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Abstract
Background—99% of the 4 million neonatal deaths per year occur in developing countries. The
WHO Essential Newborn Care (ENC) course sets the minimum accepted standard for training
midwives on aspects of infant care (neonatal resuscitation, breastfeeding, kangaroo-care, small baby
care and thermoregulation), many of which are provided by the mother.

Objective—To determine the association of ENC with all cause 7 day (early) neonatal mortality
among the infants of less educated mothers compared to those of more educated ones.

Design/Methods—Protocol- and ENC-certified research nurses trained all 123 college-educated
midwives from 18 low-risk first level urban community health centers (Zambia) in data collection
(one week) and ENC (one week) as part of a controlled study to test the clinical impact of ENC
implementation. The mothers were categorized into two groups, those who had completed 7 years
of school education (primary education) and those with 8 or more years of education.

Results—ENC training is associated with decreases in early neonatal mortality; rates decreased
from 11.2/1000 live births pre-ENC to 6.2/1000 following ENC implementation (p<0.001). Prenatal
care, birth weight, race, and gender did not differ between the groups. Mortality for infants of mothers
with 7 years of education decreased from 12.4 to 6.0/1000 (p<0.0001) but did not change significantly
for those with 8 or more years of education (8.7 to 6.3/1000, p=0.14).

Conclusions—ENC training decreases early neonatal mortality, and the impact is larger in infants
of mothers without secondary education. The impact of ENC may be optimized by training health
care workers who treat women with less formal education.
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Introduction
Of the 4 million neonatal deaths worldwide, 99% occur in poorly-resourced countries. The
highest numbers of deaths occur in South-central Asia and the highest rates are in sub-Saharan
Africa.1 Neonatal deaths now account for 38% of the under 5 mortality, with ~75% of the
deaths occurring within the first week of life.

Zambia, located in the sub-Saharan region, has an infant mortality rate of 102/1000 live
births2 a neonatal mortality of 40/1000 live births2 and a perinatal rate of 50/1000 live
births3. The gross national income, per capita is (US $) 490 (2005) and government spending
on health, per capita is (US $) 13 (1994–2004).4 There is no budget line for newborn and
maternal health.

The disease burden in Zambia is one of the highest in the world, primarily as a result of HIV
AIDS (prevalence of 13.5–20.0%) in the adult population (15–49).5 In addition, there has been
a decrease in the number of experienced midwives as result of early deaths due to HIV AIDS
and migration to developed countries for better standards of living; the reduction in trained
birth attendants has contributed to the high neonatal mortality and morbidity rates found in
Zambia.

The problems of poor health indicators are compounded by poor education. In a demographic
and health survey 2001– 2002, the median number of years of formal education amongst
females was 5.8 urban and 2.0 in rural Zambia, while the neonatal mortality rate was 31 per
1000 for urban births and 35 per 1000 for rural births. Research has also shown that the neonatal
mortality rate for women without education was 39 per 1000 as compared to 34 per 1000 for
those with primary education, and 27 per 1000 for those with secondary education.6

Bolam et al found that individual health education for postnatal mothers in poor communities
has no impact on infant feeding, care, or immunization, although uptake of family planning
may be slightly enhanced.7 However a study by K Yunis et al in Lebanon found that maternal
education was strongly associated with improved neonatal health as reported elsewhere8–10
but had no independent effect on pregnancy outcome.11–13

While several studies have shown that maternal education improves neonatal and infant
survival, we are not aware of any studies that have assessed the associations between health
worker training and perinatal survival by level of maternal education. The most common causes
of neonatal deaths in Zambia are sepsis, birth asphyxia, and prematurity/low birth weight and
most of these deaths occur within the first 24 hours of life.14

We hypothesized that training of health workers in a Essential Newborn Care package (ENC)
would reduce all cause 7-day neonatal mortality among women accessing delivery services at
the study clinics and that this reduction would be the same across women with different
education levels. The elements included in the ENC developed by the World Health
Organization (WHO) are routine neonatal care, resuscitation, thermoregulation, early and
exclusive breastfeeding, kangaroo (skin to skin) mother care, and care of the small baby.

Methodology
Study Location and population

Zambia has a population 10.8 million15 and is one of the most highly urbanized countries in
the developing world with 36% of the population living in urban areas.15 The study sites were
in two urban locations with the highest population densities (Lusaka, with a population of 1.8
million and 0.5 million for Ndola).16
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For the study, 123 nurses from 18 health centers were trained in baseline data collection,
research concepts, ethics and clinical assessments (Apgar scores, gestational assessments; and
neurological examinations Ellis 200017 during a one week course). The research nurse trainers
trained all the practicing midwives at their centers before initiating baseline data collection.
Following four months of data collection, training on ENC for the trainers was conducted by
a WHO officer assisted by Dr S. Lang, the developer of the new ENC course18 .and by one of
the developers of the previous WHO ENC course (Dr. F Uxa).

The research nurse trainers in turn trained the midwives at each the health centers before the
initiation of post ENC data collection. The health worker directors facilitated the organization
of midwives at the health centers, and the trainer of trainers (TOT) model was used in the
training. 99.9% of deliveries conducted in these centers are low-risk. High-risk deliveries are
referred to tertiary hospitals. There is a critical shortage of experienced midwives with a high
turnover; the new recruits were trained at the sites to ensure they were well inducted in the
ENC package.

The study was approved by the University of Alabama Birmingham Institutional Review Board
(IRB), Research Triangle Institute, as well as the Research Ethics Committee University of
Zambia.

The study population included all births at these health centers. A screening log was used at
each health centre to enter limited demographic data on all deliveries including immediate
outcomes (stillbirths and deaths before discharge). Further maternal pregnancy, delivery, and
neonatal data collection including 7 day outcome was limited to those births with parental
consent (see tables for list of variable collected). Data summarizing the 7 day outcome were
collected on or after day 7 at the health centre visits. A tracking system was used to facilitate
7 day follow up data for infants transported to a hospital following delivery or seen for follow
up at any other health facility for further care.

Study design and statistical analysis
This is a secondary analysis of a study whose primary hypothesis was that ENC training and
implementation would decrease all cause 7-day mortality14. We hypothesized that there would
be no difference in the reduction of mortality rates at the time of discharge nor at 7 days based
on the maternal education level. Babies in these health centers were either discharged at 6 hours
post delivery or transferred to the local hospital. The neonatal mortality rates were compiled
from age 0 – 7 days.

Based on the neonatal mortality data during the active baseline data collection period, a 7-
month post-ENC data collection period was needed to detect a greater than 40% relative risk
reduction in all cause 7-day neonatal mortality with more than 90% power, with 5% level of
significance using a two tailed test, with at least a 62.6% 7-day follow-up rate during the post-
ENC period.

The statistical analyses between groups employed Mantel – Haenszel statistic to test the overall
differences between groups controlling for centre and other variables. Logistic regression and
generalized estimating equations (GEE) models were used to perform the analysis of the
primary and secondary variables.

Data management and statistical analysis
All data were entered centrally. 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 9.0.19
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The statistical analyses were performed on all collected maternal and neonatal characteristics.
Chi-square tests were utilized to test the differences between the pre-ENC and post-ENC data
for marital status of mother, education categories, race of mother, gender of infant, receipt of
prenatal care, complications during pregnancy, complications during delivery, and type of
delivery room resuscitation. Wilcoxon tests were used in the case of skewed data to test
gestational age, birth weight, and 1 minute Apgar score. Proportion tests were used to test the
various mortality rates between each data collection period. In addition, appropriate Chi-square
and Wilcoxon tests were done to compare the maternal and neonatal characteristics of those
with a completed 7-day follow-up and those missing the 7-day follow-up. This analysis only
included infants alive at discharge from the clinic. We also employed the Bonferroni p-value
correction for multiple-comparisons and used p-value <.001 for all comparisons. The data were
analyzed using SAS version 9.019.

Results
A total of 41,282 women in labor were screened and 98.4% were enrolled in the study. The
reason for non-enrollment was maternal refusal of consent. The maternal and neonatal
demographic characteristics were comparable in the pre- and post- ENC periods (Table 1). The
majority of women married was (98%), had ≤ primary education (56%), were African (99.9%),
and had prenatal care (99%). Mean gestational age was 38 weeks and mean weight was 3061
grams (Table 2). The non-fatal pregnancy and delivery complications were rare (less than
0.4%) pre-ENC but decreased significantly post-ENC; because of the high volume of
deliveries, these were only captured if recorded on the patient chart and thus may under-
represent the complications (Table 3).

Overall, all cause 7 day mortality decreased from 11.2/1000 live births pre ENC to 6.2/1000
(p<0.0001) following ENC implementation. Prenatal care, birth weight, race, and gender did
not differ between the groups. Mortality for infants of mothers with 7 years or less of education
decreased from 12.4 to 6.0/1000 (p<0.0001) but did not decrease significantly for those women
with 8 years or more education (8.7 to 6.3/1000, p=0.14) (Table 4 and Figure 1). When the
causes of deaths were analyzed, birth asphyxia accounted for 29%, low birth weight for 34%
and sepsis for 13 % of the mortality. The proportion of deaths due to birth asphyxia was the
same (29%) in the pre-post periods as was the proportion of malformations (2%). The
proportion of deaths due to low birth weight/prematurity increased from 25 to 34% while those
due to infection decreased from 21 to 13%, in the pre and post-ENC periods respectively.
Fifteen deaths pre-ENC and 16 post-ENC were classified as other, with more than half (18/31)
of these deaths having no cause identified. The remaining neonatal deaths were attributed to
various causes including, meconium aspiration, jaundice, encephalopathy and hypothermia
(Table 5).

Discussion
This large controlled multicenter study conducted in low-risk pregnancies in community health
centers demonstrates that ENC training and implementation may result in a large reduction in
7-day neonatal mortality. The reduction in mortality was significantly greater among mothers
with a lower education level. Although Zambia has a high proportion of women without
education, it is not among the countries with the lowest rates. For example, in Zambia almost
70% of women are enrolled in some education whereas the average is 60% across the African
region.23 In poorly resourced countries with high rates of illiteracy and low maternal
educational levels, it would suggest that training midwives in ENC could reduce perinatal
mortality in this vulnerable group.
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An important potential limitation of this study is the pre-post design. However, the pre-ENC
period was an active (prospective) baseline data collection period: all training (except ENC)
was done before the pre-ENC data were collected to reduce bias20. Another limitation of the
study is the relatively low follow-up rates which could bias the mortality results markedly
because the event rate is low. However, our comparisons of maternal and neonatal
characteristics between the two periods suggested that those lost to follow-up were at a
comparable risk for mortality as those followed at 7-days.

In our previous work, we have found that the current ENC course significantly improved the
knowledge and skills of midwives working in primary low-risk health care clinics in
Zambia27. The original WHO ENC Training program21 has been used extensively in
Europe22 but its impact on patient outcomes has not been tested. Because both conventional
5-day and self-directed ENC training courses have been found to be as effective in acquisition
of knowledge23, effective low cost training may be achieved with this course.

The current study adds to these findings by suggesting that implementation of the ENC course
results in improved neonatal outcomes in the same primary health care settings and that the
impact is greater among those women with less formal education. Since our study suggests
that the outcomes may vary based on the population characteristics, an important consideration
would be how to best adapt the ENC course to optimize the decrease in neonatal mortality.

While ENC training has not been tested before in large clinical trials, other neonatal care
packages have been evaluated24. Although none of the studies were randomized and most used
historic controls, reductions in neonatal mortality were comparable to that observed in the
current study. Bhutta et al. concluded that, even though the data strongly support their
implementation, these interventions need both effectiveness trials and cost-effectiveness
evaluations25.

While several studies have shown that maternal education improves infant survival, we are not
aware of studies that training of midwives in ENC package would vary based on maternal
education. Maternal education has been repeatedly shown to influence the chances of infant
and child survival, independent social and economic conditions.26–29 In a study by Pena et
al, mortality risks were lower among infants of the most educated mothers showing a gradual
decrease in IMR from 65 per 1000 newborns in the group without formal education to 30 per
1000 among infants of women with secondary education or more.30

The WHO ENC training of nurse midwives who deliver low-risk women in community health
centers is effective in reducing early neonatal mortality in the developing world. The emphasis
of the ENC program on thermoregulation, breastfeeding, kangaroo care, and small baby care
may preferentially reduce 7-day mortality rather than immediate newborn outcomes. It was of
particular interest in our study that the greatest proportion of decrease in mortality was
associated with neonatal infection, which can be prevented through the basic techniques, such
as hand washing, exclusive breastfeeding and care following delivery, taught in ENC. These
results support our findings that the ENC’s effectiveness may have been mediated by the
mothers’ level of education. However, the increase in deaths associated with prematurity/low
birth weight suggest that additional work should be done to evaluate these training modules
with women from various educational backgrounds.

Our study suggests that training of midwives in ENC could reduce perinatal mortality
significantly, especially among births of those with a low education level. However, more
studies using the same strategy are needed, especially in rural areas with the lowest educational
levels and highest neonatal mortality rates. There is also need to test the strategy in high risk
urban delivery centers in order to replicate the same approach and document whether this
strategy will have the same effect in other settings. If we are to realize the United Nations’
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Millenium Development Goal - 4 to reduce childhood mortality by two-third by 2015, new
strategies are needed. Training midwives in ENC, if proven to be effective in other settings,
offers such an innovative strategy.
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Table 1
Maternal and Neonatal Demographic Characteristics

Pre-ENC* Post-ENC*
Screened, n 13,606 27,676
Enrolled, n (%) 13,209 (97.1) 27,404 (99.0)
Married, n (%) 12,697 (96.1) 26,639 (97.2)
No formal education, n (%) 583 (4.4) 1,137 (4.1)
Primary education (1–7), n (%) 6,709 (50.8) 13,432 (49.0)
Secondary education (8–12), n (%) 5,399 (40.9) 11,930 (43.5)
College (12 +), n (%) 56 (0.4) 78 (0.3)
African, n (%) 13,018 (98.6) 26,994 (98.5)
Male, n (%) 6,925 (52.4) 13,902 (50.7)
Gestational age, mean (SD) 37.5 (2.6) 37.5 (2.4)
Birthweight, mean (SD) 3,052 (448) 3,066 (457)
*
Essential Newborn Care (ENC)
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Table 2
Characteristics by Maternal Age

0–7 Years
(n=21,861)

≥ 8 years
(n=17,463)

Received prenatal care (%) 99.2 99.1
Gestational Age at delivery
    < 27 weeks (%) 0.4 0.3
    28–31 weeks (%) 1.9 1.3
    32–36 weeks (%) 40.1 37.0
    ≥ 37 weeks (%) 57.6 61.4
Birthweight
    <1500 grams (%) 0.6 0.4
    1501–2000 grams (%) 1.9 1.8
    2001–2500 grams (%) 8.9 9.2
    ≥ 2501 grams (%) 88.7 88.5
Male (%) 52.0 52.0
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Table 3
Delivery Outcomes

Pre-ENC*
(n= 13,209)

Post-ENC*
(n = 27,404)

p-value

Any complication during pregnancy, n (%) 10 (0.08) 2 (0.01) <0.001
Any complications during delivery, n (%) 42 (0.3) 18 (0.07) <0.001
    Cord complications, n (%) 22 (0.2) 11 (0.04) --
    Maternal hemorrhage, n (%) 11 (0.08) 3 (0.01) --

*
Essential Newborn Care (ENC)
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Table 4
7-day Mortality Rates (per 1000 births)

Pre-ENC* Post-ENC*
13,004 (98.4)
8,162 (61.8)

27,038 (98.7)
20,502 (74.8)

Education p-value
Mothers with 0–7 years 12.4 6.0 <0.001
Mothers with ≥ 8 years 8.7 6.3 0.14
Total 11.2 6.2 <0.0001
*
Essential Newborn Care (ENC)
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Table 5
Cause of Death

Pre ENC* Post ENC*
n=91 Percent n=127 Percent

Birth asphyxia, n (%) 26 29 37 29
Low birth weight/prematurity, n (%) 23 25 43 34
Infection 19 21 17 13
Malformation 2 2 3 2
Hypoxic ischemic encephalopathy, n (%) 0 1 1
Other, n (%) 16 18 15 12
Missing, n (%) 5 5 11 9
*
Essential Newborn Care (ENC)
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