Hindawi

International Journal of Pediatrics

Volume 2020, Article ID 3894026, 14 pages
https://doi.org/10.1155/2020/3894026

Research Article

Incidence Density Rate of Neonatal Mortality and Predictors in
Sub-Saharan Africa: A Systematic Review and Meta-Analysis

Zebenay Workneh Bitew(,' Ayinalem Alemu,” Ermias Getaneh Ayele,’
Desalegn Abebaw Jember,! Michael Tamene Haile,! and Teshager Worku®

ISt. Paul’s Hospital Millennium Medical College, Nursing Education Directorate, Addis Ababa, Ethiopia
ZEthiopian Public Health Institute, Addis Ababa, Ethiopia
*College of Health and Medical Sciences, School of Nursing and Midwifery, Haramaya University, Harar, Ethiopia

Correspondence should be addressed to Zebenay Workneh Bitew; zedo2015@gmail.com
Received 14 July 2020; Accepted 26 September 2020; Published 17 October 2020
Academic Editor: Asirvatham Alwin Robert

Copyright © 2020 Zebenay Workneh Bitew et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Neonatal mortality in Sub-Saharan countries is remarkably high. Though there are inconsistent studies about the
incidence density rate of neonatal mortalities (IDR) and predictors in Sub-Saharan Africa, they are inconclusive to policymakers
and program planners. In this study, the IDR of neonatal mortalities and predictors was determined. Methods. Electronic
databases (Web of Science, PubMed, EMBASE (Elsevier), Scopus, CINAHL (EBSCOhost), World Cat, Google Scholar, and
Google) were explored. 20 out of 818 studies were included in this study. The IDRs and predictors of neonatal mortality were
computed from studies conducted in survival analysis. Fixed and random effect models were used to compute pooled estimates.
Subgroup and sensitivity analyses were performed. Results. Neonates were followed for a total of 1,095,611 neonate-days; 67142
neonate-days for neonates treated in neonatal intensive care units and 1,028,469 neonate-days for community-based studies.
The IDRs of neonatal mortalities in neonatal intensive care units and in the community were 24.53 and 1.21 per 1000 person-
days, respectively. The IDRs of early and late neonatal mortalities neonatal intensive care units were 22.51 and 5.09 per 1000
neonate-days, respectively. Likewise, the IDRs of early and late neonatal mortalities in the community were 0.85 and 0.31,
respectively. Not initiating breastfeeding within one hour, multiple births, rural residence, maternal illness, low Apgar score,
being preterm, sepsis, asphyxia, and respiratory distress syndrome were independent predictors of time to neonatal mortality in
neonatal intensive care units and male gender, perceived small size, multiple births, and ANC were predictors of neonatal
mortality in the community. Conclusion. The incidence density rate of neonatal mortality in Sub-Saharan Africa is significantly
high. Multiple factors (neonatal and maternal) were found to be independent predictors. Strategies must be designed to address
these predictors, and prospective studies could reveal other possible factors of neonatal mortalities.

1. Background

Neonatal mortality rate (NMR) is defined as the death of a
newborn within 28 days of birth, and it is expressed per
1000 live births [1]. It is also classified as early (the first 7
days) and late (7 to 28 days) neonatal mortality rates [2, 3].
It is the most vulnerable period in which around one million
newborns die in the early neonatal period and 2.8 million die
in the late neonatal period [4]. Neonatal mortality rate in the
least developed countries (26 per 1000 live births) is signifi-
cantly lower than NMR in the globe (19 per 1000 live births)

[5]. In Sub-Saharan Africa (SSA), NMR was found to be 29
per 1000 live births that accounted for 36% of under-five
mortalities [6].

Neonatal mortality (NM) is a major public health prob-
lem that endangers the survival of children with a remarkable
variation between developed (4 to 46%) and developing
countries (0.2 to 64.4%) [7]. It contributes to 44% of under-
five mortalities throughout the world and more than 99%
of NM took place in low- and middle-income countries,
including SSA [2, 3, 8], with a slow progress in decreasing
of NM being seen in African and Asian countries [9]. The
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highest incidence of neonatal mortality was also reported in
Sub-Saharan countries, and the burden remained high even
after the implementation of the millennium development
goals. For instance, NMR in Ethiopia remained stagnant for
decades with the current NMR of 30 per 1000 live births [10].

Even though the burden of NMR is considerably high in
SSA, there are very few inconsistent studies about the inci-
dence dentistry rate (IDR) of NM. The predictors of time to
NM are also very limited. The IDR of NM in SSA ranged
from 1.00 per 1000 neonate-days [11] to 39.04 per 1000
neonate-days [12] in Ethiopia and from 1.93 [13] to 30 [14]
per 1000 neonate-days in the other Sub-Saharan countries.
The burden of IDR of NM is significantly higher in the stud-
ies conducted among neonates who were treated in the neo-
natal intensive care units (NICUs) [12-22] of SSA as
compared with community-based studies [11, 23, 24]. The
predictors of time to NM were reported by very limited stud-
ies that can be classified as service-related (type of delivery,
place of delivery, antenatal and postnatal cares, immuniza-
tion services, and physical distances of health institutions),
maternal-related (age, multiple pregnancy, residence, initia-
tion of breast feeding within one hour of birth, delivery com-
plications, and maternal illness), and newborn-related factors
(vital signs, low birth weight, gender, and comorbidities like
sepsis, hypothermia, asphyxia, respiratory distress syndrome,
and jaundice) [11-13, 15-23, 25-30].

All these studies revealed that the IDR of NM remained
unacceptably high in SSA. The findings are also inconsistent
and inconclusive to policymakers and stakeholders due to
variability among the findings. Thus, the pooled IDR of
NM and its predictors in SSA was determined in this system-
atic review and meta-analysis. As to our knowledge, this
study is the first of its type to identify the predictors of time
to NM using factors that were reported in hazard ratios
(HRs). In the original studies, HRs were computed using sur-
vival analysis model. The pooled IDRs and predictors were
computed for both studies conducted in the NICUs and
community-based studies. Hence, the findings of this study
will have a vital implication for policymakers, program plan-
ners, and to the scientific community. The findings will also
have a special importance of depicting gaps hindering the
progress of countries towards achieving the sustainable
development goals (SDGs), which has a plan of ending pre-
ventable causes deaths of newborns by all countries with an
aim of reducing neonatal mortality to as low as 12 per 1000
live births by 2030 [31].

2. Methods

2.1. Eligibility Criteria and Information Sources. In this sys-
tematic review and meta-analysis, studies conducted in SSA
with an objective of assessing incidence density rate (IDR)
of neonatal mortality and predictors were included. The
studies were assessed using study area, study setups, title,
abstract, and full texts prior to inclusion in this study. This
study is prepared based on preferred reporting items for sys-
tematic reviews and meta-analysis (PRISMA) statement [32].
In the current study, published articles, surveys, and unpub-
lished article that were conducted in English language were
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explored and included accordingly. Cohort studies that were
conducted in clinical and community-based setups reporting
the incidence density rates of neonatal mortality and predic-
tors using a hazard function were included in this meta-
analysis. Studies that were conducted from inception to June
2020 were searched. However, studies that did not report
either IDR of the predictors of neonatal mortality based on
the principles of survival analysis or hazard functions were
not included in the current meta-analysis. The EndNote X8
reference manager was used to manage retrieved articles.

2.2. Search Strategy and Selection of Studies. Comprehensive
searching was conducted to identify the studies. Electronic
databases, grey literature sources, and reference lists of arti-
cles were explored by three investigators (ZWB, AA, and
TW), independently. Web of Science, PubMed, EMBASE
(Elsevier), Scopus, CINAHL (EBSCOhost), World Cat, Goo-
gle Scholar, and Google were explored to find out articles.
Searching was conducted using key terms: (a) population
(neonates, newborns, and infants), (b) exposure (associated
factors, risk factors, determinants, and predictors), (c) out-
come (incidence density rate of neonatal mortality, death,
mortality, time to death, survival status, and treatment out-
comes), (d) study design (cohort studies, epidemiology,
observational, and national demographic and health sur-
veys), (e) study setting (hospitals, neonatal intensive care
unit, NICU, community-based surveys, and health centers),
and (f) location (Sub-Saharan Africa, SSA, and Sub-Saharan
countries). The Boolean search operators such as “OR” and
“AND” were used during the searching process. Key terms
were verified for appropriateness prior to actual searching.
Example of search strategy in PubMed: ((((((((((((((((Inci-
dence density rate) AND (“Infant, Newborn”[Mesh]))
AND (“Mortality”[Mesh])) OR (“Death”[Mesh])) OR (Time
to death)) OR (survival status)) OR (“Treatment Outcome”[-
Mesh]) AND (predictors))) OR (Determinants)) OR (Asso-
ciated factors)) OR (“Risk Factors”’[Mesh])) AND
(“Intensive Care Units, Neonatal’[Mesh])) AND (“Africa
South of the Sahara”[Mesh]))).

2.3. Data Extraction Process. Structured and pretested data
extraction checklist was used to collect information by three
authors (ZWB, DAJ, and EGA). Name of the author(s), pub-
lication year, study country, sample sizes, study population,
treatment outcome, type of neonatal mortality, follow-up in
neonate-days, the incidence density rate of death, and factor
in HRs were extracted for this study. During the extraction
process, disagreements between the three were solved by
the other author (MTH). The data for subgroup analysis
based on the type neonatal mortalities and the HRs of the
studies were extracted from the included studies. The appro-
priateness of each datum was verified before the analyses
(Additional file 1).

2.4. Quality Assessment of Studies. The qualities of the
included studies were independently appraised by two
authors (ZWB and MTH) using Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for Cohort Studies [33].
The tool has Yes, No, Unknown, and Not Applicable options;
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1 is given for Yes and 0 for other options. The minimum
score was 0, and 11 was the maximum one. The scores were
summed up and changed to percentages. Studies with >50%
quality scores were included in this meta-analysis (Addi-
tional file 2). The mean scores of the two reviewers were used
for the final decision of inclusion of the studies in this sys-
tematic review and meta-analysis. During critical appraisal,
the third author (TW) participated actively in solving dis-
agreements between two authors.

2.5. Summary Measures. The primary outcome of this study
was the incidence density rate of neonatal mortality in SSA
in both neonatal intensive care units and in the community
setups. The IDR was also computed for early neonatal mor-
tality (birth to 6 days) and late neonatal mortality (7 to 28
days). Time to neonatal mortality was calculated from admis-
sion to NICU to death or discharge and from birth to death
(for community-based studies). Neonates were followed in
days, and the IDRs were calculated by dividing the number
of neonates died to total follow-up periods in person-days
(neonate-days) and multiplying it by 1000. The IDRs were
presented per 1000 per person-days (neonate-days). The sec-
ond outcomes were predictors of time to neonatal mortality
that were computed from studies reporting predictors in
the form of HRs. The pooled HRs determining time to death
were computed using the crude hazard ratios with 95% con-
fidence intervals (CI) that were reported in the original stud-
ies. This was done to control confounders. STATA (version
15) software was used to compute the pooled estimates.
The “metan” command was used to compute the pooled haz-
ards ratios of each predictor variable. The pooled hazard
ratios (PHRs) were presented with 95% CI. Independent pre-
dictors were declared when the 95% CI did not include one.
The effect sizes were IDR of neonatal mortality and hazard
ratios predicting time to neonatal mortality.

2.6. Statistical Methods and Analysis. In the present meta-
analysis, STATA Version 15 (STATA Corporation, College
Station Texas) software was used for computing the pooled
estimates of both IDR of neonatal mortality and predictors
of NM. The pooled estimates were computed using both ran-
dom and fixed effect models. Results were presented by using
either the fixed (when there is no significant heterogeneity
among studies) and random effect models (when there is
heterogeneity among studies). Subgroup analyses were
performed using the type of neonatal mortality (early NM
or late NM), study setting (NICU or community based),
and country the original studies were conducted. The predic-
tors of neonatal mortality were identified for both clinical-
based and community-based studies. The pooled estimates
of predictors were also presented separately. The pooled esti-
mates were presented with 95% CI. Meta-analyses were pre-
sented using forest plot, summery tables, and texts.

2.7. Publication Bias and Heterogeneity. Publication bias was
assessed by looking at the asymmetry of the funnel plot
and/or statistical significance of Egger’s regression test. Pub-
lication bias was declared when Egger’s regression test was
significant (p <0.05) [34]. Heterogeneities among studies

were explored using forest plots, I? test, and Cochrane Q sta-
tistics [35]. The I? values of 25%, 50%, and 75% were inter-
preted as low, medium, and high heterogeneity, respectively
[36]. In this study, the presence of heterogeneity was declared
and justified when I? > 50% with p value < 0.05. The sources
of possible significant heterogeneities were explored through
subgroup analyses and sensitivity analysis (using Duval and
Tweedie’s Trim and Fill analysis in the random effect model).

3. Results

3.1. Selection of Eligible Studies. In the initial search, 818 stud-
ies were found. These studies were retrieved from electronic
databases and other sources. Of these studies, 425 were dupli-
cate files and 342 studies were removed after screening using
titles and abstracts. The full texts of 51 studies were reviewed.
Finally, 20 studies [11-30] were included in the final analysis
of this systematic review and meta-analysis (Figure 1).

3.2. Characteristics of the Studies. All studies included in this
study were cohort studies. Regarding the study setting, 12
studies [12-22, 28] were conducted in NICUs and three
[11, 23, 24] were community-based prospective cohort stud-
ies. The others [25-27, 29, 30] were reported from retrospec-
tive analysis of demographic and health surveys of the
respective countries. From the included studies to this sys-
tematic review and meta-analysis, the majorities (15 articles)
[11, 12, 15-24, 28-30] were conducted in Ethiopia, three
were performed in Nigeria [25-27], and others were done
in Burkina Faso [13] and Uganda [14]. In this study, neo-
nates were followed in days and the follow-up times were
reported in neonate-days. Neonates were followed for a total
of 1,095,611 neonate days, of which neonates admitted in
NICUs of SSA were followed for 67142 neonate-days and
neonates in community-based studies were followed for a
total of 1,028,469 neonate-days. The IDR of NM in NICU
ranged from 1.93 per 1000 neonate-days [13] to 39.04 per
1000 neonate days [12]. Likewise, it ranged from 1.00 [11]
to 1.51 [23] per 1000 neonate-days in the community-based
studies (Table 1).

In the current study, the predictors of time to NM were
presented in the form of hazard ratios. Out of 20 articles
included in this systematic review and meta-analysis, 11 arti-
cles [12, 13, 15-22, 28] reported the predictors of time to NM
among neonates admitted to NICU. Similarly, the predictors
of time to NM were reported by seven [11, 23, 25-27, 29, 30]
community-based studies, studies conducted through the
analysis of secondary data obtained from demographic and
health surveys. Regarding the quality scores of articles, nine
(11, 15-21, 23], eight [12, 14, 22, 24-26, 28, 30], and three
[13, 27, 29] were classified under high, medium, and low
qualities, respectively.

3.3. The Pooled Incidence Rate of Neonatal Mortality in Sub-
Saharan Africa. Fourteen articles were included to estimate
the pooled IDR of NM in SSA. Of these, 11 articles [12-22]
were used to compute the pooled IDR of NM among neo-
nates admitted to NICU. Three articles [11, 23, 24] were
included to estimate the pooled IDR of NM in the
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Studies identified through database searching
(n=818)

Duplicated studies
> (n=425)

\

Studies after duplicated studies were removed
(n=393)

Studies excluded by title
and abstract (n = 342)

\ 4

Full texts of studies assessed
for eligibility
(n=51)

Full-text studies excluded (n = 31)
(i) Inconsistent outcomes (20)
(ii) Incomplete records (11)

\ 4

20 studies were included in this
systematic review & meta-analysis

[Included ] {Eligibility] { Screening ][Identiﬁcation]

FiGure 1: PRISMA flow chart showing the literature search process.

TaBLE 1: Incidence density rates (IDRs) of neonatal mortality in Sub-Saharan Africa.

Sample Study Treatment Type of NM Neonate ~ IDR/1000 neonate  Quality

Author year Country sizz population outcome P days days (95% CI) score
Preterm Term Dead Censored ENM LNM

Dessu et al., 2019 [15]  Ethiopia 332 37 30 67 265 — — 2121 31.59 (24.14, 39.04) High
Gudayu et al., 2020 [16] Ethiopia 504 — — 87 417 73 14 2508 34.69 (27.54, 41.84) High
Kayode et al,, 2016 [37] Ethiopia 1152 — — 68 1084 50 18 273575 2.49 (1.90, 3.08) High
Orsido et al., 2019 [18] Ethiopia 964 84 75 159 804 132 27 5889 27.00 (22.86, 31.14) High
Asmare, 2018 [12] Ethiopia 571 170 — 170 401 103 67 4354 39.04 (33.28, 44.80) Medium
Yismaw et al., 2019 [19] Ethiopia 516 149 — 149 — 127 22 4527 3291 (27.72, 38.10) High
Alebel et al., 2020 [20] Ethiopia 513 42 67 109 404 91 18 4223 25.81 (21.03, 30.59) High
fgﬁ‘glsm etal, 2020 Ethiopia 612 69 45 114 498 103 11 41778  27.29(22.35,32.23)  High
Kahsay et al., 2020 [22] Ethiopia 253 — — 32 221 32 — 1425.32 22.45 (14.77,30.13  Medium
Coulibaly etal, 2016 Burkina ., — — 18 323 — — 93264 1.93 (1.05, 2.81) Low
[13] Faso
I[\fz]so"ko etal, 2014 Uganda 341 — — 37 304 37— 12333 30.00 (20.47,39.53) Medium
ggfenu etal, 2017 piopia 490  —  — 171 319 171 —  — — Medium
Limaso et al., 2020 [23] Ethiopia 584 — 584 24 — 15 11 15894 1.51 (0.90, 2.12) High
Gizaw et al., 2014 [24] Ethiopia — — — 1055 — 768 287 803370 1.31 (1.23, 1.39) Medium
Desta et al., 2016 [11]  Ethiopia 7367 — — 209 7158 144 20 209205 1.00 (0.86, 1.14) High
Wakgari and I .
Wencheko, 2013 [30] Ethiopia 8651 — — 517 — 367 150 — — Medium
Ezeh et al., 2014 [26] Nigeria 27147 — — 996 26151 — — — — Medium
Dahiru, 2017 [27] Nigeria 244836 —  — 8176 236660 8176 —  — — Low
Dahiru, 2015 [25] Nigeria 119024 — — 3772 115,252 3772 — — — Medium
Mekonen et al., 2013 Ethiopia 32 042 . . . B . B B . Low

[29]




International Journal of Pediatrics

IDR of NM in SSA
Study %
1D ES (95% CI) weight
T
NICU !
Dessu et al. 2019 1 —m— 31.59 (24.14, 39.04) 2.19
|
Gudayu et al. 2020 | —— 34.69 (27.54, 41.84) 2.35
Mengesha et al. 2016 . ! 2.49 (1.90, 3.08 14.10
(¢} 'i tal. 2019 | - 27.00 ((22 86, 31 1)4) 5.32
18140 et al. ! A .00, . .
|
Asmare & Mekonnen. 2018 ! —— 39.04 (33.28, 44.80) 3.33
Yismaw et al. 2019 | —— 32.91 (27.72, 38.10) 3.89
Alebel et al. 2020 | . 25.81 (21.03, 30.59) 438
Mengistu et al. 2020 ! —l 27.29 (22.35, 32.23) 4,18
Kahs'ay et al. 2020 i — 22.45 (14.77, 30.13) 2.08
Coulibaly et al. 2016 . ; 1.93 (1.05, 2.81) 13.53
Musooko et al. 2014 l —— 30.00 (20.47, 39.53) 1.42
Subtotal (I = 98.7%, p = 0.000) i = 24.53 (18.68, 30.38) 56.77
|
|
Community based i
Limaso et al. 2020 ! 1.51 (0.90, 2.12) 14.07
Gizaw et al. 2014 ! 1.31(1.23,1.39) 14.59
Desta et al. 2016 | 1.00 (0.86, 1.14) 14.57
Subtotal (12 = 87.2%, p= 0.000) | 121 (0.94, 1.48) 4323
|
N |
Overall (7 = 98.6%, p = 0.000) <> 9.85 (8.65, 11.05) 100.00
|
Note: weights are from random effects analysis |
1 I 1
-44.8 0 44.8

F1GURE 2: The incidence density rate of neonatal mortality in SSA.

community. The pooled IDR of NM in SSA was found to be
9.85 per 1000 neonate-days (95% CI: 8.65, 11.05; I* = 98.6%,
p <0.001). The IDR of NM among neonates admitted to
NICUs of SSA was 24.53 per 1000 person-days (95% CI:
18.68, 30.38; I*=98.7%, p<0.001), whereas the pooled
IDR of NM in the community was 1.21 per 1000 person-
days (95% CI: 0.94, 1.48; I*=87.2%, p<0.001) in the
random effect model (Figure 2).

3.4. Subgroup Analysis of Incidence Rate of Neonatal
Mortality in Sub-Saharan Africa. Due to the presence of
higher heterogeneity both in the clinical-based and
community-based studies, subgroup analysis was done on the
type on NM (ENM and LNM). Twelve studies were eligible
to estimate the pooled IDR of ENM in SSA, of which nine
[12, 14, 16-22] were used to compute IDR in NICU and three
[11, 23, 24] were used for community-based studies. The over-
all pooled IDR of ENM in SSA was 6.96 per 1000 neonate-days
(95% CI: 5.96, 7.96; I = 98.4%, p < 0.001), of which IDR of
ENM in NICU was 22.51 per 1000 neonate-days (95% CI:
12.11, 3291; I*=98.6%, p<0.001) and 0.85 per 1000
neonate-days (95% CI; 0.62, 1.08; I* =87.7%, p <0.001) in
the community. Likewise, the pooled IDR of LNM (0.92
perl000 neonate-days; 95% CI: 0.62, 1.22; I*=96.3%, p <
0.001) was computed using 10 eligible articles. Of these, the
IDR of LNM in NICU was 5.09 per 1000 neonate-days (95%

CL: 2.52, 7.65; I* = 94.9%, p < 0.001) that was computed from
seven eligible studies [12, 16-21]. The IDR of LNM in the com-
munity [11, 23, 24] was found to be 0.31 per 1000 neonate-days
(95% CI: 0.08, 0.55; I* = 97.8%, p < 0.001) (Figure 3).

The IDR of NM among neonates admitted to NICUs in
SSA was further analyzed based on countries, where the orig-
inal studies were performed. This was done due to significant
heterogeneities among the included studies and to verify the
possible source of heterogeneities. Hence, the IDR of NM in
Ethiopia, Burkina Faso, and Uganda were 26.96 (95% CI:
14.39, 39.53; I>=98.9%, p<0.001), 1.93 (95% CI: 1.05,
2.81), and 30.00 (95% CI: 20.47, 39.53) per 1000 neonate-
days, respectively (Figure 4). However, heterogeneity
among studies remained higher and the possibility of its
association with publication bias was explored using funnel
plot and Egger’s regression test. The funnel plot revealed
that there was publication bias, and the asymmetry of
funnel plot was confirmed by a significant Egger’s test
(p<0.001) (Figure 5). Finally, sensitivity analysis was done
and it was found that no single study affected the pooled
IDR. However two studies [13, 17] could have a slight contri-
bution to heterogeneity among the studies used to compute
the pooled IDR of NM among neonates treated with in
NICUs of countries in Sub-Saharan Africa (Figure 6).

3.5. Predictors of Neonatal Mortality in Sub-Saharan Africa.
The predictors of time to NM were computed for both
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IDR of ENM in SSA

Study %
1D ES (95% CI) weight
NICU |
|
Gudayu et al. 2020 ! —— 29.11 (22.52, 35.70) 2.07
Mengesha et al. 2016 . | 1.83 (1.32,2.34) 18.26
Orsido et al. 2019 l - 22.41(18.63,26.19)  5.14
Asmare & Mekonnen, 2018 i —— 23.66 (19.15, 28.17) 3.93
Yismaw et al. 2019 | —l— 28.05 (23.25, 32.85) 3.55
Alebel et al. 2020 | —- 21.55(17.18,25.92)  4.13
Mengistu et al. 2020 | B 24.65(19.95,29.35)  3.67
|
Kahsay et al. 2020 } —— 22.45(14.77,30.13) 1.56
Musooko et al. 2014 | — . 30.00 (20.47, 39.53) 1.05
Subtotal ( = 98.6%, p = 0.000) I 22,51 (12.11,3291) 4334
|
|
Community based \
Limaso et al. 2020 | 0.94 (0.47, 1.41) 18.39
|
Gizaw et al. 2014 ! 0.96 (0.90, 1.02) 19.15
Desta et al. 2016 } 0.69 (0.57, 0.81) 19.11
Subtotal (1 = 87.7%, p = 0.000) | 0.85 (0.62, 1.08) 56.66
|
. |
|
Overall (2 = 98.4%, p = 0.000) 0 6.96 (5.96,7.96)  100.00
|
Note: weights are from random effects analysis i
T T
-39.5 39.5
IDR of INM in SSA
Study %
D ES (95% CI) weight
NICU |
Gudayu et al. 2020 T — 5.58 (2.6, 8.50) 1.00
Mengesha et al. 2016 - 0.66 (0.35,0.97) 19.99
Orsido et al. 2019 T - 4,58 (2.86, 6.30) 2.68
Asmare & Mekonnen, 2018 : —m— 15.39 (11.71, 19.07) 0.64
Yismaw et al. 2019 . 4.86 (2.84, 6.88) 2.01
Alebel et al. 2020 L —.— 4.26 (2.30, 6.22) 2.13
Mengistu et al. 2020 i—-— 2.63 (1.08, 4.18) 3.24
Subtotal (I = 94.9%, p = 0.000) ! = 5.09 (2.52, 7.65) 31.69
I
I
Community based X
Limaso et al. 2020 0.69 (0.28, 1.10) 17.24
Gizaw et al. 2014 0.36 (0.32, 0.40) 25.53
Desta et al. 2016 0.10 (0.06, 0.14) 25.53
Subtotal (I = 97.8%, p=0.000) ' 0.31 (0.08, 0.55) 68.31
1
N 1
Overall (2 = 96.3%, p = 0.000) ¢ 0.92 (0.62,1.22) 100.00
]
Note: weights are from random efeects analysis :
T T
-19.1 19.1

F1GURE 3: The IDR of early neonatal mortality (ENM) and late neonatal mortality (LNM) in SSA.

studies conducted in NICUs and studies conducted through
analysis of secondary data (community-based studies). For
a predictor to be included in this meta-analysis, it has to be
statistically significant at least in two studies. Eleven studies
[12, 13, 15-22, 28] were included in the analysis of the pre-

dictors of time to NM among neonates treated in NICUs of
SSA. Fifteen predictors were included in this meta-analysis:
low Apgar score, not initiating breastfeeding within one hour
of birth, multiple births, CS delivery, home delivery, low birth
weight, being preterm, being female, no ANC follow-up,
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IDR of NM in SSA

Study %

ID ES (95% CI) weight
T

Ethiopia }

Dessu et al. 2019 — . 31.59 (24.14, 39.04) 8.58

Gudayu et al. 2020 | — 34.69 (27.54, 41.84) 8.67

Mengesha et al. 2016 = i 2.49 (1.90, 3.08) 9.96

Orsido et al. 2019 —i— 27.00 (22.86, 31.14) 9.49

Asmare & Mekonnen, 2018 | —— 39.04 (33.28, 44.80) 9.09

Yismaw et al. 2019  —— 3291 (27.72, 38.10) 9.24

Alebel et al. 2020 —m— 25.81 (21.03, 30.59) 9.34

Mengistu et al. 2020 —%—.— 27.29 (22.35, 32.23) 9.30

Kahsay et al. 2020 —— 22.45 (14.77, 30.13) 8.50

Subtotal (2 = 98.9%, p = 0.000) S —— 26.96 (14.39, 39.53) 82.18
|

. |

Bunkina Faso |

Coulibaly et al. 2016 m | 1.93 (105, 2.81) 9.94

Subtotal (P =%, p=".) 0 ! 1.93 (1.05, 2.81) 9.94
|

: |

Uganda |

Musooko et al. 2014 — . 30.00 (20.47, 39.53) 7.88

Subtotal (P = %, p=.) <> 30.00 (20.47, 39.53) 7.88
|

: 1

Overall (7 = 98.7%, p = 0.000) S 24.53 (18.68, 30.38) 100.00
|
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T T
-44.8 0 448

F1GURE 4: The IDR of neonatal mortality among neonates treated in the NICUs of SSA.

Funnel plot with pseudo 95% confidence limits

01 y
\
CARY
e, |\
/ \
/ \
1 L I
/ \
/ \
/ \
/ \
2 - Lo )
/ \
=2 ; \
= / \
&3] / \
195] / \
3 / A
/ \
/ \
/
’
i
4 y
i
/
/
’
5
T T T
-10 0 10

IDR

F1GuURrk 5: Funnel plot showing publication bias among studies used to compute the IDR of NM among neonates treated in the NICUs of SSA.

rural residence, sepsis, asphyxia, respiratory distress syn-
drome (RDS), hypothermia, and maternal illness. Of these
CS delivery, home delivery, low birth weight, being female,
no ANC follow-up, and hypothermia were found to be statis-
tically insignificant. Low Apgar score, not breastfeeding
within one hour of birth, multiple births, being preterm, rural
residence, sepsis, asphyxia, RDS, and maternal illness were
independent predictors of time to NM. Neonates with low
first and 5" minute Agar score were 3.47 (PHR: 3.47, 95%

CI: 2.53, 4.41) times more likely to die as compared to neo-
nates who were born with normal Apgar score. The hazard
of death of neonates who did not initiate breastfeeding within
one hour of birth was 3.77 (PHR: 3.77, 95% CI: 1.44, 6.10)
times than the counterparts. Neonates who were part of mul-
tiple births were four times (PHR: 3.92, 95% CI: 2.64, 5.37)
more likely to die compared to neonates born from single
pregnancies. Likewise, preterm neonates were 3.78 (PHR:
3.78, 95% CI: 2.28, 5.27) times more likely to die than term
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FIGURE 6: Sensitivity analysis for studies included to estimate the pooled incidence density rate of neonatal mortality in NICUs of SSA.

neonates. Neonates who were from a rural residence were
nearly two times (PHR: 1.91, 95% CI: 1.30, 2.52) more likely
to die than neonates who were from urban residence. The
likelihood of death of neonates whose mother had a history
of illness during pregnancy was higher than the counterparts
(PHR: 1.91, 95% CI: 1.41, 2.41). Moreover, comorbidities
(sepsis, asphyxia, and RDS) increased the hazards of death
of neonates who were treated in the NICUs of SSA. The haz-
ard of death of neonates with sepsis was 1.94 (PHR: 1.94, 95%
CI: 1.53, 2.34) times than neonates free from sepsis. Similarly,
the likelihood of death among neonates with perinatal
asphyxia were two (PHR: 2.03, 95% CI: 1.32, 2.75) times as
compared to neonates who had no perinatal asphyxia.
Besides, neonates who had RDS were 2.49 (PHR: 2.49, 95%
CI: 1.98, 3.00) times more likely to die than neonates who
did not have RDS (Table 2).

In the current study, seven community-based studies
[11, 23, 25-27, 29, 30] were included to compute the PHRs
predicting time to death of neonates in the community.
From the eligible predictors, three variables (home delivery,
CS delivery, and pregnancy complications) were not signifi-
cantly associated with time to NM, whereas male gender,
perceived small size, multiple births, and ANC follow-up
were significantly associated with time to NM. Perceived
small size is a substitute of low birth weight in NICU-
based studies due to the fact that birth weights and weeks
of delivery are usually unclear in the community-based stud-
ies. Male neonates were 1.31 (PHR: 1.31, 95% CI: 1.22, 1.41)
times more likely to die than females. Neonates who were
perceived as small in size by their mother were 1.85 (PHR:
1.85, 95% CI: 1.05, 2.65) times highly likely to die as com-
pared to neonates who were perceived to be normal in size
at birth. Similarly, multiple births increased the likelihood
of death by 3.71 (PHR: 3.71, 95% CI 1.72, 5.69) times than
single births. Finally, this study revealed that ANC follow-
up could decrease the hazard NM by 12% (PHR: 0.82, 95%
CI: 0.66, 0.97). Only one study [23] reported that no postna-
tal care increased the likelihood of neonatal mortality in the
community (HR: 2.80, 95% CI: 1.16, 6.75) (Table 2).

4. Discussion

This study is the first of its type in investigating the pooled
incidence density rate of neonatal mortality and its predictors
among neonate treated in the neonatal intensive care units
and community setups of SSA. Though there are limited
studies in SSA about IDR of NM and its predictors, 20 studies
were found to fulfill the eligibility criteria of this study. Thus,
14 studies were used to compute the pooled IDR of NM and
18 studies were used to identify the predictors of NM both in
the clinical setups and in the community.

The pooled IDRs of NM were computed using fixed and
random effect models. However, the final estimates were
reported using random effect model, due to the presence of
remarkable heterogeneity among the included studies
(I* > 90%, p < 0.001). The pooled IDR of NM in SSA is 9.85
per 1000 neonate-days, of which the IDR of neonates who
were treated in NICUs is 24.53 per 1000 person-days and
1.21 per 1000 person-days in the community. Due to high
heterogeneity among studies, these pooled estimates were
presented with a random effect model. In this study, sub-
group analyses were performed to compute the pooled IDR
of NM. Based on the type of NM, IDR of ENM is 6.96 per
1000 neonate-days, of which IDR of ENM in NICU is 22.51
per 1000 neonate-days and 0.85 per 1000 neonate-days in
the community. Likewise, the IDR of LNM is 0.92 per1000
neonate-days. Of these, IDR in NICU is 5.09 per 1000
neonate-days and the IDR of LNM is 0.31 per 1000
neonate-days. The IDR of NM in NICUs of SSA was further
analyzed based on study country. The IDR of NM in Uganda,
Ethiopia, and Burkina Faso were 30.00, 26.96, and 1.93 per
1000 neonate-days, respectively. Finally, trim and fill analysis
(sensitivity analysis) was performed; however, no significant
change was observed in the pooled estimates and heterogene-
ities between the studies included in this meta-analysis. The
possible source of heterogeneity could be best explained by
the presence of a wide variation in NM among Sub-Saharan
countries that might be related to differences in the quality
of healthcare governance, prevalence of HIV, and
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TaBLE 2: Predictors of neonatal mortality in Sub-Saharan Africa.

Predictors of neonatal mortality among neonates treated in the neonatal intensive care units (NICUs) of SSA.

Predictors

Included studies

HR (95% CI)

Pooled HR (95% CI)

Heterogeneity

Low Apgar score

No BF in 1 hour

Multiple births

CS delivery

Home delivery

Low birth weight

Preterm

Female gender

No ANC follow-up

Rural residence

Sepsis

Asphyxia

Respiratory distress syndrome

Hypothermia

Dessu et al., 2019
Asmare & Mekonnen, 2018
Alebel et al., 2020
Kahsay et al., 2020
Dessu et al., 2019
Mengesha et al., 2016
Orsido et al., 2019
Alebel et al., 2020
Dessu et al., 2019
Orsido et al., 2019
Mengistu et al., 2020
Kahsay et al., 2020
Dessu et al., 2019
Orsido et al., 2019
Mengesha et al., 2016
Gudayu et al., 2020
Yismaw et al., 2019
Mengesha et al., 2016
Kahsay et al., 2020
Yismaw et al., 2019
Gudayu et al., 2020
Orsido et al., 2019
Asmare & Mekonnen, 2018
Kahsay et al., 2020
Coulibaly et al., 2016
Orsido et al., 2019
Mengistu et al., 2020
Kahsay et al., 2020
Orsido et al., 2019
Alebel et al., 2020
Mengistu et al., 2020
Kahsay et al., 2020
Gudayu et al., 2020
Asmare & Mekonnen, 2018
Yismaw et al., 2019
Mengistu et al., 2020
Wosenu et al., 2017
Gudayu et al., 2020
Orsido et al., 2019
Yismaw et al., 2019
Wosenu et al., 2017
Mengistu et al., 2020
Orsido et al., 2019
Asmare & Mekonnen, 2018
Alebel et al., 2020
Wosenu et al., 2017
Orsido et al., 2019
Yismaw et al., 2019

4.8 (3.61, 9.87)
3.83 (2.70, 5.44)
2.70 (1.50, 4.80)
3.13 (1.43, 6.86)
1.79 (1.09, 2.96)
21.63 (12.82, 36.49)
7.42 (4.73, 11.64)
2.00 (1.30, 3.20
2.40 (1.19, 4.93
4.43 (3.24, 6.07)
5.68 (2.95, 6.73)
2.73 (1.18, 6.32)
1.90 (1.08, 3.34)
0.26 (0.15, 0.46)
1.17 (0.65, 2.10)
2.26 (1.04, 4.90)
2.14 (1.08, 4.23)
11.49 (4.49, 29.39)
7.30 (3.41, 15.63)
1.56 (1.10, 2.21)
2.55 (1.59, 4.08)
341 (2.46, 4.73)
6.31 (3.89, 10.24)
5.83 (2.52, 13.49)
17.60 (6.90, 44.8)
0.59 (0.42, 0.84)
1.55 (0.96, 2.01)
0.56 (0.26, 1.19)
12.96 (7.86, 21.39)
2.60 (1.50, 4.60)
1.98 (1.27, 2.66)
1.68 (0.84, 3.36)
1.95 (1.06, 3.59)
221 (1.57, 3.12)
1.68 (1.04, 2.72)
2.50 (1.81, 5.27)
1.80 (1.20, 2.60)
1.23 (0.79, 1.92)
1.73 (1.25, 2.39)
2.18 (1.58, 3.03)
1.60 (1.05, 2.56)
4.84 (2.64, 5.90)
4.60 (3.10, 6.82)
2.27 (1.56, 3.28)
2.50 (1.70, 3.70)
2.22 (1.50, 3.30)
4.75 (3.33, 6.78)
1.68 (1.00, 2.82)

3.47 (2.53, 4.41)*

3.77 (1.44, 6.10)*

3.92 (2.64, 5.37)*

0.99 (0.04, 1.95)

2.19 (0.97, 3.410)

4.85 (0.68, 10.37)

3.78 (2.28, 5.27)*

0.87 (0.32, 1.41)

7.24 (-2.86, 17.33)

1.91 (1.30, 2.52)*

1.94 (1.53, 2.34)*

2.03 (1.32,2.75)*

2.49 (1.98, 3.00)*

3.12 (0.12, 6.13)

% =0.0%, p = 0.603

I? = 85.0%, p < 0.001

I? =58.0%, p=0.068

I? = 85.0%, p < 0.001

% =0.0%, p=0.925

I? = 65.4%, p = 0.056

I? =49.3%, p=0.095

2 =82.6%, p = 0.003

I? = 88.3%, p = 0.003

I?=0.0%, p=0.683

I = 0.0%, p = 0.846

I? =78.5%, p=0.001

I =45.9%, p=0.136

I? = 85.9%, p=0.002
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Predictors of neonatal mortality among neonates treated in the neonatal intensive care units (NICUs) of SSA.

Predictors

Included studies

HR (95% CI)

Pooled HR (95% CI)

Heterogeneity

Maternal illness

Asmare & Mekonnen, 2018
Yismaw et al., 2019

2.38 (1.63, 3.46)
1.71 (1.21, 2.40)

Predictors of neonatal mortality in SSA using community-based studies

Male gender

Perceived small size

Multiple births

Rural residence

Home delivery

CS delivery

Pregnancy complication

ANC follow-up

No PNC

Limaso et al., 2020
Wakgari & Wencheko, 2013
Ezeh et al., 2014
Dahiru, 2017
Mekonen et al., 2013
Desta et al., 2016
Wakgari & Wencheko, 2013
Ezeh et al., 2014
Limaso et al., 2020
Desta et al., 2016
Wakgari & Wencheko, 2013
Dahiru, 2017
Ezeh et al., 2014
Dahiru, 2015
Mekonen et al., 2013
Limaso et al., 2020
Ezeh et al., 2014
Ezeh et al., 2014
Dahiru, 2017
Dahiru, 2015
Mekonen et al., 2013

Wakgari & Wencheko, 2013
Dahiru, 2015

Wakgari & Wencheko, 2013
Dahiru, 2015
Limaso et al., 2020

2.61 (1.08, 6.29)
1.26 (1.06, 1.50)
1.29 (1.11, 1.51)
1.25 (1.10, 1.43)
1.42 (1.26, 1.59)
5.89 (2.4, 14.22)
1.38 (1.05, 1.82)
2.17 (1.82, 2.58)
3.48 (1.04, 11.68)
6.76 (4.64, 9.81)
3.73 (2.81, 4.94)
1.82 (1.43, 2.31)
1.36 (1.11, 1.66)
1.30 (1.28, 1.33)
1.22 (1.03, 1.46)
2.55 (1.01, 6.42)
1.00 (0.84, 1.17)
2.33 (1.54, 3.51)
2.09 (1.59, 2.74)
0.93 (0.81, 1.07)
1.26 (0.86, 1.85)
1.73 (1.27, 2.24)
1.07 (1.01, 1.13)
0.72 (0.59, 0.89)
0.88 (0.85, 0.92)
2.799 (1.16, 6.75)

1.91 (1.41, 2.41)*

131 (1.22, 1.41)"

1.85 (1.05, 2.65)*

3.71 (1.72, 5.69)*

1.30 (1.27, 1.32)*

1.01 (0.84, 1.17)

1.58 (0.91, 2.20)

1.35 (0.71, 1.99)

0.82 (0.66, 0.97)*

I? =30.9%, p=0.229

I?=0.0%, p=0.493

1% = 80.1%, p = 0.007

I’ =86.9, p<0.001

I =0.0%, p =0.700

I?=20.4%, p=0.262

I? =86.9, p<0.001

I? = 85.7%, p = 0.008

I’ =75.9%, p=0.042

BF: breastfeeding; CS: cesarean section; ANC: antenatal care; PNC: postnatal care.

socioeconomic deprivation [37]. From these findings, it can
be deduced that the IDR of NM in most of studies in NICUs
is significantly higher than IDR in the community. The
pooled IDRs are also remarkably higher NICUs. This could
be attributed to the high burden of comorbidities in neo-
nates admitted to NICUs, and most of neonates admitted
to NICUs are preterm newborns which could uplift the
likelihood of NM [38].

Regarding the predictors of NM, the predictors were clas-
sified into two. The first were those predicting time to NM of
neonates who were treated in the NICUs of SSA. The second
were predictors that determine the time to NM of neonates
from birth to death using community-based studies. The
independent predictors of NM among neonates who were
treated in NICUs were further classified as maternal-related
and newborn-related factors. The maternal-related factors
were not initiating breastfeeding within one hour of birth,
multiple births, rural residence, and maternal illness. The
likelihood of NM during delayed initiation of breastfeeding
is significantly higher as compared to the early initiation

(with in 1 hour of birth) and this is supported by previous
meta-analyses [39-41]. Similarly, the hazard of death among
neonates born from multiple pregnancies is considerably
higher than single pregnancies. The possible elucidation for
this is that multiple births are usually associated with preterm
births that can amplify the risk of NM [42, 43]. Rural resi-
dence is also an independent predictor of NM and the possi-
ble rational might be lack of access to health care services
during antenatal and postnatal periods which could increase
NM. Besides, maternal illness during pregnancy is found to
have a significant association with NM and this is supported
by a previous study finding [44].

The newborn-related factors were low Apgar score in the
first and fifth minute of birth, being preterm, sepsis, asphyxia,
and RDS. Low Apgar score in the first and 5™ minute of birth
is found to increase the likelihood of NM, and it is corrobo-
rated by a previous finding that depicted low Apgar scores
have a higher predictive value of NM [45]. The hazard of death
of preterm babies is remarkably higher than neonates born on
the due date. This could be due to the fact that preterm
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newborns are at greater risk of death, which could be
resulted from physical and physiologic immaturities [46,
47]. In addition, comorbidities (sepsis, asphyxia, and RDS)
increased the hazards on NM. It is clear that neonatal sep-
sis is one of the public health problems affecting the sur-
vival of children, primarily in countries included in this
study [48]. Neonatal sepsis is frequently reported by prior
studies as a predictor of NM [2, 49, 50]. Likewise, perinatal
asphyxia is found to have a main predictor of NM. This
could be due the fact that asphyxia is caused by interrup-
tion of blood flow to the placenta that could further decrease
blood flow to the vital organs like the kidney, brain, heart,
and lung [51, 52]. Another possible explanation for this is that
the presence of high prevalence of perinatal asphyxia in East
and Central Africa could be associated with increased inci-
dence of NM in SSA [53]. Respiratory distress syndrome is
also found to increase the hazard of NM of neonates treated
in the NICUs of SSA. The mechanism of NM secondary to
RDS is nearly similar with asphyxia, and RDS is the main pre-
dictor of NM which is supported by other findings [54, 55].

In the current study, the predictors of NM among neo-
nates born in SSA were male gender, perceived small size,
multiple births, and ANC follow-up. These predictors were
computed from demographic and health surveys of the
respective countries. The likelihood of NM in males is signif-
icantly higher than females. This could be associated with
physiologic or hormonal differences, and the other possible
rationales need to be explained by future researches. Like-
wise, perceived small size as reported by mothers of neonates
is significantly associated with NM. This could be due to the
fact that it is highly likely for perceived small sized babies to
be either low birth weight or preterm and the likelihood of
NM is highly likely in either of the two cases [56]. Multiple
births are also independent predictors of NM in the
community-based studies similar to studies conducted in
the NICUs. In the present study, access to antenatal care is
another independent determinate of prohibiting death neo-
nates in SSA. This is supported a prior meta-analytic finding
which revealed utilization of at least one antenatal visit could
decrease NM by up to 39% [57]. Besides, only one study
reported that no postnatal follow-up increased the hazard
of NM [23]. There were very limited studies about the effect
of postnatal care on the survival of newborns in SSA and it is
a potential area of investigation.

In general, the findings of this study pinpointed that
NM in SSA is caused by multiple predators, which are
informative to program planners and policymakers of peri-
natal cares. The policymakers need to focus on promotion
breastfeeding in the first one hour of birth. The NICUs
should be organized to the standard. This can mitigate
the three leading causes (asphyxia, preterm-related compli-
cations, and sepsis) NM in SSA. Besides, designing policies
focusing on universal access of antenatal and postnatal
cares may minimize the maternal causes of NM, such as
maternal illnesses in SSA.

4.1. Strengths and Limitations. The main strength of this
study is that the reputable databases were explored to find
all possible articles. This study is the first of its type in
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determining the IDR of NM in SSA and unfolding the pos-
sible predictors of NM using hazard ratios. The predictors
were separately estimated from studies in NICUs and
community-based studies. This finding will have a para-
mount importance for program planners and policymakers
in SSA, where the burden of NM is considerably high.
Despite these strengths, the presence of scant studies in
countries other than Ethiopia could obscure some other
predictors of time to NM in SSA. Lack of reports on IDR
of NM in community-based studies could also be associated
with under estimation of IDR of NM in SSA. Prospective
cohort studies in countries other than Ethiopia and
community-based prospective cohort studies could unfold
all possible causes of NM in the future.

5. Conclusion

The incidence density rate of neonatal mortality among
neonates treated in neonatal intensive care units of SSA is
significantly high. It is also considerable in the community.
The hazard of neonatal mortality in NICUs is increased by
comorbidities (sepsis, asphyxia, and RDS), low Apgar scores,
being preterm, not initiating breastfeeding within one hour
of birth, multiple births, rural residence, and maternal illness.
Likewise, male gender, perceived small size, multiple births,
and ANC follow-up were independent predictors of time
NM in the communities of SSA. Designing strategies to
address all these predictors could decrease the high burden
of NM in SSA. We also recommend prospective longitudinal
researches to be done in the respective Sub-Saharan countries
to identify all possible bottlenecks of neonatal survival in
SSA.
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