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Abstract

Background: Neonatal mortality remains a critical global challenge, with preventable instances prevailing. The
initial stride in mitigating neonatal mortality involves elucidating its underlying causes.

Methods: This study utilized an umbrella review approach to discern factors associated with neonatal mortality.
Five international databases, namely Pub Med, Web of Science, Scopus, CINAHL, and EMBASE, were meticu-
lously searched to achieve this.

Results: The initial search yielded 12,631 articles using a search strategy centered on keywords related to factors
contributing to neonatal mortality. Ultimately, 95 articles met the criteria incorporated into this study.
Conclusion: This study endeavors to identify the primary risk factors contributing to neonatal mortality. The
discerned risk factors have been systematically categorized into four groups: maternal factors, neonatal factors,
aspects linked to healthcare systems, and socio-economic factors. As such, it is imperative for policymakers to
take heed of these identified risk factors and formulate comprehensive strategies encompassing both long-term
and short-term initiatives. Effective interventions spanning vatious sectors are crucial for the prevention of ne-
onatal mortality.
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Introduction

As per the Millennium Development Goals
(MDGs), the objective was to diminish the mor-
tality rate of children under the age of 5 between
2000 and 2015(1). During that timeframe, an av-

erage of approximately 2.5 million newborn
deaths and 2.6 million stillbirths occurred annual-
ly (2). Undoubtedly, a paramount objective of the
United Nations' Sustainable Development Goals
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(SDGs) is to eradicate preventable neonatal mor-
tality across the globe, with a particular emphasis
on developing nations, by the year 2030 (3).

The IMR is categorized into three distinct sec-
tions: early neonatal (spanning the first 7 d of
life), late neonatal (encompassing the period from
the 8th to the 27th day of life), and post-neonatal
(ranging from the 28th day to the 365th day of
life) (4).

In developing nations, the Neonatal Mortality
Rate (NMR) constitutes around 60% of the over-
all Infant Mortality Rate (IMR) (5, 0).
Furthermore, it's concerning to note that 37% of
neonatal deaths are considered preventable, while
the remaining cases are potentially preventable
(7). Numerous reviews have demonstrated corre-
lations between neonatal mortality and the life
circumstances of both mothers and neonates (8).
Additionally, investigations have revealed that
factors such as low quality of care, limited mater-
nal education, and instances of maternal or neo-
natal exposure to infections hold significant
prominence as primary contributors to neonatal
mortality (9). During the neonatal period, studies
have underscored that neonatal infection, birth
weight, asphyxia, and preterm birth are the fore-
most factors associated with mortality. Notably,
research has highlighted those severe neonatal
infections, particularly within the initial 7 d of
life, stand out as the most significant cause of
neonatal mortality (10, 11). Prematurity accounts
for approximately one-tenth of instances of neo-
natal mortality (12).

To effectively develop interventions and preven-
tion strategies targeting neonatal mortality, it is
imperative to thoroughly review and assess the
evidence linked to neonatal death (13). The initial
step towards reducing the Neonatal Mortality
Rate (NMR) involves identifying the causes and
risk factors associated with neonatal death (14).
In systematic reviews, it is common for research-
ers to focus on specific or limited causes of neo-
natal mortality.

However, this umbrella review in question was
designed to go beyond this approach. Its primary
objective was to compile comprehensively the
most crucial risk factors associated with perinatal
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death, neonatal mortality, and stillbirth. This was
achieved by meticulously reviewing all relevant
systematic reviews that exhibited medium to
high-quality scores.

Materials and Methods

Umbrella reviews systematically search and eval-
uate evidence from several systematic reviews
and/or meta-analyses on all health outcomes re-
lated to a special subject (15). This umbrella re-
view was undertaken with the purpose of identi-
tying factors linked to neonatal mortality. The
methodology followed the guidelines outlined in
the Cochrane Handbook for Systematic Reviews
of Interventions, ensuring a systematic and rigor-
ous approach to the review process (16). Fur-
thermore, this review adhered to the Preferred
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines, ensuring a
standardized and transparent reporting approach.
The review protocol was registered on PROS-
PERO under Registration No CRD42022300532.
All the stages of the review process have been
meticulously documented and presented in a
PRISMA chart in Appendix 1. The population
under study encompasses individuals from all
corners of the world.

Searching strategy

Five international databases including Pub Med,
Web of Science, Scopus, CINAHL, and EM-
BASE were searched. Keywords were selected
based on the PICO question formulation. For
search terms two categories were used, including:
"Neonat*" OR "Infant" OR "Perinatal" OR
"newborn" searched in title. 2."Mortality" OR
"death" OR "decease" in title-abstract. Other
search strategy synonyms in each category were
related with an "OR" and then two categories
were trelated with "AND". The seatrch filter was
set to limit results to systematic reviews. Key-
word synonyms were identified using the Medical
Subject Heading (MESH) and through a scoping
search. The obtained keywords were presented to
and confirmed by an expert panel (clinicians, li-
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brarians, and experts who had searched on relat-
ed subjects). The scoping search included search
terms for the neonatal period including perinatal
and neonatal, and death. Moreover, synonyms for
“death”, such as mortality and stillbirth, were also
added to identify relevant reproductive risk fac-
tors. This search strategy has been employed to
retrieve all systematic reviews published from

1/1/2000 to 12/30/2021.

Eligibility criteria
The following are the inclusion criteria:
o Systematic reviews
o Causes of neonatal mortality
o English language articles
o Neonatal period
The following are the exclusion criteria:
o Reviews on interventions and clinical
technics
o Reviews with low and very low quali-
ty according to AMSTAR2
o Review on effect of COVID-19

Quality assessment

The Quality of each study was evaluated by two
independent authors (EA & MA) using AM-
STAR2. AMSTAR?2 is a valid, critical and reliable
tool developed by AMSTAR in 2017. Any disa-
greement was resolved by the third author (LA).
AMSTAR?2 is a tool used for qualitatively evaluat-
ing reviews consist on a 16-item checklist (17).
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Overlapping reviews

When two or more reviews assessed the same
exposure and outcomes, they were categorized as
overlapping reviews. Overlapping reviews are
prone to biased findings and estimations due to
the inclusion of primary studies multiple times
from the same sources (18-20). The included arti-
cles displayed a significant degree of diversity,
resulting in notable heterogeneity. To assess the
occurrence of review overlaps, a process was un-
dertaken. Initially, articles focusing on the same
subject and yielding similar results were identi-
fied. Subsequently, the references of these articles
were thoroughly examined. Finally, all instances
of overlaps were meticulously documented and
reported.

Data collection and analysis

The standard methodological protocols estab-
lished by the Cochrane Collaboration were em-
ployed for both data collection and analysis.
However, due to the observed heterogeneity
among the studies, conducting a meta-analysis
was not feasible. Consequently, the results are
presented using a narrative approach, providing a
descriptive overview of the findings. Upon thor-
ough assessment of the predefined inclusion and
exclusion criteria, 95 reviews were deemed suita-
ble for inclusion in this umbrella review.

Results

Reviewing and extracting the articles in the
PRISMA chart is presented in summary (Fig. 1).
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. Recordsidentified through database searching= 12631

Web of Science (3,041), Scopus(6,129), PubMed (2,436),

CINAHL (254) andEMBASE (771)

Additional records

identified through other
sources= 19

y

Articles after duplication=

‘ 7326

v

’ Full-text articles assessedfor

eligibility = 1928

Quality appraisal articles
with AMSATARZ =147

A4

Studiesincluded in the
final review = 95

Articles excluded due to
duplication= 5324

Atticles excluded by title
and abstract=35379

Full-text articles excluded
with reason= 1780

Articles without full text
accessible=20

Low and verylow gquality
excluded= 52

Fig. 1: PRISMA Chart of retrieving studies

The results have been succinctly summarized and
organized into four tables in Supplementary files
(Not published).
Factors contributing to neonatal mortality were
divided into four categories:

Maternal factors

Neonatal factors

Factors related to healthcare systems

Socio-economic factors
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Maternal factors affected neonatal mortality

Various lifestyle factors can contribute to adverse
pregnancy outcomes. These encompass aspects
like advanced maternal age, young maternal age,
alcohol consumption, smoking, inadequate diets,
exposure to intimate partner violence, maternal
obesity, improper birth spacing, and infections
such as Parvovirus B19. Furthermore, specific
maternal diseases wield considerable influence on
perinatal, neonatal, and infant mortality. Some of
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these include preexisting diabetes, polycystic ova-
ry syndrome during pregnancy, rubella infection
while pregnant, maternal anemia, low maternal
hemoglobin levels, high maternal hemoglobin
levels, epilepsy, hepatitis E during pregnancy,
chlamydia infection during pregnancy, hyperten-
sive disorders of pregnancy, Lyme disease, ZIKA
infection during pregnancy, Neisseria gonorrhea
infection, Ebola virus disease during pregnancy,
Lassa fever, and maternal anti-phospholipid syn-
drome. Furthermore, medical interventions like
In Vitro Fertilization and cesarean section have
been associated with adverse pregnancy out-
comes. Multiple gestations and gestational age of
37 wk or less have also been linked to increased
neonatal mortality (21).

Neonatal factors affected neonatal mortality
Neonatal factors that contribute to neonatal mor-
tality primarily revolve around neonatal diseases.
These encompass conditions such as birth as-
phyxia, sepsis, severe infections (including pneu-
monia), respiratory distress syndrome, and men-
ingitis. Other factors include infants with ne-
crotizing enterocolitis, fetal urachal sinthrom-
bosisis, hyperglycemia in very preterm infants,
and echogenic bowel. Notably, fetuses with se-
vere bilateral ventriculomegaly and fetuses with
severe fetal hydrops are also associated with neo-
natal mortality. Several factors have been high-
lighted as significant contributors to neonatal
mortality. These include preterm birth, male gen-
der, Apgar score below 7 at the fifth minute after
birth, low and very low birth weight, prematurity,
marginal association with primigravity, and fetal
heterodoxy. In cases of fetal heterodoxy, cardiac
anomalies are often observed (22). Certainly, the
presence of fetal meconium peritonitis and a
10%elevation in stillbirth rates are outlined as
neonatal factors influencing neonatal mortality.

Healthcare systems factors affecting neonatal
mortality

These factors encompass various dimensions.
Lower nurse-to-patient ratios and the presence of
31%beta-lactamase-producing Enterobacteri-
aceae in neonatal intensive care units identified as
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elements associated with neonatal mortality (23).
The quality of care for neonatal females is nota-
bly lower compared to males (24). Inadequate or
completely lacking prenatal care are underlying
causes of neonatal mortality (21).

Socio-economic factors affecting neonatal mortal-
iy

Residing in underprivileged neighborhoods, ex-
periencing socioeconomic disparities, and en-
countering income inequality have been linked to
elevated IMR, higher occurrences of stillbirths,
increased perinatal mortality, preterm births, and
neonatal mortality (25-27). Ethnic minority wom-
en and migrant populations in Western industrial-
ized countries often confront a higher prevalence
of adverse pregnancy outcomes and complica-
tions (28).

Overlapping reviews

For maternal body mass, 5 articles have overlaps
including articles (29-33). Authors were overlap-
ping articles in two studies (34, 35).

For maternal smoking, 2 articles have some over-
laps including articles from Wisborg (36) and
Froen (37) in two studies of Zhang (38) and
Marufu (39) been overlapped.

For maternal hypertensive disorders, 9 articles
had overlaps including (40-48) are taken by Ge-
mechu (49) and Noubiap (50).

Discussion

Within this umbrella review, the primary objec-
tive was to diligently search for and identify the
most critical risk factors associated with neonatal
mortality. These identified risk factors were
thoughtfully categorized into four distinct
groups. Notably, articles that highlighted a com-
bination of factors spanning various categories
were categorized under the fourth group, en-
compassing maternal factors, neonatal factors,
healthcare system-related factors, and socio-
economic factors. This comprehensive approach
ensured a thorough understanding of the multi-
faceted nature of neonatal mortality risk factors.
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Reviews focusing on maternal risk factors were
allocated to the first category. The WHO publica-
tion, known as the International Classification of
Diseases — Perinatal Mortality, classifies perinatal
mortality risk factors. Notably, maternal condi-
tions are a pivotal contributor to PM. As high-
lighted in our review, maternal age emerges as a
crucial factor in this context. Specifically, there is
a significantly elevated risk associated with ma-
ternal ages between 35 to 39 yr and particularly
beyond 45 yr, as well as maternal ages below 15
yr (51-53).

Our findings indicate that maternal diseases in-
cluding Lyme disease, ZIKA infection, Neisseria
gonorrhea infection, Ebola virus disease, Lassa
fever, and maternal anti-phospholipid syndrome
are associated with an elevated risk of neonatal
mortality (54-56). In a review, maternal exposure
to Ebola virus was linked to adverse outcomes
such as neonatal mortality, stillbirths, and miscar-
riages (57). A knowledge gap was explained for
management of mothers with Ebola virus (58).
Within this umbrella review, multiple studies
have investigated the implications of maternal
obesity on infant mortality. Notably, a Body Mass
Index exceeding 25, particularly levels surpassing
30 and 35, has been associated with a range of
serious complications for mothers and is linked
to adverse pregnancy outcomes (59-61). Maternal
overweight is correlated with an increased risk of
neonatal mortality (62).

Conversely, specific maternal circumstances such
as unintended pregnancies and inappropriate
birth spacing play a pivotal role in influencing
pregnancy outcomes (63, 64). Low birth space led
to neonatal mortality (65). Furthermore, our re-
view identified specific maternal conditions such
as maternal smoking, maternal diabetes, and hy-
pertensive disorders as contributing factors to
neonatal mortality (49, 50, 66,67). Specific mater-
nal conditions contribute to the occurrence of
stillbirths. These conditions encompass abnormal
labor, maternal hypertension, maternal infections,
chorioamnionitis, maternal diabetes, antepartum
hemorrhage, maternal pre-existing disorders, and
spontaneous preterm labor (68).
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Certain systematic reviews have indicated that In
Vitro Fertilization (IVF) is associated with an el-
evated risk of neonatal mortality (69-73). IVF is
linked to twin pregnancies, low birth weight, pre-
term birth, preeclampsia, congenital anomalies,
and placental abnormalities (74). The escalated
rates of Caesarean section, particularly in devel-
oping countries, have been associated with an
increased risk of neonatal mortality (75).

The second category within this review pertained
to neonatal risk factors. Noteworthy neonatal risk
factors contributing to neonatal mortality, as
identified in this umbrella review, encompass low
birth weight, birth asphyxia, sepsis, severe infec-
tions, pneumonia, respiratory distress syndrome,
meningitis, echogenic bowel, bilateral ventricu-
lomegaly, preterm birth, fetal heterodoxy, and
fetal meconium peritonitis. These factors collec-
tively contribute to the understanding of neonatal
mortality risk within this study (76-80). Addition-
ally, within this review, several other neonatal risk
factors were highlighted. These include Apgar
scotes below 7 at the fifth minute after birth, low
and very low birth weight, prematurity, and mar-
ginal association with primigravity (81).
Furthermore, the prevalence of stillbirths in male
infants was approximately 10% higher compared
to female infants (82). Neonatal mortality causes
were ranked. Notably, low birth weight and
premature birth emerged as the leading risk fac-
tors in this ranking (83).

The third category within the review was associ-
ated with healthcare factors. Notably, lower
nurse-to-patient ratios were found to have a di-
rect correlation with increased neonatal mortality
rates (84). Implementing policies to enhance
nurse-to-patient ratios can lead to favorable out-
comes, including a positive return on investment,
reduced mortality rates, and decreased readmis-
sions (85).

Quality improvement efforts within NICUs have
a pivotal role in effectively reducing neonatal
mortality rates. The significance of NICUs were
underscores in mitigating preterm deaths (86, 87).
The provision of low-quality care poses a multi-
tude of challenges for healthcare systems, directly
contributing to issues such as neonatal mortality
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(24). The quality of care during the antenatal, in-
trapartum, and postnatal periods could potential-
ly reduce 21%-32% of neonatal mortality in-
stances (88).

Indeed, the lack of antenatal care and insufficient
or absent prenatal care have been identified as
contributing factors to neonatal mortality (81,
89). Group care models for antenatal and prena-
tal care have demonstrated positive impacts on
neonatal health in high-income countries. Given
these positive outcomes, these group care models
are recommended for adoption in low and mid-
dle-income countries (90).

The fourth category within the review focused on
socio-economic factors. Notably, living in a de-
prived neighborhood has been linked to an in-
creased risk of neonatal mortality. Residing in
deprived neighborhoods is associated with an
elevated risk of neonatal mortality (91).

Having a low socioeconomic status, income ine-
quality and being part of an ethnic minority are
associated with neonatal mortality. Many con-
founding factors are in these variables (25-27).
The impact of structural racism on infant mor-
tality in the United States was explored (92). A
study that highlighted the correlation between
inequalities in access to healthcare facilities, fami-
ly income, and certain social determinants such as
the literacy of women, with an elevated risk of
neonatal mortality (93).

Migrant women in western industrialized coun-
tries faced many pregnancy complications (28).
Migrant women experienced higher rates of ma-
ternal and neonatal complications compared to
local women (94). Finally, a systematic review
found that wildfire exposure during late pregnan-
cy is linked to low birth weight, preterm birth and
infant mortality (95).

Limitations

Our review was the first umbrella review to
summarize systematically broad causes of neona-
tal mortality. Moreover, this umbrella review as-
sessed the overlapping and appraised the quality
of previous systematic reviews using the AM-
STAR2 checklist.
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As a limitation of the review, since we wanted to
gather all causes of neonatal mortality, a large
number of articles were retrieved using our
search strategy. A great amount of time was spent
screening the articles and excluding those dis-
cussing clinical causes and their interventions.
Screening all the retrieved articles was an arduous
task three authors participated in.

Conclusion

A multitude of factors contributes to infant mor-
tality, which have been systematically categorized
into four distinct groups. Analyzing these factors
collectively reveals that certain interventions can
lead to immediate reductions in infant mortality,
such as enhancing routine maternal care and im-
proving access to healthcare services. However,
other factors necessitate more comprehensive
and sustained efforts, particularly those related to
socio-economic aspects. Thus, to effectively en-
hance conditions and curtail infant mortality
rates, a well-rounded strategy is essential. This
strategy should encompass both short-term in-
terventions and long-term initiatives, fostering
cross-sector collaboration and effective commu-
nication among various departments. By adopting
such a multifaceted approach, meaningful pro-
gress in reducing infant mortality can be
achieved.

Journalism Ethics considerations
Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements

We thank the Kerman University of Medical Sci-
ences for facilitating the study.

Available at:  http://ijph.tums.ac.ir




Amini et al.: Investigating the Causes of Neonatal Mortality ...

Funding

This study is part of a Ph.D. dissertation funded
by the Kerman University of Medical Sciences.
(Grant number: 400001105).

Conflict of Interest
The authors declare no conflicts of interest.
Data availability

All supplementary files will be sent to respected
readers in case of reasonable apply from the cor-
responding author.

References

1. WHO. Levels and Trends in Child Mortality:
2020 Report.
https://www.who.int/publications/m/ite
m/levels-and-trends-in-child-mortality-
report-2020

2. Boerma T, Requejo J, Victora CG, et al
(2018). Countdown to 2030: tracking
progress towards universal coverage for
reproductive, maternal, newborn, and
child health. Lancet, 391 (10129):1538-
1548.

3. Transforming our world: the 2030 agenda for
sustainable development, (2015). United
Nations.
https://sustainabledevelopment.un.org/p
0st2015/transformingourworld/publiatioc
n

4. Kerber KJ, Mathai M, Lewis G, et al (2015).
Counting every stillbirth and neonatal
death through mortality audit to improve
quality of care for every pregnant woman
and her baby. BMC Pregnancy Childbirth, 15
Suppl 2(Suppl 2):89.

5. Singha AK, Phukan D, Bhasin S, Santhanam
R (2022). Application of machine learning
in analysis of infant mortality and its
tactors. BMC Pregnancy Childbirth,22:388.

6. Oliveira MMd, Andrade SSCdA, Dimech GS,
et al (2015). Evaluation of the national
information system on live births in Brazil,

Available at:  http://ijph.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

17.

2006-2010. Eoidemiol Serv Saude, 24:629-
640.

Baticha AM, Khader YS, Berdzuli N, et al
(2016). Level, causes and risk factors of
neonatal mortality, in Jordan: results of a
national prospective study. Matern Child
Health ], 20 (5):1061-1071.

Kassar S, Melo A, Coutinho S, et al (2013).
Determinants of neonatal death with
emphasis on health care during pregnancy,
childbirth and reproductive history. [
Pediatr (Rio ), 89(3): 269-77.

Maniruzzaman M, Suri HS, Kumar N, et al
(2018). Risk factors of neonatal mortality
and child mortality in Bangladesh. | Glob
Health, 8 (1):010417.

Levels and Trends in Child Mortality Report
2018. UNICEF.

Ramaiya A, Kiss L, Baraitser P, et al (2014). A
systematic review of risk factors for
neonatal mortality in adolescent mothet's
in Sub Saharan Africa. BMC Res Notes,
7:750.

Glass HC, Costarino AT, Stayer SA, et al
(2015). Outcomes for extremely premature
infants. Anesth Analg, 120 (6):1337-51.

Requejo JH, Bryce ], Barros AJ, et al (2015).
Countdown to 2015 and beyond: fulfilling
the health agenda for women and children.
Lancet, 385 (9966):466-476.

Moura PMSS, Maesta I, Rugolo LMSS, et al
(2014). Risk factors for perinatal death in
two different levels of care: a case—control
study. Reprod Health, 11 (1):11.

Aromataris E, Fernandez R, Godfrey CM, et
al (2015). Summarizing systematic reviews:
methodological development, conduct and
reporting of an umbrella review approach.
Int | Evid Based Healthe, 13 (3):132-40.

Michelle Pollock RMF, Lorne A Becker,
Dawid Pieper, Lisa Hartling Chapter V:
Overviews of Reviews. Cochrane Training,
handbook.

Shea BJ, Reeves BC, Wells G, et al (2017).
AMSTAR 2: a critical appraisal tool for
systematic reviews that include
randomised or non-randomised studies of
healthcare interventions, or both. BM], 35:
j4008 8.

1279



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1280

Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1272-1283

Smith V, Devane D, Begley CM, Clatke M
(2011). Methodology in conducting a
systematic review of systematic reviews of
healthcare interventions. BMC Med Res
Methodol, 11 (1):15.

Pieper D, Antoine SL, Mathes T, et al (2014).
Systematic  review finds  overlapping
reviews were not mentioned in every other
overview. | Clin Epidemiol, 67 (4):368-75.

Senn §J (2009). Overstating the evidence:
double counting in meta-analysis and
related problems. BMC Med Res Methodol,
9:10.

Veloso FCS, Kassar LML, Oliveira MJC, et al
(2019). Analysis of neonatal mortality risk
factors in Brazil: a systematic review and
meta-analysis of observational studies. |
Pedjatr (Rio ), 95 (5):519-530.

Buca DIP, Khalil A, Rizzo G, et al (2018).
Outcome of prenatally diagnosed fetal
heterotaxy: systematic review and meta-
analysis.  Ultrasound ~ Obstet  Gynecol, 51
(3):323-330.

Stapleton PJ, Murphy M, McCallion N, et al
(2016). Outbreaks of extended spectrum
beta-lactamase-producing
Enterobacteriaceae in neonatal intensive
care units: a systematic review. Arh Dis
Child Fetal Neonatal Ed, 101 (1):F72-8.

Ismail SA, McCullough A, Guo SF, et al
(2019). Gendet-related differences in care-
secking behaviour for newborns: a
systematic review of the evidence in South
Asia. BM] Glob Health, 4 (3): €001309.

Spencer N (2004). The effect of income
inequality and macro-level social policy on
infant mortality and low birthweight in
developed countries--a preliminary
systematic review. Child Care Health Dev, 30
(6):699-709.

Thomson K, Moffat M, Arisa O, et al (2021).
Socioeconomic inequalities and adverse
pregnancy outcomes in the UK and
Republic of Ireland: a systematic review
and meta-analysis.  BM]  Open, 11
(3):e042753.

Best KE, Vieira R, Glinianaia SV, Rankin ]|
(2019). Socio-economic inequalities in
mortality in children with congenital heart
disease: A systematic review and meta-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Available at:

analysis.  Paediatr  Perinat  Epidemiol, 33
(4):291-3009.

Gagnon AJ, Zimbeck M, Zeitlin J, et al
(2009). Migration to western industrialised
countries and perinatal health: A
systematic review. Soc Sci Med, 69 (6):934-
946.

Cedergren MI (2004). Maternal morbid
obesity and the risk of adverse pregnancy
outcome. Obstet Gynecol, 103 (2):219-24.

Khashan AS, Kenny LC (2009). The effects
of maternal body mass index on pregnancy
outcome. Eur | Epidemiol, 24 (11):697-705.

Leung T, Leung TY, Sahota DS, et al (2008).
Trends in maternal obesity and associated
risks of adverse pregnancy outcomes in a
population of Chinese women. BJOG, 115
(12): 1529-37.

Driul L, Cacciaguerra G, Citossi A, et al
(2008). Prepregnancy body mass index and
adverse pregnancy outcomes. Arch Gynecol
Obstet, 278 (1):23-20.

Scott-Pillai R, Spence D, Cardwell CR, et al
(2013). The impact of body mass index on
maternal and neonatal outcomes: a
retrospective study in a UK obstetric
population, 2004-2011. BJOG, 120 (8):932-
9.

Heslehurst N, Vieira R, Hayes L, et al (2017).
Maternal body mass index and post-term
birth: a systematic review and meta-
analysis. Obes Rev, 18 (3):293-308.

Aune D, Saugstad O, Henriksen T, et al
(2014). Maternal body mass index and the
risk of fetal death, stillbirth and infant
mortality-a systematic review and meta-
analysis of cohort studies. [AM.A,
11(15):1536-1546

Wisborg K, Kesmodel U, Henriksen TB, et al
(2000). A prospective study of smoking
during pregnancy and SIDS. Amh Dis
Child, 83 (3):203-206.

Froen JF, Arnestad M, Vege A, et al (2002).
Comparative epidemiology of sudden
infant death syndrome and sudden
intrauterine unexplained death. Arh Dis
Child Fetal Neonatal Ed, 87 (2):F11-218.

Zhang K, Wang X (2013). Maternal smoking
and increased risk of sudden infant death

http://ijph.tums.ac.it




39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Available at:

Amini et al.: Investigating the Causes of Neonatal Mortality ...

syndrome: A meta-analysis.
(Tokyo), 15 (3):115-121.

Marufu TC, Ahankari A, Coleman T, Lewis S
(2015). Maternal smoking and the risk of
still birth: systematic review and meta-
analysis. BMC Public Health, 15:239.

Say L, Chou D, Gemmill A, et al(2014).
Global causes of maternal death: a WHO
systematic analysis. Lancet Glob Health, 2
(6):323-33.

Umesawa M, Kobashi G (2017).
Epidemiology of hypertensive disorders in
pregnancy:  prevalence, risk  factors,
predictors and prognosis. Hypertens Res, 40
(3):213-220.

Mol BWJ, Roberts CT, Thangaratinam S, et al
(2016).  Pre-eclampsia.  Lancet, 387
(10022):999-1011.

Tranquilli AL, Dekker G, Magee L, et al
(2014). The classification, diagnosis and
management of the hypertensive disorders
of pregnancy: A revised statement from
the ISSHP. Pregnancy Hypertens, 4 (2):97-
104.

Fokom-Domgue J, Noubiap JJ (2015).
Diagnosis of hypertensive disorders of
pregnancy in sub-Saharan Africa: a pootly
assessed but increasingly important issue. |
Clin Hypertens (Greenwich), 17 (1):70-3.

Egger M, Davey Smith G, Schneider M,
Minder C (1997). Bias in meta-analysis
detected by a simple, graphical test. BM],
315 (7109):629-34.

Kullima A, Kawuwa M, Audu B, et al (2009).
A 5-year review of maternal mortality
associated with eclampsia in a tertiary
institution in northern Nigeria. Awn Afr
Med, 8 (2):81-84.

Ananth CV, Keyes KM, Wapner R] (2013).
Pre-eclampsia rates in the United States,
1980-2010:  age-period-cohort — analysis.
BM], 347:£6564.

Miranda ML, Swamy GK, Edwards S, et al
(2010). Disparities in maternal
hypertension and pregnancy outcomes:
evidence from North Carolina, 1994-2003.
Public Health Rep, 125 (4):579-587.

Gemechu KS, Assefa N, Mengistie B (2020).
Prevalence of hypertensive disorders of
pregnancy and pregnancy outcomes in

Leg  Med

http://ijph.tums.ac.ir

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sub-Saharan Africa: A systematic review
and meta-analysis. Womens Health (Lond),
16:1745506520973105.

Noubiap JJ, Bigna JJ, Nyaga U, et al (2019).
The burden of hypertensive disorders of
pregnancy in Africa: A systematic review
and meta-analysis. | Clin  Hypertens
(Greemwich), 21(4):479-488.

Carolan M, Frankowska D (2011). Advanced
maternal age and adverse perinatal
outcome: a review of the evidence.
Midwifery, 27 (6):793-801.

Carolan M (2013). Maternal age >= 45 years
and maternal and perinatal outcomes: A
review of the evidence. Midwifery, 29
(5):479-489.

Huang L, Sauve R, Birkett N, et al (2008).
Maternal age and risk of stillbirth: a
systematic review. CM.AJ, 178 (2):165-72.

Chibueze EC, Tirado V, Lopes KD, et al
(2017). Zika virus infection in pregnancy: a
systematic review of disease course and
complications. Reprod Health, 14 (1):28.

Whelan ], Eeuwijk ], Bunge E, Beck E
(2021). Systematic Literature Review and
Quantitative Analysis of Health Problems
Associated with Sexually Transmitted
Neisseria gonorrhoeae Infection. Infect Dis
Ther, 10 (4):1887-1905.

Kayem ND, Benson C, Aye CYL, et al
(2022). Ebola virus disease in pregnancy: a
systematic review and meta-analysis. Trans
R Soc Trop Med Hyg, 116(6):509-22.

Bebell LM, Oduyebo T, Riley LE (2017).
Ebola virus disease and pregnancy: A
review of the current knowledge of Ebola
virus pathogenesis, maternal, and neonatal
outcomes. Birth Defects Res, 109 (5):353-
362.

Black BO, Caluwaerts S, Achar ] (2015).
Ebola viral disease and pregnancy. Obster
Med, 8 (3):108-113.

Meehan S, Beck CR, Mair-Jenkins J, et al
(2014). Maternal obesity and infant
mortality: a meta-analysis. Pediatrics, 133
(5):863-71.

Chu SY, Kim SY, Lau J, et al (2007). Maternal
obesity and risk of stillbirth: a
metaanalysis. Am | Obstet Gynecol, 197
(3):223-8.

1281



61.

62.

63.

64.

65.

66.

67.

68.

069.

70.

1282

Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1272-1283

Huo NN, Zhang K, Wang L, et al (2021).
Association of Maternal Body Mass Index
With Risk of Infant Mortality: A Dose-
Response Meta-Analysis. Front  Pediarr,
9:650413.

Wu H, Liu F, Zhao M, Liang Y, Xi B (2020).
Maternal body mass index and risks of
neonatal  mortality and  offspring
overweight and obesity: Findings from 0.5
million samples in 61 low- and middle-
income countries. Pediatr  Obes, 15
(11):e12665.

Hall JA, Benton L, Copas A, Stephenson ]
(2017).  Pregnancy  Intention  and
Pregnancy Outcome: Systematic Review
and Meta-Analysis. Matern Child Health ],
21 (3):670-704.

Conde-Agudelo A, Rosas-Bermudez A,
Kafury-Goeta AC (2006). Birth spacing
and risk of adverse perinatal outcomes - A
meta-analysis. [AN.A, 295 (15):1809-1823.

Molitoris J (2018). Heterogeneous Effects of
Birth Spacing on Neonatal Mortality Risks
in Bangladesh. S#ud Fam Plann, 49 (1):3-21.

Relph S, Patel T, Delaney L, et al (2021).
Adverse pregnancy outcomes in women
with diabetes-related microvascular disease
and risks of disease progression in
pregnancy: A systematic review and meta-
analysis. PLoS Med, 18 (11):e1003856.

Oostingh EC, Hall J, Koster MPH, et al
(2019). The impact of maternal lifestyle
factors on periconception outcomes: a
systematic review of observational studies.
Reprod Biomed Online, 38 (1):77-94.

Lawn JE, Blencowe H, Pattinson R, et al
(2011). Stillbirths: Where? When? Why?
How to make the data count? Lancet, 377
(9775):1448-1463.

Jackson RA, Gibson KA, Wu YW, Croughan
MS  (2004). Perinatal outcomes in
singletons following in vitro fertilization:
A meta-analysis.  Obstet  Gynecol, 103
(3):551-563.

McDonald SD, Murphy K, Beyene ],
Ohlsson A (2005). Perinatel outcomes of
singleton pregnancies achieved by in vitro
fertilization: a systematic review and meta-
analysis. | Obstet Gynaecol Can, 27 (5):449-
59.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Available at:

Wong K, Carson KR, Crane J (2021). Risk of
stillbirth in singleton gestations following
in vitro methods of conception: a
systematic review and meta-analysis.
BJOG, 128 (10):1563-1572.

Pandey S, Shetty A, Hamilton M, et al (2012).
Obstetric and perinatal outcomes in
singleton  pregnancies resulting from
IVF/ICSL: a systematic review and meta-
analysis. Hum Reprod Update, 18 (5):485-
503.

Palomba S, Homburg R, Santagni S, et al
(2016). Risk of adverse pregnancy and
perinatal outcomes after high technology
infertility treatment: A comprehensive
systematic review. Reprod Biol Endocrinol, 14
(1): 76.

Kalra SK, Molinatro TA (2008). The
association of in vitro fertilization and
perinatal morbidity. Sewin Reprod Med, 26
(5):423-35.

Gedefaw G, Demis A, Alemnew B, et al
(2020).  Prevalence, indications, and
outcomes of caesarean section deliveries in
Ethiopia: a systematic review and meta-
analysis. Patient Saf Surg, 14:11.

Nayeri F, Emami Z, Mohammadzadeh Y, et
al (2019). Mortality and Morbidity Patterns
of Very Low Birth Weight Newborns in
Eastern Mediterranean Region: A Meta-
Analysis Study. | Pediatr Rev, 7 (2):67-76.

Rath CP, Shivamallappa M, Muthusamy S, et
al (2022). Outcomes of very preterm
infants with neonatal hyperglycaemia: a
systematic review and meta-analysis. Arh
Dis Child Fetal Neonatal Ed, 107(3):269-280.

Jahanfar S (2014). A systematic review of
birth weight discordance and perinatal
outcomes among twin gestations. [
FMMR, 27:423.

D'Amico A, Buca D, Rizzo G, et al (2021).
Outcome of fetal echogenic bowel: A
systematic review and meta-analysis. Prenat
Diagn, 41 (4):391-399.

Gladstone M, Oliver C, Van den Broek N
(2015). Survival, morbidity, growth and
developmental delay for babies born
preterm in low and middle income
countries - a systematic review of

http://ijph.tums.ac.it




81.

82.

83.

84.

85.

86.

87.

88.

Available at:

Amini et al.: Investigating the Causes of Neonatal Mortality ...

outcomes measured. PloS One 10
(3):e0120566.

Machado CJ, Hill KJjobs (2005). Maternal,
neonatal and  community  factors
influencing neonatal mortality in Brazil. |
Biosoc Sz, 37 (2):193-208.

Mondal D, Galloway TS, Bailey TC, Mathews
F (2014). Elevated risk of stillbirth in
males: systematic review and meta-analysis
of more than 30 million births. BMC Med,
12:220.

Razzaq A, Quddusi Al, Nizami NJPjoms
(2013). Risk factors and mortality among
newborns with persistent pulmonary
hypertension. Pak | Med Sci, 29 (5):1099-
104.

Sherenian M, Profit J, Schmidt B, et al (2013).
Nurse-to-patient ~ ratios and
outcomes: a brief systematic
Neonatology, 104 (3):179-83.

McHugh MD, Aiken LH, Sloane DM,et
al(2021). Effects of nurse-to-patient ratio
legislation on nurse staffing and patient
mortality, readmissions, and length of stay:
a prospective study in a panel of hospitals.
Lancet, 397 (10288):1905-1913.

Bajad M, Goyal S, Jain B (2016). Clinical
profile of neonates with respiratory
distress. Int | Contemp Pediatr, 3:1009-1013.

Garg P, Bolisetty S (2007). Neonatology in
developed and developing nations. Indian |
Pedjarr, 74 (2):169-171.

Chou VB, Walker N, Kanyangarara M (2019).
Estimating the global impact of poor
quality of care on maternal and neonatal
outcomes in 81 low- and middle-income

neonatal
review.

http://ijph.tums.ac.ir

89

90.

91.

92.

93.

94.

95.

countries: A modeling study. PLoS Med, 16
(12):¢1002990.

. Jorge Machado C, Hill K (2005). Maternal,
neonatal and  community  factors
influencing neonatal mortality in brazil. |
Biosoc Sez, 37 (2):193-208.

Sharma ], O'Connor M, Rima Jolivet R
(2018). Group antenatal care models in
low- and middle-income countries: a
systematic  evidence synthesis. Reprod
Health, 15 (1):38.

Kayode GA, Ansah E, Agyepong IA, et al
(2014).  Individual and community
determinants of neonatal mortality in
Ghana: a multilevel analysis. BMC
Pregnancy Childbirth, 14:165.

Wallace M, Crear-Perry J, Richardson L, et al
(2017). Separate and unequal: Structural
racism and infant mortality in the US.
Health Place, 45:140-144.

Khajavi A, Pishgar F, Dehghani M,
Naderimagham S (2017). Socioeconomic
inequalities in neonatal and postneonatal
mortality: Evidence from rural Iran, 1998-
2013. Int ] Equity Health, 16 (1):83.

Du L, Qin M, Zhang L, et al (2012). Trends
in maternal mortality in resident vs.
migrant women in Shanghai, China, 2000-
2009: a register-based analysis. Reprod
Health Matters, 20 (39):73-80.

Amijad S, Chojecki D, Osornio-Vargas A, et
al (2021). Wildfire exposure during
pregnancy and the risk of adverse birth
outcomes: A systematic review. Environ Int,
156:106644.

1283



