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Abstract

Objective—To determine population-based neonatal mortality rates in low and middle income
countries and to examine gestational age, birth-weight and timing of death to assess the potentially
preventable neonatal deaths.

Methods—A prospective observational study was conducted in communities in five low-income
countries (Kenya, Zambia, Guatemala, India, and Pakistan) and one mid-income country
(Argentina). Over a two-year period, all pregnant women in the study communities were enrolled
by trained study staff and their infants followed to 28 days of age.

Results—Between October 2009 and March 2011, 153,728 babies were delivered and followed
through day 28. Neonatal death rates ranged from 41 per 1000 births in Pakistan to 8 per 1000 in
Argentina. 54% of the neonatal deaths were >37 weeks and 46% weighed 2500 grams or more.
Half the deaths occurred within 24 hours of delivery.

Conclusions—In our population-based low and middle income country registries, the majority
of neonatal deaths occurred in babies >37 weeks gestation and almost half weighed at least 2500
grams. Most deaths occurred shortly after birth. With access to better medical care and
hospitalization, especially in the intrapartum and early neonatal period, many of these neonatal
deaths might be prevented.

Keywords
Neonatal mortality; low-income countries; preterm birth

Introduction

An estimated 3.6 million neonatal deaths occur worldwide each year, almost 99% of these in
low and middle-income countries. (1, 2) About half of the deaths occur at home.(2, 3)
Neonatal mortality rates range as high as 40 to 50 per 1,000 live births in low-income
countries, especially in areas of sub-Saharan Africa and south Asia, while neonatal mortality
rates as low as 2 to 4 per 1,000 live births are reported in many high-income countries.(1, 2)

In high income countries, the majority of neonatal deaths occur in infants born weighing <
1500 grams. (4-6) To survive, these infants often need highly technical and expensive
newborn intensive care which is often not available in low income countries. In contrast,
data from Africa suggest that less than10% of all neonatal deaths occur in <1500 gram
infants with much of the mortality occurring in larger infants.(4—6) A better understanding
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of these differences should enable health policy makers to initiate more effective programs
aimed at lowering neonatal mortality rates.(1, 7)

Neonatal mortality rates are not reported routinely in the vital statistics in many low-income
countries and therefore, little is known about the gestational age, birth weight and timing
associated with these neonatal deaths, especially since about half of all deliveries occur at
home.(1, 3) We sought to determine population-based neonatal mortality rates and to
characterize these deaths by gestational age, birth weight and time of death in prospective,
well-defined birth cohorts in low and middle income countries.

The study was conducted by the Global Network for Women’s and Children’s Health
Research (Global Network), a National Institutes of Health-funded multi-country research
network. The study was conducted in seven sites in six countries: Argentina, Guatemala,
Kenya and Zambia, India (sites in Belgaum and Nagpur), and Pakistan. Prospective data
registries were initially created to establish baseline delivery and pregnancy outcome rates
for a trial of neonatal resuscitation training to improve birth outcomes.(8-11) The registries
then were maintained and expanded to additional sites. The data presented here were
collected between October 2009 and March 2011. This study was reviewed and approved by
the institutional ethics review committees of all participating study sites, the partner
institutions in the US and the data center, Research Triangle Institute. Consent was obtained
at the community level from government and health officials and by local ethics committees;
women provided informed consent to collect data regarding their pregnancies and outcomes.

Each Global Network site included 6 to 24 distinct geographic communities with
approximately 300 to 500 annual births per community. The goal of the registry was to
obtain pregnancy outcomes of all deliveries occurring in the communities. Each site went to
great lengths to insure that all pregnant women who were included in the registry and that all
outcomes of the mothers and babies were obtained. As examples, data collection was
overseen by trained study coordinators (health workers, nurses or physicians) and monitored
on a monthly basis to reduce missing data, correct data errors and ensure consistency in
reporting over time. Each community had one or more paid registry administrators to collect
data and maintain contact with community birth attendants to ascertain data on pregnancies
and subsequent deliveries. These registry administrators and all birth attendants were trained
to distinguish stillbirths from live births. In sites where some or all women delivered in
hospitals, hospital logs were routinely checked to verify births among women living in the
study clusters. Sites also utilized culturally appropriate methods to ensure completeness of
reporting. In one country, for example, village elders were provided with a cell phone to
notify the study team of deliveries in the elder’s village. Finally, sites with available vital
records periodically cross — referenced government logs with registry delivery data as an
additional surveillance method. We believe these multiple methods of ascertainment
increased the likelihood that our data reflect close to 100% identification of all pregnancies
and delivery outcomes. Across all sites, of the pregnant women identified, 98.8% provided
consent to obtain relevant delivery and follow-up data with rates ranging from 95% in
Argentina to 99.5% in Kenya and the 2 Indian sites. Of the pregnancies registered in the
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system, we were unable to obtain delivery data for 1.6.% of the women and 28 day follow
up data for 2.9%. No site had > than 5% loss to follow-up.

Women were generally identified and registered between 24 weeks of pregnancy and
delivery. After delivery, the study coordinator collected the details of the delivery and the
status of the newborn data, as recorded by the birth attendant. Data included maternal
demographics, and neonatal and maternal outcomes at delivery. Gestational age was
determined using last menstrual period (LMP), or best obstetric estimate, where LMP was
unknown. The birth weight was generally measured within 48 hours of delivery (85% of the
babies were weighed within 48 hours and 93% within the first 7 days) using study scales.
When birth weight could not be obtained by scale, weight was estimated to distinguish
infants less than and greater than 1500 g and 2500 g. Health workers were trained using
pictures and models to make this determination. Women were followed at 42 days post-
delivery to assess the neonatal and maternal status. For this study, we present neonatal
mortality rates at 28 days for all live births. The timing of neonatal death was defined by the
day of death. For Figure 4, deaths which occurred on the day of delivery or on the next day
were considered deaths on day one. Deaths on the second day after delivery were considered
to have occurred on day 2, etc.

The type of delivery attendant was categorized as physician, nurse, nurse midwife or
equivalent, traditional birth attendant (TBA), family or unattended. Location of delivery
included hospital, health center or home (including the TBA’s home or in transit). Finally,
antenatal care was defined as having at least one visit with a skilled health provider.

All data were entered at each study site and transmitted for central analyses; data edits,
including inter and intra-form consistency checks, were performed at entry with additional
edits performed by the data center. The data were analyzed using SAS- version 9.2 (Cary
NC, US). Because of similarities in results, and for ease of display, we elected to group the
Indian sites and the sub-Saharan African sites (Kenya and Zambia). We elected not to group
Pakistan, or the Latin American sites (Argentina and Guatemala) since there were large
differences in location of births and type of caregiver as well as neonatal mortality rates.

From October 2009 to March 2011, 153,728 births with 28-day outcomes were recorded in
the 106 communities of the participating sites. A total of 3,882 neonatal deaths occurred
during the study period. The mean neonatal mortality rate across all births in all sites was
27.3 per 1000 deliveries, ranging from 8 per 1000 in Argentina to 41 per 1000 deliveries in
Pakistan. (Table 1) Measured birth weights were available for 74% of neonatal deaths and
91% of all births. When a measured weight was unavailable, an estimated weight was
obtained. Altogether, birth weight was available for 99% of neonatal deaths and 99% of all
births. Gestational age by LMP was available for 95% of all births. Follow-up results of the
mother and child(ren) were obtained at 28-45 days after birth for 97.1% of study
participants.
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Overall, 6.5% of women received no antenatal care visits. Pakistan had the highest
proportion (22.7%) of women with no antenatal care, while the remaining sites had 6% or
less with no antenatal care. Overall, about one-third of the births occurred outside a health
facility. In Guatemala, Kenya, Pakistan and Zambia more than half of the deliveries
occurred at home. Similarly, about one-third of the births were delivered by a traditional
(non-skilled) birth attendant. About 8% of the births were Cesarean deliveries; 28.5% and
15.6% of the births at Argentina and Nagpur, India were by cesarean deliveries,
respectively, while Kenya, Zambia and Pakistan had cesarean delivery rates of 5% or less.

The highest mortality rates were for infants born weighing < 1500 grams, with rates for
<1500 g infants ranging from approximately 700/1000 births for India and Pakistan to about
450/1000 in Argentina. (Figure 1a) Among infants =2500 grams at birth, mortality rates
ranged from 23 per 1000 in Pakistan to 5 per 1000 in Argentina. As with low birth weight,
in each geographic area, neonatal mortality rates for infants born at the lowest gestational
ages were significantly higher than for infants born at term (=37 weeks) (Figure 1b).

The proportion of neonatal mortality attributed to each birth weight and gestational
classification varied by geographic area. The proportion of deaths attributed to neonates <
1500 g ranged from 26% in Argentina to about 13% in the African sites. Across all regions,
the majority of neonatal deaths occurred in infants born weighing =2500 g, with results
ranging from 55% in the African sites to 43% in Pakistan (Figure 2a). By gestational age,
those infants born at <29 weeks contributed to 5.3% of the deaths in Guatemala compared to
nearly 11% in Argentina, while the those born at 237 weeks contributed to almost half of the
deaths across all sites.(Figure 2b)

For all sites combined, we examined the proportion of all neonatal mortality which was
attributed to the birth weight and gestational age groups. (Figures 3a and 3b) Almost half
(46%) of all neonatal deaths occurred in infants born weighing =2500 grams and over half
the deaths (54%) were in term neonates (=37 weeks).

Finally, we examined the day of neonatal death overall (Figure 4) and by birth weight and
gestational age categories. (Table 2) Overall, more than half of all deaths occurred within
the first day of life and 81% within the first week. For those neonates that were born
weighing = 2500 grams, 51% of the deaths occurred by day 1 and an additional 30%
occurred on day 2—7. For infants born at 1500 to 2499 grams, 48% of the deaths occurred by
the first day and an additional 33% from days 2-7. In neonates born at = 37 weeks gestation,
49% of deaths occurred on the first day of life and an additional 32% on days 27, and for
infants born at 33 to 36 weeks, 46% of the deaths occurred on the first day and 34% from
days 2—7. For the lowest gestational age and birth weight categories, over 60% of the
neonatal deaths occurred by day 1.

Discussion

We evaluated birth outcomes for more than 150,000 births in distinct, geographically-
defined communities in six countries, representing one of the largest studies of this nature to
date. The overall neonatal mortality rate was 27.3 per 1000 births, with individual country
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rates ranging from 8 per 1000 in the Argentinean communities to 41 per 1000 in the
Pakistani communities. Neonates weighing 2500 grams or more contributed to 46% of
neonatal deaths overall (38% in India to 60% in Africa) and in these neonates, 51% of the
deaths occurred in the first day of life. Similarly, term neonates contributed to 54% of deaths
overall with 48% of these deaths occurring on the first day of life.

This study had several strengths. First, it is one of the largest prospective studies to register
women during pregnancy and to capture birth outcomes for a representative population-
based sample. Because the study was conducted in geographic areas where a large
proportion of the births occurred at home, data from this study are likely to be more
representative of these areas than many hospital-based studies. In addition, we used trained
coordinators to supervise and evaluate the quality of the data collected. Few low-income
country studies of neonatal deaths in communities have captured birth weight or gestational
age, often because of cultural or other barriers.(1) Follow-up until 28 days postpartum was
very high (97%) implying that very few neonatal deaths were missed

A potential weakness of the study relates to the accuracy of the birth weight and gestational
age data. For neonatal deaths, 27% of birth weights were not obtained in contrast to 7% of
these measurements for the entire sample. Since neonates that died were weighed less
frequently than live births, a greater percent of their birth weights were estimated. Without
ultrasound confirmation of gestational age, which rarely occurred in this study, LMP-
generated gestational age will be inaccurate in an unknown percent of the cases. Also,
despite the fact that 95% of women in this study provided information about their last
menstrual period, we were not be able to determine the accuracy of such dating. Thus both
the birth weight and gestational age data are subject to various potential biases. Another
potential limitation of the study was our inability to ensure that all births were captured.
However, in each site, our staff used several methods to determine who in each community
was pregnant and who had delivered. In addition, the pregnancy outcomes obtained by our
staff were compared to available health records. Finally, techniques such as the evaluation of
delivery numbers and neonatal death rates over time and inter-cluster variations were
carefully monitored on an ongoing basis to ensure that large unexplained variations in both
the number of births and neonatal death were not occurring. Another potential limitation is
the quality of the data collected for unattended births. To address this issue, our study
coordinators interviewed each mother and other family members. Obtaining information on
these home births is critical as they represent a substantial proportion of the live births in
these geographic areas. Another potential weakness of this study is the lack of data related to
cause of death. While we did attempt to collect cause of death data, we did not feel that the
causes were determined with sufficient accuracy to present here, since there were no
pathologic autopsies performed and we did not have the resources to perform a formal
verbal autopsy on over 4000 neonatal deaths. In most low income studies of neonatal deaths,
the most important causes are infection, asphyxia, and prematurity, with most deaths
estimated to be equally distributed among these three causes.(1) Finally, while the data were
population based, the results may still not be representative of the country as a whole.

A primary gap in neonatal death research and policy planning has been the lack of
population-based data including birth weight and gestational age estimates, especially since
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the majority of the neonatal deaths worldwide occur in home settings, are never registered,
and thus no vital statistics are available.(1, 3) The mean neonatal death rate of more than
27.3 per 1000 births represents more than a five-fold increase compared to high-income
country rates. An important observation is that in the less developed communities, where
nearly all deliveries occurred in home settings without trained health providers, rates were as
high as 40 per 1000, compared to the neonatal death rates in Argentina of 8 per 1000, where
nearly all deliveries occurred in hospital settings.

Of particular note, the majority of the neonatal deaths occurred at term and almost half were
> 2500 grams. Thus, most infants currently dying, if born in reasonable condition, should
not suffer the adverse effects of preterm birth and would likely survive. In most high-income
countries, the majority of neonatal mortality now is due to those infants born <1500 g and
almost all infants born >2500 grams survive.(5) Our results suggest that there is an
opportunity to prevent the majority of neonatal deaths by improving access to appropriate
obstetrical and neonatal care. While our data suggest that higher quality of health care at
delivery is associated with lower neonatal mortality rates, more research on the specific
causes of these neonatal death and the circumstances under which they are occurring would
assist in defining appropriate interventions.

Conclusions

Low-and middle income countries account for the vast majority of maternal, fetal and
neonatal deaths in the world.(1, 6) Comprehensive analyses of maternal, neonatal and fetal
deaths have shown that quality obstetric care provided during delivery including access to
cesarean delivery could significantly reduce such deaths. (12-15) In our population-based
low and middle income country registries, the majority of neonatal deaths occurred in babies
>37 weeks gestation and almost half weighed at least 2500 grams. Most deaths occurred
shortly after birth. With access to better medical care and hospitalization, especially in the
intrapartum and early neonatal period, many of these neonatal deaths might be prevented.
Our findings support recommendations to improve care around the time of birth.
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a. Proportion of Neonatal Deaths by Birth Weight
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Table 2

Timing of neonatal mortality by birth weight and gestational age

Day 1 Day2-7 Day 8 - 28

Total, N (%) 2,002 (51.6) 1,100 (28.3) 780 (20.1)
Birth Weight

>25009 50.7" 271.7 215

1500-2499 g 41.7 30.9 21.4

<15004g 60.7 24.8 14.5
Gestational Age

> 37 wks 186" 29.8 216

33-36 wks 46.1 30.7 23.2

< 33 wks 63.0 243 12.7

Percentage of deaths in this birth weight category

*%

Percentage of deaths in this gestational age category
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