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Abstract
Background: Globally, several children die shortly after birth and many more of them within the first 28
days of life. Sub-Sharan Africa accounts for almost half (43%) of the global neonatal death with slow
progress in reduction. These neonatal deaths are associated with lack of quality care at or immediately
after birth and in the first 28 days of life. This study aimed to determine the trends and risk factors of
neonatal mortality in a major referral hospital in Lusaka, Zambia.

Methods: We conducted retrospective analysis involving all neonates admitted in the University Teaching
Hospital Neonatal Intensive Care Unit (UTH-NICU) in Lusaka from January 2018-December 2019
(N=2340). We determined the trends and assessed the factors associated with neonatal mortality using
Generalized Linear Models (GLM) with a Poisson distribution and log link function.

Results: Overall, the neonatal mortality was 40.2% (95% CI: 38.0-42.0) per 1000 live births for the two-year
period with a slight decline in mortality rate from 42.9% (95% CI: 40.0-46.0) in 2018 to 37.3% (95% CI:
35.0-40.0) in 2019. In a final multivariable model, home delivery (ARR: 1.70, 95% CI: 1.46-1.96), preterm
birth (ARR: 1.59, 95% CI: 1.36-1.85), congenital anomalies (ARR: 1.59, 95% CI: 1.34-1.88), low birthweight
(ARR: 1.57, 95% CI: 1.37-1.79), and health centre delivery (ARR: 1.48, 95% CI: 1.25-1.75) were
independently associated with increase in neonatal mortality. Conversely, hypothermia (ARR: 0.36, 95%
CI: 0.22-0.60), antenatal attendance (ARR: 0.76, 95% CI: 0.68-0.85), and one-day increase in neonatal age
(ARR: 0.96, 95% CI: 0.95-0.97) were independently associated with reduction in neonatal mortality.

Conclusion: In this hospital-based study, neonatal mortality was high compared to the national and
global targets. While non-modifiable risk factors were associated with increase in neonatal mortality,
proper management of modifiable risk factors resulted in reduced neonatal mortality. Early identification
and interventions to reduce the impact of both non-modifiable and modifiable risks factors of neonatal
mortality in Zambia are important.

Introduction
Neonatal mortality is the death of newborns during the first 28 days of life after a live birth. Globally, 47%
of the mortality in children under-five years are attributed to neonatal death1 2. The burden of neonatal
mortality continues to be a public health concern, especially in developing countries3. For instance, in
2019, 2.4 million neonates died globally with Sub-Saharan Africa accounting for 41% of the neonatal
death1 4. The risk of neonatal mortality is thirty times higher in Sub-Saharan Africa compared with the
lowest neonatal mortality in the United States2. Even though neonatal mortality estimates in Sub-Saharan
Africa have reduced from 45.6 deaths per 1000 livebirths in 1990 to 27.1 deaths per 1000 livebirths in
2019, this mortality risk is still unacceptably high5 6.

Several factors including sociodemographic, reproductive health, perinatal care, child-feeding practices
are found to be associated with increases in neonatal mortality rates especially in developing countries.
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For instance, lower maternal educational levels7 8, place of delivery and residence3 9 10, maternal age4 7 9

11, parity11, gestational age4 7 9, inadequate antenatal visits12 13, newborn sex3, newborn age14 15, mode
of delivery16 17, low birthweight10 15, both maternal and foetal complications14, preterm birth15, low Apgar
score18, perinatal asphyxia19, congenital anomalies 14, neonatal infections20, hypothermia21, respiratory
distress syndrome20, late initiation and or lack of exclusive breastfeeding22 are significantly associated
with neonatal mortality in developing countries. Interventions addressing issues during pregnancy,
intrapartum care, nutrition, and postnatal care including proper care for small and sick newborns can
significantly reduce the risk of neonatal mortality.

In Zambia, neonatal mortality decreased from 37 in 2001 to 27 deaths per 1000 live births in 201823.
Several strategies, policy interventions and program implementations contributed to this progress in the
neonatal mortality reduction. Programs such as helping baby breath campaign, Emergency Obstetric and
Neonatal Care (EmONC) training and implementation, Saving Mothers Giving Life (SMGL), Safe
Motherhood 360 + projects, decentralization of mother and newborn care, amongst others are being
implemented to reduce neonatal mortality to 12 per 1000 live births by 2030 according to the Sustainable
Development Goals (SDG)3 10 19.

It is important to highlight the pattern of neonatal mortality and associated risk factors especially in
referral health facilities, adding to the limited scientific evidence on the progress made and challenges.
This may contribute to policy-directions in Zambia on targeted interventions towards attaining its’
neonatal mortality reduction goal by 2030. In this study, we aimed to estimate the neonatal mortality
rates and investigate the risk factors associated with neonatal mortality in a major referral health facility
for targeted interventions.

Methods

Study design and settings
This is a retrospective descriptive study using neonatal admissions records (January 1, 2018-December
31, 2019) of the Neonatal Intensive Care Unit (NICU) at the women and new-born hospital of the
University Teaching Hospital (UTH), Zambia. UTH is the largest tertiary hospital which trains all calibre of
health professionals and serves as a major referral hospital in Zambia. It is located approximately four
kilometres east of the city centre of the capital city of Lusaka.

Study participants, sampling procure and sample size.

In this study, a neonate is defined as any newborn less than 28 days of life. The study population
included all neonates admitted to the NICU with complete information on required variables at the time of
discharged or death within the first 28 days of birth. A complete enumeration method was used, and all
reported neonates admitted to the NICU over the study period were sampled for data completeness and
inclusion. The data was extracted from the neonatal case records of the UTH-NICU health management
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information systems. Hard copies of individual case files were collected from the medical records and
required information extracted into predesigned excel-based data collection tool with variables of interest.
The data was collected by the primary author and validated by two coauthors for completeness and
accuracy. Data cleaning, coding and cross-validation with the original data source was done by the
researchers before it was exported into STATA version BE/18.0 for analyses.

A total of 7581 neonatal admissions were recorded during the study period. Of these, more than half
(69%) were excluded because of missing/incomplete data and 31% (2340) consisting of 1197 in 2018
and 1143 in 2019 were included in the final analyses (see Fig. 1). Assuming a minimum power of 80%
using the freedom method24, the included records were sufficient enough to detect at least 8% difference
in neonatal mortality in the study area with 95% precision and 5% significance level25.

Measures
The dependent (outcome) variable was neonatal mortality among neonates admitted at the NICU which
was measured as a binary outcome: died or alive at the time of discharge from the NICU. If a woman had
a live birth but lost the neonate within the first 28 days after birth it was coded as “1” or otherwise coded
“0”.

The independent variables included sociodemographic, maternal, and neonatal related factors. The
sociodemographic data that were captured included age of mother (years), age of neonate (days), sex of
neonate, and residence. Self-reported maternal related variables captured were parity, gravida, place of
birth (hospital, health centre, and home), antenatal attendance (no, yes, and unknown), mode of delivery
(spontaneous vaginal, caesarean section, breech-assisted, and vacuum-assisted), category of staff who
conducted the delivery (midwife, doctor and unskilled staff), HIV status of mother (known negative,
known positive, and unknown). Neonatal related factors included were primary diagnosis on admission
to the NICU (birth asphyxia, congenital anomalies, prematurity, respiratory distress syndrome, sepsis,
hypothermia, jaundice, glycaemia, stable neonate, and other diagnosis), gestational age (weeks), and
birth weight (grams). The gestational age was categorized into preterm (< 37weeks gestation) and term
(≥ 37 weeks gestation). Birth weight was also categorized into low birth weight (< 2500g) and normal
birth weight (≥ 2500g).

Statistical analysis
We presented descriptive statistics as medians and interquartile ranges (IQR) for non-normally distributed
continuous variables, and frequencies with percentages for categorical variables. The Chi-square test was
used for categorical variables and Mann Whitney test for continuous variables to determine if there is
significant difference in outcomes amongst the variables. To evaluate associations with neonatal
mortality, we used Poisson Regression Models to obtain incident rate ratio (IRR) along with 95%
confidence Intervals (CI). We used Generalized Linear Models (GLM) with a Poisson distribution and log
link function. This is a flexible model within the GLM that assumes a linear relationship between the
independent variables and binary outcome allowing logarithmic transformation of variables to return an
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exposure coefficient whose natural exponents can be interpreted as risk ratios26. We applied robust
variance estimator to obtain valid standard errors which accounts for model misspecification that occurs
because the binary outcome does not follow a Poisson distribution26 27. The model goodness of fit was
assessed based on low Akaike Information Criterion (AIC), and likelihood-ratio test.

To identify the factors that remained independently associated with our outcome, we fitted a single
multivariable Poisson regression model that, at the outset, included all covariates and potential
confounders for which a Wald test of their estimated coefficient yielded p < 0.05 in the univariable
analyses. This resulted in estimation of adjusted incidence rate ratio (AIRR) with 95% CI. To test the
robustness of this method, the model was repeated using automated stepwise backward elimination
procedures based on AIC. Both methods yielded the same results after adjusting for time in each model.
We also stratified our analyses by gestation (preterm: <37 weeks, term: ≥37 weeks) and birth weight (low
birth weight: <2500g, normal birth weight: ≥2500g) categories to determine whether these outcomes
impact neonatal mortality incidence rate ratios differently. Categorical independent variables (e.g., sex,
place of birth, mode of delivery, HIV status, and antenatal attendance) were modelled as dummy
variables compared to a reference category and continuous variables as linear predictors after confirming
that a linear predictor fitted well. A two-tailed (p < 0.05) was considered statistically significant. STATA
version BE/18.0 was used to perform all analyses.

Results

Participant characteristics
The participant characteristics shown in Table 1 indicate that the median maternal age was 25 years
(IQR: 21–31), median gravida was 2 (IQR: 1–4), median parity was 2 (IQR: 1–3) and median gestation
was 36 weeks (IQR: 30–37). The majority (76%) of the mothers were known to be HIV negative, and 84%
of them attended antenatal care during their pregnancy. Of the 2340 neonates admitted at the NICU
during the study period, the median neonatal age at birth was 4 days (IQR: 2–7) with 52% of them being
males, 91% were born at the hospitals, 83% were born via spontaneous vaginal delivery, 80% were
delivered by a midwife, 69% were born preterm (< 37 weeks gestation), and 51% were low birth weight (< 
2500g). Most of the neonates (60%) were discharged alive and 40% (940) were discharged as died.
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Table 1
Maternal and neonatal characteristics

Variable Total neonates (n = 
2340)

Neonatal vital status p-
value

Alive (n = 
1400)

Died (n = 
940)

Age of mother in years, median
(IQR)

25 (21–31) 25 (21–30) 25 (21–32) 0.087

Gravida, median (IQR) 2 (1–4) 2 (1–3) 2 (1–4) 0.425

Parity, median (IQR) 2 (1–3) 2 (1–2) 2 (1-) 0.042

Gestational age in weeks, median
(IQR)

36 (30–37) 36 (33–38) 32 (28–36) < 
0.001

Age of neonate in days, median
(IQR)

4 (2–7) 5 (3–8) 2 (2–5) < 
0.001

Sex, n (%)      

  Male 1223 (52.3) 758 (54.1) 465 (49.5) 0.026

  Female 1117 (47.7) 642 (45.9) 475 (50.5)

Place of birth, n (%)      

  Hospital 2131 (91.1) 1319 (94.2) 812 (86.4) < 
0.001

  Health centre 104 (4.4) 46 (3.3) 58 (6.2)

  Home 105 (4.5) 35 (2.5) 70 (7.5)

Type of birth, n (%)      

  Single 2235 (95.5) 1366 (97.6) 869 (92.5) < 
0.001

  Twin 105 (4.5) 34 (2.4) 71 (7.6)

Mode of delivery, n (%)      

  Spontaneous vaginal delivery 1937 (82.8) 1228 (87.7) 709 (75.4) < 
0.001

  Caesarean section 341 (14.6) 166 (11.9) 175 (18.6)

  Assisted breech delivery 49 (2.1) 5 (0.4) 44 (4.7)

  Vacuum-assisted vaginal
delivery

13 (0.6) 1 (0.1) 12 (1.3)

Delivered by      

  Midwife 1879 (80.3) 1197 (85.5) 682 (72.6) < 
0.001

  Doctor 357 (15.3) 168 (12.0) 189 (20.1)
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Variable Total neonates (n = 
2340)

Neonatal vital status p-
value

Alive (n = 
1400)

Died (n = 
940)

  Unskilled staff 104 (4.4) 35 (2.5) 69 (7.3)

Maternal HIV status, n (%)      

  Known negative 1784 (76.2) 1099 (78.5) 685 (72.9) 0.004

  Known positive 387 (16.5) 204 (14.6) 183 (19.5)

  Unknown 169 (7.2) 97 (6.9) 72 (7.7)

Attended antenatal care? n (%)      

  Yes 1966 (84.0) 1198 (85.6) 768 (81.7) < 
0.001

  No 220 (9.4) 79 (5.6) 141 (15.0)

  Unknown 154 (6.6) 123 (8.8) 31 (3.3)

Preterm birth, n (%)      

  Yes (< 37 weeks) 1612 (68.9) 819 (58.5) 793 (84.4) < 
0.001

  No (≥ 37 weeks) 728 (31.1) 581 (41.5) 147 (15.6)

Low birth weight, n (%)        

  Yes (< 2500g) 1192 (50.9) 519 (37.1) 673 (71.6) < 
0.001

  No (≥ 2500g) 1148 (49.1) 881 (62.9) 267 (28.4)

IQR: Interquartile range and HIV: human immunodeficiency virus,

Compared to those neonates discharged alive, those neonates who were discharged as died were more
likely to; be females (51% vs. 46%, p < 0.001), have lower gestational age at birth (32 weeks vs.36 weeks,
p < 0.001), have short life after birth (2 days vs. 5 days, p < 0.001), be born preterm (< 37 weeks vs. ≥37
weeks, p < 0.001) and have low birth weight (< 2500g vs. ≥2500g, p < 0.001).

Trends of, and factors associated with, neonatal mortality.
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Table 2
Crude neonatal mortality rates

Year Number of admissions Neonatal vital status Neonatal mortality rate* (95% CI)

Alive, n (%) Died, n (%)

2018 1197 683 (57.1) 514 (42.9) 429 (400–460)

2019 1143 717 (62.7) 426 (37.3) 373 (350–400)

Total 2340 1400 (59.8) 940 (40.2) 402 (380–420)

* Neonatal mortality is per 1000 live birth, CI: confidence Intervals, Data in bold means p < 0.05

In terms of trend, the overall neonatal mortality rate ratio (RR) was 402 (95% CI: 380–420, p < 0.001) per 1
000 live births for the two-year period with a slight decline from 429 (95% CI: 400–460, p < 0.001) in 2018
to 373 (95% CI: 350–400, p < 0.001) per 1000 live births in 2019 (Table 2).

Univariable analyses (Table 3) showed that, increased parity, sex, place of birth, mode of delivery, being
born preterm, lower birth weight, and primary diagnosis of congenital anomalies or prematurity were
associated with increase neonatal mortality rate ratios. In contrast, increase in gestational age, increase
in neonatal age, antenatal attendance, and primary diagnosis of sepsis, hypothermia, jaundice, glycaemia
(hyper or hypo), stable neonates were associated with decrease in neonatal mortality rate ratios. For
instance, compared with those born in the hospitals, being born in the health centre and at home were
significantly associated with 46% (RR: 1.46, 95% CI: 1.22–1.75) and 75% (RR: 1.75, 95% CI: 1.51–2.02)
increase in neonatal mortality rate ratios, respectively. Similarly, being born preterm (< 37 weeks), having
low birth weight (< 2500g), and having a primary diagnosis of congenital anomalies after birth were
significantly associated with 144% (RR: 2.44, 95% CI: 2.09–2.84), 143% (RR: 2.43, 95% CI: 2.16–2.73),
and 69% (RR: 1.69, 95% CI: 1.44–1.97) increase in neonatal mortality rate ratios, respectively. On the
contrary, a one-day increase in neonatal age, one-week increase in gestational age, antenatal attendance
(Yes), and primary diagnosis of sepsis were significantly associated with 5% (RR: 0.95, 95% CI: 0.93–
0.97), 9% (RR: 0.91, 95% CI: 0.90–0.92), 39% (RR: 0.61, 95% CI: 0.54–0.68), and 55% (RR: 0.45, 95% CI:
0.36–0.56) reduction in neonatal mortality rate ratios, respectively.

In the multivariable model, being born at the health centre or home, breech delivery, vacuum assisted
delivery, being born preterm, having low birth weight, and having a primary diagnosis of congenital
anomalies after birth were independently associated with increase in neonatal mortality rate ratios. On
the other hand, increase in neonatal age, antenatal attendance and primary diagnoses of respiratory
distress syndrome, sepsis, hypothermia, jaundice, glycaemia, stable neonates were also independently
associated with decrease in neonatal mortality rate ratios.
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Table 3
Univariable and multivariable analyses of factors associated with neonatal mortality (n = 2340)

Variable Neonatal mortality (n = 2340)

CRR (95% CI) ARR (95% CI)

Time (years) 0.87 (0.79–0.96) 1.06 (0.97–1.16)

Age of mother in years 1.01 (0.99–1.01) -

Gestational age in weeks 0.91 (0.90–0.92) 1.00 (0.99–1.01)

Gravida 1.01 (0.98–1.04) -

Parity 1.04 (1.00-1.07) 1.01 (0.98–1.05)

Age of neonate in days 0.95 (0.93–0.97) 0.96 (0.95–0.97)

Sex    

  Male Ref (1.00) Ref (1.00)

  Female 1.12 (1.01–1.24) 1.04 (0.96–1.13)

Place of birth    

  Hospital Ref (1.00) Ref (1.00)

  Health centre 1.46 (1.22–1.75) 1.48 (1.25–1.75)

  Home 1.75 (1.51–2.02) 1.70 (1.46–1.96)

Mode of delivery    

  Spontaneous VD Ref (1.00) Ref (1.00)

  Caesarean section 1.40 (1.25–1.58) 1.51 (0.96–2.36)

  Assisted breech VD 2.45 (2.21–2.74) 1.69 (1.47–1.94)

  Vacuum-assisted VD 2.52 (2.13–2.98) 2.39 (1.48–3.86)

Delivered by    

  Midwife Ref (1.00) Ref (1.00)

  Doctor 1.46 (1.30–1.64) 1.09 (0.70–1.68)

  Unskilled staff 1.83 (1.57–2.12) 0.91 (0.77–1.10)

Maternal HIV status    

  Known negative Ref (1.00) Ref (1.00)

  Known positive 1.23 (1.09–1.39) 1.01 (0.91–1.13)

  Unknown 1.11 (0.92–1.33) 1.01 (0.85–1.20)
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Variable Neonatal mortality (n = 2340)

CRR (95% CI) ARR (95% CI)

Attended antenatal care    

  No Ref (1.00) Ref (1.00)

  Yes 0.61 (0.54–0.68) 0.76 (0.68–0.85)

  Unknown 0.31 (0.23–0.44) 0.37 (0.27–0.51)

Preterm birth    

  No (≥ 37 weeks) Ref (1.00) Ref (1.00)

  Yes (< 37 weeks) 2.44 (2.09–2.84) 1.59 (1.36–1.85)

Low birth weight    

  No(≥ 2500g) Ref (1.00) Ref (1.00)

  Yes (< 2500g) 2.43 (2.16–2.73) 1.57 (1.37–1.79)

Primary diagnosis    

  Birth Asphyxia Ref (1.00) Ref (1.00)

  Congenital anomalies 1.69 (1.44–1.97) 1.59 (1.34–1.88)

  Prematurity 1.37 (1.23–1.54) 1.00 (0.80–1.01)

  Respiratory distress 0.85 (0.69–1.05) 0.75 (0.62–0.90)

  Sepsis 0.45 (0.36–0.56) 0.49 (0.40–0.61)

  Hypothermia 0.37 (0.21–0.66) 0.36 (0.22–0.60)

  Jaundice 0.33 (0.20–0.53) 0.41 (0.25–0.67)

  Glycaemia 0.29 (0.13–0.66) 0.35 (0.17–0.74)

  Others 0.25 (0.16–0.41) 0.29 (0.18–0.46)

  Stable neonate 0.03 (0.01–0.19) 0.03 (0.01–0.19)

CRR: Crude Rate Ratio, ARR: Adjusted Rate Ratio, CI: confidence interval, VD: vaginal delivery, HIV:
human immunodeficiency virus. Data in bold means p < 0.05

For example, being born at home, being born preterm, a primary diagnosis of congenital anomalies,
having low birth weight, and being born in the health centre remained independently associated with 70%
(ARR: 1.70, 95% CI: 1.46–1.96), 59% (ARR: 1.59, 95% CI: 1.36–1.85), 59% (ARR: 1.59, 95% CI: 1.34–1.88),
57% (ARR: 1.57, 95% CI: 1.37–1.79), and 48% (ARR: 1.48, 95% CI: 1.25–1.75) increase in neonatal
mortality rate ratios, respectively. Conversely, primary diagnosis of hypothermia, antenatal attendance



Page 11/24

(yes), and one-day increase in neonatal age were independently associated with 64% (ARR: 0.36, 95% CI:
0.22–0.60), 24% (ARR: 0.76, 95% CI: 0.68–0.85,), and 4% (ARR: 0.96, 95% CI: 0.95–0.97) reduction in
neonatal mortality rate ratios, respectively.

Associations with neonatal mortality stratified by gestational age and birth weight.

The strength of the association varies by gestational age at birth and birth weight in the univariable
stratified analyses (Tables 4 & 5). While sex, antenatal attendance, and low birth weight associations with
neonatal mortality rate ratios were stronger for neonates born preterm (< 37 weeks gestation), stronger
associations were observed with congenital anomalies, mode of delivery and increase age of neonates
for those neonates born at term (≥ 37 weeks gestation). A similar pattern of associations with neonatal
mortality rate ratios were observed for birth weight. For instance, one-day increase in age of neonate,
mode of delivery, congenital anomalies, and antenatal attendance were strongly associated with neonatal
mortality rate ratios for neonates born with low birth weight (≥ 2500g) while only sex and being born
preterm were strongly associated with neonatal mortality rate ratios for neonates with low birth weight (< 
2500g).

In the multivariable analyses (Table 4), several factors including age of neonate, antenatal attendance,
vacuum delivery, being delivered at health centre, congenital anomalies, respiratory distress, sepsis,
hypothermia were independently associated with neonatal mortality rate ratios in both preterm and term
neonates. Interestingly, being born at health centre and home, breech-assisted and vacuum delivery, and
low birth weight were independently associated with increase neonatal mortality rate ratios in preterm
neonates. In Table 5, similar several common factors including age of neonate, antenatal attendance,
breech delivery, being deliver at health centre, congenital anomalies, jaundice, and being born preterm
were independently associated with neonatal mortality rate ratios in both normal weight and low birth
weight neonates. However, caesarean-section, breech-assisted and vacuum-assisted delivery as well as
respiratory distress syndrome, sepsis, hypothermia, and glycaemia were independently associated with
neonatal mortality rate ratios in neonates with low birth weight.
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Table 4
Univariable and multivariable analyses of factors associated with neonatal mortality stratified by

gestational age (Preterm versus Term babies)
Variable Neonatal mortality (n = 2340)

Gestation < 37 weeks (n = 1612) Gestation ≥ 37 weeks (n = 728)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

Time (years) 1.16 (1.05–
1.28)

1.19 (1.08–
1.30)

0.49 (0.37–
0.65)

0.66 (0.50–
0.88)

Age of mother in years 1.02 (1.01–
1.03)

1.00 (0.99–
1.01)

0.99 (0.96–
1.01)

-

Gravida 1.04 (1.01–
1.07)

0.97 (0.91–
1.03)

0.93 (0.83–
1.03)

-

Parity 1.04 (1.01–
1.07)

1.04 (0.97–
1.11)

0.98 (0.88–
1.09)

-

Age of neonate in days 0.96 (0.94–
0.98)

0.97 (0.96–
0.98)

0.88 (0.82–
0.95)

0.90 (0.85–
0.96)

Sex        

  Male Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Female 1.14 (1.03–
1.26)

1.07 (0.98–
1.17)

0.88 (0.65–
1.17)

-

Place of birth        

  Hospital Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Health centre 1.18 (0.97–
1.44)

1.39 (1.15–
1.67)

2.94 (1.97–
4.39)

1.51 (1.04–
2.18)

  Home 1.74 (1.56–
1.96)

1.74 (1.49–
2.01)

0.47 (0.12–
1.77)

0.54 (0.15–
1.95)

Mode of delivery        

  Spontaneous VD Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Caesarean section 1.47 (1.31–
1.65)

1.35 (0.85–
2.16)

1.73 (1.26–
2.36)

1.68 (0.75–
3.77)

  Assisted breech VD 2.07 (1.88–
2.29)

1.65 (1.45–
1.88)

3.52 (1.68–
7.36)

1.41 (0.79–
2.51)

  Vacuum VD 1.98 (1.56–
2.51)

2.06 (1.19–
3.59)

5.86 (4.90–
7.01)

3.54 (2.35–
5.36)

Delivered by        

  Midwife Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)
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Variable Neonatal mortality (n = 2340)

Gestation < 37 weeks (n = 1612) Gestation ≥ 37 weeks (n = 728)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

  Doctor 1.53 (1.37–
1.71)

1.11 (0.71–
1.69)

1.72 (1.27–
2.32)

1.32 (0.62–
2.80)

  Unskilled staff 1.85 (1.64–
2.08)

0.94 (0.77–
1.10)

0.51 (0.13–
1.92)

0.95 (0.56–
1.34)

Maternal HIV status        

  Known negative Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Known positive 1.21 (1.08–
1.36)

1.01 (0.91–
1.12)

0.96 (0.63–
1.47)

-

  Unknown 1.10 (0.92–
1.31)

1.02 (0.86–
1.22)

0.79 (0.39–
1.59)

-

Attended antenatal care      

  No Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Yes 0.69 (0.62–
0.77)

0.77 (0.68–
0.85)

0.49 (0.33–
0.72)

0.68 (0.48–
0.96)

  Unknown 0.41 (0.29–
0.56)

0.41 (0.28–
0.53)

0.05 (0.01–
0.37)

0.11 (0.02–
0.74)

Low birth weight        

  No(≥ 2500g) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Yes (< 2500g) 3.86 (3.07–
4.85)

1.73 (1.62–
2.10)

1.10 (0.73–
1.65)

-

Primary diagnosis        

  Birth Asphyxia Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Congenital
anomalies

1.40 (1.17–
1.67)

1.58 (1.34–
1.87)

2.15 (1.60–
2.88)

2.19 (1.55–
3.11)

  Prematurity 1.12 (0.99–
1.27)

0.95 (0.84–
1.07)

0.86 (0.45–
1.65)

0.84 (0.47–
1.53)

  Respiratory distress 0.89 (0.72–
1.10)

0.77 (0.65–
0.93)

0.45 (0.24–
0.84)

0.54 (0.31–
0.98)

  Sepsis 0.46 (0.36–
0.59)

0.51 (0.41–
0.66)

0.34 (0.21–
0.56)

0.44 (0.27–
0.71)

  Hypothermia 0.45 (0.26–
0.78)

0.38 (0.23–
0.67)

0.01 (0.02–
0.08)

0.04 (0.02–
0.07)
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Variable Neonatal mortality (n = 2340)

Gestation < 37 weeks (n = 1612) Gestation ≥ 37 weeks (n = 728)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

  Jaundice 0.39 (0.23–
0.67)

0.41 (0.28–
0.83)

0.20 (0.07–
0.61)

0.33 (0.11–
1.01)

  Glycaemia 0.38 (0.16–
0.92)

0.44 (0.20–
0.95)

0.15 (0.02–
1.05)

0.21 (0.04–
0.99)

  Others 0.32 (0.18–
0.56)

0.39 (0.23–
0.68)

0.21 (0.09–
0.47)

0.18 (0.08–
0.37)

  Stable neonate 0.04 (0.01–
0.26)

0.05 (0.01–
0.32)

0.02 (0.01–
0.09)

0.02 (0.01–
0.07)

CRR: Crude Rate Ratio, ARR: Adjusted Rate Ratio, CI: confidence interval, VD: vaginal delivery, HIV:
human immunodeficiency virus. Data in bold means p < 0.05



Page 15/24

Table 5
Univariable and multivariable analyses of factors associated with neonatal mortality stratified by birth

weight (Low birthweight versus normal birthweight)
Variable Neonatal mortality (n = 2340)

Birthweight < 2500g (n = 1192) Birthweight ≥ 2500g (n = 1148)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

Time (years) 1.04 (1.01–
1.15)

1.14 (1.04–
1.26)

0.70 (0.57–
0.87)

0.83 (0.68–
1.01)

Age of mother in years 1.02 (1.01–
1.03)

1.02 (1.01–
1.04)

0.98 (0.96-1.00) -

Gravida 1.05 (1.02–
1.08)

1.02 (0.97–
1.09)

0.93 (0.85–
1.01)

-

Parity 1.05 (1.02–
1.08)

0.96 (0.91–
1.03)

1.00 (0.91–
1.10)

-

Age of neonate in days 0.95 (0.94–
0.97)

0.97 (0.95–
0.98)

0.93 (0.88–
0.97)

0.94 (0.90–
0.97)

Sex        

  Male Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Female 1.12 (1.01–
1.24)

1.14 (1.04–
1.24)

0.91 (0.73–
1.12)

-

Place of birth        

  Hospital Ref (1.0 0) Ref (1.00) Ref (1.00) Ref (1.00)

  Health centre 1.99 (1.40–
2.80)

1.68 (1.24–
2.27)

1.19 (0.98–
1.45)

1.36 (1.12–
1.64)

  Home 1.01 (0.52–
1.95)

1.25 (0.66–
2.36)

1.58 (1.41–
1.76)

1.70 (1.47–
1.98)

Mode of delivery        

  Spontaneous VD Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Caesarean section 1.61 (1.27–
2.04)

2.74 (1.61–
4.62)

1.57 (1.42–
1.74)

1.05 (0.70–
1.56)

  Assisted breech VD 3.33 (2.06–
5.39)

1.89 (1.27–
2.82)

1.84 (1.68–
2.02)

1.58 (1.41–
1.79)

  Vacuum-assisted
VD

4.55 (3.62–
5.71)

3.59 (2.39–
5.38)

1.94 (1.83–
2.06)

1.16 (0.74–
1.82)

Delivered by        

  Midwife Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)
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Variable Neonatal mortality (n = 2340)

Birthweight < 2500g (n = 1192) Birthweight ≥ 2500g (n = 1148)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

  Doctor 1.65 (1.32–
2.07)

0.75 (0.46–
1.22)

1.62 (1.47–
1.79)

1.41 (0.96–
2.08)

  Unskilled staff 1.09 (0.56–
2.12)

0.91 (0.86–
1.19)

1.67 (1.49–
1.88)

0.92 (0.78–
1.08)

Maternal HIV status        

  Known negative Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Known positive 0.98 (0.72–
1.34)

- 1.17 (1.05–
1.32)

1.01 (0.91–
1.13)

  Unknown 1.01 (0.66–
1.56)

- 1.04 (0.87–
1.25)

0.93 (0.78–
1.11)

Attended antenatal care        

  No Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Yes 0.55 (0.41–
0.73)

0.63 (0.48–
0.81)

0.72 (0.65–
0.81)

0.77 (0.69–
0.86)

  Unknown 0.14 (0.06–
0.34)

0.17 (0.07–
0.40)

0.50 (0.36–
0.68)

0.47 (0.34–
0.63)

Preterm        

  No (≥ 37 weeks) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Yes (< 37 weeks) 2.71 (1.83–
3.99)

2.23 (1.61–
3.28)

1.37 (1.11–
1.70)

1.30 (1.07–
1.56)

Primary diagnosis        

  Birth Asphyxia Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

  Congenital
anomalies

1.57 (1.21–
2.04)

1.86 (1.39–
2.47)

1.50 (1.23–
1.82)

1.77 (1.44–
2.16)

  Prematurity 0.50 (0.22–
1.09)

0.56 (0.24–
1.28)

1.10 (0.93–
1.29)

1.14 (0.98–
1.31)

  Respiratory distress 0.42 (0.27–
0.67)

0.46 (0.30–
0.73)

1.03 (0.82–
1.30)

1.07 (0.87–
1.32)

  Sepsis 0.33 (0.23–
0.45)

0.36 (0.26–
0.50)

0.65 (0.48–
0.87)

0.79 (0.60–
1.04)

  Hypothermia 0.02 (0.01–
0.03)

0.02 (0.01–
0.07)

0.68 (0.41–
1.13)

0.72 (0.45–
1.16)
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Variable Neonatal mortality (n = 2340)

Birthweight < 2500g (n = 1192) Birthweight ≥ 2500g (n = 1148)

CRR (95% CI) ARR (95% CI) CRR (95% CI) ARR (95% CI)

  Jaundice 0.39 (0.22–
0.70)

0.51 (0.29–
0.90)

0.21 (0.08–
0.53)

0.33 (0.14–
0.83)

  Glycaemia 0.09 (0.01–
0.59)

0.11 (0.02–
0.67)

0.71 (0.33–
1.53)

0.85 (0.44–
1.65)

  Others 0.18 (0.09–
0.34)

0.17 (0.09–
0.32)

0.65 (0.35–
1.19)

0.86 (0.48–
1.56)

  Stable neonate 0.04 (0.01–
0.27)

0.03 (0.01–
0.19)

0.05 (0.02–
0.09)

0.05 (0.03–
0.09)

CRR: Crude Rate Ratio, ARR: Adjusted Rate Ratio, CI: confidence interval, VD: vaginal delivery, HIV:
human immunodeficiency virus. Data in bold means p < 0.05

Discussion
In this study, we examined the trends and determinants of neonatal mortality of neonates admitted to the
women and new-born tertiary hospital in Lusaka, Zambia between 2018–2019. Overall, we found that
40% (402/100,000 live births) of neonates admitted to the NICU died over the two-year period with a 6%
(56/100,000 live births) slight decline from 2018 to 2019. Being born at health centre and home, breech
and vacuum modes of delivery, preterm birth, low birth weight and congenital anomalies were
independently associated with increase in neonatal mortality. On the contrary, increase in neonatal age,
antenatal attendance and primary diagnosis of respiratory distress, sepsis, hypothermia, jaundice,
glycaemia, and stable neonates were independently associated with decrease in neonatal mortality.
These associations were generally stronger for neonates born preterm or with low birthweight compared
to neonates born at term or with normal birthweight. These findings are important and seem to suggest
that efforts at increasing skilled birth at health facility or home, early interventions in reducing
pregnancy/birth complications, and other adverse birth outcomes are still vital in reducing neonatal
mortality rates.

Contrary to our expectations, we found a higher cumulative neonatal mortality over the two-year period,
with a gradual decrease in trend from 2018 to 2019 in a higher level of referral system where high quality
of care and expertise are expected. These rates are much higher than the national neonatal mortality
rates of 32/1000 live births in 2018 and 33/1000 in 201928 29. The UTH-NICU in Lusaka receives major
referrals across the country and from surrounding communities and it is possible that most neonates
referred to the facility were in critical condition and therefore were subject to low survival rates. In
addition, there may be delays or inappropriate obstetric referrals from lower-level health facilities
suggesting that late arrivals for life-saving interventions, overwhelmed referral facilities or lack of timely
comprehensive obstetric care may have compromised quality of care and consequently reduced neonatal
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survival rates. These may have accounted for the high neonatal mortality rates observed in this study.
Considering that Lusaka alone contributes 19% of the country's total population and that Zambia is one
of the countries with higher urban than rural neonatal mortality rates4, efforts to improve neonatal health
outcomes in Lusaka may significantly contribute to the reduction of neonatal mortality in the country.

We found that several factors were associated with increase in neonatal mortality. For example, being
born at home, or health centre compared with hospital, breech and vacuum delivery compared with
spontaneous vaginal were associated with 70%, 48%, 69%, and 39%, increase in neonatal mortality rates,
respectively. Similar to our findings, home and health centre delivery were found to be significant risk
factors for neonatal mortality in Africa including Zambia8. Lower maternal education, inability to pay for
cost of care at the hospital, health care worker attitudes, religious beliefs, long travel distance and lack of
husband approval were some of the factors attributable to home delivery8. Previous studies in
Ethiopia30–32, Nigeria17, Benin16, and Eretria18 also found breech and vacuum deliveries to be significant
risk factors for neonatal mortality in neonates referred to NICUs. Continual education of health care
workers especially nurses and midwives in emergency obstetric care, timely risks assessment and timely
referral of high-risk expectant mothers, improved breech and vacuum deliveries procedure and
management, and neonatal resuscitation may contribute to the reduction of neonatal mortality3 14. In
addition, appropriate education of expectant mothers empathizing regular antenatal visits, early birth
preparedness involving their husbands, and health facility deliveries may assist mothers to have safe
deliveries and reduce neonatal mortality3 14. Improvement in community and health centre level referral
systems to reduce transport delays and establishment of functional mothers’ shelter near health facilities
may assist those far away to have easy and early access to referral sites for appropriate interventions
that may contribute to a reduction in neonatal mortality3 14.

In addition, we found congenital anomalies to be associated with 59% increased risk of neonatal
mortality in our study with stronger effect sizes observed in preterm and low birthweight neonates. The
global incidence of congenital anomalies is about 3%-4% in all births. Globally, congenital anomalies are
the fourth leading cause of neonatal mortality with an annual death of 240,000 of which 90% with
serious disorders are from low-and-middle-income countries33. Our findings are similar to previous
studies in Nigeria34, Ghana35, and South Africa36 where congenital anomalies was found to have
accounted for 10.4%-33.5% of overall neonatal mortality. Measures to promote primary prevention and
improve the health of neonates with congenital disorders via improved surveillance, building capacity and
increase expertise on prevention and care, increasing awareness on newborn screenings, strengthening
research on major birth defects, and supporting affected families may help reduce the burden of
congenital anomalies 33.

Predictably, we found that antenatal attendance was associated with 24% decrease in neonatal mortality.
Similarly, previous survival analysis of risk factors of neonatal mortality in low-middle-income countries
indicated that one antenatal attendance lowers the risk of neonatal mortality by 26% and this increased
to 51% lower risk if the antenatal visits are up to four37. A recent meta-analysis also highlighted that less
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than four antenatal visits increase the risk of neonatal mortality by 1.76 times compared to those that
had four antenatal visits38. Adequate antenatal visits are important to help in early detection and
appropriate management of birth-related problems to reduce pregnancy/birth complication and the risk
of neonatal death.

Interestingly, we found that primary diagnosis of glycaemia (hypoglycaemia and hyperglycaemia),
hypothermia, jaundice, sepsis, and respiratory distress syndrome were associated with 65%, 64%, 59%,
51%, and 25% decrease in neonatal morality, respectively. These are important findings and highlights
that measures implemented by the Zambia government and its partners to address common preventable
neonatal death in the health facilities appears to be yielding the expected outcomes. Several strategic
policy and implementation-related decisions were made between 2000–2017 in areas of capacity
building of health care workers, healthcare infrastructure improvement, increase availability of skilled
birth attendance, and community outreach programs to encourage facility level delivery. Implementation
of key strategic programs such as maternal and perinatal death review, essential newborn care, Kangaroo
mother care, helping babies breathe, Safe Motherhood practices, and interventions using the EmONC
recommendations may have contributed significantly to the reduction of preventable neonatal death
observed in this study3 39.

In general, associations with neonatal mortality were stronger for preterm (< 37 weeks gestation) than for
term neonates (≥ 37 weeks gestation) and were also stronger for low birthweight (< 2500g) compared to
normal birthweight (≥ 2500g) neonates. The finding of stronger associations for preterm is consistent
with a meta-analysis which found that preterm birth consistently accounted for 5.7 to 7.1 times higher
neonatal mortality rates than term birth40. Similarly, the same meta-analysis found low birth weight to
have consistently accounted for 9.9 to 15.5 times higher neonatal mortality rates compared to normal
birthweight40. This implies that interventions targeting improve care for preterm and low birthweight
neonates may reduce neonatal mortality.

The findings of this study should be interpreted taking into consideration its’ limitations. We could not
retrieve all case files of neonates admitted at the NICU and amongst those retrieved, many had
inadequate information of maternal and perinatal characteristics. Those neonates who died on arrival or
who were not registered in the NICU register were not captured. Considering that this is a hospital-based
retrospective study, the findings cannot be generalizable to the general neonatal population. Despites
these, the study highlights the trends and determinants of neonatal morality in a major referral centre in
the country which is important for policy interventions.

Conclusion
Neonatal mortality in a major referral centre in Zambia highlights a slight reduction between 2018 and
2019 implying that current efforts towards achieving the neonatal mortality SDG goal is gradually being
achieved. It is therefore important to continue to improve prenatal and intrapartum care, obstetric
emergency services, and postnatal care geared towards the reduction of neonatal mortality in Zambia. It
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is also important to continue to monitor the trends and cause-specific neonatal mortality at all levels
especially in referral hospitals as well as rural urban disparities to support improve quality of care and
key decision-making. Our study findings provide important information and pointers to guide Government
and partners in identifying and prioritizing key neonatal mortality problems in their health policy
development and interventions.

Abbreviations
AIC: Akaike Information Criterion, EmONC: Emergency Obstetric and Neonatal Care, FETP: Field
Epidemiology Training Program, HMIS: Health Management Information System, MOH: Ministry of
Health, NICU: Neonatal Intensive Care Unit, NMR: Neonatal Mortality Rate, SDGs: Sustainable
Developmental Goals, UTH: University Teaching Hospital.

Declarations
Ethical approval: The University of Zambia Biomedical Research Ethics Committee (UNZBREC) approved
the current study and conforms to the 1964 Declaration of Helsinki Ethical Standards for Human
Research. The informed consent was waived by UNZBREC due to the retrospective nature of the study.

Consent for publication: No individual participants identifiable data or images or specimens is included in
this study and therefore informed consent for publication is not applicable.  

Availability of data and materials: The datasets used in this current study is available from the
corresponding author on reasonable request.

Competing interests: No competing interest declared. 

Funding: DT undertook this study as part of a master’s in public health and biostatistics and Field
Epidemiology Training Program (FETP). The study was not funded by any organisation.

Authors’ contributions

DT: Contributed to study conceptualisation, design, methodology, data analysis and interpretation,
original draft, review, and editing. BB: Contributed to study conceptualisation, design, methodology, data
analysis and interpretation, original draft, review, editing, and supervision of the manuscript for
publication. FDNA: Contributed to critical review and editing of draft. PK and CJ contributed to the study
design, interpretation, and supervision of the study. All authors read and approved final manuscript.

Acknowledgement: We appreciate the support of the Ministry of health-Zambia, monitoring, and
evaluation department staff for assisting with the sampling procedures. We also thank the University
teaching hospital management for granting us permission to access the data for this research purpose.
Special thanks to the staff of the neonatal Intensive Care Unit at the women and new-born hospital for



Page 21/24

the support in acquiring the data. Finally, we appreciate the mothers and babies who contributed data to
support this study. 

General disclaimers: The named authors stated here alone are responsible for the views expressed in this
publication. The designations employed and the presentation of the material in this publication do not
imply the expression of any opinion whatsoever on the part of WHO concerning the legal status of any
country, territory, city, or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. The mention of specific companies or of certain manufacturers’ products does not imply that
they are endorsed or recommended by WHO in preference to others of a similar nature that are not
mentioned. All reasonable precautions have been taken by WHO to verify the information contained in
this publication. However, the published material is being distributed without warranty of any kind, either
expressed or implied. The responsibility for the interpretation and use of the material lies with the reader.
In no event shall WHO be liable for damages arising from its use. 

References
1. World Health Organisation. Newborn Mortality. 2022. https://www.who.int/news-room/fact-

sheets/detail/levels-and-trends-in-child-mortality-report-2021 (accessed 14/09/2023).

2. Hug L, Alexander M, You D, et al. National, regional, and global levels and trends in neonatal mortality
between 1990 and 2017, with scenario-based projections to 2030: a systematic analysis. The Lancet
Global Health 2019;7(6):e710-e20.

3. Kamanga A, Ngosa L, Aladesanmi O, et al. Reducing maternal and neonatal mortality through
integrated and sustainability-focused programming in Zambia. PLoS Global Public Health
2022;2(12):e0001162.

4. Norris M, Klabbers G, Pembe AB, et al. A growing disadvantage of being born in an urban area?
Analysing urban–rural disparities in neonatal mortality in 21 African countries with a focus on
Tanzania. BMJ Global Health 2022;7(1):e007544.

5. Akombi BJ, Renzaho AM. Perinatal mortality in sub-Saharan Africa: a meta-analysis of demographic
and health surveys. Annals of global health 2019;85(1)

6. Tekelab T, Chojenta C, Smith R, et al. The impact of antenatal care on neonatal mortality in sub-
Saharan Africa: A systematic review and meta-analysis. PloS one 2019;14(9):e0222566.

7. Kc A, Jha AK, Shrestha MP, et al. Trends for neonatal deaths in Nepal (2001–2016) to project
progress towards the SDG target in 2030, and risk factor analyses to focus action. Maternal and
child health journal 2020;24:5-14.

8. Grady SC, Frake AN, Zhang Q, et al. Neonatal mortality in East Africa and West Africa: a geographic
analysis of district-level demographic and health survey data. Geospatial health 2017;12(1)

9. Guinsburg R, Sanudo A, Kiffer CRV, et al. Annual trend of neonatal mortality and its underlying
causes: population-based study–São Paulo State, Brazil, 2004–2013. BMC pediatrics 2021;21(1):1-
9.



Page 22/24

10. Yang Y, Patterson A, Yimer BE. Cost-Effectiveness Comparison of the ReMiND program and the
NewHints Program for Reducing Neonatal Mortality Rates in the Muchinga Province of Zambia.
Public Health Review 2021;4(2)

11. Kujala S, Waiswa P, Kadobera D, et al. Trends and risk factors of stillbirths and neonatal deaths in
Eastern Uganda (1982–2011): a cross‐sectional, population‐based study. Tropical Medicine &
International Health 2017;22(1):63-73.

12. Saloio CÁ, Morais Neto OLd, Gonçalves DA, et al. Magnitude and determinants of neonatal and
postneonatal mortality in Goiânia, Goiás, Brazil: a retrospective cohort study, 2012. Epidemiologia e
Serviços de Saúde 2020;29

13. Kibret GD, Demant D, Hayen A. The effect of distance to health facility on neonatal mortality in
Ethiopia. BMC Health Services Research 2023;23(1):114.

14. Miyoshi Y, Matsubara K, Takata N, et al. Baby survival in Zambia: stillbirth and neonatal death in a
local hospital setting. BMC pregnancy and childbirth 2019;19(1):1-6.

15. Saleem S, Naqvi F, McClure EM, et al. Neonatal deaths in infants born weighing≥ 2500 g in low and
middle-income countries. Reproductive Health 2020;17(2):1-14.

16. Houssou M, Hessou Y, Sawadogo B, et al. Neonatal mortality and risk factors in the University
Hospital of the Mother and Child Lagoon in Cotonou, Benin, 2015-2016. J Interv Epidemiol Public
Health 2020;3(10.37432)

17. Adewuyi EO, Zhao Y. Determinants of neonatal mortality in rural and urban Nigeria: Evidence from a
population‐based national survey. Pediatrics International 2017;59(2):190-200.

18. Andegiorgish AK, Andemariam M, Temesghen S, et al. Neonatal mortality and associated factors in
the specialized neonatal care unit Asmara, Eritrea. BMC public health 2020;20:1-9.

19. Gill CJ, Phiri-Mazala G, Guerina NG, et al. Effect of training traditional birth attendants on neonatal
mortality (Lufwanyama Neonatal Survival Project): randomised controlled study. Bmj 2011;342

20. Turnbull E, Lembalemba MK, Brad Guffey M, et al. Causes of stillbirth, neonatal death and early
childhood death in rural Zambia by verbal autopsy assessments. Tropical Medicine & International
Health 2011;16(7):894-901.

21. Shiferaw K, Mengistie B, Gobena T, et al. Neonatal Mortality Rate and Its Determinants: A
Community–Based Panel Study in Ethiopia. Frontiers in Pediatrics 2022;10 doi:
10.3389/fped.2022.875652

22. Mitiku HD. Neonatal mortality and associated factors in Ethiopia: a cross-sectional population-based
study. BMC Women's Health 2021;21(1):1-9.

23. United Nations Inter-agency Group for Child Mortality Estimation. Noenatal mortality rate for Zambia
2018. https://childmortality.org/data/Zambia (accessed 14/09/2023).

24. Freedman LS. Tables of the number of patients required in clinical trials using the logrank test.
Statistics in medicine 1982;1(2):121-29.



Page 23/24

25. Mukosha M, Kaonga P, Kapembwa KM, et al. Modelling mortality within 28 days among preterm
infants at a tertiary hospital in Lusaka, Zambia: a retrospective review of hospital-based records. Pan
African Medical Journal 2021;39(1)

26. Holmberg MJ, Andersen LW. Estimating risk ratios and risk differences: alternatives to odds ratios.
Jama 2020;324(11):1098-99.

27. Naimi AI, Whitcomb BW. Estimating risk ratios and risk differences using regression. American
journal of epidemiology 2020;189(6):508-10.

28. United Nations International Children's Emergency Fund. UN inter-agency group for child mortality
estimation. Levels and trends in child mortality 2018-2019

29. McClure EM, Garces AL, Hibberd PL, et al. The Global Network Maternal Newborn Health Registry: a
multi-country, community-based registry of pregnancy outcomes. Reproductive Health 2020;17:1-11.

30. Orsido TT, Asseffa NA, Berheto TM. Predictors of Neonatal mortality in Neonatal intensive care unit
at referral Hospital in Southern Ethiopia: a retrospective cohort study. BMC pregnancy and childbirth
2019;19:1-9.

31. Mohamed HA, Shiferaw Z, Roble AK, et al. Neonatal mortality and associated factors among
neonates admitted to neonatal intensive care unit at public hospitals of Somali Regional State,
Eastern Ethiopia: A multicenter retrospective analysis. Plos one 2022;17(5):e0268648.

32. Gudayu TW, Zeleke EG, Lakew AM. Time to death and its predictors among neonates admitted in the
intensive care unit of the University of Gondar Comprehensive Specialized Hospital, Northwest
Ethiopia. Research and Reports in Neonatology 2020:1-10.

33. World Health Organisation. Congenital disorders Key facts. 2023. https://www.who.int/news-
room/fact-sheets/detail/birth-defects (accessed 07/11/2023).

34. Ajao AE, Adeoye IA. Prevalence, risk factors and outcome of congenital anomalies among neonatal
admissions in OGBOMOSO, Nigeria. BMC pediatrics 2019;19(1):1-10.

35. Anane-Fenin B, Opoku DA, Chauke L. Prevalence, Pattern, and Outcome of Congenital Anomalies
Admitted to a Neonatal Unit in a Low-Income Country—a Ten-Year Retrospective Study. Maternal and
Child Health Journal 2023;27(5):837-49.

36. Malherbe HL, Aldous C, Woods D, et al. The contribution of congenital disorders to child mortality in
South Africa. South African Health Review 2016;2016(1):137-52.

37. Doku DT, Neupane S. Survival analysis of the association between antenatal care attendance and
neonatal mortality in 57 low-and middle-income countries. International journal of epidemiology
2017;46(5):1668-77.

38. Belachew A, Tewabe T, Dessie G. Neonatal mortality and its association with antenatal care visits
among live births in Ethiopia: a systematic review and meta-analysis. The Journal of Maternal-Fetal
& Neonatal Medicine 2022;35(2):348-55.

39. Muttau N, Mwendafilumba M, Lewis B, et al. Strengthening Kangaroo Mother Care at a tertiary level
hospital in Zambia: A prospective descriptive study. Plos one 2022;17(9):e0272444.



Page 24/24

40. Veloso FCS, Kassar LdML, Oliveira MJC, et al. Analysis of neonatal mortality risk factors in Brazil: a
systematic review and meta-analysis of observational studies. Jornal de pediatria 2019;95:519-30.

Figures

Figure 1

Study participant sampling flow chart


