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Abstract

Background: We systematically reviewed and chronicled exposures and outcomes measured in the maternal and
birth cohort studies in the Gulf Cooperation Council (GCC) countries and quantitatively summarized the weighted
effect estimates between maternal obesity and (1) cesarean section (CS) and (2) fetal macrosomia.

Methods: We searched MEDLINE-PubMed, Embase, Cochrane Library, Scopus, and Web of Science electronic
databases up to 30 June 2019. We considered all maternal and birth cohort studies conducted in the six GCC
countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates (UAE)). We categorized cohort
studies on the basis of the exposure(s) (anthropometric, environmental, medical, maternal/reproductive, perinatal,
or socioeconomic) and outcome(s) (maternal or birth) being measured. Adjusted weighted effect estimates, in
the form of relative risks, between maternal obesity and CS and fetal macrosomia were generated using a random-
effects model.

Results: Of 3502 citations, 81 published cohort studies were included. One cohort study was in Bahrain, eight
in Kuwait, seven in Qatar, six in Oman, 52 in Saudi Arabia, and seven in the UAE. Majority of the exposures
studied were maternal/reproductive (65.2%) or medical (39.5%). Birth and maternal outcomes were reported in
82.7% and in 74.1% of the cohort studies, respectively. In Saudi Arabia, babies born to obese women were at
a higher risk of macrosomia (adjusted relative risk (aRR), 1.15; 95% confidence interval (Cl), 1.10-1.20; P =50%)
or cesarean section (aRR, 1.21; 95% Cl, 1.15-1.26; F =62.0%). Several cohort studies were only descriptive
without reporting the magnitude of the effect estimate between the assessed exposures and outcomes.
Conclusions: Cohort studies in the GCC have predominantly focused on reproductive and medical exposures.
Obese pregnant women are at an increased risk of undergoing CS delivery or macrosomic births. Longer-term
studies that explore a wider range of environmental and biological exposures and outcomes relevant to the
GCC region are needed.

Systematic review registration: PROSPERO CRD42017068910

Keywords: Cohort studies, Infant health, Maternal exposure, Maternal health, Middle East, Prenatal exposure
delayed effects, Review

* Correspondence: rrifai@uaeu.ac.ae

Rami H. Al-Rifai and Nasloon Ali are joint first authors.

YInstitute of Public Health, College of Medicine and Health Sciences, United
Arab Emirates University, P.O. Box 15551, Al Ain, United Arab Emirates

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-020-1277-0&domain=pdf
http://orcid.org/0000-0001-6102-0353
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:rrifai@uaeu.ac.ae

Al-Rifai et al. Systematic Reviews (2020) 9:14 Page 2 of 13

Background pregnancy condition, delivery process, neonatal status,
A wide range of prenatal exposures including environ- perinatal growth, and possibly long-term health conse-
mental, genetic, and socioeconomic factors can individu-quences for both the mother and offspring2p-27].
ally or jointly affect different maternal and birth health However, there has not been a synthesis and evaluation
outcomes [-3]. Such unfavorable health outcomes of the different cohort studies that have been conducted
might manifest during the early or later stages of preg-in the GCC countries on which to base more effective
nancy or infancy leading to both short- and long-term evidence-based public health policies. A comprehensive
consequences 1F-3]. For instance, gestational diabetesreview of the maternal and birth cohort literature in the
mellitus (GDM) increases the risk of both the mother GCC will highlight research areas that have received
developing post-pregnancy type 2 diabetes mellitusconsiderable attention and identify knowledge gaps in
(T2DM) [4] and macrosomia in the newborng]. Mater-  the current body of scientific evidence. Highlighting
nal obesity has also been associated with an increasedhderstudied maternal and child health-related expo-
risk of macrosomia in newbornsH]. Socioeconomic ex- sures and outcomes is important for grant funding bod-
posures including poverty and environmental factors,ies tasked with identifying priority areas and researchers
such as air pollution, have also been shown to be associplanning future studies.
ated with various maternal and birth outcomess{9]. The objectives of this study are (i) to summarize and
Pre-eclampsia is positively associated with a greater riskharacterize the exposures and outcomes that have been
of developing cardiovascular diseases (CVD) or cardiaexamined and discussed in the maternal and birth co-
shock in the future L0-12], and it doubles the risk of hort studies in the six GCC countries (qualitative syn-
stroke in the offspring 13]. thesis) and (ii) to quantitatively generate weighted effect
High-quality and well-designed cohort studies provide estimates on the association between maternal obesity
robust data that can be used to explore associations beand (a) cesarean section (CS) and (b) fetal macrosomia
tween specific exposures and outcomes. Long-term birth(quantitative synthesis).
cohort studies such as the Norwegian Mother and Child
Study [L4] and the Danish Birth Cohort Study 15 have  paterials and methods

revealed several important maternal and child factorsqy,q protocol for this review has been published else-
operating in early life, fetal growth, and its determinants. \; yare P8 and is registered online on PROSPERO
However, the information obtained in these settings MaY (registration number CRD42017068910). Minor neces-
not be easily generalized to different populations, suchsary modifications not in line with the protocol were
as the Gulf Cooperation Council (GCC) countries (i.€., 3qanted in this review, whenever it was necessary. Our
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and there ey, was informed by the Cochrane Collaboration
United Arab Emirates (UAE)), as they may have differenty ijelines pg] and reported according to the Preferred
individual, familial, lifestyle, environmental, and genetic Reporting Items for Systematic Reviews and Meta-
exposures including, but not limited to consanguinity, Analyses (PRISMA) guidelineg(]. The PRISMA check-

physical inactivity, diet, and tobacco use. ~_list can be found in (see Additional fild: Table S1).
In recent decades, there has been a dramatic rise in

the prevalence of several adverse health outcomes in the

GCC countries, in particular non-communicable dis- Data source and search strategy
eases and their risk factors including obesity, T2DM, We searched MEDLINE-PubMed, EMBASE, Scopus,

asthma, neurodevelopmental disorders, and cvne[ Ve of Science, and The Cochrane Library databases (up
17. Maternal and prenatal exposures and associated© 30 June 2019). We used comprehensive search criteria

outcomes in these GCC countries have become of greas(vith no language restrictions. The literature search proto-

interest due to changes in demographic dynamics, com-Col is summarized in the (see Additional fil&: Box S1).

position of the population, and lifestyle transition1f)].
Among females, the prevalence of physical inactivity isStudy selection
very high (58.798.7%) and the proportion of women Retrieved citations from the six databases were imported
that report smoking cigarettes or water pipes varies con-and compiled into EndNote reference manage31], and
siderably (0.520.7%) 19]. duplicate records were removed. The remaining records
There are number of cohort studies that have beenwere reviewed at the title/abstract level, and full texts of
conducted in the GCC countries that pertain to specific those records that were considered eligible or potentially
exposures and outcomes affecting maternal and infanteligible against our eligibility criteria were retrieved for
health [19-22]. These include anthropometric, environ- full-text review. In this review, we use the terrfcohort
mental, socioeconomic, lifestyle, and medical physio-study’ to refer to a full published research article con-
logical exposures that can bear consequences on thé&ining a followed up maternal and/or birth cohort(s).
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Two reviewers (NA and ETB) independently assessed  retrospective data on exposure(s) and outcome(s)
retrieved citations for eligibility. Full-text articles for mothers and/or their offspring.
deemed relevant or potentially relevant were retrieved — Measurements: not specific. Cohort studies should
and screened against specific inclusion and exclusion  have measured at least one maternal exposure and
criteria. We also systematically screened the reference  at least one maternal and/or newborn outcome.
lists of all eligible cohort studies for further eligible pub-
lications (Fig.1). Conflicts were resolved by discussion Exclusion criteria
and consensus after consulting expert reviewers (RHAWe excluded all other study designs including cross-

and LA). sectional, case-control, randomized-controlled trials, re-
views, qualitative studies, editorials, author commentar-
Eligibility criteria ies, and case series studies regardless of the number of
Inclusion criteria cases. Studies that were not conducted in GCC countries
or were not attributed to any of the GCC countries were
— Study design: prospective or retrospective cohort. also excluded.
— Study population: pregnant mothers and their
offspring. Data extraction and management
— Geographical location: any of the six GCC countries, ~We extracted and summarized data following the PECO
namely, Bahrain, Kuwait, Oman, Qatar, Saudi framework [32, 33]. The PECO stands for population,
Arabia, or the UAE. exposure, comparator, and outcome. Summarizing co-
— Recruitment timing. Cohort studies should have hort studies using the PECO framework helps to identify
recruited pregnant mothers and their newborns or the specific population, exposure(s), and outcomes(s)
recruited newborns immediately after delivery as assessed in the cohort(s), being followed.
long as relevant information on pregnancy was Data were extracted using a pre-piloted data extraction
available. form. Data extraction was performed by two reviewers
— Follow-up: no specific follow-up period. Cohort (NA and ETB). Random checks of at least 50% of the ex-
studies were required to have some prospective or tracted studies were crosschecked by a third expert
(=
-g Records identified through database searching
'g (n=3,502)
= PubMed (n=1,754), Embase (n=1,014), Web of Science (n=358),
E Scopus (237), and Cochrane Library (n=139)
3
A4
Records after duplicates removed
00 (n=2,993)
(=
=
[
(Y
S
@ A 4
__J Records screened Records excluded
— (n=2,993) T (n=2864)
Z
= v
=
%" Full-text articles assessed . .
for eligibility Full-text artlfles excluded
(n=129) (n=162)
Hand-search of reference lists
= v (n=14)
(7]
3 Eligible cohort studies
E included in the review
(n=281)
—
Fig. 1 PRISMA flow diagram of article selection process
J
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reviewer (RHA). Discrepancies in data extraction were In this review, all variables or measures treated in the
resolved by agreement between data extractors and theriginal cohorts as dependent variables that may stem
third expert reviewer (RHA). The main features of the from exposure to potential risk factor(s)/independent
eligible cohort studies including author name(s), year ofvariable(s) were defined as outcomes. The defined out-
publication, and study design were extracted. Incomes were categorized into two domains (maternal or
addition, we also extracted different characteristics ofbirth) indicating whether the mother or her newborn
the studied population including recruited cohort popu- suffered from an outcome due to a specific exposure.
lation, country, size of the cohort, measured exposure(s)
and outcome(s), and key findings of the cohort study,Risk of bias assessment
whenever reported and possible. If reported, we alsdNe evaluated the methodological quality and risk of bias
extracted adjusted effect estimates of the association bedROB) aspects for each cohort study using the National
tween maternal obesity and CS or macrosomia. In stud-Heart, Lung, and Blood Institute (NIH) tool 84]. For
ies adjusting the effect estimate using different models,each assessed criteria, each study has the potential to be
we extracted estimates from the model that we consid-categorized as‘potentially of low ROB if the answer
ered to adjust for the most appropriate confounders was “yes for that specific criteria,“potentially of high
(e.g., age, parity, comorbidity). If the cohort study hadROB' if the answer wasno” for that specific criteria, or
discrepant effect estimates in the text and tables, we ex“cant determine, not applicable, or not reportédfor
tracted estimates reported in text if the corresponding that specific criteria. ROB was performed by at least two
author(s) of these studies failed to respond to our emailreviewers for each study.
enquiries.

In this review, all factors or variables treated in the ori- Quantitative analysis
ginal cohorts as risk factors or independent/explanatory Meta-analysis
variables that could be determinant of health outcome(s)Meta-analyses of pre-calculated adjusted effect estimates
of interest were defined as exposures. According to thewere conducted, and the corresponding 95% confidence
nature and source, we categorized the defined exposuremiterval (Cl) was estimated. We pooled adjusted esti-
into six exposure domains (anthropometric, environ- mates using a random-effects mode3§]. We estimated
mental, medical/medical service, maternal/reproductive,the I-squared (°) as a measure of heterogeneitgg, 37].
perinatal/infant, and sociodemographic) and the mea-Meta-analyses were performed using the Review
sured outcomes into two outcome domains (birth and Manager (RevMan) version 5.33§]. In cohort studies
maternal outcomes). Hence, one cohort study could in-reporting adjusted odds ratio (aOR) as a measure of
corporate more than one exposure domain and/or more effect estimate, we converted the aOR into adjusted rela-
than one outcome domain. Indeed, one of the strengthstive risk (aRR) following a standard procedure3q].
of the cohort study design is the capability to asses90dds ratio (OR) are not well understood, and when the
multiple exposures and outcomes in the same cohort.outcome is common, OR are always further away from 1
Anthropometric domain included measures such asthan relative risk (RR). Misinterpretation of the OR in
height, body mass, and body mass index (BMI) of thecohort studies can potentially lead to serious overesti-
mother. Environmental domain included, for example, mation of the effect estimate between an exposure and
living conditions, nutritional exposures, and exposure to outcome being studied39].
any type of smoke. Medical/medical service domain re-
ferred to pre-existing maternal health conditions that Ethics approval
were not due to pregnancy including medical conditions In line with the United Arab Emirates University-
such as DM or hypertension as well as a family historyHuman Research Ethics Committee regulations, ethical
of diseases and/or medical services during pregnancwypproval or an exemption letter was not required for this
and delivery such as length of waiting time to receivestudy as it did not use any primary data.
healthcare, relationships with the healthcare profes-
sionals, consumption of medication, or depression. Ma-Results
ternal/reproductive domain referred to conditions that Scope of the review
were specifically related to exposures experienced duringVe identified 3502 citations. Of which, 81 citations were
present or previous pregnancies or post-delivery such asound eligible as maternal and birth cohort studies for
parity, GDM, or breastfeeding. Perinatal/infant domain inclusion in the systematic review (Fid).
included exposures, for example, birth weight, multiple
birth, and mode of birth delivery. Sociodemographic do- Study characteristics
main included exposures such as age, education, ofable 1 summaries the 81 published cohort studies ac-
employment. cording to the measured six exposures and two
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Table 1 Summary of the reviewed 81 published cohort studies 1017], six (7.4%) in Oman 4, 55, 78, 102-104], and one

according to the measured six exposure and two outcome (1.2%) in BahrainZ2] (see Additional file3: Table S2).

domains Thirty-four cohort studies (42.0%) were identified as a

Measured Number of cohorts Percentage out  prospective design (19 in Saudi Arabia, seven in Kuwait,
studies? [Ref] of the 81

four in UAE, two in Qatar, one in Oman, and one in
Bahrain) RP0-22, 24, 40, 41, 45, 47, 50, 51, 53, 55, 57-59,
63-65, 73, 76, 79, 85, 92, 94, 97, 99, 100, 106-109, 111,
é”gth'é’ﬁgmemc 16 [40-55] 198 113 while 47 (58.0%) used a retrospective desigbf
e 27, 42-44, 46, 48, 49, 52, 54, 56, 60-62, 66-69, 71, 72,

research reports

Exposures

e mokingy oo 4 74, 75, 77, 78, 80-84, 86-91, 93, 95, 96, 98, 101-105
" d " d‘ll 100212607 40 395 110, 117 (33 in Saudi Arabia, five in Qatar, five in
edical/Medica , 21, 26, 27, 40, . . . . .

services (e.g, non-maternal 41, 43-46, 52, 53, 58, Oman, one in Kuwait 1], and three in the UAE). Fifty-

diseases, hospital stay) 60-78] two (64.2%) cohort studies enrolled pregnant mothers at

Maternal or reproductive 52 [22, 24, 25,40, 41, 65.2 varying stages of their pregnancy with different charac-

(e.g., parity, GDM) 43-46, 48, 52, 53, 56, teristics such as diabetic and non-diabetic mothera6[
§jf_§g 3;:?3'4]7“ 2 67), obesity 2, 47, 54], singleton §1, 48, 99 or triplet

pregnancies 91], teenage women 112, multipara

Perinatal or newborn (e.g., 17 [20, 21, 43, 45, 46, 210 women [82, 86, 98], and women with systemic lupus ery-

birth weight, cord blood) 53, 65, 69, 73, 75, 92,

105-110] thematosus (SLE) Z7]. Eight studies (9.9%) enrolled
Sociodemographic 25 (24, 40, 41, 43-46, 309 pregnant mothers at varying stages after_ delive@y[49,
(e.g. age, income) 51-53, 56, 58, 75, 76, 58, 59, 81, 84, 88, 99. Seventeen studies (21.0%) re-
?8‘148?1 82; ?21] 100, 102, cruited newborns at varying stages after birtAQ, 21, 45,
T 52,56, 63, 65, 66, 70, 73, 75, 92, 101, 102 105-10§ such
Outcomes as preterm babies 20, 66, 73, 105 10§ (see Add-
Maternal (e.g., C-section, 60 [22, 24-26, 40-48, 74.1 itional file 3: Table S2).
pre-eclampsia) 50, 53-56, 58-62, 64,

66-68, 71,72, 74, 76—
91, 93-100, 102-104,

11-113] Studied exposures
Birth (e.g., macrosomia, 67 [20-22, 25-27,40, 827 Majority (65.2%) of the 81 cohort studies discussed ma-
stillbirth) 42,43, 45-52, 54-57, ternal or reproductive exposures followed by medical/

gg_gg’;gg‘ﬁﬂgo’ medical service exposures (39.5%) and sociodemographic

105-113] exposures (30.9%) (Tablb.
BMI body mass index, GDM gestational diabetes mellitus, C-section

cesarean section
2Some cohorts measured multiple exposures and multiple outcomes

Maternal or reproductive exposures
Maternal or reproductive exposures often measured
were GDM and parity in 24.7% and 16.0% of the 81 co-
outcomes domains in the six GCC countries. Add- hort studies, respectively. GDM was investigated as an
itional file 3: Table S2 presents more information on exposure for different maternal and birth outcomes in-
the measured exposures and outcomes in addition tocluding mode of birth delivery, birth weight, APGAR
the summary of key findings of each of the reviewedscore, preterm delivery, intrauterine fetal death, and ad-
81 cohort studies in the GCC countries, stratified by mission to neonatal intensive care unit (NICU) in four
the country. cohort studies p6, 48, 67, 88]. These cohorts consist-
The 81 cohort studies were published between 1990 inently found that pregnant women with pre-GDM or
Saudi Arabia #0, 79 and 2019 in Kuwait #1], Qatar GDM were at increased risk of various adverse maternal
[42, 60, 61], and Saudi Arabia 80]. The size of the co- and birth outcomes including CS delivery, macrosomia,
horts ranged from 23 pregnant women with a known and preterm delivery 26, 48, 67, 88]. Pre-GDM was also
diagnosis of idiopathic thrombocytopenic in Saudi Ara- independently associated with CS delivery (adjusted odds
bia [62] to 158,006 delivering mothers in Kuwait8fl]. ratio “aOR} 1.65), induction of labor (aOR, 1.67),
Majority (64.2%) of the cohort studies were in Saudimacrosomia (aOR, 1.40), stillbirth (aOR, 3.66), and
Arabia [25-27, 40, 43-50, 56, 57, 62-72, 79, 80, 82-98, APGAR score <7 at 5min (aOR, 3.82%7. Various un-
105-112, followed by eight (9.9%) in Kuwai2D, 21, 24, favorable health outcomes were more common in grand
41,51, 73, 81, 99, seven (8.6%) in each of Qata4Z, 52, multipara compared to primigravida mothers8p, 114
53, 60, 61, 74, 113 and the UAE B8, 59, 75-77, 100, (see Additional file3: Table S2).
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Sociodemographic exposures [53]; RRs, 8.6040]), pregnancy hypertension (RRs, 6.10
Maternal age was a common measured sociodemo{50]; RRs, 6.1090]; aOR, 2.23 47]), pre-eclamptic tox-
graphic exposure studied in 18 cohort studies. Advancedemia (RRs, 5.9050]), CS delivery (aOR, 4.8347]; aOR,
maternal age was associated with GDM, CS, and pretern2.16 K8; RRs, 2.00 §0)), antepartum (aOR, 2.80) or
delivery b1, 53, 58, 92, 111, 113. Primary education or postpartum hemorrhage (RRs, 2.50%7, macrosomia
less was independently associated with 69% lower likeli{aOR, 6.80 0], 9.18 B9], 3.90 B7]), 1 min APGAR
hood of exclusive breastfeeding at 6 months (aOR, 0.31score <7 (RRs, 6.80b()], postdate delivery (> 42 weeks)
95% ClI, 0.120.88) b8 (see Additional file3: Table S2). (RRs, 3.70) §0], and preterm birth (aOR, 2.20)4[].
Obese pregnant women with GDM (aOR, 3.45) or obese
Medical or medical service exposures pregnant women with no GDM (aOR, 1.46) were more
Thirty-two (39.5%) cohort studies explored medical or likely to deliver macrosomic babies compared to non-
medical services as exposures such as length of hospitabese pregnant women with no GDMVAR].
stay b8 and other medical conditions such as SLR7
102 and diabetes 26, 60, 67, 68, 70, 74]. Pre-pregnancy Birth outcomes
T1DM or T2DM were independently associated with The most common measured birth outcome was birth
emergency (aOR, 2.67) or elective CS delivery (aOR, 6.73)eight in 33 cohort studiesZ2, 26, 40, 42, 47-51, 54-56,
macrosomia (aOR, 3.97), or preterm delivery at < 37 week§7, 68, 70-72, 75, 78-80, 85, 86, 88-90, 96-98, 101-103

(aOR, 2.24) in Saudi Arabi&f). 111], followed by congenital malformations in nine cohort
studies R2, 43, 54, 57, 68, 70, 78, 97, 113, preterm birth
Other exposures in 12 cohort studies $1, 67, 70, 71, 77, 79, 88, 90, 93, 97,

Seventeen (21.0%) cohort studies focused on perinatal03 111], and stillbirth in five cohort studies 22, 25, 51,
exposures. These included factors such as birth weight10 111]. Retinopathy of prematurity was assessed in
[20, 21, 73, 106, head circumference 92], and birth  three preterm birth cohorts in Kuwait 0, 21, 73. Early
multiplicity [93]. Environmental and anthropometric ex- cognitive development of infants at different early life
posures were measured in only six (7.4%) and 16 (19.8%]}ages was explored in only one cohort(q9, and mean

of the 81 cohort studies, respectively. Environmental ex-umbilical cord blood lead level was also measured in one
posures included smoking and secondhand smoki®,[ other cohort [92]. Maternal, fetal, or neonatal deaths were
56], and all six studies on anthropometric measures wereexamined in 12 cohort studies2p, 26, 62, 63, 68, 82, 85,

on BMI (Table 1 and see Additional file3: Table S2). 87,90, 93, 117. Eczema in children at 2 years of age was
assessed in only one cohort in Saudi Arabia that linked to
Studied outcomes the sub-optimal growth indexed by fetal abdominal cir-

There were 21 cohort studies reporting only birth out- cumference 69 (see Additional file3: Table S2).

comes PO, 21, 27, 49, 51, 52, 57, 63, 65, 69, 70, 73, 75,

92, 101, 105-110, 14 cohort studies reporting only ma- Weighted effect estimates

ternal outcomes 24, 41, 44, 53, 58, 59, 64, 76, 81, 83,84, Obese pregnant women in Saudi Arabia were 15% more
99, 100, 104, and 46 cohort studies reporting both ma- likely to give birth to a macrosomic baby compared to
ternal and birth outcomes 22, 25, 26, 40, 42, 43, 45-48, non-obese women (pooled aRRs, 1.15; 95% CI, 41.00
54-56, 60-62, 66, 68, 71, 72, 74, 77-80, 82, 85-91, 93—  1.25;F° =50.0%) (Fig2) [47-49]. Following written com-
98,101-103 111-113 (Table 1 and, see Additional file8: munication with the study authors 48], we excluded

Table S2). two unverified point estimates due to the inaccuracy of
the reported CI. Nonetheless, Saudi obese pregnant
Maternal outcomes women remained at a higher risk of giving birth to a

Mode/type of birth delivery assessed in 15 cohort studiesmacrosomic baby compared to non-obese mothers
[14, 40, 47, 48, 50, 55, 62, 67, 68, 71, 72, 81, 86, 88, 111, (pooled aRR, 1.18; 95% CI, 1-4422; ° =0.0%) (see
followed by preeclampsia/eclampsia in 12 cohort47[ Additional file 4: Figure S1). Obese pregnant Saudi
50, 53, 54, 68, 72, 93, 97, 102 103 111, 113, GDM in  women were also at a 21% increased risk of undergoing
seven cohort studies47, 50, 53, 54, 83, 111, 113, and CS delivery compared to non-obese pregnant Saudi
maternal anemia in three cohort studiessQ, 104 113. women (pooled aRRs, 1.21; 95% CI, L1%6; FF =
Postpartum depression was explored in only one pro-62.0%) (Fig3). Excluding one estimate (aOR, 4.80; 95%
spective cohort study in the UAE 76]. Pregnancy CI, 1.56-6.40), due to the inability to verify the accuracy
anemia was examined in only one cohort in Oman of the reported CI following written communication
[104. In several cohort studies, obese pregnant womerwith the study authors 47], did not change the strength
were at a higher risk of developing several unfavorableof this association (aRRs, 1.23; 95% CI, +1.98; I,
outcomes including GDM (aOR, 5.104[7]; aOR, 6.60 15%) (see Additional fil&: Figure S2).
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Fig. 2 Pooled adjusted estimates of the association between maternal obesity and macrosomia. Note: Estimates from same author and year indicates to
stratified estimates that were extracted from same study and included in the forest plot. Square indicates to the study-specific effect estimate. Size of the
square is proportional to the precision (weight) of the study-specific effect estimates. Bars indicate the width of the corresponding 95% confidence interval
(Cl). The diamond centered on the summary effect estimate, and the width indicates the corresponding 95% Cl

Quality assessment the first review to chronicle, synthesize, and appraise the
Findings of our summarized and criteria-specific quality maternal and birth cohort studies in the GCC countries.
assessment of cohort studies can be found in the suppleThe review confirms, using peer-reviewed data, that
mentary information. Briefly, all studies clearly stated the pregnant women in the GCC countries have a high bur-
research question(s)/objective(s), clearly specified and deden of various maternal and modifiable lifestyle and en-
fined the study population, and recruited subjects from vironmental exposures. These exposures were associated
the same or similar populations with stating the inclusion with a range of different unfavorable maternal and birth
and exclusion criteria. Hence, all cohort studies were cate-health-related outcomes. Saudi Arabia contributed the
gorized as‘potentially of low ROB for these three assess- largest volume of literature to the review. The included
ment criteria. Over a half (57.0%) of the cohort studiescohort studies predominantly focused on maternal and
either reported descriptive statistics for the burden of the reproductive exposures compared to other aspects of
exposure and outcomes or the association between theregnancy such as the biological predisposition of the
measured exposure(s) and outcome(s) was not adjustethother or the type of environment. Majority of the stud-
for any potential confounding effect, and hence were clas-es reported only descriptive estimates on the burden of
sified as‘potentially of high ROB. Overall, cohort studies exposures and/or outcomes or crude estimates on the
were of reasonable quality withpotentially of low ROB  association between exposure(s) and outcome(s). Our
in 9.8 and with“potentially of high ROB in 1.6 of the 14 summary effect estimates strengthened the evidence base
measured quality criteria (see Additional fil&: Figure S3, for a strong positive association between maternal obes-

and, see Additional fil&’: Table S3). ity and macrosomia or CS delivery.
Discussions Implications for clinicians and policy makers
Summary of major findings Globally, the prevalence of obesity has nearly tripled

The present systematic review summarizes the publishedince 1975 115. The populations in the GCC countries
evidence on the maternal and birth cohort studies that have also been affected by this global trend in over-
have been conducted in the six GCC countries. This isweight and obesity. According to the World Health

[65]

Fig. 3 Pooled adjusted estimates of the association between maternal obesity and CS delivery. Note: Estimates from same author and year indicates to
stratified estimates that were extracted from same study and included in the forest plot. Square indicates to the study-specific effect estimate. Size of the
square is proportional to the precision (weight) of the study-specific effect estimates. Bars indicate the width of the corresponding 95% confidence interval
(C). The diamond centered on the summary effect estimate, and the width indicates the corresponding 95% Cl




