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Abstract

Globally 40% of deaths to children under-five occur in the very first month of life with three-
quarters of these deaths occurring during the first week of life. The promotion of delivery with a
skilled birth attendant (SBA) is being promoted as a strategy to reduce neonatal mortality. This
analysis pooled data from nine diverse countries for which recent Demographic and Health
Survey (DHS) data were available. Multilevel logistic regression was used to understand the
influence of skilled delivery on two outcomes — neonatal mortality during the first week of life
and during the first day of life. Control variables included age, parity, education, wealth,
residence (urban/rural), geographic region (Africa, Asia and Latin America/Caribbean), antenatal
care (ANC) and tetanus immunization. The direction of the effect of skilled delivery on neonatal
mortality was dependent on geographic region. While having a skilled birth attendant (SBA) at
delivery was protective against neonatal mortality in Latin America/Caribbean, in Asia there was
only a protective effect for births in the first week of life. In Africa SBAs were associated with
higher neonatal mortality for both outcomes, and the same was true for deaths on the first day of
life in Asia. Many women in these regions prefer delivering at home unless a complication
occurs, and thus SBAs may be more likely to see women with complications than their unskilled
counterparts. In addition there are issues with the definition of a SBA with many attendants in
both Africa and Asia not having the needed training and equipment to prevent neonatal
mortality.

Keywords: antenatal care, early neonatal mortality, health systems strengthening, scale-up
and skilled birth attendant

Introduction

Millennium Development Goal (MDG) 4 aims to reduce under-five mortality by two-thirds from
the baseline year 1990 to 2015. Deaths in the first month of life, the neonatal period, account for
over 40 percent of all deaths among children under-five years of age (1,2), resulting in a
staggering 2.76 million deaths each year (3). The vast majority of these deaths occur in low and
middle income countries. Both under-five mortality and late-neonatal mortality have slowly
improved in many areas of the world, however there has been little measurable decline for deaths
in the first week of life (4,5). Globally three-quarters of neonatal deaths occur during the first
week of life, and within the first week of life, the first day of life is a particularly vulnerable

period (5-7). In different setting up to half of neonatal deaths occur during the very critical first



day of life (8). In order to achieve MDG-4 it is imperative that early neonatal deaths are

prevented.

The main causes of neonatal mortality are pre-term birth (35%), intrapartum-related/birth
asphyxia (22.5%), sepsis or meningitis (12.5%), congenital abnormalities (10%), pneumonia
(10%) tetanus (2.5%), diarrhea (2.5%) and nonspecific causes (5%) (1). Neonatal deaths occur
most frequently in the homes of women from the poorest regions of south Asia and sub-Saharan
Africa (4, 9, 10). More than half of newborns who die, do so at home (4, 11). Darmstadt et al.
estimated that between 41% and 72% of neonatal deaths could be prevented through the
universal implementation of 16 simple and cost-effective interventions (12). The promotion of
delivery with a skilled birth attendant (SBA) is one strategy to provide several of these
interventions. A SBA is defined by the World Health Organization (WHO) as an individual
trained to proficiency in the skills needed to manage normal pregnancy, childbirth and the
immediate postnatal period, and in the identification, management and referral of complications
in women and newborns (13). By providing clean delivery practices, labor surveillance, neonatal
resuscitation to address intrapartum-related birth asphyxia and treatment of infections, a properly
trained SBA could reduce mortality that occurs during labor, delivery and shortly after birth.
Intrapartum-related birth asphyxia and sepsis alone account for 57.5% of neonatal deaths, and
intrapartum related birth asphyxia is also a leading cause of stillbirths. Darmstadt et al.
estimated great reductions in neonatal mortality for intrapartum-related interventions such as
corticosteroids for pre-term labor (40% reduction), caesarian section for breech position (70%
reduction), labor surveillance for diagnosis of a complication (40%) and clean delivery practices

(58-78%) (12). SBAs can provide pregnancy-related care during antenatal care (ANC) visits,



including tetanus immunization, provision of iron/folate, detection and management of pre-
existing conditions and monitoring for pre-eclampsia - a condition which if left untreated can
lead to intrapartum-related neonatal mortality. SBAs can also promote interventions after birth
such as kangaroo care and immediate breastfeeding. They can provide postnatal care (PNC)
including pneumonia case management and are a crucial element of the continuum of care

approach for mothers, newborns and children.

The current definition of a SBA has been critiqued because it does not include an assessment of
provider skill. Harvey et al. found provider competence to be low in some areas of maternal and
newborn care provision (14). For example, only 46% of providers in the study were competent
in the active management of the third stage of labor and only 55% in neonatal resuscitation. In
addition cadres of providers varied in their knowledge and skills. In terms of immediate
newborn care mean scores were 76.4% for doctors and 67.4% for professional nurses, and for
neonatal resuscitation with ambu bag mean scores were 61.6% for doctors and 50.1% for
professional nurses. Inadequate obstetric care has been found to be a factor in an audit in
Tanzania which found that 66% of neonatal deaths were intrapartum-related and that 80% of
deaths occurred to fetuses who were normal birth weight (15). Other studies have found high
proportions of neonatal deaths to fetuses that were potentially viable at the beginning of labor
(16-18). An evaluation of health worker skills in Pakistan found that all cadres of health workers
performed below competency levels for maternal, neonatal and child health knowledge,
particularly in neonatal resuscitation and immediate newborn care (19). The current definition of
a SBA does not distinguish providers truly skilled to handle complications and those who are

not.



The definition of a SBA also does not capture factors associated with the environment in which
the providers are working. Inadequate equipment and infrastructure are also barriers in both
Africa and Asia. Health facility assessments have shown that in sub-Saharan Africa, only 15%
of hospitals are equipped to provide basic neonatal resuscitation (20). A study in Uganda found
that less than 15% of facilities had job aids for neonatal resuscitation, and only 16% had a

nursery for sick or small babies (21).

This study presents an assessment of whether the presence of a SBA at birth is associated with
reduced neonatal mortality using the current definition of a SBA. The objective is to understand
how much the promotion of delivery with a skilled birth attendant at their current levels of
training and equipment could be expected to reduce neonatal mortality. The study also
examines whether associations of skilled birth attendants and neonatal mortality differ by region
of the world. This question is important because Africa and Asia generally have weaker health
systems and worse health outcomes than Latin America/Caribbean. SBAs must rely on the
health facility and more generally the health system in which they work in order to receive

training and the necessary supplies to conduct their work.

Methods

Data and sample

A pooled analysis using Demographic and Health Surveys (DHS) data collected from a diverse

set of nine countries was conducted: Bangladesh, Bolivia, Ghana, Haiti, Honduras, Indonesia,



Nepal, Uganda, and Zambia. The countries were selected because they had recent data available,
represented three different regions of the world and represented diverse levels of socioeconomic
development. (Appendix Table A presents socio-economic and health indicators for the
countries.) DHS surveys are nationally representative population-based surveys with large
sample sizes (usually between 5,000 and 30,000 households). In all households, women age 15-
49 are eligible to participate. The sample is usually based on a stratified two-stage cluster
design. The first stage is the sample enumeration area (SEA) or cluster, generally drawn from
Census files. In the second stage, within each SEA, a sample of households is selected from an
updated list of households. The sample is generally representative at the national level, residence
(urban-rural), and regional (departments, states) levels. Women who did not have a live birth
within five years prior to the survey were excluded from the analysis. The sample consisted of

53,474 women across the nine countries.

Outcome Variables

The dependent variables were survival status or neonatal mortality on the first day of life and the

first week of life for a woman’s most recent live birth.

Skilled Delivery

The key independent variable was whether a woman’s most recent delivery resulting in a live
birth was attended by a SBA as defined by the WHO (13). The vast majority of unskilled
deliveries occurred in a home environment, and in the Latin American/Caribbean and African
countries the vast majority of skilled deliveries occurred in a health facility. In the Asian

countries in this sample about 28% of the skilled deliveries occurred in a home environment.



Several Asian countries actually promote skilled delivery in either a facility or home

environment (when facility delivery is not feasible) (22-24).

Control Variables

The control variables were maternal age in years (15-19, 20-24, 25-34, 35-49), parity (one, two
to three, and four or more), education (none, primary, secondary or greater), urban or rural
residence, wealth quintile (poorest, second poorest, middle, second richest, richest), receipt of
tetanus toxoid before or during pregnancy, and four or more ANC visits. The WHO (25)
promotes at least four ANC visits, and women who receive ANC are more likely to have skilled
deliveries (26). Dummy variables for region (Africa, Asia and Latin America/Caribbean) were

also created.

Analysis

Because the data were clustered within countries, the standard assumption of logistic regression
that individual respondents are independent across countries and that there is equal variance
across countries did not hold. A multilevel regression framework was needed to account for this

clustered data structure.

The analysis proceeded in three steps. First, a null or base model was run including only the
dependent variable neonatal mortality in the first week (or on the first day) of life to establish the
degree of variance at the country level (in order to validate use of a multilevel framework).

Next, the key independent variable skilled delivery, plus a region indicator and a skilled delivery

by region interaction term, were added to test for significance of the predictor variable and



whether the effect varied by region. Finally, all the individual-level demographic control
variables were added to the model in order to account for maternal characteristics known to
affect neonatal mortality. Mean model-predicted probabilities of neonatal death in the first week
and on the first day of life were then plotted by delivery attendant skill and geographic region.

All models were estimated with the gllamm command in Stata MP version 12.1.

Results

Table 1 summarizes the pooled survey sample characteristics. Overall, 48% of deliveries were
performed by a skilled birth attendant. Nearly two-thirds of respondents reported having the
recommended four or more ANC visits, and approximately 85% reported receiving tetanus
toxoid either before or during the most recent pregnancy. Most of respondents were aged 25-34
and multiparous, and over a third reported a secondary or higher level of education. The sample
included 36% urban respondents and was roughly evenly distributed across the first four
household wealth categories with fewer reporting membership in the highest wealth category.
About 44% were from Asia, 35% from Latin America/Caribbean and 21% from Africa. Figure 1
shows the percent of skilled delivery by region. This varied from 63% in the Latin

American/Caribbean region to 50% in Africa to 35% in Asia.

Table 2 shows that overall there were approximately 12.4 neonatal deaths per 1,000 births or
approximately 642 deaths in the first week of life, of which nearly 8 per 1,000 or 408 occurred
on the first day of life, with slightly more occurring in the presence of unskilled versus skilled

delivery attendants. This differential mortality by skilled delivery was much more prominent in



Latin America/Caribbean compared to Asia, and in Africa the relationship between skilled

delivery attendance and mortality was reversed. In Africa neonatal mortality was higher in the
presence of a SBA. Low and high parity tended to be associated with higher mortality, with no
difference by skilled versus unskilled delivery. Similarly, having four or more ANC visits and

tetanus toxoid before or during pregnancy were protective.

Table 3 shows the multilevel logistic modeling results for the two outcomes. Compared to
unskilled in Latin America/Caribbean, skilled delivery was associated with a 51% increase
(OR=1.51) in the probability of death during the first week of life and an 84% increase
(OR=1.84) in the probability of death on the first day of life in Africa, controlling for other
factors. Compared to unskilled in Latin America/Caribbean there was a 2% reduction
(OR=0.98) in the probability of death during the first week of life and a 32% increase (OR=1.32)
in the probability of death on the first day of life in Asia, controlling for other factors. As
expected, there was a significant protective effect for four or more ANC visits on neonatal
mortality during the first week of life (OR =0.65, 95% CI: 0.47-0.89) and the first day of life
(OR =0.71, 95% ClI: 0.52-0.98), or approximately 29% to 35% fewer deaths. Tetanus

immunization was not significantly associated with either outcome.

The mean model-predicted probabilities of death on the first day and during the first week of life
by birth attendant skill level and region are plotted in Figure 2, showing graphically the results

discussed above.



Conclusion

Three quarters of the estimated 2.76 million child deaths during the first month of life (1, 2)
occur in the first week of life with the first day of life being a particularly vulnerable period. (5-
8). SBAs performing deliveries in a health facility are a crucial element of a continuum of care
approach for mothers and newborns. Properly trained birth attendants have the potential to
reduce neonatal mortality through the implementation of relatively simple and cost-effective

interventions (27, 28).

Skilled delivery was not associated with reduced neonatal mortality overall, but interaction
effects with geographic region were significant. Skilled delivery was protective against neonatal
mortality in Latin America/Caribbean which overall has a stronger health infrastructure than both
Africa and Asia. Higher proportions of women deliver with a SBA in the Latin
American/Caribbean region whereas in some settings in Asia and Africa, women with
complications are more likely to seek skilled delivery than those without complications (29-34).
In these settings many women have a preference for home births for a variety of reasons and may
only present to a facility when a complication has progressed. Unfortunately the DHS data does

not capture any information on reported complications.

In addition studies have shown that existing coverage of the simple interventions needed to
prevent neonatal morality are low in Asia and Africa (35, 20). Few of these countries have been
able to implement the 16 recommended interventions, with the exception of tetanus

immunization, at scale (35). Facilities frequently fall short in providing essential newborn care

10



(ENC), which is a set of basic preventive measures including clean delivery, temperature
maintenance, eye and cord care and breastfeeding. ENC also includes early detection and
treatment of danger signs such as for birth asphyxia and infections. Facilities in these regions are
also not keeping pace with the increase in facility-based deliveries (36, 37). Zimba et al (2012)
found that while Malawi has increased the percent of skilled deliveries, the majority of women
and newborns with complications still lack access to essential services (37). Ali et al. (2005)
found the met need for Emergency Obstetric Care (EmOC) was only 9% in Pakistan [38]. A key
next step is for countries to focus on and document scale-up so that progress can be measured

(39).

As mentioned earlier inadequate equipment and quality of care are also barriers in both Africa
and Asia (14). The current definition of a SBA does not encompass these factors. While it
seems many countries in Africa and Asia are increasing the percent of deliveries that are skilled,
many of the individuals who are labeled as skilled do not have the necessary competence or
equipment to handle maternal and newborn complications. Based on the high mortality on the

first day of life, training on intrapartum-related interventions is particularly pressing.

In this analysis four or more ANC visits was significantly associated with reduced neonatal
mortality on both the first day and first week of life. ANC is a means of providing women with
counseling, vitamins and treatment and detection of pre-existing conditions which may have a
negative impact on birth outcomes. ANC is also a means to connect women to the health
system, and women who use ANC are more likely to have a skilled delivery (26). Receipt of the

tetanus toxoid immunization was negatively associated with neonatal mortality on both the first

11



day and first week of life, but these associations were not significant. Eighty-five percent of
women in the study had received the tetanus toxoid vaccine, and globally there have been

reductions in the number of deaths due to neonatal tetanus (35).

Limitations of this analysis include omitted variables. Many women who deliver at home do not
know their child’s birth weight, and low birth weight is a strong predictor for neonatal mortality.
Likewise the DHS does not include measures for gestational age and whether the mother
experienced a complication. PNC could not be studied because of left censoring of the data.
The DHS records newborns who died within minutes and those who died after 23 hours the same
way. These deaths are recorded as occurring on day one so determining which newborns died

before they were eligible for PNC was not possible.

The promotion of skilled delivery is an essential strategy to reduce both maternal and neonatal
mortality. Though simple and low cost interventions are available to prevent a large proportion
of neonatal deaths, they are not reaching the poorest women and children in Africa and Asia.
Sufficient investment must be made in these regions to ensure that interventions are implemented
at scale and at sufficient quality to ensure an impact on neonatal mortality. The cost of scale-up
will be higher in countries with higher neonatal mortality than those with lower neonatal
mortality. The overall cost of scale-up encompasses the costs to implement the 16 interventions
themselves and the costs associated with health systems strengthening (28). When working in a
relatively strong health system skilled SBAs can reduce neonatal mortality as demonstrated by

their protective effect in Latin America/Caribbean. Significant commitment to improving the

12



competency of providers in Africa and Asia is needed to enable them to save our youngest

citizens. Revisions to our current definition of a SBA should be considered.
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Table 1. Sample characteristics: survey-weighted percentages (n = 53,474)

Characteristic Percentage
Delivery
Skilled birth attendant present 48.0
Antenatal
Four or more ANC visits 65.1
Tetanus toxoid before or during pregnancy 84.8
Demographic
Age (years) 15-19 7.6
20-24 24.9
25-34 46.3
35-49 21.2
Parity 28.2
2-3 40.0
>4 31.9
Education None 15.4
Primary 46.7
Secondary+ 37.9
Residence Urban 35.9
Wealth quintile Lowest 22.1
Second 20.4
Middle 20.4
Fourth 19.9
Highest 17.3
Region Latin 35.0
America/Caribbean
Africa 21.4
Asia 43.6
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Table 2. Survey-weighted neonatal mortality rate (per 1,000) within the first week and on the first day of life,
by maternal characteristics and skill of delivery attendant (n = 53,474)

Neonatal death rate

(per 1,000)
Skill of Delivery
Characteristic Attendant 7 days 1 day
Overall Unskilled 12.73 7.97
Skilled 11.97 7.75
Latin
Region America/Caribbean Unskilled 16.05 9.15
Skilled 9.20 5.33
Africa Unskilled 13.02 6.24
Skilled 19.33 13.01
Asia Unskilled 11.11 8.09
Skilled 10.90 7.60
Parity 1 Unskilled 12.94 8.42
Skilled 12.98 8.78
2-3 Unskilled 10.17 6.06
Skilled 9.18 4.99
>4 Unskilled 15.25 9.67
Skilled 15.12 10.80
ANC visits <4 Unskilled 17.21 10.75
Skilled 18.76 11.37
24 Unskilled 8.48 5.32
Skilled 10.29 6.85
Tetanus toxoid before or during pregnancy  no Unskilled 19.24 12.35
Skilled 12.11 7.42
yes Unskilled 11.17 6.92
Skilled 11.96 7.79
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Table 3. Parameter estimates® (odds ratio) for multilevel weighted logistic regression models of death
in first week and death on the first day of life by skilled delivery attendance, controlling for maternal
antenatal and demographic characteristics (N=53,474)

Death on first dayb
OR (95% Cl)

Death in first week”
OR (95% Cl)

Explanatory variables

Fixed effects
Delivery attendants’ skills
Unskilled 1.00 1.00
Skilled 0.70(0.46,1.07) 0.71(0.36,1.41)

Geographic region
Latin America/Caribbean
Africa
Asia

Delivery by region interaction

1.00
0.87 (0.53,1.45)
0.79 (0.46,1.38)

1.00
0.72 (0.36,1.42)
1.06 (0.50,2.26)

Skilled in Africa 2.49 (1.42,4.36) ** 3.61(1.52,8.52) **
Skilled in Asia 1.78 (1.08,2.94) * 1.76 (0.85,3.65) **
Antenatal care
Tetanus toxoid before/during pregnancy
No 1.00 1.00
Yes 0.70 (0.47,1.05) 0.70 (0.44,1.11)
Antenatal visits
<4 1.00 1.00
>4 0.65 (0.47,0.89) ** 0.71(0.52,0.98) *
Random effects
Country-level variance (SE)* 0.81(0.75,0.88) *** 0.83 (0.75,0.91) ***
Log likelihood -3381.15 -2325.73
AIC 6778.3 4667.45
Log likelihood Ratio Test (X?)° 46.25 *** 54,37 ***

® Parameters for predictors (fixed effects) are reported as odds ratio; for random effects, the parameter is the variance

® Full model including all demographic control variables: age, parity, education, residence (urban/rural), and wealth quintile.

“ Significance of random effects evaluated by comparing model with a similar one in which random effects have been

constrained to be zero.
d Compared to null model with no covariates
*p<0.05 **p<0.01 ***p<0.001
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Figure 1. Percent of deliveries by a Skilled Birth Attendant by Region
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Figure 2. Mean (SD) model-predicted probabilities of neonatal death in the first week and on the first day of life, by delivery attendant skill and region
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Appendix Table A. Basic Socio-demographic and Health Indicators for the Countries in the Analysis

Bangledesh

Bolivia

Ghana

Haiti

Honduras

Indonesia

Nepal

Uganda

Zambia

Total
Population
(millions)

148.7

9.9

24.3

10.0

7.6

239.9

30.0

334

13.1

Maternal
Mortality
Ratio

(per 100,000
live births)

340

180

350

300

110

240

380

430

470

Under-five
Mortality
(per 1000 live
births)

48

54

74

165

24

35

50

99

111

Life
Expectancy

69

66

64

62

73

69

68

54

49

Gross National
Income per
Capita

640

1790

1240

650

1880

2580

490

490

1070

Human
Development
Index (HDI)
Ranking

146

108

135

158

121

124

157

161

164

Percent of
Deliveries that
are Skilled

27

71

57

26

67

79

19

42

47
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References for the Appendix Table
The HDI Indicators: UNDP. Human Development Report. Sustainability and Equity: A Better Future for All. 2011. New York, NY: Jeni Klugman.

All other Indicators: UNICEF. The State of the World’s Children . Children in an Urban World. 2012. New York, NY: UNICEF.
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