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Objectives To determine the relation between place and skilled

birth attendance at birth and early neonatal mortality.

Design Retrospective analysis using data from Demographic and

Health Surveys on obstetric complications.

Setting Nine low and middle income countries between 2006 and

2013.

Population 71 758 women aged 15–49 years.

Methods A secondary analysis was carried out to investigate the

occurrence and effect of obstetric complications on early neonatal

mortality and association with place and attendance at birth.

Obstetric complications studied were prolonged labour, puerperal

infection and eclampsia.

Main outcome measures Association between early neonatal

mortality and place and attendance at birth, unadjusted and

adjusted for presence of severe obstetric complications.

Results Thirty-five percent of all births were at home: 70% of

these were without skilled attendamts. Obstetric complications

were reported in 17 079 women: 82% of these women gave birth

in health facilities. Overall, no association was observed between

place of birth or attendance at birth and early neonatal mortality.

When adjusted for obstetric complications, the odds of early

neonatal deaths for births at home without a skilled attendant

were 1.3 (95% CI 1.1–1.5) compared with 1.2 (95% CI 1.0–1.5)
with a skilled attendant and births in health facilities.

Conclusions When adjusted for obstetric complications, births in

health facilities were associated with reduced early neonatal

mortality. However, reporting and referral bias account for at least

part of the association.

Keywords Demographic Health Survey, early neonatal mortality,

health facility.

Tweetable abstract Births in health facilities are linked with fewer

early newborn deaths when adjusted for obstetric complications.

Linked article This article is commented on by MW Weber. To

view this mini commentary visit http://dx.doi.org/10.1111/1471-

0528.14489.

Please cite this paper as: Bellizzi S, Sobel HL, Mathai M, Temmerman M. Does place and attendance at birth improve early neonatal mortality? Secondary

analysis of nine Demographic and Health Surveys. BJOG 2016; DOI: 10.1111/1471-0528.14422.

Introduction

Child mortality has decreased worldwide in the past few

decades,1–9 with accelerated declines in more than 100

countries in the final phase of the Millennium Develop-

ment Goals era.3 These are due to a series of intercon-

nected improvements in areas such as maternal

education,10 per capita income,11 immunisation, sanitation,

‘better nutrition’,12 and wider coverage of a short list of

proven health technologies.13,14

Of the estimated 130 million infants born each year

worldwide,15 2.8 million die in the first 28 days of life, with

three-quarters of deaths occurring in the first week of life.3

In 2013, neonatal deaths accounted for 41.6% of under-five

deaths compared with 37.4% in 1990,16 and the share of

neonatal deaths is projected to increase to 52% of under-

five deaths in 2030.17

Neonatal deaths result from complications of preterm

birth, asphyxia or trauma during birth, infections, severe

malformations or other specific perinatal causes.18 Obstetric

complications are a major cause of stillbirths and early

neonatal deaths,19 responsible for up to 58% of such out-

comes.20 Therefore, prevention and treatment of pregnancy

complications are critical to reduce neonatal deaths.21

In developing countries, many births occur at home for

reasons related to poverty, illiteracy and control on
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decision-making authority, contributing to poor neonatal

and maternal health status.22,23 In countries where uptake

of skilled care at birth is low, women may only seek care

when problems arise. If skilled care is sought when labour

is prolonged, it is highly likely that hypoxia and infection

have already set in, leading to poor perinatal outcomes

even if skilled care is provided.24

The cornerstone of safe motherhood programmes is

skilled care for all births. Essential competencies that a

skilled birth attendant (SBA) should have include those

required for the management of women during normal

pregnancy, childbirth, and the immediate postnatal period,

as well as identification, management and/or referral when

complications arise.25 However, neither type of attendance

nor place of birth have been found to be strongly associ-

ated with lower neonatal mortality.26,27 The presence of an

SBA in a health facility does not guarantee good quality

care.28 Although sub-optimal quality of care is well known,

late referral of women with complications may also mask

the benefit of facility births.26,27

Using Demographic and Health Surveys (DHS), which

had reported complications during birth, we examined the

association between reported complications at birth,

type of attendance and place of birth with early neona-

tal mortality. We further adjusted for reported complica-

tions at birth, to study the beneficial effects of facility

births and births attended by SBAs on early neonatal

mortality.

Methods

We conducted a secondary analysis of national DHS data

from nine countries on the association between place and

attendance at birth, and maternal complications during

delivery with reported early neonatal mortality. These data

were from Bangladesh (2007), Colombia (2010), Honduras

(2011), Indonesia (2012), Mali (2006), Niger (2006), Peru

(2011), Philippines (2013), and Sao Tome and Principe

(2008/2009).

DHS are nationally representative random household

sample surveys measuring indicators of population includ-

ing maternal and child health.29 The target population in

most DHS surveys is all or ever-married women of repro-

ductive age (15–49 years). Data are collected via face-to-

face interviews by same sex-trained personnel and in each

survey, questionnaires are translated into major local lan-

guages. The core content of every round DHS is standard

across countries to maximise the comparability of informa-

tion, and includes a complete birth and death history for

the children of each eligible woman. Countries may also

select additional questions related to pregnancy complica-

tions from the survey questionnaire on antenatal, childbirth

and postnatal care.

Our analysis included only the most recent survey in

these countries presenting data on reported life-threatening

obstetric complications during birth of the last infant, thus

limiting our analysis to one birth per woman.

The markers of life-threatening complications included

high fever, convulsions, vaginal bleeding and/or prolonged

labour. We pooled national data sets into one cross-sec-

tional data set containing 71 758 live births.

Data on obstetric complication and place of birth were

calculated for all live births (n = 71 758). Data on new-

borns with missing information on place and attendance at

birth (n = 324) and maternal complications (n = 698) were

excluded from the analysis of early neonatal mortality and

obstetric complications, thus leaving 71 060 individuals in

the analysis (99.0%). There were 819 early neonatal deaths

in the data set.

Three complications during and immediately following

pregnancy and childbirth were the first exposure variables

in our analysis and were defined as follows: prolonged

labour when regular uterine contractions reportedly lasted

>12 hours; high fever when associated with foul smelling

discharge (proxy for puerperal infection and possibly asso-

ciated with poor neonatal outcome if secondary to intra-

partum chorio-amnionitis or prolonged labour);

convulsion not caused by fever (proxy for eclampsia).

Although severe antepartum haemorrhage usually results

in stillbirths,30 we excluded ‘excessive bleeding’ from our

analysis, as most of the severe haemorrhages reported are

likely to be postpartum haemorrhages, which are less likely

to impact on newborn outcomes.

We derived three new variables: ‘one complication’, ‘two

complications’ and ‘three complications’, to include all

women who experienced one, two and three obstetrical

complications in the same birth, respectively.

Births at home with and without an SBA were based on

the reported place and type of assistance at last birth. DHS

defines facility birth as ‘birth at any place other than at

home, at someone else’s home, or en route to a facility’; in

this category we grouped all private and public health facili-

ties regardless of size. Births at home with an SBA included

respondents who answered that they gave birth at home with

a doctor, nurse, nurse midwife, or auxiliary nurse midwife.

The pooled analysis was performed after merging all the

nine DHS country files. STATA 13.1 SE (StataCorp LP,

USA) was used for statistical analysis.31 Considering the

stratified sampling nature of DHS, we used a random effect

model to control for unobserved factors at primary sam-

pling unit; we also included country random effect in the

pooled analysis.32

We tabulated incidence of each obstetric complication by

country together with data on place of birth. We also

described the distribution of maternal complications by

socio-economic variables, birth order, birth spacing and
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place of delivery. Maternal age, maternal education, resi-

dence and household wealth quintiles, preceding birth

interval (less than 18 months, 18–23 months, 24–35 months

and more than 35 months), sex of infant and birth order

(first born; latter born) affect perinatal outcomes.33,34 We

considered all these variables as potential confounders and

adjusted for them place of birth in further analysis.

A similar analysis was conducted to evaluate the risk of

early deaths when women reported one, two or all three

complications in the same birth.

For each country and for the pooled analysis, odds ratios

(OR) were determined for early neonatal mortality and place

and attendance at birth (using multiple logistic regression

analysis) with and without adjustments for reported obstetric

complications. P-values <0.05 were considered significant.

The odds ratio between early neonatal mortality and

place of birth was obtained using three distinct analyses:

(1) home births without SBA versus home births with

SBAs, (2) home births without SBAs versus births in health

facilities, and (3) home births with SBAs versus births in

health facilities. Heterogeneity among countries in the

pooled association between early neonatal mortality and

place of delivery was tested. We performed a subgroup

analysis of countries with high institutional births choosing

80% cutoff coverage threshold from previous findings.27

Results

Of the 71 758 births in the nine countries with available

data in their Demographic and Health Surveys, 64.4%

(46 230) occurred in a health facility, 10% (7424) at home

with SBA and the remaining 24.8% (17 780) at home with-

out an SBA (missing values <1%). SBA coverage ranged

from 18.9% (Bangladesh) to 91.0% (Colombia).

Almost 19% (13 423) reported prolonged labour, 7.0%

(5032) high fever and 3.1% (2210) convulsions. Reports of

prolonged labour ranged from 7.3% (Bangladesh) to 30.4%

(Indonesia), high fever from 1.7% (Philippines) to 21.6%

(Honduras), and convulsions from 1.1% (Peru) to 11.8%

(Honduras; Table 1). Missing data for attendance, place of

birth and complications were <1% (Table 1).

Of the 21 506 first order births, 6516 (30.3%) had

obstetric complications; only 21.1% latter order births

reported complications (Table 2). Of the 17 069 births with

reported complications and information on place of birth,

1379 (8.1%) were at home without an SBA, 1712 (10.0%)

at home with an SBA and the remainder in health facilities.

A clear significant linear trend appeared in the association

between maternal age and complications, with fewer compli-

cated births for older mothers. Fewer obstetric complications

were reported by women who had had no education, lived in

rural areas, were from the poorest wealth quintile and gave

birth at home without an SBA (Table 2).

All obstetric complications were associated with higher

early neonatal mortality in the pooled analysis when

adjusted for these factors and for place of birth.

In the individual country analyses, there was a significant

association between prolonged labour and early neonatal

death in Bangladesh, Honduras, Mali and Niger. Data from

all countries other than Honduras and Sao Tome and Prin-

cipe showed significant association between infection with

early neonatal mortality. Data from Honduras, Indonesia,

Mali, Niger and Peru showed an association between con-

vulsions and early neonatal mortality. Sao Tome and Prin-

cipe had no data on early neonatal death due to

convulsions (Table 3).

Odds ratios (95% CI) for early neonatal mortality among

infants born to women with obstetric complications

increased from 1.2 (1.1–1.4) with one complication to 1.9

(1.5–2.5) for two and 3.9 (2.1–5.8) for three complications

(Table S1).

After adjusting for obstetric complications, maternal age,

maternal education, household wealth, rural/urban resi-

dence, sex, birth spacing and birth order, early newborn

mortality among home births with an SBA was not statisti-

cally different (OR 1.1, 95% CI 0.5–1.8) from home births

without an SBA in any country and in the pooled analysis.

However, with similar adjustments, early neonatal deaths in

the pooled analysis were significantly more among births at

home without an SBA than among births in health facilities

(OR 1.3, 95% CI 1.1–1.5) (Table 4). Moderate heterogene-

ity (I2 = 35.3%) was found. Similarly, a trend to increased

early neonatal mortality was noted among births at home

with an SBA (OR 1.2, 95% CI 1.0–1.5) when compared

with births in health facilities.

In sub-group analyses of pooled data from countries

with more than 80% institutional births (Colombia, Hon-

duras and Peru), the odds of early newborn mortality

among home births without an SBA increased to 2.4 (95%

CI 1.3–4.5) while the odds of early newborn mortality

among home births with SBA increased to 1.8 (95% CI

1.1–2.6).

Discussion

Main findings
In many low- and middle-income countries, women may

seek care in health facilities only when complications arise

and the chain of adverse events leading to newborn deaths

has already been initiated. Not adjusting for obstetric com-

plications among women giving birth in facilities could

therefore lead to incorrect conclusions on the effects of

facility birth on newborn mortality. This secondary analysis

of DHS data from nine countries showed that when

adjusted for reported maternal complications during birth,

births in a health facility were associated with reduced early
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neonatal mortality. Countries with the highest SBA cover-

age had the greatest associated reduction in mortality from

delivering in a facility. Giving birth at home with a skilled

birthing attendant was not associated with reduced mortal-

ity compared with births at home with no assistance.

Maternal report of the three life-threatening complica-

tions prolonged labour, infection and convulsions was

strongly associated with early neonatal mortality (OR 1.7,

OR 2.6 and OR 2.4, respectively). A dose-response was

noted with increasing numbers of severe complications and

the odds ratio of death, reaching 3.9 when all three compli-

cations were present.

Strengths and limitations
DHS use standardised questionnaires, limiting the risk of

inter-country variation,35 and are generally considered

high-quality surveys. DHS are sometimes the only source

of maternal and child health information available in devel-

oping countries.35 However, in this report we have com-

pared DHS data across nine countries at various times after

2005. Furthermore, only these nine countries representing

three continents had data necessary for this analysis and

there are large differences in place and attendance at birth

among these countries. Also birth histories may contain

errors, as women may not want to report information on

non-surviving children, thus distorting the real entity of

early neonatal mortality.36,37 Maternal recall of complica-

tions, especially infections, was noted to have problems in

accuracy.38–42 One hospital study found accuracy of recall

for infection had a sensitivity of 69.2 (95% CI 48.1–84.9),
specificity of 77.2 (95% CI 73.2–80.8) and likelihood ratio

of 3.0 (95% CI 2.2–4.1). In contrast, for reported

convulsions the sensitivity, specificity and likelihood were

96.4 (95% CI 79.8–99.8), 87.5 (95% CI 84.2–90.3) and 7.7

(95% CI 6.4–9.9), respectively.43 Maternal recall is also

influenced by health provider-patient communication44,45

and what health providers communicate by their capacity

to diagnose severe complications accurately.

Another limitation is potential information bias when

complications are reported after a neonatal death occurs.

Women may be more likely to report complications if their

babies die than if they survive. This can lead to an overesti-

mation of any associations between complications and

neonatal death.

One additional limitation of these data is the lack of

information on women who died during or after child-

birth, events which are likely to be associated with

increased risk of early neonatal mortality. However, given

the relative rarity of maternal deaths compared with the

frequency of neonatal deaths, the impact is likely small.

The number of deaths for single country analyses were

too small for meaningful interpretation. For example in Sao

Tome and Principe and Philippines DHS analyses, there

were only 12 and 47 early neonatal deaths, respectively. In

models that contain several covariates, the results were not

significant (Table 4) and analysis combining more than one

obstetrical complications was not feasible (Table S1).

In our analysis, we were unable to explore the role of

birthweight in the overall analysis, as weight at birth was

missing for around 30% of the study population.

In our study population, 25% of the total live births at

home without an SBA contributed to only 8% of the total

complications reported. Under-reporting from this group

of women is likely, as is the likely reporting bias related to

Table 1. Number of newborns by place of birth and reported obstetric complications around birth in nine low- and middle-income countries

between 2005 and 2013

Country, survey

years

No. of

live births

Early

neonatal

deaths

Place and attendance at birth, n (%) Complications, n (%)

Home

without SBA

Home

with SBA

Health facility Prolonged

labour

Infection Convulsions

Bangladesh 2007 4846 72 3713 (76.7) 202 (4.2) 916 (18.9) 352 (7.3) 133 (2.7) 101 (2.1)

Colombia 2010 14 429 104 1147 (8.0) 113 (0.8) 13 138 (91.0) 3145 (21.8) 683 (4.7) 200 (1.4)

Honduras 2011 8635 86 280 (3.3) 1365 (15.8) 964 (80.6) 937 (10.8) 1863 (21.6) 1018 (11.8)

Indonesia 2012 15 068 156 2798 (18.7) 3681 (24.4) 8521 (56.5) 4587 (30.4) 1004 (6.7) 228 (1.5)

Mali 2006 8554 205 4123 (48.3) 367 (4.3) 4027 (47.1) 1330 (15.5) 648 (7.6) 238 (2.8)

Niger 2006 5603 77 3163 (56.4) 858 (15.3) 1539 (27.5) 640 (11.4) 293 (5.2) 118 (2.1)

Peru 2011 7951 60 930 (11.7) 238 (3.0) 6724 (84.6) 1039 (13.1) 263 (3.3) 89 (1.1)

Philippines 2013 5253 47 1378 (26.2) 548 (10.4) 3297 (62.8) 1192 (22.7) 88 (1.7) 178 (3.4)

Sao Tome and

Principe 2008/2009

1419 12 248 (17.5) 52 (3.7) 1104 (77.8) 201 (14.2) 57 (4.0) 40 (2.8)

Total 71 758 819 17 780 (24.8) 7424 (10.4) 46 230 (64.4) 13 423 (18.7) 5032 (7.0) 2210 (3.1)

SBA, skilled birthing attendant.
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the highest percentage of complications reported among

the richest wealth quintile (Table 2). Increased deaths

among poorer women (and respective children) would

exacerbate this reporting bias. Complications of infection

and convulsions seem over-reported in Honduras and

infection rates under-reported in Bangladesh (Table 1).

Thus, reporting bias is a concern at country level.

Interpretations
Neonatal mortality especially in low-income countries is

largely attributed to prematurity, asphyxia and infections,

which often result from maternal complications such as

hypertensive disease, prolonged labour and peripartum

sepsis.46

A few previous reports found weak associations or no

differences in neonatal mortality between births at home

and in facilities.26,27,47 Two reports, in particular, have dis-

cussed at length the role of selection bias, confounding by

obstetric complications in addition to poor quality of care.

In our study, no significant difference was found in early

neonatal mortality between home births by skilled and

non-skilled attendants even after adjusting for maternal

complications.

Adjusting for complications as a potential solution was

considered but not done by others due to the low reliability

of self-reported complications.48–50

Quality of care is a known problem in many low- and

middle-income countries.51–53 Newborns in low- and mid-

dle-income countries have a 20 times increased risk of

acquiring a healthcare facility-acquired infection compared

with those in high-income countries. Furthermore, health-

care facility-acquired infections may account for up to half

of neonatal deaths.27

Countries with the highest SBA coverage had the highest

benefit from birth in facilities. This may be related to fewer

late referrals and higher quality of care in these settings.

Perhaps if countries with lower facility coverage could

improve quality of care as has happened in the higher cov-

erage countries, the protective effect of delivering in a facil-

ity might be vastly increased.

These findings are similar to another study reporting a

30.0% (OR 0.7, 95% CI 0.6–0.8) reduction in the adjusted

odds of early neonatal mortality in communities where

80% of babies are born in facilities and progressive reduc-

tion of this protective effect with lower coverages.27

A study from Bangladesh had data over 19 years and despite

the fact that early neonatal mortality was higher for health

facility births than for home births, this decreased over time as

access to institutional delivery became more common.24

No significant changes in neonatal adverse outcomes

between attended and non-attended home births have been

observed in other studies.54,55 The main reason for this could

be closely linked to the definition of SBA that does not

include an assessment of provider skills.43 Poor performances

due to unsatisfactory education and training of community

health attendants in low-income countries are furthermore

weakened by the lack of access to tests, medication and

equipment necessary to reduce neonatal mortality.

Conclusions

Whereas several population-based studies of perinatal mor-

tality in low- and middle-income countries examined the

role of place and attendance at birth, we explored the role

of intrapartum risk factors as a means to tease out the

Table 2. Maternal characteristics in births with and without

reported complications among 71 758 live births

All

births

Births with no

complications

Births with

complications

v²

N n (%) n (%)

Maternal age (years)

15–19 240 4697 (75.3) 1543 (24.7) <0.001

20–24 16 991 12 701 (75.7) 4290 (25.2)

25–29 18 143 13 729 (75.7) 4414 (24.3)

30–34 14 391 10 988 (76.3) 3403 (23.6)

35–39 9756 7622 (78.1) 2134 (21.9)

40–44 4917 3848 (78.3) 1069 (21.7)

45–49 1291 1041 (80.6) 250 (19.4)

Birth order

1 21 506 14 990 (69.7) 6516 (30.3) <0.001

>1 50 252 39 651 (78.9) 10 601 (21.1)

Preceding birth interval (months)

<18 2707 2190 (80.9) 517 (19.1) <0.001

18–23 5022 4080 (81.2) 942 (18.8)

24–35 12 462 10 113 (81.1) 2349 (18.9)

>35 30 061 23 225 (77.2) 6836 (22.8)

Place of residence

Urban 33 056 24 073 (72.8) 8983 (27.2) <0.001

Rural 38 702 30 568 (79.0) 8134 (21.0)

Education

No education 14 617 12 543 (85.8) 2074 (14.2) <0.001

Primary 21 693 16 098 (74.2) 5595 (25.8)

Secondary 26 981 19 498 (72.3) 7483 (27.7)

Higher 8464 6499 (76.8) 1965 (23.2)

Wealth Index

Poorest 19 249 15 066 (78.3) 4183 (21.7) <0.001

Poorer 16 218 12 416 (76.6) 3802 (23.4)

Middle 13 859 10 506 (75.8) 3353 (24.2)

Richer 12 043 9070 (75.3) 2973 (24.7)

Richest 10 389 7583 (73.0) 2806 (27.0)

Place of delivery

Home 17 780 16 401 (92.2) 1379 (7.8) <0.001

Home

with SBA

7424 5712 (76.9) 1712 (23.1)

Health

facility

46 230 32 252 (69.8) 13 978 (30.2)
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Table 3. Odds ratios (95% Confidence Intervals) of early neonatal deaths for prolonged labour, infection and convulsions compared to births

with no reported complications

Country, survey years Prolonged labour Infection Convulsions

OR (95% CI)

unadjusted

OR (95% CI)

adjusted*,**

OR (95% CI)

unadjusted

OR (95% CI)

adjusted*,**

OR (95% CI)

unadjusted

OR (95% CI)

adjusted*,**

Bangladesh 2007 3.8 (2.0–6.9) 3.0 (1.4–5.6) 4.8 (2.2–10.4) 4.2 (1.8–8.9) 1.5 (0.4–3.4) 1.1 (0.2–4.5)

Colombia 2010 1.3 (0.8–2.1) 1.2 (0.7–2.0) 2.3 (1.2–4.4) 2.2 (1.2–4.2) 2.2 (0.7–7.3) 2.1 (0.5–6.5)

Honduras 2011 2.3 (1.3–4.2) 2.1 (1.3–3.5) 1.4 (1.0–2.9) 1.5 (0.9–2.4) 2.5 (1.4–4.2) 2.1 (1.3–3.6)

Indonesia 2012 0.7 (0.5–1.1) 0.8 (0.5–1.3) 1.9 (1.0–3.1) 2.0 (1.1–3.5) 2.3 (0.8–4.9) 2.2 (1.1–6.3)

Mali 2006 1.6 (0.9–2.3) 1.9 (1.1–2.7) 2.0 (1.0–3.0) 2.2 (1.2–3.4) 2.7 (1.8–5.0) 2.8 (1.6–4.7)

Niger 2006 2.1 (1.4–4.3) 2.0 (1.2–4.9) 2.8 (1.3–6.1) 2.6 (1.1–6.0) 5.1 (2.2–9.9) 5.0 (2.0–12.2)

Peru 2011 0.8 (0.3–2.0) 0.9 (0.6–2.1) 3.3 (1.8–7.4) 3.3 (1.2–7.6) 5.1 (1.5–16.8) 5.1 (1.8–17.1)

Philippines 2013 0.7 (0.3–1.5) 0.7 (0.4–1.7) 6.6 (2.9–15.1) 7.4 (2.9–19.3) 2.2 (0.8–6.3) 2.2 (0.9–8.1)

Sao Tome and

Principe 2008/09

0.4 (0.1–3.6) 0.8 (0.2–5.6) 2.9 (0.4–17.8) 3.1 (0.4–27.2) *** ***

Pooled 1.3 (1.1–1.6) 1.7 (1.2–2.2) 2.2 (1.7–2.8) 2.6 (2.1–3.1) 2.3 (1.8–3.1) 2.4 (1.8–3.2)

*Pooled analysis adjusted for place of birth, wealth, maternal age, sex of infant, birth order, birth spacing, maternal education, rural/urban

residence, sample unit and country as random effect.

**Single-country analysis adjusted for place of birth, wealth, maternal age, sex of infant, birth order, birth spacing, maternal education, rural/

urban residence, and sample unit as random effect.

***Unable to calculate OR as zero cases in early neonatal mortality group.

Bold indicates significant values (p < 0.01).

Table 4. Adjusted odds ratios for early neonatal death for place and attendant at birth

Non-SBA home versus home

based with SBA births

Home based with SBA deliveries

versus health facility based

births

Non-SBA home deliveries

vs health facility based

births

OR (95% CI)

*,**

OR (95% CI)

***,****

OR (95% CI)

*,**

OR (95% CI)

***,****

OR (95% CI)

*,**

OR (95% CI)

***,****

Bangladesh 2007 0.8 (0.2–2.0) 0.9 (0.2–3.4) 0.6 (0.2–2.4) 0.7 (0.2–2.3) 0.5 (0.2–1.2) 0.5 (0.2–1.2)

Colombia 2010 0.6 (0.1–2.9) 1.8 (0.2–21.5) 2.2 (0.5–9.5) 2.2 (0.6–9.7) 2.1 (0.9–5.4) 2.3 (0.9–5.9)

Honduras 2011 1.3 (0.3–4.1) 1.1 (0.3–3.8) 1.6 (0.7–2.7) 1.7 (0.9–3.1) 1.9 (0.6–5.3) 2.2 (0.8–6.2)

Indonesia 2012 1.2 (0.6–2.2) 0.9 (0.4–1.6) 0.9 (0.6–1.4) 0.9 (0.5–1.6) 1.0 (0.6–1.8) 1.0 (0.6–1.9)

Mali 2006 1.0 (0.4–2.5) 1.2 (0.5–2.7) 1.0 (0.4–2.0) 1.2 (0.5–2.6) 0.9 (0.6–1.3) 1.2 (0.7–1.8)

Niger 2006 0.8 (0.3–1.4) 0.7 (0.2–1.3) 0.6 (0.3–1.5) 1.1 (0.4–3.5) 0.6 (0.2–1.3) 0.7 (0.2–3.3)

Peru 2011 1.9 (0.4–8.1) 2.4 (0.4–11.7) 1.7 (0.4–8.0) 1.8 (0.5–7.9) 3.3 (1.3–7.8) 3.4 (1.3–8.3)

Philippines 2013 2.4 (0.5–13.4) 1.9 (0.5–6.7) 0.4 (0.1–1.7) 0.4 (0.1–1.6) 0.7 (0.3–1.6) 0.7 (0.3–1.6)

Sao Tome and

Principe 2008/09

0.2 (0.1–4.6) 0.3 (0.2–4.7) 3.0 (0.3–27.6) 3.0 (0.3–27.3) 0.8 (0.1–5.7) 1.2 (0.2–9.6)

Pooled 1.0 (0.6–1.5) 1.1 (0.5–1.8) 1.1 (0.5–1.7) 1.2 (1.0–1.5) 1.1 (0.8–1.4) 1.3 (1.1–1.5)

*Pooled analysis adjusted for household wealth, maternal age, sex of infant, maternal education, birth order, birth spacing, rural/urban residence,

sample unit and country as random effect.

**Single-country analysis adjusted for household wealth, maternal age, sex of infant, maternal education, birth order, birth spacing, rural/urban

residence, and sample unit as random effect.

***Pooled analysis adjusted for household wealth, maternal age, sex of infant, maternal education, birth order, birth spacing, rural/urban

residence, sample unit and country as random effect, and for reported obstetric complications.

****Single-country analysis adjusted for household wealth, maternal age, sex of infant, maternal education, birth order, birth spacing, rural/urban

residence, and sample unit as random effect, and for reported obstetric complications.

Bold indicates significant values (p < 0.01).
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impact of referral bias. The high risks of early neonatal

deaths associated with maternal complications during

childbirth strengthen suggestions that efforts of SBAs at

health facilities to improve performance in early detection

and appropriate management of problems arising in

labour, supported by effective referral mechanisms, will

substantially contribute to reductions in early neonatal

mortality.
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