baby on discharge. We collected demographic,
anamnestic, pregnancy-related and obstetric-related data. The
effectiveness of the MWH on perinatal death was assessed

by a logistic regression model, adjusted for all other variables
investigated as potential confounders. We also did a sensitivity
analysis to explore the role of twin pregnancies.

Results We included 1175 cases and 2350 controls. The
crude analysis showed a protective effect of the MWH towards
perinatal mortality (OR=0.700; 95% Cl: 0.505 to 0.972), even
more protective after adjustment for confounders (adjusted OR
(AOR)=0.452; 95% Cl: 0.293 to0 0.698). Sensitivity analyses
showed a consistent result, even excluding twin pregnancies
(AOR=0.550; 95% Cl: 0.330 t0 0.917).

Conclusion MWHs appear to reduce perinatal mortality by
55%. Our findings support the decision to invest in MWH

to support pregnant women with higher quality and more
comprehensive healthcare strategy, including quality antenatal
care in peripheral primary care clinics, where risk factors can
be recognised and women can be addressed for admission to
MWH.

INTRODUCTION

The 2030 Agenda for Sustainable Development
aims to reduce the neonatal mortality below 12
deaths per 1000 live births by 2030." The Alliance
for Maternal and Newborn Health Improvement
mortality study group estimated in 2012-2016 a
neonatal mortality rate of 20.1 (14.6-27.6 per
1000 live births) and a stillbirth rate of 17.1 (12.5—
25.8 per 1000 live births) in sub-Saharan Africa.”

Key questions

What is already known?

» Although the 2030 Agenda for Sustainable Development
aims to reduce perinatal mortality to at least 12 deaths
per 1000 live births, this goal is likely to be difficult to
achieve in sub-Saharan Africa—even if most causes are
preventable or curable.

» Access to quality healthcare during pregnancy and child-
hirth is of paramount importance and maternity waiting
homes (MWHs) may have an impact in this context, es-
pecially for people far from the healthcare system.

» The quality of the available evidence in this regard has
been so low that in 2015 the WHO gave only a condition-
al recommendation for the implementation of MWHS, ex-
pressing the need for studies with a more robust design.

What are the new findings?

» This study is the first case—control study that evaluates
the effectiveness of hospital MWHs in reducing perinatal
mortality in a low-to-middle-income country.

» In our study, the risk of perinatal mortality among MWH-
user mothers was half of non-users (adjusted OR: 0.452,
95% Cl: 0.293 to 0.698), showing the effectiveness of
this tool in the struggle against perinatal mortality.

» We investigated a number of maternal, obstetrical and
neonatal factors as confounding variables: many disor-
ders associated with stillbirths often coexist and adjust-
ment for these factors is essential to understand the role
of a specific intervention.

» In our study, we evaluated the effectiveness of the MWH
including also twin births while in previous studies twin
births have often been ruled out from the analysis.

Public health programmes need to further inten-
sify the delivery of effective interventions to reduce
perinatal deaths, since most causes are potentially
preventable or treatable.” Obstetric haemor-
rhage, non-obstetric complications, hypertension
in pregnancy and pregnancy-related infections
account for more than three-quarters of stillbirths.
The most common causes of neonatal deaths are
perinatal asphyxia and severe neonatal infections,
followed by complications of preterm birth.”

BM)

Dalla Zuanna T, et al. BMJ Global Health 2021;6:6004140. doi:10.1136/bmjgh-2020-004140 1

‘1ybuAdos Aq
Pa19810.d “lfeuld ©a9101|qig eAoped IQ BuSISAIUN Te TZ0g ‘02 |Mdy uo /wod fwg yby/:dny wouy papeojumoq "TZ0Z |Mdy 9T U0 O T#00-0202-UBlwag/9eTT 0T Se paysiignd 1s1y :yyesH qo|9 rINg


http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2020-004140&domain=pdf&date_stamp=2021-04-16
http://orcid.org/0000-0003-1244-404X
http://orcid.org/0000-0002-9561-0711
http://gh.bmj.com/
http://gh.bmj.com/
http://gh.bmj.com/
http://gh.bmj.com/

BMJ Global Health 8

Key questions

What do the new findings imply?

» These characteristics are a strength of this study and go in the direction
advocated by the WHO recommendations for improving scientific evi-
dence in similar contexts.

» Our results add to the evidence that the MWH is effective in reduc-
ing perinatal mortality, although MWH users show more risk factors,
some of which—including twin pregnancy—are clearly involved in
driving the decision whether to be admitted to the MWH.

» This study has a number of variables that have been studied so that it
may be useful in drawing up priority criteria for admission to MWH on a
national basis, supporting the decision to invest in MWH and to provide
pregnant women with more comprehensive and skilled healthcare.

The access to quality healthcare during pregnancy, labour,
delivery and the neonatal period will be the key to achieve
reductions in preventable perinatal deaths especially in case
of high-risk pregnancies.* Maternity waiting homes (MWHs)
may have an impact especially for populations who live far
from health system, considering that 40%-45% of peri-
natal deaths occur during labour, delivery and the 24-hour
post partum.”® An MWH is a facility with easy possibility of
reaching a hospital or health centre which provides emer-
gency obstetric care. Women are admitted to an MWH to
await labour, with the aim of breaking down barriers to access
such as distance, unfavourable seasonal climate, lack of infra-
structures and means of transportation, cost of transport and
inefficient communication between referral points.6

Some studies showed a favourable effect of the MWH on
the outcomes for both women and newborns.®”’ However, in
2012 the Cochrane review concluded that there had been
insufficient evidence on the benefit of MWH to unequivocally
recommend these facilities.” In 2015, the WHO gave a condi-
tional recommendation for implementing MWHSs given the
very low quality of available evidence.® In 2017, Buser and
Lori reiterated the need to generate further evidence on
the effectiveness of MWHSs on newborn outcomes in low-
resource settings.8

Starting from the 1960s and during the last decades of the
20th century, many low-income and middle-income coun-
tries, including Ethiopia, have implemented MWHs as part
of a national programme, with the aim of reducing perinatal
and maternal mortality. In Ethiopia between 2011 and 2016,
the perinatal death rate was 83 per 1000 live births.” Previous
studies conducted in Ethiopia found MWHs to be effective
in the reduction of perinatal mortality at hospital level.'"""*
All of them were crosssectional and did not adjust for
confounding factors. In this perspective study, we conducted
a nested case—control study with the aim to evaluate the
effectiveness of the MWH in reducing perinatal mortality in
a secondary hospital in Ethiopia.

METHODS

Context

The Saint Luke Hospital (SLH) is a private notfor-profit
hospital, accredited by the Oromiya public health system. Itis

in Wolisso and serves as the zonal hospital for the South West
Shoa Zone (SWSZ, catchment area of 1 223 311 inhabitants
in 2017). Itis the referral hospital of the three primary hospi-
tals of Ameya, Bantu and Tullu Bolo). The financial support
is provided by the Oromiya Region (13.0%), the Italian non-
governmental organisation (NGO) ‘Doctors With Africa
CUAMM’ (35.0%), users’ fees (35.0%) and other donors
(17.0%). The fees for delivery services were kept low by deci-
sion of the Board of Governors, and further reduced thanks
to the financial support through the CUAMM’s project
‘Mothers and children first’.

In the SLH, 24 beds in the maternity ward are available
for mothers before and immediately after delivery (6 hours
or longer if complications occur). The delivery room is
provided with six labour and three delivery beds, with a 24/7
obstetric assistance (during the night on call) by midwives,
graduated in a 3-year midwifery school. A gynaecologist
manages the ward, helped in the operating room by a health
officer (health personnel with 5-year training) with a special-
isation in emergency obstetric and general surgery. The
SLH is the only hospital in the SWSZ which provides 24/7
a comprehensive emergency obstetric and neonatal care
assistance, which also includes the performance of caesarean
sections and blood transfusions. In 2017, 4300 deliveries
were performed; the rate of caesarean sections was 14%. A
neonatal unit with six thermal cots is available since 2011,
providing pharmacological therapy and kangaroo mother
care therapy, although there is no possibility of mechanical
ventilation. An emergency referral system deals with compli-
cations arising at primary care facilities. The SLH has an
MWH which is a corrugated iron roofed and brick walled
structure with 27 beds in two rooms, flushing water closet
and kitchen. Admitted mothers receive a visit two times per
week by a dedicated midwife coming from the maternity
ward; they can always refer to the gynaecologist in case of
urgent issues. During the stay, the hospital guarantees basic
food supply and kitchen utensils and allows the presence of
companions to take care of the pregnant women. Pregnant
women living far from the hospital are usually referred to
the MWH in case of high-risk pregnancy or false labour and
when a caesarean section is envisaged or mandatory.

Study design
We conducted a monocentric, nested case—control study at
the SLH in Wolisso, SWSZ, Ethiopia.

Cases were all mothers giving birth in the SLH, whose
childbirth resulted in stillbirth or early neonatal death. Still-
birth was defined as a baby born with no signs of life after 28
weeks’ gestation or weighing more than 1000 g."* Both macer-
ated stillbirth (dead before the onset of labour and presenting
degenerative changes) and fiesh stillbirth (dead during labour
or delivery) were considered."” Early neonatal mortality was
defined as a baby born alive but dead within 7 days."*

Controls were mothers giving birth in SLH, whose child-
birth resulted in a baby alive at 7 days or untl hospital
discharge. For each case, two controls were selected. Controls
were the two mothers who followed each case on the delivery
registry."* This choice of controls was made to minimise the
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Perinatal death

P-value*

Yes (cases) No (controls)

were selected as cases considering data of the dead one; by
definition they could not be chosen as controls. Mothers who
gave birth to both twins alive were selected as controls in case
they gave birth immediately after a case and data referred
to the first recorded baby. The exposure of interest was the

n (%) n (%) admission to MWH before the delivery.
Patient and public involvement
Total 1175 (100.0) 2350 (100.0) Since this was a retrospective study, patients were not involved

*In bold p-value<0.05.

possibility that each case and its controls received a different
level of healthcare assistance during labour."

Mothers who gave birth to both dead twins were consid-
ered as cases, considering data about the first recorded twin

in the design or management of the study, while midwives

designed and conducted as part of the broader ‘Mothers and
children first’ project run by the NGO ‘Doctors With Africa
CUAMM’  (https://www.mediciconlafrica.org/en/whatwe-
do/in-africa/mothers-and-children-first), whose objectives
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Non-MWH
% (n)

MWH user
% (n)

- P-value*

Urban
Rural

Area of residence 31.9 (1063) <0.001

68.1 (2268)

11.9 (23)
88.1 (171)

1ybuAdoo Aq

Chronic diseases 1.3 (43) 1.0(2) 1.000

HIV/AIDS 2.0 (68) 1.5 (3) 1.000

Previous caesarean sections None 93.8 (3125) <0.001

6.2 (206)

68.0 (132)

At least once 32.0 (62)

None <0.001

Access to antenatal care

76.1 (2515)
23.9 (788)

53.9 (104)

At least once 46.1 (89)

Preeclampsia 3.1 (102) 6.7 (13) 0.011

Polyhydramnios 1.3 (43) 3.6 (7) 0.018

Antepartum haemorrhage 3.2 (107) 6.2 (12) 0.038

Numbers may not add to total sample size due to missing values.
*In bold p-value<0.05.
1Systolic blood pressure >140mm Hg or diastolic blood pressure >90mm Hg.
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Table 3 Obstetric conditions in MWH users and non-users. Ethiopia, 2014-2017.

Non-MWH MWH user
% (n) % (n) P-value*

Shoulder dystocia 0.5(17) 0.5(1) 1.000
Other dystocia 4.6 (153) 7.2 (14) 0.114
Eclampsia 0.7 (24) 0.0 (0) 0.640
Premature rupture of membranes 10.8 (359) 2.1 (4) <0.001
Head stuck 0.5 (18) 1.0 (2) 0.302
Cephalopelvic Disproportion (CPD) 2.5 (84) 0.5(1) 0.089
Obstructed labour 0.6 (19) 0.0 (0) 0.622
Placental abruption 0.9 (31) 1.5@3) 0.432
Nuchal cord (or Cord-Around-the Neck) 1.4 (48) 0.5 (1) 0.521
Umbilical cord/hand prolapse 2.6 (85) 1.5@3) 0.632
Placenta praevia 0.9 (31) 4.1 (8) 0.001
Type of delivery

Spontaneous vaginal delivery 68.4 (2276) 48.5 (94) <0.001

Breech birth 6.3 (209) 10.8 (21)

Forceps/Windy 6.8 (227) 6.7 (13)

Caesarean 13.8 (458) 30.4 (59)

Destructive 4.8 (159) 3.6 (7)
Presence of meconium

Absent 96.0 (3199) 99.0 (192) 0.033

At least grade | 4.0 (132) 1.0@2)

Numbers may not add tototal sample size due to missing values.
*In bold p-value<0.05.

within the community and the increase of technical skills
among midwives.

The preliminary results of the project, both on care and
research activities, are presented periodically, usually in the
form of dissemination workshop, inviting all stakeholders
involved, including representatives of the population and
local health authorities. In addition, we also intend to spread
the main results of this study to community midwives and
healthcare professionals working mostly in remote and rural
areas, with the aim of providing them with further evidence
to refer pregnant women to the MWH in case of real need
and trying to overcome social and economic barriers that
often discourage referral and admission to the MWH. Health-
care workers in these areas have a crucial role in promoting
patient and public involvement.

This modus operandi is not new in this context: community
awareness and mobility interventions have already been
implemented with the aim of constantly increasing knowl-
edge and, finally, access to health services, especially for the
most disadvantaged populations. The community aware-
ness has been steadily improved over the previous 6 years,
through the provision of various demand creation activities,
including pregnant women’s forums to discuss birth prepa-
ration, safe and free institutional childbirth; mass mobilisa-
tion events; awareness campaigns on health education, HIV
and tuberculosis prevention; counselling and screening for

cervical and breast cancer prevention and counselling for
including income-generating activities in women.

Data collection

We collected demographic characteristics and basic anam-
nestic data about mothers and newborns, considering vari-
ables investigated in past studies, as well as conditions that
might arise as potential indications for admission to the
MWH in our specific context. We collected data on (1)
pregnancy-related conditions, (2) obstetric conditions and
(8) neonatal conditions. A review of the delivery register, the
hospital electronic inpatient database, the neonatal admis-
sion charts and the MWH register was undertaken, consid-
ering data collected between January 2014 and December
2017. All sources were linkable through the unique admission
code that each mother received at admission. Data collection
followed the Strengthening the Reporting of Observational
Studies in Epidemiology statement for observational studies
(see online supplemental appendix for the checklist of items
included).

Sample size

A sample size of 3240 mothers (of which 1080 cases) was
required to detecta probability of exposure in cases of at least
3.5%, assuming a 5.8% probability of exposure in controls, a
case:control ratio of 1:2, an 80% power and a 5% significance
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level. The assumption of 5.8% probability of exposure was set
according to data shown in the SLH annual report.'®

Data analysis

Data were summarised in contingency tables of frequen-
cies and proportions. A preliminary bivariate analysis was
conducted to identify differences between the group exposed
to the MWH and the non-exposed group. Fisher’s exact test
was used to assess the association with potential confounding
factors. We performed a crude analysis to establish the asso-
ciation between perinatal mortality (entered as dependent
variable) and the access to MWH (as independent variable)
for the total sample using logistic regression. All the other
investigated variables were included in the multivariate
logistic regression to assess this association after adjusting
for potential confounders. The variables Apgar at 5 min and
birth weight were not included in the model since strongly
correlated with outcome mortality, of which may be consid-
ered as proxy—the correlation coefficient phi for nominal
variables was statistically significant (p<0.001) for both pairs.
Unadjusted and adjusted ORs (AORs), 95% ClIs and p values
are reported. The level of significance was set at a p value of
<0.05.

Finally, to further investigate the potential confounding
effect of a selection bias, we identified the triplets (one case
and two controls) with at least a twin (either the case or
one of the controls) and performed a sensitivity analysis by
excluding these triplets. Statistical analyses were performed
using STATA software, V.12.1 (StataCorp, College Station,
Texas, USA).

RESULTS

Overall, 3525 mothers were included in the study, of which
1175 cases and 2350 controls. The proportion of missing
data ranged between 0.0% and 0.9% based on variables
investigated. As shown in table 1, 4.3% of cases and 6.1% of
controls were admitted to the MWH (p=0.034).

MWH users used to hail from rural areas in a signifi-
cantly larger proportion compared with non-users (88.1%
vs 68.1%, p<0.001), as shown in table 2. Mothers attending
the MWH were usually older (p<0.001) and the proportion
of grand multiparas was twice higher than the counterpart

(20.6% vs 9.8%, p<0.001). MWH mothers had more often a
history of complicated pregnancies (3.6% vs 0.3%, p<0.001)
and caesarean sections (32.0% vs 6.2%, p<0.001); moreover,
about half of them underwent at least one antenatal care
(ANC) visit (46.1%) compared with 23.9% of mothers who
did not attend the MWH (p<0.001). Among MWH users,
the prevalence of pre-eclampsia, polyhydramnios, breech
presentation and antepartum haemorrhage was significantly
higher (see table 2).

While the occurrence of premature rupture of
membranes (2.1% vs 10.8%, p<0.001) and =1 grade
meconium (1.0% vs 4.0%, p=0.033) was lower in MWH
users, the prevalence of placental abruption was higher
(4.1% vs 0.9%, p<0.001). The proportion of caesarean
sections (30.4% vs 13.8%) and breech deliveries
(10.8% vs 6.3%) was higher than non-users. While no
difference was detected in the occurrence of neonatal
malformations in the two groups, the percentage of
newborns with 5 min Apgar 27 was higher in MWH
mothers (72.7% vs 64.5%, p=0.020), as well as babies
weighing >2500 g (80.4% vs 72.5%, p=0.016) (tables 3
and 4).

The crude analysis showed a protective effect of the
MWH towards perinatal mortality (unadjusted OR=0.700;
95% CI: 0.505 to 0.972). The magnitude of this protective
effect increased after adjusting for potential confounders
(AOR=0.452; 95% CI: 0.293 to 0.698) (table 5).

After having excluded 189 triplets with at least a twin,
the AOR showed a slight decrease in the magnitude
of the protective effect of the MWH towards perinatal
mortality, without, however, losing its statistical signifi-
cance (AOR=0.550; 95% CI: 0.330 to 0.917).

CONCLUSION

To our knowledge, this study is the first case—control study
that evaluates the effectiveness of MWHs in reducing peri-
natal mortality in a low-to-middle-income country. The risk
of perinatal mortality among MWH users was less than half
of non-users, showing the effectiveness of this strategy in
reducing perinatal mortality.

Table 4 Neonatal characteristics in MWH users and non-users. Ethiopia, 2014-2017.

Non-MWH MWH user
% (n) % (n) P-value*
Malformations 3.2 (105) 4.6 (9) 0.291
Sex of the born Female 46.0 (1528) 53.1 (103) 0.064
Male 54.0 (1792) 46.9 (91)
APGAR at 5min 7-10 64.5 (2146) 72.7 (141) 0.020
0-6 35.5 (1182) 27.3 (53)
Birth weight >250049r 72.5 (2416) 80.4 (156) 0.016
<2500¢r 27.5 (915) 19.6 (38)
Numbers may not add tototal sample size due to missing values.
*In bold p-value<0.05.
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Table 5 Logistic regressions. Risk of perinatal mortality. Odds ratios, 95% confidence intervals, p-values. Ethiopia. Years

2014-2017.

Unadjusted OR 95%ClI P-value* Adjusted ORt 95%ClI P value*
Access to MWH (all cases) 0.700 0.505t0 0.972  0.033 0.452 0.293t0 0.698  <0.001
Access to MWH (excluding 0.764 0.528t01.104 0.152 0.550 0.330 to 0.917 0.022

triplets with at least a twin)

*In bold p-value <0.05.

1The regression analysis was adjusted for all variables showed in tables 2-4.

This result is comparable with previous studies from Ethi-
opia'™* and other resourcelimited settings,'” ™ although
not all of them demonstrated a significant reduction in
the risk of perinatal deaths in MWH users.” ** Most of the
previous studies were cross-sectional, conducted on a limited
population and only few of them adjusted for confounding
factors. In the document Recommendations on health promotion
interventions for maternal and newborn health, the WHO has
expressed the need for further studies with a more robust
design that would measure the contribution of MWHs within
a package of interventions aimed at increasing the access to
skilled care.® Our study relies on a case—control design, and
a considerable number of maternal, obstetrical and neonatal
factors were included in the analysis as confounding vari-
ables. Indeed, many disorders associated with stillbirths often
coexist,” and adjustment for these factors is essential to
understand the role of a specific intervention. In addition, we
evaluated the effectiveness of the MWH including also twin
births. In previous studies, twin births have often been ruled
out from the analysis'® or findings arising from this subgroup
have not been discussed** probably because of implications
from a potential selection bias or the complexity of handling
this variable. However, the suspicion of a multiple pregnancy
is one of the most frequent criteria for admission to the MWH
and a wellknown risk factor for perinatal death.”” Consid-
ering this, the evaluation of the effectiveness of MWH in this
category appears even more essential. To handle the risk of
a potential selection bias, we decided to perform a sensitivity
analysis. Our findings clearly showed how the MWH acted
as a significantly protective factor from perinatal mortality
either including multiple pregnancies or not.

Compared with non-MWH mothers, MWH users were
older, came from rural areas, had a worse obstetric history,
higher parity and a higher number of previous caesarean
sections. Moreover, MWH users showed a significantly higher
prevalence of all risk factors which are detectable during
pregnancy (except for oligohydramnios), while the preva-
lence of maternal pre-existing conditions was similar in the
two groups. Based on this set of information, a higher peri-
natal mortality would be expected in this group® * but our
findings show how MWHEs are associated with a significant
reduction in perinatal death. Our main finding, together
with data on risk factors detectable during pregnancy,
conforms as regards the risk of a selection bias described
in past research.” Nevertheless, the presence of peripheral
health centres and the ambulance transport service may
increase the proportion of women who go directly to the

hospital, without being admitted to the MWH, so that women
in this catchment area may have more favourable outcome
compared with other contexts. However, the availability of
ambulance transport has to be considered complementary
to the MWH because obstetric emergencies may arise during
labour or delivery even in women without a previously
detected high-risk pregnancy.”

This study also suggests that the MWH is effective in
selecting women who actually need additional medical assis-
tance. The WHO, indeed, set as a priority the conduction
of studies able to show whether the MWH should be recom-
mended in a specific subset of women sharing potential risk
factors as vulnerability, high distance to healthcare facilities
or peculiar obstetric risk.” Despite a higher prevalence of
conditions detected prenatall, MWH users show a similar
or even lower prevalence of obstetric complications (except
for placenta praevia). A possible explanation may rely on a
more timeliness intervention as complications occur, which
enables the healthcare professionals to have a wider choice
of therapeutic options. For instance, among MWH users,
the proportion of caesarean section deliveries was more
than twice higher than in non-users.” Definitely, this aspect
is also reflected in better neonatal outcomes in terms of both
Apgar score and birth weight for MWH users. Our study can
rely on a plenty of variables investigated, allowing to iden-
tify the profile of women at risk who could actually benefit
from the admission to MWH. Our results, together with
evidence provided in other Ethiopian settings, may be useful
for drafting priority criteria for the admission to MWHs on a
national basis.”’

In Ethiopia, faith-based organisations have pioneered
the construction of the first MWHs in the late 1980s. Slowly,
others were built, some under the aegis of the ministry of
health, but in 2012 only nine facilities, including Wolisso
Hospital, were provided with an MWH.?” In 2016 in Ethi-
opia, 52% of health facilities were provided with an MWH.**
The main aim of this strategy in the struggle towards the
reduction of perinatal mortality in Ethiopia is to bridge the
geographical gap in obstetric care between rural and urban
areas and areas with poor access to healthcare facilities.
Once labour starts, women would rapidly move to the health
facility so that they can be assisted by a skilled birth atten-
dant.” In addition, during their stay, mothers receive healthy
and nutritious food—free of charge for mothers, provided
by the community—and they are given specific advice on any
problems that may occur in the days immediately following
delivery.®
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Our results need necessarily to be contextualised. The
hospital involved in the study shows peculiar features—
surgical capacity and associated competencies; private owner-
ship; programmes funded by external donors; the presence
of HIV treatment programmes in the healthcare—which
are known to be associated with higher quality standard
of services implemented and, ultimately, lower perinatal
mortality: indeed, secondary care facilities—regardless of the
delivery volume—appear to be better equipped to provide
better care for women experiencing complications during
the delivery than primary care facilities.”

This study has several strengths. First, it stands out for
being the first case—control study investigating the effec-
tiveness of MWHSs and handles a high number of variables,
which allowed us to adjust for many covariates that could
potentially confound our association. These features meet
the WHO recommendations for an improvement of scien-
tific evidence in similar contexts.” Second, the sample size
is relatively large and all cases occurring in the study period
were included. Only few other studies investigating the
effectiveness of the MWH showed a larger or similar sample
size.! ™ Third, the completeness of variables investigated
is very high (99.1% or more, depending on the variable at
issue). In low-income and middle-income countries, archives
are usually paper based and not well stored. Our decision
to conduct a nested case—control study rather than a retro-
spective cohort study relies on this: in the absence of an inte-
grated electronic health records management system, we
preferred to collect all available data on a sample of controls
rather than including the whole cohort. Lastly, we were the
first to perform a sensitivity analysis which allowed us to take
into account—and assess—the effectiveness of MWH on
perinatal mortality also in case of twin pregnancies.

The study has also some limitations. We did not retrieve
data on the socioeconomic status of the mothers at the
individual level. Two recent studies conducted in Ethiopia
showed that MWH users were on average less educated and
poorer than women admitted directly to hospital.** * In
rural areas, the population is poorer and education lower,
and maternal lower education and economic hardship were
shown to be associated with higher perinatal mortality." *
However, not all of the most recent Ethiopian studies agree
on the role of these factors on perinatal mortality; quite the
opposite, all show that the number of previous deliveries
and previous obstetric complications make the greatest
contribution, and among the socioeconomic determinants,
the residence in a rural area shows the greatest association
with perinatal mortality.>* These three factors are all
known during pregnancy and may act as crucial indica-
tions for admission to the MWH. In addition to this, our
study is monocentric; although a detailed description of the
context may allow for comparisons between situations with a
similar—or, by contrast, different—background, the extend-
ibility of our findings remains limited, suggesting the need
for multicentre researches.

In conclusion, our findings show how MWHs appear to
be able to reduce perinatal mortality by 55%. Our study is
the first case—control study to estimate the effect of MWH

in reducing perinatal mortality, making a substantial contri-
bution in improving the quality of evidence as advocated by
the scientific community and the major health authorities
at the global level. The MWH is effective in reducing peri-
natal mortality although MWH users show more risk factors,
some of which—including twin pregnancy—are clearly
involved in driving the decision whether getting admitted to
MWH. Our findings support the decision to investin MWHs,
providing pregnant women with higher quality and more
comprehensive healthcare. However, to meet this target,
efforts should be addressed also in providing quality ANC
in peripheral primary care clinics, where properly trained
healthcare professionals may recognise the occurrence of
risk factors that may pose an indication for admission to the
MWH. Although our findings may be extended to contexts
with a background similar to that described in this study, our
research lays the basis for a legitimate need for multicentre
studies that would act as a driving force for a further general-
isation of this achievement.
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Objectives 3 State specific objectives, including any prespecified hypotheses p-4
Methods
Study design 4 Present key elements of study design early in the paper p-5-6
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data p-6
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the p-3-6
rationale for the choice of cases and controls
(b) For matched studies, give matching criteria and the number of controls per case NA
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, p-5-6
if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe p-6
measurement comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias p-6-7
Study size 10 Explain how the study size was arrived at p-6
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen p- 6-7
and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding p- 67
(b) Describe any methods used to examine subgroups and interactions p-7
(c) Explain how missing data were addressed p-8
(d) If applicable, explain how matching of cases and controls was addressed NA
(e) Describe any sensitivity analyses p-7
Results
Participants 13%* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, p-8
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(b) Give reasons for non-participation at each stage NA

(c) Consider use of a flow diagram NA
Descriptive data 14% () Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and p-8

potential confounders

(b) Indicate number of participants with missing data for each variable of interest p-8
Outcome data 15% Report numbers in each exposure category, or summary measures of exposure p-8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence p-8

interval). Make clear which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized NA

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses p-8

Discussion

Key results 18 Summarise key results with reference to study objectives p-9

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and | p. 10
magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from = p. 9-10
similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results p. 10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on NA

which the present article is based

*Give information separately for cases and controls.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.
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