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Abstract

Background: Despite decreasing overall perinatal and maternal mortality in high-income countries, perinatal and
maternal health inequalities are persisting in Sub Saharan African countries. Therefore, this study aimed to determine
the effects size of rates and determinants for perinatal mortality in Sub-Saharan countries.

Method: The sources for electronic datasets were PubMed, Medline, EMBASE, SCOPUS, Google, Google Scholar, and
WHO data Library. Observational studies published in the English language from January 01, 2000, to May 30, 2019
were included. STROBE and JBI tools were used to include relevant articles for this review. We used a Comberehensive
Meta-Analysis version 2 software for this analysis. The I* and Q- statistic values were used to detect the level of
heterogeneity. The Kendall's without continuity correction, Begg and Mazumdar rank correlation and Egger's linear
regression tests were used to detect the existence of significant publication bias (P < 0.10). The effects size were
expressed in the form of point estimate and odds ratio with 95% CI (P < 0.05) in the random effect analysis using the
trim and fill method.

Result: Twenty-one articles were included in this review. However, only fourteen studies reported the perinatal
mortality rate. Among 14 studies, the observed and adjusted PMR was found to be 5835 and 42.95 respectively. The
odds of perinatal mortality among mothers who had no ANC visits was 2.04 (Cl: 167, 249, P < 0.0001) as compared to
those who had at least one ANC visit. The odds of perinatal mortality among preterm babies was 442 (Cl: 2.83, 6.88,

P < 0.0001). In most cases, heterogeneity was not evident when subgroup analyses were assessed by region, study
design, and setting. Only perinatal mortality (P < 0.0001), antenatal care (P < 0.046) and preterm births (P < 0.034)
showed a relationship between the standardized effect sizes and standard errors of these effects.

Conclusion: In general, engaging in systematic review and meta-analysis would potentially improve under-represented
strategies and actions by informing policy makers and program implementers for minimizing the existing socioeconomic
inequalities between regions and nations.
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Background

Perinatal mortality is the best indicator of the quality of
prenatal, delivery, and early infant care practices avail-
able in any circumstances. It contributed to 40% of
deaths to overall under-five mortality [1, 2]. Reducing in-
equities and reaching the most vulnerable children are
the emphases of all concerned bodies for ending pre-
ventable deaths of newborns and children under five
years of age by 2030. According to the United Nations
(UNs) reports in 2017, 1 in 36 infants die in the first
month of life in sub-Saharan Africa as compared with 1
in 333 in high-income countries [2].

Maintaining an effective balance between preserving
normality and ensuring a state of readiness in an attempt
to reduce this gap represents a fundamental challenge to
health systems and a tension in safe motherhood pro-
gramming in Sub-Saharan countries [3—6]. Perinatal and
maternal health inequalities are persistently high and re-
main beyond the acceptable level in low-income coun-
tries of Africa. In addition, perinatal mortality indicates
the extent of pregnancy wastage and the quality and
quantity of health care services available to the mother
and the newborn [5]. Globally, an estimated 2.6 million
stillbirths occur each year. Of these, half of them occur
during labor and birth. Most stillbirths result from pre-
ventable conditions such as maternal infections, non-
communicable diseases, and obstetric complications [6].

Ending preventable perinatal death is high on the
international public health concern even though there is
slow progress in preventing perinatal deaths [7]. How-
ever, improving people’s health and quality of life re-
quires collective actions for equity of fair distribution of
resources and addressing disparities of health inequities
between regions, especially in rural and urban areas [8].
As part of the Early Neonatal Action Plan (ENAP), the
World Health Organization (WHO) is developing a peri-
natal audit as a means to assist in addressing modifiable
factors. Its focus is creating a link to a minimum peri-
natal dataset [9] after the UN 2030 agenda embraces
good health is a precondition for outcome and measure
of sustainable development program. The UN 2030
agenda is targeting to reduce MMR to less than 70 per
100,000 live births, NMR to less than 12/1000 live births,
and under-five mortality rate to less than 25 per 1000
live birth [10]. In general, collective efforts and actions
taken into account in the era of sustainable development
programs should be implemented based on the nation’s
cultural, economic, and societal contexts.

Although there are discrepancies between studies in
Sub-Saharan regions, no systematic review or meta-
analysis studies exist in the study area. This review al-
lows health care providers, researchers, and policy-
makers to efficiently integrate existing information and
provide data for decision-making in the most relevant
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context of perinatal health. Therefore, the current sys-
tematic review and meta-analysis aimed to determine
the pooled estimate of the perinatal mortality rate and
the effects sizes of determinants for perinatal mortality.
It aims to help identify the root causes of discrepancies
between studies in Sub Saharan African countries.

Method

Search strategy

Studies for this review and meta-analysis were accessed
in electronic web-based searches using different search
engines. Published articles in the English language were
intensively accessed and examined to minimize the level
of publication and selection bias. The sources for elec-
tronic datasets were PubMed, Medline, EMBASE, SCO-
PUS, Google, Google Scholar, and WHO data Library.
The ancestor search strategy was accessed, aiming to ar-
rive at the final number of studies. Studies that were
cited by others were also looked online (descendent
search strategy). In combination with MeSH terms, we
used the Boolean operator ‘AND’ and ‘OR’ to connect
and focus a search from Pubmed. The search terms we
used include ‘incidence, prevalence, rate, ratio, risk fac-
tors, determinant, perinatal mortality, perinatal death,
stillbirth, early neonatal death and sub-Saharan’
(Table 1).

Eligibility criteria

The methodological qualities and the outcome of each
study was critically examined in the review process.
Studies were included in the review if the study:

e was conducted on perinatal mortality in non-Arab
state members of the Sub-Saharan countries in
Africa

e was published in the English language from January
01, 2000, to May 30, 2019 Gregorian calendar (GC)

e was observational study design

e design was cross-sectional, case-control or cohort

e was conducted based on the definition of
classification for perinatal mortality and its
determinants

Definition of the outcome of interest

The outcomes of interest in this review were perinatal
mortality and eight selected determinants of perinatal
mortality in Sub-Saharan African countries.

e The perinatal period: It commences at 28 completed
weeks (154 days) of gestation and ends seven
completed days after birth.

o The perinatal mortality rate: The sum of stillbirth
rate and early neonatal mortality rate within the first
week of life
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Table 1 Pubmed search strategies and search details for perinatal mortality and its determinants

S. Search terms and strategies Examples of search details

No.

1 Incidence/prevalence AND rate/ “((Incidence/prevalence[All Fields]JAND("risk factors “[MeSH Terms] OR (‘risk”[All Fields] AND ‘“factors’[All Fields])
ratio OR "risk factors’[All Fields] AND determinant[All Fields] AND (“perinatal mortality’[MeSH Terms] OR

2 Risk factors AND/OR determinant (Pperinatal [All Fields]))

3 Perinatal mortality AND/OR
perinatal death

4 Outcome/death AND/OR still birth

Early neonatal death AND/OR
neonatal death

6 Sub AND Saharan

o Stillbirth: A baby born with no signs of life at or after
28 weeks’ gestation or birth weight of 1000 g or more
or body length of 35 cm or more [1]

Study identification and selection

During the data extraction process, we used the re-
viewers’ manual data extraction form that has been de-
veloped by the 2014 JBI institute. The information on
the title, author, publication year, study design, sample
size, study participants, sampling methods, and outcome
of interest were considered in the selection process. The
first author conducted the primary searching of studies
from different sources. Initially, our colleagues (AA and
SB) searched and identified potential articles using pre-
determined selection criteria. Following the identifica-
tion, DT made the final selection through a critical
review of full-text articles. Co-authors (NA and BM)
closely supervised the selection process. In this review,
we excluded full-text articles that failed to report suffi-
cient sample statistics or raw data. In general, no study
was excluded without a thorough evaluation using
STROBE critical appraisal [11] and JBI quality assess-
ment tools [12]. The final quality score was set for each
study design by discussion.

Data abstraction
This review was conducted from June 01, 2019, to July
24, 2019, using the STROBE critical appraisal tools. We
further assessed studies using the checking points in the
JBI quality assessment tool. For each study design, we
included a study that scored above the mean value of
the checking points. We used the preferred reporting
Item for Systematic Review and Meta-Analyses (PRIS
MA 2009) to arrive at the final 21 included articles [13].
We assessed the study objectives, designs, period, loca-
tion, settings, generalizability, and relevance to the study
population of the primary articles. Statistically significant
variables and statistical analysis models on topics related
to the current research were extracted, retrieved, and in-
cluded. After removing duplicated studies, we excluded
irrelevant articles’ titles and abstracts. Then, we excluded

abstracts that failed to show relationships of associated
variables with perinatal mortality. Finally, we excluded
full-text studies which did not fulfill the predetermined
criteria of the review.

Heterogeneity

We assessed the presence of heterogeneity using the
Chi-square statistic (Cochran’s-Q), Tau (t?) and I-
squared (I*) with their corresponding P-value. We used
the Chi-square statistic (Q) to determine the extent of
heterogeneity across studies. A Q — statistic more than
the chi-square value corresponding to the degree of free-
dom, and P< 0.05 indicates the presence of heterogen-
eity [14, 15]. The 1% and I” statistics were used to assess
the heterogeneity of studies within and between studies,
respectively [16]. We determined the extent of hetero-
geneity as mild (25%), moderate (50%), and high (75%)
heterogeneity. An I? of zero means that all variability in
effects size estimates is due to sampling error within
studies [17, 18].

Publication bias

We assessed the presence of publication bias using the
funnel plot asymmetry, the Begg and Mazumdar rank
correlation and Egger’s linear regression. Using the vis-
ual presentation of the funnel plot for detecting asym-
metry and the Kendall's S statistics score (P-Q) for
showing the direction of the correlation were subjective
to detect the presence of publication bias. Therefore, the
7° statistical significance (P< 0.10), Kendall’s without
continuity correction and Egger’s linear regression tests
were used to detect the possible existence of significant
publication bias (p < 0.10) at a 95% confidence interval
for statistical analysis [16, 19-21].

Sensitivity analysis

In this study, the robustness of the findings were exam-
ined through sensitivity analysis. It was used to assess
the presence of publication bias, the effect of study qual-
ity, and the results of the effect size. We conducted a
sensitivity analysis with large and small effect size



Tiruneh et al. Maternal Health, Neonatology, and Perinatology

outliers using inferential statistics of this meta-analysis
[22, 23]. Regarding removing one sample, we repeated
the meta-analysis multiple times, each time leaving out
one sample to analyze the distribution mean change
when a given sample is excluded from the analysis con-
sidering the results of influential samples [24].

Statistical analysis
We used an excel sheet to extract and organize the ne-
cessary information from each original study. Both the
observed and adjusted point estimates were expressed in
the form of event rate per 1000 total births for perinatal
mortality and odds raios with the associated 95% CI in
the random-effects model. The random-effects model
was selected to estimate the pooled effect size of the
perinatal mortality rate and its purposely selected deter-
minants using a Comprehensive Meta-Analysis (CMA)
version 2 software [25]. The model assumes that primary
studies might differ in the implementations of interven-
tions and selection of participants. Also, the effect sizes
in the original studies might represent a random sample
from a particular distribution of these effects size [16].
Also, to test the statistical significance of differences
between groups and compare the mean effects of two or
more groups, subgroup analyses were conducted using
regions, study settings, and designs [26]. The adjusted ef-
fect size was determined by applying Duval and Twee-
die’s trim and fill method in the random-effects analysis

(2021) 7:1

Page 4 of 17

[27]. Duval and Tweedie’s procedure stated that if the
point estimate was to be adjusted for bias left or right of
the mean, it would remain unchanged for the random-
effects model [16]. Forest plot, high resolution, and fun-
nel plot tests displayed the results of the mean effect
sizes in the form of event rate and odds ratio.

Result

Systematic review results

A total of 351 articles were retrieved through electronic
searching by titles and abstracts. Of these records, we ar-
rived at 21 eligible studies to estimate the observed and
adjusted effect sizes, the extent of heterogeneity, and the
existence of publication bias for perinatal mortality rate
and its selected determinants (Fig. 1).

Description of studies

Of the 21 included studies, eight were cross-sectional,
six were case-control, and seven were cohort studies. Re-
garding the study setting, eleven were in the facility,
eight were in the community, and only two were
population-based studies. These review included studies
from Ethiopia [28-32], Nigeria [33-36], Tanzania [37,
38], Zimbabwe [5, 39], Uganda, Ghana [40], Cote
d’Ivoire [41], Burkina Faso [42], Kenya [43], Rwanda
[44], Malawi [45], and Mozambique [46]. Most studies
in Ethiopia and Nigeria were eligible and presented in
this review. We included studies published from 2000 to

Records 1dentified through NCBI electronic
database searching by title (n = 336)

Recorded titles/Abstracts were accessed and
assessed after duplicates removed (n = 344)

Number of full text articles were accessed
and assessed for eligibility (n =268)

Number of relevant full text articles were
accessed and assessed for eligibility based on
predetermined criteria (n = 35)

Included articles which fulfilled the eligibility
criteria in the systematic review

Additional records identified through Google,
Google Scholar or Non Cochrane search (n = 15)

l._l.

Duplicated records by title/abstracts were
accessed and removed (n=7)

Irrelevant titles/Abstracts were accessed and
removed (n = 70), full text articles were not
accessed (n = 5) and full text article published
in French language (n =1)

Irrelevant full texts were excluded because
study participants, study objectives and
outcomes variables were not relevant to this
systematic review (n =233)

Fig. 1 Steps of selecting relevant articles using the PRISMA Group (Moher et al, 2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Qualitative studies were purposely
excluded (n=23)

Studies which did not show the r/n ship
between dependent and outcome variables
were excluded (n = 6)

Studies were excluded due to poor
statistical reports (n =2).

Due to insufficient data (n =3)
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2019 Gregorian Calendar (GC), and the sample size
ranges from 378 in Ethiopia [31] to a maximum of 25,
817 in Nigeria [33]. Ethiopia [30] and Uganda reported
the lowest and the highest perinatal mortality rate, re-
spectively. Overall, studies included in this review have a
total sample size of 118,372 pregnant mothers in the
Sub-Saharan region (Table 2).

Perinatal mortality

Of the 21 eligible studies, only fourteen studies reported
perinatal mortality rates in the Sub-Saharan region and
the reports showed us discrepancies of perinatal mortal-
ity rate in Sub-Saharan countries. All fourteen studies
reporting perinatal mortality rate were eligible and in-
cluded in the meta-analysis to assess the pooled effects
size of the perinatal mortality rates. The overall observed
perinatal mortality rate was 58.35 (95% CI: 46.19, 70.51,
P< 0.0001) per 1000 total births (stillbirth and live
births) in the random-effect analysis (Fig. 2). Four stud-
ies were slimmed to estimate the adjusted effect sizes of
perinatal mortality rates in Sub-Saharan countries
(Pooled PMR: 42.95, 95% CI: 29.21, 56.70).

Subgroup analysis and perinatal mortality

We conducted subgroup analyses to estimate the mean
effect sizes of perinatal mortality in three regions of Af-
rica (West Africa, East Africa, and South Africa). Studies
in West Africa showed the highest perinatal mortality
rate, 65.07 (95% CI: 47.07, 83.07) as compared to studies
in East Africa, 49.88 (95% CI: 28.59, 71.18), and South
Africa, 56 (95% CI: 22.33, 89.67). The rates were high in
a facility-based study setting, 64.09 (95% CI: 46.00, 82.2),
and cross-sectional study design, 68.82 (95% CI: 53.83,
83.81). The I” test showed high levels of heterogeneity
by region, study setting, and study design with a strong
statistical significance (P < 0.001) (Table 3).

Sensitivity analysis and perinatal mortality

We conducted a sensitivity analysis to reduce the level
of heterogeneity between studies. We removed some
outlier studies having small and high relative weight. Be-
cause they might potentially affect the estimation of the
true effect size. Two studies in Ethiopia [30] and Uganda
[39] showed the highest (13.69%) and the smallest rela-
tive weight (3.24%) respectively. When these studies
were excluded and running the analysis, the cumulative
perinatal mortality rate was slightly lowered to 57.16
(45.67, 68.65, P < 0.0001). Similarly, when we performed
removing one study in the meta-analysis using the CMA
software, the CI of each became narrower. However, we
did not see a change in the overall rate of perinatal mor-

tality (Fig. 3).
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Determinants and perinatal mortality rate

In the random-effects analysis, we purposely selected
only eight determinants from 21 eligible studies of peri-
natal mortality in Sub-Saharan countries. These were
low birth weight less than 2500 g, primiparity, presence
of ANC visits, history of abortion or perinatal loss, mul-
tiple gestation (two or more), preterm birth less than 37
completed weeks, birth interval less than two years, and
mode (non-spontaneous) of delivery. There was a statis-
tically significant association between these determinants
and perinatal mortality in the study region.

Low birth weight and perinatal mortality

In this meta-analysis, seven studies [5, 28—30, 36, 43, 46]
were included. The observed odds ratio of low birth
weight for the risk of perinatal mortality was 8.69 (CI:
6.04, 12.51, P< 0.001) as compared to babies born with
an adequate birth weight (2500-3999 g) (Table 4). In this
analysis, observed and adjusted effect sizes of low birth
weight were equal, revealed no studies were slimmed to
adjust publication bias. However, there was a moderate
level of heterogeneity in the study region (I*: 35.19, Q:
9.26, P> 0.16). In the subgroup analysis by region, there
was a moderate level of heterogeneity in East African
studies (I% 56.72, Q: 6.93, P> 0.74). However, it was not
evident in total studies by region (Q: 0.44, df: 2, P>
0.802), study setting (Q: 0.032, df: 2, P > 0.859) and study
design (Q: 2.166, df: 2, P > 0.339).

Primiparity and perinatal mortality

In this category of meta-analysis, five studies [35, 36, 39,
40, 42] were included. The observed odds ratio of primi-
parity for the risk of perinatal mortality was 1.56 (CI:
1.18, 2.05, P< 0.002) (Table 5). As for birth weight, ob-
served and adjusted values were equal revealing that no
studies were slimmed to estimate the final effect sizes of
primiparity for perinatal mortality. A moderate level of
heterogeneity was observed (I*: 32.06, Q: 5.89, df: 4, P>
0.208). In subgroup analysis, a moderate level of hetero-
geneity was observed in West African studies (I*: 45.15,
Q: 5.47 df: 3, P>0.14), facility-based studies (I*: 56.66,
Q: 4.62, df: 2, P>0.1) and cohort study designs (I*:
71.43, Q: 3.50, df: 1, P> 0.061). But, it was not evident in
total studies by region (Q: 0.395, df: 1, P> 0.53), study
setting (Q: 0.95, df: 2, P>0.623) and study design (Q:
0.19, df: 1, P> 0.664).

ANC visits and perinatal mortality

Five studies [29, 31, 34, 39, 43] were included in this
meta-analysis. The observed odds ratio of no ANC visit
was 2.04 (CL: 1.67, 2.49, P< 0.001) for the risk of peri-
natal mortality as compared to those who had at least
one ANC visit (Table 6). Two studies were filled to esti-
mate the adjusted effect sizes of ANC visits (POR: 1.99,
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Table 2 Characteristics of included articles for systematic review for perinatal mortality rate in Sub-Saharan countries, 2000-2019

Gregorian Calendar (GC)

Author, Year R S D SS Determinants Association with PMR
PMR AOR(95% CI)
Getiye et al, 2017, [28] Ethiopia EA FB CcC 113 Short birth interval 4.55 (1.79-11.54) NR
Preterm Delivery 2.02 (1.08-3.77)
Hx of perinatal loss 6.36 (1.51-26.76)
Low Birth weight 1645 (9.57-28.26)
Aragaw YA, 2016, [29] Ethiopia EA FB cs 3786 No ANC visit 2.05 (1.48-2.87) 98.2
Shoulder delivery 5.95 (2.11-16.86)
Breech delivery 4.06 (1.856-8.912)
Low birth weight 5.03 (1.63-15.00)
Yirgu R et al, 2016, [30] Ethiopia EA CB CcC 4097 Primipara 3.15 (1.03-9.60) 25.1
Hx of perinatal loss 246 (1.03,5.86)
Hx of perinatal loss 9.55 (4.67-19.54)
Preterm birth 9.44 (1.81-49.22)
Goba et al. 2018, [31] Ethiopia EA FB CcC 378 Preterm birth 2 (346, 43.17) NR
Z Low birth weight 11.5 (3.16-42.36)
No ANC visit 54 (0.80-36.63)
Short birth interval 2.2 (1.03-5.09)
Andargie et al. 2013, [32] Ethiopia EA CB Co 1752 Hx of perinatal loss 8.38 (3.94, 17.83) 5022
Multiple gestation 7.09 (3.22, 15.61)
Short birth interval 258 (1.61,4.13)
Nkwo et al.,, 2014, [33] Nigeria WA PB (@) 25,817 Hx of perinatal loss 331 (2.73,4.02 36
Multiple gestation 3.12 (211,459
Short birth interval 5(1.26, 2.17)
Low birth weight 257 (1.79, 3.69)
Fawole et al,, 2011, [34] Nigeria WA FB CS 9177 No ANC visit 4 (1.27, 2.39) 78
Preterm birth 9 (1.12,3.19)
Elective CS 0.12 (0.05, 0.36)
Emergency CS 0.73 (0.55, 0.96)
Owolabi et al. 2008, WA FB Co 894 Primipara 0.67 (0.26, 1.73) NR
[35] Nigeria
Ekure et al. 2011, [36] Nigeria WA FB s 560 Primipara € 0.07 B (0.02, 0.06) 84.6
Low birth weight €—0.09 B(- 0.05, 0.02)
Schmiegelow et al. 2012, [37] Tanzania EA CB Co 872 Preterm birth 14.47 (3.23, 64.86) NR
Habib et al. 2008, [38] Tanzania EA FB CS 15,255 Preterm birth 922(01.7,28) 439
Feresu et al. 2005, [39] Zimbabwe SA FB CS 15117 No ANC visit b 252 (163,391) 65
Primipara b 152 (097, 2.38)
Breech Delivery ®10.53 (6.78, 6.34)
Instrument delivery b 338 (1.64, 6.96)
Tachiweyika et al. 2011, [5] Zimbabwe SA CB CcC 10,540 Low birth weight 946 (391, 27.65) NR
Moyer et al. 2016, [40] Uganda WA CB CS 4883 - - 105.88
Engmann et al. 2012, [41] Ghana WA PB CS 17,300 Primipara 5(1.28, 2.40) 39
Preterm birth 284 (211,381
Multiple gestation 522 (3.61,754)
Kone et al, 2018, [42] Céte d'Ivoire WA B Co 2976 Hx of perinatal loss 23.2 (14.71, 36.55) 33
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Table 2 Characteristics of included articles for systematic review for perinatal mortality rate in Sub-Saharan countries, 2000-2019

Gregorian Calendar (GC) (Continued)

Author, Year R S D SS Determinants Association with PMR
PMR AOR(95% ClI)
Preterm birth 445 (2.82,701)
Caesarean section 13.03 (4.24, 40.08)
Instrument delivery 5.05 (1.50, 16.96)
Diallo et al. 2010, [43] Burkina Faso WA CB Co 895 Primipara 220(1.2,39) 79
Multiple gestation 54023, 69)
Yego et al. 2014, [44] Kenya EA FB CC 600 No ANC visit 45 (1.2, 16.7) NR
Preterm birth 7.0 (24, 204)
Low birth weight 6.6 (3.8,10.2)
Musafili et al. 2015, [45] Rwanda EA FB CcC 672 - - 32
kulmala et al. 2000, [46] Malawi EA CB Co 780 Cesarean section 44 (14,139 NR
Hx of perinatal loss ®27(13,57)
N.B Osman et al. 2001, [47] SA FB Co 908 Preterm birth 8.48 (3.44, 20.90) 47

Mozambique

Low Birth weight AOR 4.20 (1.49-11.86)

Association with PMR reported as adjusted odds ratio (95% confidence interval) except as noted ? relative risk, "Adjusted Relative risk, and “Standard coeffiecent,
Region (R) is coded: EA East Africa, SA South Africa, WA West Africa., Study type is coded, CB Community Based, FB Facility Based, PB Population Based, Study
design is coded, CC Case control, Co Cohort, CS Cross Sectional, Sample size (SS) is coded, Perinatl mortality rate (PMR) is coded, NR Not Reported

CL 1.60, 2.46). In this category of meta-analysis, we only
detected a mild level of heterogeneity in East Africa
studies (1% 7.27, Q: 2.16, df: 2, P> 0.34).

History of perinatal loss and perinatal mortality

Five studies [28, 30, 32, 33, 41] were included. The ob-
served odds ratio of history of perinatal loss for the risk of
perinatal mortality was 8.34 (CI: 3.15, 22.1, P< 0.001) as
compared to those mothers who had no history of peri-
natal loss (Table 7). Three studies were trimmed to esti-
mate the adjusted effect size of the history of abortion or
perinatal loss (POR: 3.57, CL: 1.44, 8.81). In this case, a
high level of heterogeneity was observed (I*: 98.32, Q:

59.54, df: 1, P < 0.001). In subgroup analysis, a high level
of heterogeneity in West African studies (I* 98.32, Q:
59.54, df- 1, P< 0.001). Both community (I* 72.67, Q:
7317, df: 2, P< 0.026) and cohort studies (I*: 80.48, Q:
5.12, df: 1, P< 0.024) showed a moderate level of hetero-
geneity. However, its heterogeneity was not evident in
total studies by region (Q: 0.003, df: 1, P> 0.957). It re-
duced to mild level by setting (Q: 4.58, df: 2, P>0.101)
and design (Q: 5.03, df: 2, P > 0.081).

Multiple gestation and perinatal mortality
Five studies [32, 33, 38, 40, 42] were included for this
meta-analysis. The observed odds ratio of multiple

Modsl Study name Stalistics for sach shudy
Rate | Vaiance | 0| UPPEt | 2y
Auagaw YA 2016, Ethio %0 010 95 WE N3
Engnamnetal2012, Ghen | 3300 004 BEI N\ 19748
Kone e o 2016, Céte ][00 003 REd BB 19166
Niwo et 2014, Nig 300 004 BE B 189M
YiguR et o 2016, Ethio X0 003 247 B4 15843
Faeseld 2005, Zmba | 6500 007 G450 6550 25495
Musafiictd 2015, Rwen | 3200 003 3165 RF 17689
Moyes et &l 2016, Ugan 10588 01110524 106852 2539
Disketal 20108 Faso | 7300 (008 7845 755 28107
AD.Fawceetd 2011, Nig | 7800 008 7745 785 27928
Ekue et d 2011, Nig 8450 008 6403 6517 2008
NAHebbetal2008,Tare | 4390 004 4343 4431 20952
NB.Osmanet 42001, Mozam| 4700 (05 4658 4742 21679
Andagestd 2013, Ethio | 5022 005 4378 5065 22410
= ©09 000 473 4821 805
Random 5% |49 4619 051 94l

Rate and 95% Cl 'wiesght [Fived) ‘Weight [Riandom)
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' g 714
' 1041 ) 714
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1 529] 714
' 0741 FALY|
32| 7141
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M

Fig. 2 Forest plot of perinatal mortality rate in Sub-Saharan countries, 2000-2019 GC
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Table 3 Subgroup analysis of perinatal mortality rate by region, study setting and design in Sub-Saharan countries, 2000-2019 GC

Sub Number PMR Standard P-value Extent of heterogeneity
group of studies 05% CI) error (P) 12 Q- stat P-value (P)
Region
E. Africa 5 49.88 (2860, 71.18) 10.86 < 0.0001 99.99 47,751 < 0.0001
S. Africa 2 56.00 (22.33, 89.67) 1718 < 0.001 99.96 2893 < 0.0001
W. Africa 7 65.07 (47.07, 83.07) 9.18 < 0.0001 99.99 79,902 < 0.0001
Setting
CB 5 58.64 (37.22, 80.06) 1093 < 0.0001 99.99 70,302 < 0.0001
FB 7 64.09 (46.00, 82.20) 9.24 < 0.0001 99.99 58,306 < 0.0001
PB 2 37.50 (3.63, 71.36) 17.28 <003 99.17 120 < 0.0001
Design
cs 8 68.82 (53.83, 83.81) 7.65 < 0.0001 99.99 79476 < 0.0001
cC 2 2855 (=143, 58.53) 1530 > 0.062 99.88 834 < 0.0001
Co 4 52.30 (31.10, 73.50) 10.82 < 0.0001 99.98 19,084 < 0.0001

gestations (twin and more) for the risk of perinatal
mortality was 3.85 (CI: 2.60, 5.71, P< 0.001) as com-
pared to mothers with a singleton pregnancy (Table 8).
Two studies were slimmed to estimate the adjusted
effect size of multiple gestation for perinatal mortality
(POR: 2.97, CI: 1.20, 4.43). There was a high level of
heterogeneity in the region (I*: 77.25, Q: 17.58, df: 4,
p< 0.001). This determinant was highly heteroge-
neous in East Africa studies (I*: 85.51, Q: 6.90, df: 1,
P < 0.009). There were high (1% 91.90, Q: 12.35, df: 1,
P< 0.001) and moderate (I*: 48.34, Q: 1.94, df- P>
0.16) level of heterogeneity in facility and community

based studies respectively. Similarly, there were high
(1% 85.84, Q: 14.12, df: 2, P< 0.001) and moderate
(I: 48.34, Q: 1.94, df: 1, P>0.16) level of heterogen-
eity in cross section and cohort studies respectively.
However, heterogeneity was not evident in total stud-
ies by region (Q: 0.39, df: 2, P>0.822), setting (Q:
0.28, df: 2, P>0.870) and design (Q: 0.39, df: 1, P>
0.532).

Preterm birth and perinatal mortality
Nine primary studies [28, 30, 31, 34, 37, 40, 41, 43, 46]
were included. The observed odds ratio of preterm

Model Study name Statistics wth study removed Rate (95% C1) with study removed
Paint Lower imét | Upper mit | Z-Value
0.00 50,00 100,00
Aragaw ra 2016, Ethio 5343 4296 £3.83 10.01
Engmann et al 2012, Ghan he.81 46.28 71.34 920 -_:_
Kone et al 2018, Céte d' 5936 47.16 7155 954 L
Mikwo et 2014, Mig 59.08 4669 71.49 934 | -
Feresu et al 2005, Zimba B6.45 44.25 Be.64 9,07 i P
Musafil et al 2015, Rwan 53.45 4735 71.54 963 e
Diallo et al 2010, B. Faso 5817 4361 66.74 935 -
8.0, Fawole et al 2001, Mig 8526 4365 B6.88 932 e
Ekure et al 2011, Nig 54.65 4333 B5.94 950 e
M.& Habib et al 2008, Tanz 58.36 45.74 7099 908 A=
M.B. Dzman et al 2001, Mozam 5808 45.46 0.7 9.02 T
Andargie et al 2013, Ethio 5779 4513 70.39 8393 N
Random 57.16 4567 EBES 9./ N
Fig. 3 Forest plot of sensitivity analysis when one study of perinatal mortality revomed from Meta-Analysis in Sub-Saharan countries, 2000-2019
GC
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Table 4 High resolution plot of the odds of low birth weight for perinatal mortality rate in Sub-Saharan Countries, 2000-2019 GC

Study name Comparison Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit  limit Z-Value p-Value weight
Getiye et al 2017, Ethiopia Low birth weight 16.450 9573 28.268 10.138 0.000 21.96
Aragaw Ya et al 2016, Ethiopia Low birth weight 5030 1.658 15259 2853 0.004 8.61
Goba et al 2018, Ethiopia Low birth weight 11.500 3.141 42105 3.688 0.000 6.65
Tachiweyika et 2011, Zimbabwe Low birth weight 9.450 3.910 22.840 4988 0.000 12.18
Yego et al 2014, Kenya Low birth weight 6.600 3.801 11462 6701 0.000 2155
Ekure et al 2011, Nigeria Low birth weight 9.020 4.908 16575 7.084 0.000 19.48
N.B. Osman et al 2001, Mozambique Low birth weight 4.200 1489 11849 2712 0.007 957

8.693 6.038 12514 11632 0.000

001 04 1 10 100

Favours A Favours B

NB: Favors ‘A”: Normal birth weight, Favors ‘B": Low birth weight

babies whose gestational age was less than 37 completed
weeks was 4.42 (CI: 2.83, 6.88, p < 0.001) for the risk of
perinatal mortality as compared to term babies
(Table 9).

Two studies were trimmed to estimate the adjusted ef-
fect size of preterm birth on perinatal mortality (POR:
3.31, CI: 2.10, 5.22). There was a moderate level of het-
erogeneity (I 69.43, Q: 26.172 df: 8, P< 0.001). In sub
group analysis, a moderate level of heterogeneity in East
Africa was observed (I% 71.08, Q: 13.83 df: 4, P< 0.008).
There was a moderate level of heterogeneity in facility
studies (I%: 77.72, Q: 17.95, df: 4, P< 0.001) and cross-
sectional study design (I 7276, Q: 11.013, df 3,
P< 0.012). However, heterogeneity was not evident in
total studies by region (Q: 3.69, df: 2, P> 0.158), setting

(Q: 1.08, df: 2, P>0.582) and design (Q: 4.13, df: 2, P>
0.127).

Birth interval and perinatal mortality

Four primary studies [28, 31-33] were included. The ob-
served odds ratio of birth interval was 2.24 (CI: 1.53,
3.29, P<0.0001) for the risk of perinatal mortality as
compared to babies born where birth interval was two
or more years (Table 10). Two studies were trimmed to
estimate the adjusted effect size of short birth interval
(< 2 years) for the risk of perinatal mortality (POR: 1.75,
CIL: 1.18, 2.60). There were moderate level of heterogen-
eity (1% 50.62, Q: 6.07 df: 3, P> 0.108). In sub group ana-
lysis, heterogeneity was not evident in East Africa (I*: 0,
Q: 1.52, df: 2, P> 0.468). Both facility setting studies and

Table 5 High resolution plot for the odds of primiparity for perinatal mortality rate in Sub-Saharan Countries, 2000-2019 GC

Study name Comparison Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit limit  Z-Value p-Value weight
Engmann et al 2012, Ghana Primiparity 1.750 1.278 2386 3480 0.000 34.69
Owolabi et al 2008, Nigeria Primiparity 0671 0261 1.727 -0.827 0408 7.43
Ekure et al 2011, Nigeria Primiparity ~ 1.067 0565 2.016 0200 0.841 14.38
Feresu et al 2005, Zimbabwe Primiparity  1.813 1.214 2707 2807 0.004 | ] 26.96
Diallo et al 2010, B.Faso Primiparity  1.934 1.083 3454 2230 0.026 L g 16.54

1.558 1.185 2049 3.171 0.002 Q

0.01 01 1 10 100

Favours A Favours B

NB: Favors ‘A”: Multipara, Favors ‘B": Primipara
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Table 6 High resolution plot of the odds with No ANC visits for perinatal mortality rate in Sub-Saharan Countries, 2000-2019 GC

Study name Comparison

Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Aragaw YA et al 2016, Ethiopia No ANC visits 2.050 1.472 2855 4249 0.000 36.08
Gelila Goba et al 2018, EthiopiaNo ANC visits 5400 0.798 36.540 1.729 0.084 1.08
Feresu et al 2005, Zimbabwe No ANC visits 2.380 1.542 3.675 3.913 0.000 2097
Yego et al 2014, Kenya No ANC visits 4. 500 1.206 16.787 2239 0025 228
AO. Fawole 2011, Nigeria No ANC visits 1.740 1.268 2.387 3.434 0.001 39.59
2039 1672 2488 7.023 0.000

0.01 01 1 10 100

Favours A Favours B

NB: Favors ‘A’ At least one ANC visit, Favors ‘B": with No ANC visits

case control study designs showed a mild and equal level
of heterogeneity (I*: 28.80, Q: 1.4, df: 1, P> 0.236). But,
there was no evidence of heterogeneity between total
studies by region (Q: 4.56, df: 2, P<0.033) or by study
setting and design with equal statistical values (Q: 1.79,
df: 2, P> 0.408).

Mode of deliveries and perinatal mortality

Among four included studies [30, 34, 39, 41], there were
seven statistical associations from five determinants; two
instrumental, one emergence Cesarean Section, one
elective Cesarean Section, two breech, and one shoulder
delivery. One included study has more than one

statistical association making a total of seven independ-
ent odds ratio. The odds ratio of these determinants
among mothers who gave birth through non-
spontaneous vaginal delivery was 2.94 (CI: 0.99, 8.72,
P>0.052) as compared to mothers who gave birth
through spontaneous vaginal delivery (Table 11). Three
studies were trimmed to estimate the adjusted effect size
of non-spontaneous mode of delivery for perinatal mor-
tality (POR: 1.20, CI: 0.39, 3.68). There was a high level
of heterogeneity (I*: 95.40, Q: 152.22, df: 7, P <0.0001).
In sub group analysis by region, there was a moderate
level of heterogeneity (I*: 50.62, Q: 6.07 df: 3, P> 0.108).
There was a high level of heterogeneity in West Africa

Table 7 High resolution plot of the odds of history (Hx) of perinatal loss for perinatal mortality rate in Sub-Saharan Countries, 2000

2019 GC
Study name Comparison Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit  limit Z-Value p-Value weight
Getiye et al 2017, Ethiopia  Hx of perinatal loss 6.360 1.511 26.774 2523 0.012 15.25
Nkwo et al 2014, Nigeria Hx of perinatal loss 3.310 2.728 4.017 12125 0.000 . 22.62
Yirgu R etal 2016, Ethiopia  Hx of perinatal loss 9.550 4.669 19.535 6.180 0.000 20.32
Kone et al 2018, Cote dlvoire Hx of perinatal loss 23.190 14.712 36.554 13.540 0.000 . 21.74
Andargie et al 2013, Ethiopia Hx of perinatal loss 8.380 3.939 17.827 5520 0.000 20.07
8.344 3.150 22100 4.269 0.000

0.01 01 1 10 100

Favours A Favours B

NB: Favors ‘A" no history (Hx) of perinatal loss, Favors ‘B’: With history (Hx) of perinatal loss
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Table 8 High resolution plot of the odds of multiple gestation as a determinant for perinatal mortality rate in Sub-Saharan Countries,

2000-2019 GC

Study name Comparison

Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit limit Z-Value p-Value weight
Engmann et 2012, Ghana Multiple gestation 5.220 3.612 7.544 8795 0.000 . 23.12
Nkwo et al 2014, Nigeria Multiple gestation 3.900 2.894 5255 8944 0.000 . 24.85
Diallo et al 2010, B.Faso Multiple gestation 3.168 1.402 7.160 2771 0.006 - 12.90
Andargie et al 2013, Ethiopia Multiple gestation 7.090 3.220 15.611 4.864 0.000 - 13.37
N.A_ Habib et al 2008, Tanzania Multiple gestation 2.328 1.797 3.017 6.395 0.000 . 25.76

3.852 2600 5707 6.724 0.000 <>

001 01 1 10 100
Favours A Favours B

NB: Favors ‘A”: No nultiple gestation, ‘B": multiple gestation

(I%: 93.23, Q: 44.32, df: 3, P <0.0001), in facility studies
(1% 96.36, Q: 137.56, df- 5, P<0.0001) and cross-
sectional study designs (I*: 96.36, Q: 137.56, df: 5, P <
0.0001). But, it was not evident in total studies by region
(Q: 1.89, df: 3, P>0.595), study setting and design (Q:
1.053, df: 1, P> 0.305).

Discussion
In this systematic review and meta-analysis, the overall
observed perinatal mortality rate was 58.35 (95% CI: 46.

19, 70.51, P < 0.001) per 1000 total births in the random-
effect analysis. Four fitted values made the adjusted ef-
fect size of PMRs to be 42.95 (95% CI: 29.21, 56.70). We
also conducted subgroup analyses to compare the differ-
ence between effect sizes in different groups. In this sub-
group of meta-analysis, the PMRs were high in West
Africa, 65.07 (95% CI: 47.07, 83.07), in a facility setting,
64.09 (95% CI: 46.00, 82.20) and as reported in studies
using cross-sectional study design, 68.82 (95% CI: 53.83,
83.81).

Table 9 High resolution plot of the odds of preterm birth as a determinant for perinatal mortality rate in Sub-Saharan Countries,

2000-2019 GC

Study name Comparison Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit  limit Z-Value p-Value weight
Getiye et al 2017, Ethiopia Preterm Birth 2.020 1.081 3.774 2205 0.027 14.36
Kone et al 2018, Cdte dlvoire Preterm Birth 4.450 2822 7.016 6427 0.000 16.58
Goba et al 2018, Ethiopia Preterm Birth 12.200 3.454 43.094 3.885 0.000 7.65
Yirgu R et al 2016, Ethiopia Preterm Birth 9.440 1.810 49.227 2664 0.008 5.3
Yego et al 2014, Kenya Preterm Birth 16.200 2.822 93.012 3.123 0.002 4.88
N.B. Osman et al 2001, Mozambique Preterm Birth 8.480 3.440 20902 4.644 0.000 10.97
Schmiegelow et al 2012, Tanzania Preterm Birth 14.470 3.229 64842 3492 0.000 6.09
Engmann et al 2012, Ghana Preterm Birth 2.840 2113 3816 6.924 0.000 18.45
AO. Fawole et al 2011, Nigeria Preterm Birth 1.890 1.120 3.190 2384 0.017 15.70

4415 2833 6.880 6560 0.000

0.01 01
Favours A Favours B

NB: Favors ‘A”: Term birth (37-42 weeks of gestation), Favors ‘B": Preterm birth (less than 37 completed weeks)
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Table 10 High resolution plot of the odds of short birth interval as a determinant for perinatal mortality rate in Sub-Saharan

Countries, 2000-2019 GC

Statistics for each study

Odds ratio and 95% CI

Study name Comparison
Odds Lower
ratio  limit
Getiye et al 2017, Ethiopia Birth interval = 2 years 4550 1.792
Nkwo et al 2014, Nigeria Birth interval < 2 years 1.650 1.257
Gelila Goba et al 2018, Ethiopia Birth interval < 2 years 2200 1.030
Andargie et al 2013, Ethiopia Birth interval = 2 years 2580 1.611
2244 1532

Upper Relative
limit Z-Value p-Value weight
115563 3187 0.001 12.69
2165 361 0.000 41.22
4700 2036 0042 17.03
4132 3944 0.000 . 29.06

3287 4151 0.000 $

001 01 1 10 100

Favours A Favours B

NB: Favors ‘A”: Normal birth interval, Favors ‘B": Short birth interval (less than two years)

Heterogeneity and publication bias in perinatal mortality

There was heterogeneity of studies in reported PMRs and
their determinants. Its extent was high in the study region
(1% 99.99, df: 13, Q: 143573.67, P<0.0001). Both the I-
squared (1) and Cochran (Q) tests showed high levels of
heterogeneity in each study by region, study setting, and
study design with a strong statistical association (P <
0.001). However, it was not evident in total studies by re-
gion (Q: 1.16, df: 2, P> 0.56), setting (Q: 1.84, df: 2, P>
0.398) and design (Q: 5.982, df: 2, P > 0.05) using subgroup
analyses. The possible reason for this bias could be the

inclination of researchers in reporting findings only
achieving statistical significance. It might lead to inaccur-
ate conclusions in a meta-analysis that could seriously im-
pact the clinical practices.

Begg and Mazumdar’s test estimated the rank correl-
ation (Kendall’s) between the standardized Effect Sizes
(ES) of PMRs and variances or standard errors (SE) of
these effects. It may be interpreted much the same way
as any correlation, with a value of zero indicating no re-
lationship between effect size and precision. If the value
(P-Q) deviates from zero, it subjectively informs us the

Table 11 High resolution plot of the odds of non-spontaneous vaginal delivery for perinatal mortality rate in Sub-Saharan Countries,

2000-2019 GC

Study name Comparison Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Instrumental D. 2018, Céte d'lvoire  Non SVD 5050 1.502 16.981 2617 0.009 11.64
Cesarean D. 2018, Cote d'lvoire Non SVD 13.030 4.238 40.061 4.480 0.000 11.89
Emergence CS D. 2011, Nigeria Non SVD 0.730 0553 0964 -2215 0027 . 13.49
Elective CS D. 2011, Nigeria Non SVD 0.120 0.040 0360 -3.783 0.000 —.— 11.95
Shoulder D. 2016, Ethiopia Non SVD 5950 2.105 16.819 3.364 0.001 12.11
Breech D. 2016, Ethiopia Non SVD 4060 1.853 8.897 3501 0.000 -.- 12.71
Breech D. 2005, Zimbabwe Non SVD 10.617 6.788 16.608 10.350 0.000 13.31
Instrumental D. 2005, Zimbabwe  Non SVD 3.793 1.889 7.613 3.750 0.000 -.- 12.89

2939 0990 8723 1943 0.052

001 01 1 10 100

Favours A Favours B

NB: Favors ‘A": Spontaneous vaginal delivery, Favors ‘B: Non-spontanous delivery (Instrumental, Cesarean, Emergence Cesarean, Elective Cesarean, Shoulder, and

breech delivery).
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presence of a relationship. An asymmetry of funnel plot
exists when large standard errors are associated with lar-
ger effect sizes. The possible causes of this relationship
may be the presence of publication bias [16, 19-22, 47].
The size of the intercept provides a measure of asym-
metry - the larger the deviation from zero, the greater
the asymmetry. A positive intercept indicates that the ef-
fect estimated from the smaller studies is greater than
the effect estimated from larger studies. Conversely, a
negative intercept indicates that the effect estimated
from the smaller studies is less than the effect estimated
from larger studies [16, 19, 22].

In this meta-analysis of the PMRs, Begg and Mazum-
dar rank correlation revealed a Kendall’s S statistic was
deviated from zero (P-Q=91), and Kendall's Tau (r)
without continuity correction =1.00 (P<0.0001). In
addition, the Egger’s linear regression intercept (469.94,
95% CI: 441.63, 498.25, P < 0.0001) did not include zero
indicating the presence of a relationship. It implies that
there was evidence of heterogeneity and publication bias
in Sub-Saharan studies of perinatal mortality. However,
it was not evident in subgroup analysis using region, set-
ting, and study design. In this meta-analysis, missed
studies were fitted on the left side of the mean value of
the effect sizes during analysis athough it has no effect
in the random effect model. However, smaller effects
size in the left direction is more likely favored in the
publication process and studies with large effects size
may be suppressed to the right from the median line of
the funnel plot [16, 19, 27].

In this study, both Begg’s rank correlation and Egger’s
regression tests confirmed the presence of a relationship
between the standardized effect sizes and the standard
error of these effects. Publication bias might be the cause
of the relationship. In this analysis of PMRs, the visual
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presentation of the funnel plot was asymmetric and
skewed in a positive direction. However, four studies
were fitted in a negative direction to treat the asym-
metry. This asymmetry might occur due to the existence
of publication bias (Fig. 4).

Determinants for perinatal mortality

In this subcategory of meta-analysis, observed and ad-
justed values of low birth weight for the risk of perinatal
mortality were equal and revealed that publication bias
did not exist. Begg and Mazumdar rank correlation re-
vealed a Kendall’s S statistic was closed to zero (P-Q = -
1), and Kendall’s Tau (1) without continuity correction =
-0.048 (P >0.881). The Egger’s regression test did also
include zero (Intercept: -1.48, 95% CI: —5.373, 2421,
P>0.375). Therefore, both methods revealed no rela-
tionship between the standardized ESs and SE of these
effects. Similarly, the adjusted values for primiparity was
equal to the observed values to estimate the final effect
sizes. Begg and Mazumdar rank correlation revealed a
Kendall's Significance (S) statistic was deviated from
zero (P-Q=-10), and Kendall’'s Tau (1) without con-
tinuity correction=-1.00 (P<0.014). However, the
Egger’s regression test revealed no relationship between
the standardized ESs and SE of these effect sizes because
the intercept did include zero (Intercept: -2.42, 95% CI: -
6.01, 1.16, P > 0.12).

Regarding the ANC visits, two studies were slimmed
to estimate the effect sizes of no ANC visits for the risk
of perinatal mortality. Begg and Mazumdar rank correl-
ation revealed a Kendall’s S statistic was deviated from
zero (P-Q = 8), and Kendall’s Tau (1) without continuity
correction = 0.80 (P<0.05). The Egger’s regression did
not include zero (Intercept: 1.57, 95% CI: 0.05, 3.08, p <
0.046). Therefore, both methods showed us the presence

0.0
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Funnel Plot of Standard Error by Rate
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Fig. 4 Funnel plot of standard error by perinatal mortality rate in Sub-Saharan countries, 2000-2019 GC
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of relationships between the standardized ESs and SE of
these effect sizes. Three studies were trimmed to esti-
mate the effect size of abortion or perinatal loss as a risk
factor for perinatal mortality. Begg and Mazumdar rank
correlation revealed a Kendall’s S statistic was closed to
zero (P-Q = -2), and Kendall’s Tau (1) without continu-
ity correction = - 0.20 (P> 0.624). The Egger’s regression
did include zero (Intercept: 3.81, 95% CI: - 5.05, 12.68,
p>0.265). Both methods revealed no relationship
existed.

Regarding multiple gestation, two studies were slimmed,
and Begg and Mazumdar rank correlation revealed a Ken-
dall’s S statistic was closed to zero (P-Q = 2), and Kendall’s
Tau (1) without continuity correction =0.20 (P > 0.624).
The Egger’s regression intercept did include zero (Inter-
cept: 2.39, 95% CI: - 5.09, 9.88, P > 0.384). Therefore, both
methods showed us the absence of a relationship. Like-
wise, three studies were trimmed to estimate the adjusted
effect size of preterm birth on perinatal mortality. Begg
and Mazumdar rank correlation revealed a Kendall's S
statistic was deviated from zero (P-Q =8), and Kendall’s
Tau (1) without continuity correction =0.22 (P > 0.404).
The Egger’s regression intercept did not include zero
(Intercept: 2.26, 95% CI: 0.22, 4.30, P < 0.034) and revealed
the presence of a relationship. Publication bias might be
the cause for this relationship.

Again, two studies were trimmed to estimate the size of
the adjusted effect of birth interval less than two years for
the risk factor of perinatal mortality. Begg and Mazumdar
rank correlation revealed a Kendall’s S statistic (P-Q = 4)

(2021) 7:1
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was closed to zero, and Kendall’s Tau (1) without continu-
ity correction =0.67 (P>0.174). The Egger’s regression
did include zero (Intercept: 2.41, 95% CI: - 1.73, 6.55, p >
0.129). Therefore, both methods revealed no relationship.
Finally, three studies were trimmed to estimate the size of
the adjusted effects of non-spontaneous vaginal delivery
for the risk of perinatal mortality. Begg and Mazumdar
rank correlation revealed a Kendall’s S statistic was zero as
expected (P-Q=0), and Kendall’s Tau (r) without con-
tinuity correction =0.00 (P=1.000). The Egger’s regres-
sion did include zero as expected (Intercept: 3.34, 95% CI:
- 454, 11.22, P>0.3397). Consequently, both methods
showed that a relationship did not exist.

In general, studies would differ in design and conduct
as well as in participants, interventions, exposures, or
outcomes. It might be the possible reason in which most
heterogeneity tests confirmed the presence of variation
in effect sizes in this meta-analysis. It would also be the
existence of the different studies caused by a systematic
difference between the included studies for this review.
Statistical heterogeneity exists when the effects differ be-
tween studies [47, 48]. A small number of included stud-
ies have a precision close to zero due to their large size
effects. In this case, the funnel plot is supposed to be
asymmetrical, and publication bias appears. For this pur-
pose, we selected the trim-and-fill method to detect the
significance of publication bias because we only reviewed
twenty-one studies. It also provides bias-adjusted results
for small studies [49-51] considering extracting unpub-
lished studies is not achievable. This method estimates
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Fig. 5 Funnel plot of standard error by log odds ratio for detecting publication bias and heterogeneity of preterm birth on perinatal mortality
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the size of the adjusted effects only by approximating
statistically imputed missing values [27].

In this regression analysis, a positive intercept implies
a bias towards the right side of the funnel plot, and the
missing studies are in the negative direction. In contrast,
a negative intercept indicates a bias toward the left side,
and the missing values are likely in the right direction
[22]. In this meta-analysis, the results obtained from
small studies scattered widely at the bottom of the graph
of the funnel plot. The spread was narrow at the top of
the funnel plot of studies with adequate sample size [52].
In primiparity, the funnel plot was resembled a symmet-
rical graph showing the absence of publication bias.
However, the results of most determinants for perinatal
mortality were asymmetrically skewed to the positive
direction indicating the presence of publication bias.
The adjusted result of preterm birth was skewed in a
positive direction, and some studies were slimmed to es-
timate the size of the adjusted effects. The possible rea-
son might be missing studies suppressed by publication
bias in a meta-analysis (Fig. 5).

In this study, we mostly rejected null hypotheses, and
there were moderate and high levels of heterogeneity in
this meta-analysis. We believe that all effect sizes in the
sample of included studies might not vary only because
of sampling error. As a researcher, we also anticipate the
presence of unpublished studies related to perinatal
mortality. It helps us think about the existence of sys-
tematic study level variability and the presence of true
heterogeneity. For these reasons, selecting the random-
effects model was appropriate for this meta-analysis.
However, systematic review methods are subjective re-
garding the selection of studies to include or exclude
from this review. Studies that were primarily diverse in
different circumstances may lead this meta-analysis to
be inaccurate. It might obscure the genuine differences
in the overall mean effects of meta-analysis in the
random-effect analysis. Once decisions and clinical judg-
ments for combining individual studies are inevitably
and subjectively included, there are not solutions for ad-
justment or amendment in statistics. It produces a
wrong result interpreted as having more credibility for
decision making and inappropriate summaries [51].

Conclusion

In this review and meta-analaysis, the observed and ad-
justed PMR was 58.35 and 42.95 respectively per 1000
deliveries. High level of heterogeneity was evident in
total studies of perinatal mortality and its determinants
(I>>99 perecent). Only low birth weight and primi-
parity were not approximated by statistically imputed
missing studies in estimating the final effects sizes. Most
determinants were presented with a positive intercept of
regression and a positive correlation indicating the
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presence of heterogeneity and publication bias. This in-
forms us publications existed which might be a major
threat to the validity of the conclusions in this study.
However, less heterogeneity was observed in subgroup
analysis. Therefore, engaging in systematic review and
meta-analysis would potentially improve under-
represented strategies and actions by informing policy
makers and program implementers for minimizing the
existing socioeconomic inequalities between regions and
nations. Finally, it is recommended to improve supply,
demand, equity, and quality of services in countries hav-
ing high perinatal mortality.
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