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ABSTRACT

Background: Disparities in health outcomes between immigrant and native-origin
populations, particularly pregnant women, pose significant challenges to healthcare
systems. The aim of this systematic-review and meta-analysis was to investigate the risk
of adverse pregnancy outcomes among immigrant-women compared to native-origin
women in the host country.

Methods: PubMed (including MEDLINE), Scopus, and Web of Science were searched to
retrieve studies published in English language up to September 2020. All observational
studies examining the prevalence of at least one of the short-term single pregnancy
outcomes for immigrants who crossed international borders compared to native-origin
pregnant population were included. The meta-prop method was used for the pooled-
estimation of adverse pregnancy-outcomes’ prevalence. For pool-effect estimates, the
association between the immigration-status and outcomes of interest, the random-
effects model was applied using the model described by DerSimonian and Laird. 12
statistic was used to assess heterogeneity. The publication bias was assessed using the
Harbord-test. Meta-regression was performed to explore the effect of geographical region
as the heterogeneity source.

Findings: This review involved 11 320 674 pregnant women with an immigration-
background and 56 102 698 pregnant women as the native-origin population. The risk
of emergency cesarean section (Pooled-OR = 1.1, 95%CI = 1.0-1.2), shoulder dystocia
(Pooled-OR = 1.1, 95%CI = 1.0-1.3), gestational diabetes mellites (Pooled-OR = 1.4, 95%CI
=1.2-1.6), small for gestational age (Pooled-OR=1.3, 95%CI = 1.1-0.4), 5-min Apgar less
than 7 (Pooled-OR = 1.2, 95%CI = 1.0-1.3) and oligohydramnios (Pooled-OR = 1.8, 95%CI
=1.0-3.3) in the immigrant women were significantly higher than those with the native
origin background. The immigrant women had a lower risk of labor induction (Pooled-OR =
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0.8,95%CI=0.7-0.8), pregnancy induced hypertension (Pooled-OR= 0.6, 95%CI=0.5-0.7)
preeclampsia (Pooled-OR = 0.7, 95%CI = 0.6-0.8), macrosomia (Pooled-OR = 0.8, 95%CI
=0.7-0.9) and large for gestational age (Pooled-OR = 0.8, 95%CI = 0.7-0.8). Also, the risk
of total and primary cesarean section, instrumental-delivery, preterm-birth, and birth-
trauma were similar in both groups. According to meta-regression analyses, the reported
ORs were not influenced by the country of origin.

Conclusion: The relationship between the immigration status and adverse perinatal
outcomes indicated a heterogenous pattern, but the immigrant women were at an
increased risk of some important adverse pregnancy outcomes. Population-based studies
with a focus on the various aspects of this phenomena are required to explain the source
of these heterogenicities.

INTRODUCTION

The immigrant population has been defined as any person moving across an international
border, regardless of the person’s legal status; whether it is voluntary or involuntary and what
the causes of movement are; or what the length of the stay is [1]. This population constitutes
a heterogeneous and wide category group including refugees, asylum seekers, illegal and
undocumented immigrants, economic and transient immigrants. It is a hallmark of global
development over the last millennia [2]. It has been estimated that more than 3.5% of the world’s
population are immigrants in the world in 2020, and immigration has increased dramatically over
the past two decades [1]. The underlying reasons for immigration are multifactorial, involving a
complex interaction between factors within and beyond individuals’ control including political,
socioeconomic, and educational, along with more acute drivers such as natural disasters,
violence, and conflict [3].

Health manifestation of immigrants reflect their past medical histories, the disease burden and
quality of care in the original and host countries [4]. Although there is a heterogeneity in the
degree to which immigrants are vulnerable to inadequate health care, they have been identified
as generally vulnerable population. These differences are more complicated by pregnancy.
Subsequently, a specific attention should be paid to pregnant women. Interactions between
socio-material deprivation factors aggravated by stressors involved in the immigration process
can play an important role [5]. However, the results of studies on the adverse perinatal health of
immigrants are conflicting [4]. Some studies reported that the perinatal health of immigrants were
equal or better compared to the native origin population. In contrast, some studies showed that
the risk of adverse pregnancy outcomes were poorer than women in the host country [6, 7, 8, 9,
10, 11]. Given the lack of conclusive evidence, the aim of this systematic review and meta-analysis
was to investigate the risk of adverse maternal and neonatal outcomes in immigrant women
compared to native-origin women in the host country.

METHODOLOGY

The research protocol for this systematic review and meta-analysis was developed before the study
and was used as the guideline to conduct this research (Supplementary Table 1). A systematic
review and meta-analysis was conducted based on the Cochrane methodology for systematic
review and meta-analysis studies. The research process has been informed by the guideline for
the preferred reporting items for systematic reviews and meta-analyses (PRISMA) [12]. The review
question was framed based on the PICO statement as follows:

P: pregnant women with the history of pregnancy and their neonates; I: international immigration;
C: pregnant women with the native-origin background; O: adverse maternal and neonatal
outcomes.
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o To study the pooled prevalence and risk of adverse maternal outcomes in pregnant women a9

with the immigration background compared to their native-origin counterparts;

o To study the pooled prevalence and risk of adverse neonatal outcomes in pregnant women
with the immigration background compared to their native-origin counterparts.

ELIGIBILITY CRITERIA

Studies were identified eligible if they (1) examined immigrant women who crossed international
borders; (2) reported one type of data including number, prevalence, or the risk of incidents for at
least one of the short-term single maternal and neonatal outcomes; (3) compared those outcomes
between pregnant women with the immigration background and the native-origin population (4)
and generally without time limitation.

Exclusion criteria were non-original studies including reviews, commentaries, editorials, letters,
case reports, conference proceedings, books, original studies without accurate and clear data on
research variables, duplicated data, and also studies focusing on a specific minor population such
as adolescents. However, no restrictions were applied on the immigrant origin, status or length of
time for the receiving country.

SEARCH STRATEGY

For this systematic review and meta-analysis, online databases of PubMed (including MEDLINE),
Scopus, and Web of Science that covered the main percentage of observational studies published
in English were searched up to September 2020. Also, a manual search in the references lists
of selected studies and other relevant reviews was carried out to maximize the identification of
eligible studies.

Two review authors performed the search individually using the following key words and phrases
alone or in combination as follows: (immigration OR migration OR immigrant OR migrant
OR emigrant OR asylum seeker OR asylum seeking OR asylum OR refugee) AND (“adverse
pregnancy outcomes” OR “pregnancy outcomes” OR “pregnancy complications” OR abortion
OR miscarriage OR “pregnancy loss” OR “fetal death” OR “stillbirth” OR “preeclampsia” OR
“gestational hypertension” OR PIH OR “gestational diabetes” OR hemorrhage OR “postpartum
hemorrhage” OR PPH OR “Placenta abruption” OR “placenta previa” OR preterm OR “premature
rupture of membrane” OR PROM OR “Intra uterine growth restriction” OR IUGR OR “Low birth
weight” OR LBW OR oligohydramnios OR Apgar OR “fetal distress” OR “neonatal distress”
OR RDS OR “neonatal death” OR “neonatal mortality” OR “neonatal admission” OR “NICU
admission” OR malformation OR anomalies OR “birth weight” OR LGA OR “large for gestational
age” OR SGA OR “small for gestational age” OR “gestational diabetes” OR GDM OR IUFD OR
“intra uterine fetal death” OR cesarean OR “operative delivery” OR “instrumental delivery” OR
vacuum).

STUDY SELECTION AND DATA EXTRACTION

The titles, abstracts, and full texts of studies were examined independently by two review authors
to determine whether they met the inclusion criteria. The decision on the final inclusion of studies
was made through reaching a consensus by all review authors through holding discussions.
Selected articles meeting the inclusion criteria were included in data analysis and research
synthesis.

The following data were extracted from the included studies: origin of study; publication year;
study period; size of study population; population characteristics including age and body mass
index (BMI); outcome measurements including the number, prevalence or risk of adverse
pregnancy events. To prevent bias in the data extraction and data entry, double checking of the
data extraction process was performed before meta-analysis.



STUDY OUTCOMES

The important maternal events of labor induction, total cesarean-section (S-C), primary C-S,
emergency C-S, instrumental delivery, gestational diabetes mellitus (GDM), preeclampsia,
and pregnancy-induced hypertension (PIH) were considered. Also, neonatal events consisted
of macrosomia, large for gestational age (LGA), small for gestational age (SGA), admission
to the neonatal intensive care unit (NICU), respiratory distress syndrome (RDS), Apgar scores
less than 7 at five minutes, shoulder dystopia, birth trauma, oligohydramnios, and preterm
birth.

QUALITY APPRAISAL AND STATISTICAL DATA ANALYSIS

Selected studies (n = 126) were appraised with regard to the quality of their methodological
structures and the presentation of results. Three reviewers who were blind to the study authors,
institution, and journal name, assessed the quality of each these studies individually. Observational
studies including cross-sectional, case-control, and cohort were appraised using the Newcastle-
Ottawa scale [13]. Three domains were scored for the selection and comparability of study cohorts,
and to determine the outcome of interest. Studies with scores above 6 were judged high quality,
4-6 moderate quality, and less than 4 low quality.

The meta-prop method helped with the pooled estimation of the prevalence of adverse pregnancy
outcomes. To study the association between the immigration status and the outcomes of interest,
pooled odds ratio (OR) (with 95% CI) was considered the effect size. The random-effects model
described by DerSimonian and Laird was used for the data analysis. Corresponding forest plots
were constructed for both the pooled prevalence and odds ratio (OR) of the outcomes. Study
heterogeneity was assessed using the inconsistency index (I?-statistic) and > 50% was considered
substantial heterogeneity. Publication bias was assessed through the Harbord test. Meta-regression
was performed to explore the association between maternal age and the risk of adverse pregnancy
outcomes in immigrant women compared to those with the native origin background. Moreover,
we assessed the effect of geographical region as the source of heterogeneity. P < 0.05 was set as
the significance level. Data analyses were conducted using Stata (version 14; STATA Inc., College
Station, TX, USA).

RESULTS

SEARCH RESULTS, STUDY SELECTION, STUDY CHARACTERISTICS, AND QUALITY
APPRAISAL

The literature search yielded 628 studies. They were saved in the EndNote library and 216
duplicates were identified. The remaining 412 studies underwent the review process. Of these,
219 were excluded after title and abstract screening. Full text of 193 studies were read and
appraised and a total of 126 studies met the inclusion criteria, involving 11 320 674 pregnant
women with the immigration background and 56 102 698 native origin women (Figure 1).
Characteristics of these studies have been summarized in supplementary Table 2. The quality
appraisal of the included studies has been presented in supplementary Tables 3 and 4. A total of
106 studies were judged as high quality [11, 14-118], 20 as moderate quality [119-138], and no
study had low quality.

A total of 21 studies (17%) were conducted in the USA and Canada [25, 37, 38, 44, 47,49, 53,72,
75,77, 84,86,89,91, 96, 100, 106, 109, 116, 118, 124], 73 studies (58%) in Europe [11, 15,17, 19,
23,24,27-30,33-36,39-43,45,46,47,51, 54-59,63-67, 69, 70, 73, 74, 76, 79-83, 85, 90, 92-95,
97-99, 102-105, 107, 108, 110, 113-115, 117,122, 126, 130-133, 136, 138], 19 studies (15%) in
Asia [16, 22, 26,31,50,52,71,78,87,101,119-121, 123,125,127, 129, 134, 135], 3 studies (2%)
in South America [112, 128, 137] and 10 studies (8%) in Australia and New Zealand [14, 18, 20,
21,32,60-62, 68, 88].
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META-ANALYSIS AND META-REGRESSION

Compared to those with the native origin background, the immigrant women were more likely
to be younger, although comparison was not statistically significant [pooled mean (CI 95%):
29.9 (29.9) versus 29.2 (29.1) years (P < 0.095)]. The pooled prevalence of adverse maternal and
neonatal outcomes among the immigrant and native origin populations have been presented in

Figure 2 and Supplementary Figures 1-17.
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Table 1 outlines the prevalence and pooled ORs of adverse maternal and neonatal outcomes,
and estimation of heterogeneity and publication bias among the pregnant women with the
immigration background compared to their native origin counterparts. No substantial publication
bias based on the Harbord test was observed (Table 1), except for GDM, which was corrected using

the trim and fill method of publication bias adjustment.
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Figure 1 The PRISMA flowchart
for the search process.

Figure 2 Pooled prevalence of
adverse maternal and neonatal
outcomes in the studied
population including immigrant
women and those with the
native origin background.

GDM: gestational diabetes
mellitus, LGA: large for
gestational diabetes,

PIH: pregnancy induced
hypertension, SGA: small for
gestational age.
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In term of maternal outcomes, the pooled OR of emergency C-S (Pooled OR = 1.1, 95% CI = 1.0-
1.2) and shoulder dystocia (Pooled OR = 1.1, 95% CI = 1.0-1.3), and GDM (Pooled OR = 1.4, 95%
CI =1.2-1.6) in the immigrant women were significantly higher than the women with the native
origin background (Figure 3A-C). In contrast, the immigrant women had a lower risk of induction of
labor (Pooled OR = 0.8, 95% CI = 0.7-0.8), pregnancy induced hypertension (Pooled OR = 0.6, 95%
CI=0.5-0.7) and preeclampsia (Pooled OR = 0.7, 95% CI = 0.6-0.8) compared to their native origin
counterparts (Figure 3D-F). However, the risks of total and primary C-S and instrumental delivery

were similar in both groups (Supplementary Figures 18-20).
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Figure 3 Forest plots of the
pooled odds ratio of adverse
maternal outcomes comparing
immigrant and native origin
women. (A) Forest plot of the
pooled odds ratio of emergency
cesarean section comparing
immigrant and native origin
women.

Figure 3-B Forest plot of the
pooled odds ratio of shoulder
dystocia comparing immigrant
and native origin women.
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Figure 3-C Forest plot of the
pooled odds ratio of gestational
diabetes mellitus comparing
immigrant and native origin
women.

Figure 3-D Forest plot of the
pooled odds ratio of induction
of labor comparing immigrant
and native origin women.
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In terms of neonatal outcomes, the adverse events of preterm birth and birth trauma were not
significantly different between the groups (Table 1, Supplementary Figures 21-22). However, the
risk of SGA (Pooled OR = 1.3, 95% CI = 1.1-0.4), 5 min-Apgar less than 7 (Pooled OR = 1.2, 95%
CI = 1.0-1.3), and oligohydramnios (Pooled OR = 1.8, 95% CI = 1.0-3.3) among the immigrant
women were significantly higher than the women with the native origin background (Table 1,
Figures 4A-C). Additionally, the immigrant women had significantly lower risk of macrosomia
(Pooled OR = 0.8, 95% CI =0.7-0.9) and LGA (Pooled OR = 0.8, 95% CI = 0.7-0.8) compared to the

native origin women (Table 1, Figures 4D and E).
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Figure 3-E Forest plot of the
pooled odds ratio of pregnancy
induced hypertension
comparing migrant and native
origin population.

Figure 3-F Forest plot of
the pooled odds ratio of
preeclampsia comparing
immigrant and native origin
women.
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Liu, 2019 Not stated & 210(1.96,2.24)  1180/31897 45901254973 145
Lubolzky-Gele, 2017 Ethiopia — 1198 (165,207 133/1667 266363405 136
Lubotzy-Gele, 2017 Former Soviet Union --- 1 083(075,092) 45212920 2663163405 143
Madan, 2006 Asian-indian ol 'Y 253 (245,260 4BSOTGB1S 1045484005671 146
Madan, 2006 Mexico 113(111,1.14)  41278/1408707 1045484008671  1.46
Malin, 2009 South Asia | ——— 281(1.48,532) 10176 3328/158469 0.76
Main, 2009 Eastorn EU 153(097,242) 191597 3328158469 099
Main, 2009 Iranian, Iragi, Afghan 169 (1.01,284) 154428 3328/158469 091
Malin, 2009 Chinese 9 T 070(0.17,283) 21135 3328/158469 027
Malin, 2009 Baltic _.—l— 0.86(0.45,1.67)  9/496 3328/158469 074
Malin, 2009 Former Soviet Union e | 094 (0.67,1.32) 351770 3328/158469 147
Wl 2009 Widde East & Nori Afica o —_—— 204(117,356) 1310 wesnseied 086
Malin, 2009 Afican, excl. Somalia, North Africa . 056(0.14,2.25)  2/169 3328/158469 027
Malin, 2009 Westorn EU —_— 071(032,159) 6/400 3328/158469 059
Malin, 2009 Somalia —— 227(1.64,315)  38/817 3328/158469 118
Malin 2009 Latin America and Caribbean > 119038379 321 a028/158469 037
Malin, 2009 Vietnamese e, s 227(1.32,388) 141302 3328/158469 089
Malin, 2009 Southeast Asia —- 1.58(0.86,2.88)  11/336 3328/158469 081
Malin, 2009 Nordic countries —.——l— 070(0.33,147)  7/475 3328/158469 065
oriiz 2019 Not sizted —_—— 090(070,1.14) 12111078 Teeriszs 129
Ozel, 2018 Syria ——— 047(022.100) 10576 211576 063
Padorsen, 2012 Vugosiavia > 121(116128 1SMO3 1417701557948 145
Padorsan, 2012 Lebaron * 167158176 sosAiise  ie177aiss7oss 145
Pedorsen. 2012 Somalia 7Y 196 (185, 2.08)  1403/8555 14177358704 145
Pedersen, 2012 Turkey ® 1.23(1.19,1.28)  3006/27331 141773/1557944 146
Pedersen, 2012 Pakistan L J 216(2.06,227) 1933/10859 141773/1557944 145
Ray, 2014 Sub- Saharan Afica * T41(134,148) 186412717 Glaoseeess 14
Ray, 2014 Viddle East & Nortn Afica 'Y 120(123135) 230117222 Gldosesess 146
Ray, 2014 South Asia o 'Y 221216226 102556316 61dosesess 146
Ray, 2014 Caribbean 178(1.70,1.88) 1944710899 614461566668 145
Ray, 2014 Westem EU Y i 095(091,008) 26827967 61sdoseses 146
Ray, 2014 Hispanic America . 155(1.48,162) 2127713417 61446/566668 146
Reiss, 2015 non-Western EU . e 1.01(0.78,1.30) 83/554 399/2676 127
Reiss, 2015 Lebanon | —— 147 (1.11,1.95)  71/346 399/2676 1.24
Reiss, 2015 Turkey — 0.67(051,088)  68/647 300/2676 125
Reiss, 2015 Western EU —— 1.07(0.88,1.30)  164/1039 39912676 134
Rssi@, 2013 Somalia | —— 294(1.49,581) 211258 15/513 072
Sow, 2018 Eestom EU - | 086 (081,092 10813725 4367736306 145
Sow, 2018 North Afrca L ] 1 0.73(0.69,0.78) 1576118280 4367138306 145
Sow 2018 South Affca - 109 (101, 1.18) 81418601 16713830 148
S@rbye, 2014 Philippines - 1.28(1.13,1.45)  269/5069 36491/868832 141
S@rbye, 2014 Sri Lanka . - 265(242,2.89)  544/5235 36491/868832 144
S@rbye, 2014 Vietnamese - 225(207,2.46) 570/6336 36491/868832 1.44
S@rbye, 2014 Pakistan 1 L J 3.23(3.04,343) 1252110096 36491/868832 1.45
Serbye, 2014 Somalia - 212 (196,229 608/6094 oaotmessz 144
Sorbye, 2014 Iraq | = 169(153,1.87) 4065879 36401/868832 143
S@rbye, 2015 Not stated ® | 1.13(1.07,1.19)  1496/23147 22281/385306 145
Teixeira, 2013 Brazil ——— 051(0.29,0.90) 131159 118217908 o084
Teixeira, 2013 European e e | 060(0.29, 1.24) 884 118217908 066
Teixeira, 2013 African > 0.40(0.16,0.98) 5777 118217908 051
Urauia, 2015 Westor EU 1 094(082,087) 5265/51268 62257761260 146
Urquia, 2015 South Asia 1 094(092,0.96) 10444/102152 82257761260 146
Urquia, 2015 Afica, Caribbean 1.00(0.97,1.03)  4609/42813 82257761260 146
Urquia, 2015 North Afrca and Middle East 091(088,095) 327332920 82257761260 146
Urquia, 2015 East Asia, Southeast Asia, Pacific 1 093(090,0.05) 746873979 82257761260 146
Verschuren, 2020 Easorn U —r * 203084, 487 4
Verschuuren, 2020 Middle cast - 109(047,254) 675 17212328 056
Verschuuren, 2020 ‘Sub- Saharan Africa ————— 2.04(0.90,4.59) 7/50 172/2323 059
Verschuuren, 2020 Syria —i 1.71(084,348) 9175 17212323 068
Verschuuren, 2020 Eritrea — 176 (0.82,374) 8165 172/2328 064
Verschuuren, 2020 Other T . 4 250(0.72,8.72) 318 172/2323 032
Vik, 2020 Not stated Y T0B(104,113) Srav2ed0t 773865082 146
ek, 2019 raq 178(1.13,282) 221136 4737148506 099
ek, 2019 Syria 184(150,224) 1197718 4737148506 134
Overall (I-squared = 99.3%, p = 0.000) < 135(1.24,146) 162335/2087996  2435087/36623165  100.00
NOTE: Weights are from analysis I 1 I
15 1 872

According to meta-regression analyses, the magnitude of those increased risks in LGA and
GDM outcomes were correlated with the increased maternal age (P-value = 0.001 and 0.015,
respectively) (Supplementary Table 5). However, the reported ORs were not influenced by the
country of origin (Supplementary Figure 25).

DISCUSSION

The results of our systematic review and meta-analysis showed no consistent relationship
between the immigration status and the risk of adverse maternal and neonatal events. In this
respect, the risk of emergency C-S, 5-min Apgar less than 7, oligohydramnios, SGA, and GDM in the
immigrant population was significantly higher in the immigrant women compared to their native
origin counterparts. Nevertheless, the risk of labor induction, pregnancy-induced hypertension,
preeclampsia, macrosomia, and LGA in the immigrant population was lower than the native origin
population. The risks of C-S, primary C-S, instrumental delivery, preterm birth, and birth trauma
were similar between the groups.

Immigration has become a social concern around the world. Conflicts, human rights violations,
inequality, and job opportunities may force people to immigrate with the hope to improve
their quality of life [139]. However, the increasing trends of immigration resettlement, leads to
the diversity of the health status among pregnant women and new mothers in host countries.
Immigrant women frequently initiate the mobility process at the childbearing age. New contexts,
environments, and lifestyles may expose them to biological and psychosocial risks that tend to
accentuate the situation of vulnerability [140].
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Figure & Forest plots of the
pooled odds ratio of adverse
neonatal outcomes in
immigrant and native origin
women. (A) Forest plot of the
pooled odds ratio of small for
gestational age in immigrant
and native origin women.
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Events, Events, %
Authors Country OR (95% CI) Treatment Control Weight
Abdullahi, 2019 low-middle-income countries ® 272(253,293)  828/33315 5143/554409 150
Abdullahi, 2019 high-income countries ® 092(0.86,0.98)  1248/146259  5143/554409 1.50
‘Abdullahi, 2019 lowiincome counries —— 126094, 163)  51/4458 Sisussiaos 198
Abdullahi, 2019 upper-middie-income countries o 4.36(4.09,4.64)  1225/31254 5143/554409 150
Anuaimi, 2017 Syria 284(1.41,574) 200616 1644 093
Bakken, 2015 Somalia 277(126,611) 70278 6316826 084
Bakken, 2015 Southeast Asia 228(1.16,4.47) 101481 63/6826 096
Bakken, 2015 Eastern EU 073(032,1.70)  6/884 6316826 079
Bakken, 2015 Southwast Asia 1.12(053,234) 8776 6316826 089
Bakken, 2015 Aftican 211(1.13,394)  12/622 63/6826 101
Bakken, 2015 Kosovo 079(0.05,12.88)  0/67 6316826 014
Bakken, 2015 Latin America 1.19(029,491)  2n82 6316826 042
Bakken, 2015 Western EU 079 (0.44,1.45) 131769 63/6826 104
Bakken, 2015 Afghanistan 153021, 11.21) 474 63/6826 025
Bakken, 2015 Iraq 065(0.09,472) 1166 63/6826 025
Baslola, 2020 Latin America 193(129,287) 25739 6254/350485 126
Bastola, 2020 Russia 087(0.75,1.00)  186/11994 6254/350485 147
Bastola, 2020 South Asia 167(1.28,2.18) 5611904 6254/350485 139
Bastola, 2020 Western EU 105(078,143) 4312290 6254/350485 135
Bastola, 2020 Sub- Saharan Africa 251(214,296) 15513548 6254/350485 146
Bastola, 2020 East 122(1.00,148) 10714948 6254/350485 1.44
Bastola, 2020 Middle cast 132(1.06,164)  81/3465 6254/350485 142
Bastola, 2020 Eastern EU 094(069,1.27) 4312566 6254/350485 135
Belinu, 2016 Ethiopia 072(034,152) 771094 37761427755 089
Boihu, 2016 Sudan 146(091,232)  18/1404 3776/427755 118
Belhu, 2016 Somalia 097(059,159)  16/1861 7761427755 115
Belinu, 2016 Eritrea 151(067,337) 61453 37761427755 083
Boxall, 2018 Vietnamese 093 (061,1.42)  33/855 7211950 123
Calderon-Margalit, 2015 Ethiopia 282(1.95,408) 331319 246127307 129
Choi, 2019 Latin America 070(059,083)  138/14475 234321735724 146
Choi, 2019 Affican 132(122,142)  698/39450 2343201735724 1.50
Choi, 2019 Asia except middle east 086(0.81,091) 1362117417 23432/1735724 151
Choi, 2019 Chinese 0.66(0.60,0.72) 426147855 2343201735724 1.49
Choi, 2019 India 108(1.00,1.17) 707148428 234321735724 1.50
Choi, 2019 European 090(067,094)  2525/206999 2343211785724 151
Chai, 2019 Middle East & North Africa 105(0.99,1.12)  981/69065 2343201735724 150
Choi, 2019 Vietnamese 103(0.94,113) 441731729 234321735724 149
Choi, 2019 Phiippines 101(091,1.12)  351/26627 2343201735724 1.49
Col Madendag, 2019 Syria 116(081,167) 4712040 85/4271 130
Dahlen, 2013 India 1.05(0.90,122)  174/8301 99331496668 147
Dahien, 2013 Lebanon 105(0.93,1.19)  261/12451 9933/496668 148
Dahlen, 2013 Philippines 105(091,121) 2039684 99331496668 147
Dahien, 2013 New Zealand 1.05(095,1.17) 36317298 9933/496668 149
Dahien, 2013 other 100(095,105) 2075108761  9933/496668 151
Dahlen, 2013 UK 090(0.80,1.01) 274115218 99331496668 1.48
Dahien, 2013 Vietnamese 115(1.03,129) 31813835 9933/496668 149
Dahien, 2013 Chinese 0.75(0.65,085)  218/14526 9933/496668 148
David, 2017 Turkey 057(0.28,1.16) 91665 6612831 093
David, 2017 Lebanon 024(0.06,0.98)  2/354 6612831 043
Erenel, 2017 Syria 255(079,823)  10/300 41300 055
Eslier, 2020, 2008 data  Other 064 (0.04,10.66) 0774 2812766 o4
Eslier, 2020, 2014 data  European 045(0.03,7.37) 0167 4212616 014
Gillet, 2014 Highincome countries 112(0.98,127) 25714549 41451261566 148
Johnson, 2005 Somalia 275(165,4.59)  25/579 30 113
Kanmaz, 2019 Syria 057(0.42,078)  50/4802 220112198 135
Kiyak, 2020 Syria 054(0.36,083) 321616 861940 123
Liu, 2019 Not stated 158(1.46,172) 702131897 35701254973 150
Margioula-Siarkou, 2013 Albania, Russa 052(040,069) 7613322 15713658 138
Minsart, 2017 European 137(0.49,383) 5466 141786 064
Minsart, 2017 Australian/New Zealand 6.17(1.36,28.05) 243 1411786 038
Minsart, 2017 North America 232(066,8.14) /167 14/1786 050
Ozel, 2018 Syria 6.11(1.36,27.41) 12/576 2576 039
Racape, 2013 Sub-Saharan naturalised 1.25(099,157) 803070 838139893 141
Racape, 2013 Maorocco 129(1.14,147)  334/12871 838139893 148
Racape, 2013 Vorocean naturalsed - 105(002,119) 9315108 83830693 148
Racape, 2013 Turkey naturalised —— 0.66 (0.49,0.87)  51/3673 838/39893 137
Racape, 2013 Turkey —— 1.20(0.95,151)  B80/3185 838/39893 1.41
Racape, 2013 Sub- Saharan Africa = 1.69(145,1.96)  221/6322 838/39893 147
Seghieri, 2020 Central and South America —— 1.08(0.60,1.97)  11/944 1104102474 1.04
Seghieri, 2020 South Asia —— 294(204,422) 311000 1104/102474 129
Seghieri, 2020 North Africa —— 098(0.68,141)  30/2838 11041102474 129
Seghieri, 2020 Sub- Saharan Africa —— 182(1.19,279) 2211132 1104102474 123
Seghieri, 2020 Chinese —_—— 069(0.41,118) 1471864 1104/102474 111
Seghieri, 2020 Other Asian countries e — 200(1.07,3.75)  10/469 11041102474 1.00
Seghieri, 2020 Eastern EU -= 1.11(0.93,1.32)  142/11931 11041102474 145
Vangen, 2000 Philippines —— 1.19(0.81,1.76)  26/1985 5892/535600 127
Vangen, 2000 Turkey Morocco —— 1.36(1.00,1.85) 4112758 5892/535600 135
Vangen, 2000 Chile Brazil —— 1.18(075,186) 1971466 5892/535600 120
Vangen, 2000 Horn of Africa —— 250 (1.81,345)  38/1406 5892/535600 133
Vangen, 2000 India Sri Lanka 100(069, 1.44)  29/2643 5892/535600 129
Vangen, 2000 Vietnamese 101(0.70,145) 3012704 5892/535600 130
Vangen, 2000 Pakistan —— 1.18(0.92,152)  64/4929 5892/535600 1.40
Vangen, 2002 Somalia —— 290(225.374) 621733 sa62/702102 140
Vetter, 2013 Not stated — e 1.00(0.54,1.86) 1211715 6419155 1.01
Vik, 2020 Not stated 128(1.18,1.40)  824/30062 150
Overall (squared = 97.5%, p = 0.000) 122(1.10,136)  19500/1231886 449915/32466089 100.00
NOTE: Weights are from ! 11
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In our review, heterogenous patterns in terms of the relationship between the immigration status
and adverse perinatal outcomes were reported. Although available evidence is not conclusive,
several hypotheses can explain the superiority or inferiority of adverse perinatal outcomes among the
immigrant women compared to their counterparts in host countries. For instance, ethnic disparities
in birth outcomes have been well documented [141]. Certain groups of immigrants or ethnic groups
have the higher risk of suffering from adverse pregnancy outcomes. Other groups show more
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Figure 4-B Forest plot of the
pooled odds ratio of 5 min
Apgar less than 7 in immigrant
and native origin women.

Figure 4-C Forest plot of

the pooled odds ratio of
oligohydramnios in immigrant
and native origin women.



Events, Events, %
Authors Country OR(95%Cl)  Treatment  Control Weight
Almeida, 2014 Not stated L 0.29 (0.06, 1.29) 2/89 14/188 054
Alnuaimi, 2017 Syria —— 0.89 (0.46, 1.71) 17/616 20/644 1.29
Bakken, 2015 Southeast Asia _—_— . 0.14 (0.04, 0.44) 3/481 294/6826 078
Bakken, 2015 Eastern EU —_— 0.70 (0.47, 1.04) 27/884 294/6826 1.61
Bakken, 2015 Latin America - 0.25 (0.06, 1.00) 2/182 294/6826 060
Bakken, 2015 African ———— | 0.40 (0.22,0.73) 11/622 294/6826 135
Bakken, 2015 Southwast Asia —_— 0.26 (0.13,0.51) 9/776 294/6826 1.27
Bakken, 2015 Western EU —e—L 0.65(0.48, 0.88) 50/1769 294/6826 172
Bastola, 2020 East Asia - 1 0.49 (0.44, 0.53) 486/4948 64064/350485 1.88
Bastola, 2020 Latin America - 0.68 (0.55, 0.85) 98/739 64064/350485 181
Bastola, 2020 Eastem EU - 0.86(0.77,0.95) 412/2566  64064/350485 1.8
Bastola, 2020 Russia [ J 1.01(0.97,1.06) 2219/11994  64064/350485  1.89
Bastola, 2020 South Asia - ! 0.35(0.29,0.41) 137/1904  64064/350485  1.84
Bastola, 2020 Middle east - ! 058 (0.52,0.64) 398/3465  64064/350485  1.88
Bastola, 2020 Western EU - 0.79(0.70,0.89) 344/2200  64064/350485 187
Bastola, 2020 Sub- Saharan Africa - 0.61(0.55,0.67) 423/3548  64064/350485 188
Belihu, 2016 Somalia —L— 0.99 (0.72, 1.38) 37/1861 8564/427755 1.70
Belihu, 2016 Eritrea — 0.66 (0.29, 1.47) 6/453 8564/427755 111
Belihu, 2016 Sudan —— | 0.35 (0.19, 0.65) 10/1404 8564/427755 133
Belihu, 2016 Ethiopia —r—t— 0.68 (0.41,1.13) 151094 8564/427755 1.48
Belihu, 2017 Eritrea e o 0.84 (0.35, 2.03) 5/285 4954/237943 1.02
Belihu, 2017 Ethiopia ———— 0.41(0.18, 0.92) 6/695 4954/237943 141
Belihu, 2017 Somalia —it 0.71(0.44,1.13) 18/1380 3724/203206 1.53
Belihu, 2017 Somalia —_— 0.84 (0.57, 1.22) 27/1547 4954/237943 1.64
Belihu, 2017 Ethiopia —t— 0.80 (0.46, 1.38) 13/884 3724/203206 143
Belihu, 2017 Sudan —_—— 0.33(0.16, 0.70) 7/1142 3724/203206 118
Belihu, 2017 Eritrea —_————— 0.65(0.27, 1.58) 5/366 4954/237943 1.02
Belihu, 2017 — e | 0.34(0.17, 0.69) 8/1260 3724/203206 1.24
Besharat Pour, 2014 Outside Europe —t— 0.84 (0.53, 1.32) 24/145 417/2181 1.55
Besharat Pour, 2014 European — 0.91(0.53, 1.59) 16/90 41772181 142
Besharat Pour, 2014 Scandinavian e o 0.98 (0.59, 1.63) 19/101 417/2181 1.47
Burton, 1999 Pacific Islands . | L J 1.45(1.34,1.56) 828/5034  30756/256843  1.89
Hessol, 2014 Mexico L] 0.86 (0.84, 0.87) 28277/405100 15206/188897  1.90
Johnson, 2005 Somalia —— 1.04(0.78, 1.39) 65/579 262/2419 1.74
Ju@rez 2018 Not stated [ J 079 (0.78, 0.81) 10783/106760 70542/568684  1.90
Ju@rez, 2019 Not stated ] v 052 (0.50, 0.53) 6242/50747 ~ 186618/872049  1.90
Kana, 2019 Not stated 1 —— 1.96 (1.30, 2.97) 26/386 290/8171 1.60
Kanmaz, 2019 Syria - 051(0.43,0.62) 135/4802  650/12198 1.83
Kiyak, 2020 Syria ———— 0.60 (0.35, 1.01) 20/616 50/940 145
Liu, 2008 Maghreb ! —— 1.67 (1.24, 2.24) 50/1483 555/27077 1.73
Liu, 2008 Indonesian —_——r 0.82 (0.52, 1.30) 19/1129 555/27077 1.54
Liu, 2008 Vietnamese ——1— 0.72(0.44,1.18) 16/1081 555/27077 1.49
Margioula-Siarkou, 2013 Albania, Russa — e 075 (0.42, 1.34) 19/3322 28/3658 1.38
Ortiz 2019 Not stated - 0.84 (0.65, 1.10) 99/1078 163/1523 1.76
Ozel, 2018 Syria B — ] 0.34(0.16, 0.72) 9/576 26/576 115
Paz-Zulueta, 2015 Morocco 1 1.85 (0.99, 3.48) 15/144 37/627 132
Paz-Zulueta, 2015 Sub- Saharan Africa 1 2.02(0.90, 4.54) 871 37/627 110
Paz-Zulueta, 2015 North Africa 1.90 (1.04, 3.46) 17/160 37/627 1.36
Reeske, 2012 Turkey ——— 0.99 (0.68, 1.45) 54/1727 5611773 1.64
Restrepo-Mesa, 2015 Bolivia 1 2.96(2.79,3.15) 1242/8571  32437/599660  1.89
Restrepo-Mesa, 2015 Colombia 1 1.64(152,1.77) 731/8544  32437/599660  1.89
Restrepo-Mesa, 2015 Morocco \ 232(2.23,2.41) 3166/27072  32437/599660  1.90
Restrepo-Mesa, 2015 Ecuador 1.66 (1,56, 1.77) 1136/13075 ~ 32437/599660  1.89
Restrepo-Mesa, 2015 Romania 1 1.54(1.45,1.63) 1230/15305 ~ 32437/599660  1.89
Seghieri, 2020 Easten EU 1 1.33(1.23,1.43) 873/11931  5758/102474 1.89
Seghieri, 2020 Sub- Saharan Africa . 0.97 (0.75, 1.26) 62/1132 5758/102474 1.77
Seghieri, 2020 South Asia —— 0.27(0.17, 0.45) 16/1000 5758/102474 1.49
Seghieri, 2020 Chinese ! 1.32(1.11,1.58) 136/1864  5758/102474 1.84
Seghieri, 2020 Central and South America 1 1.26 (0.98, 1.62) 66/944 5758/102474 1.77
Seghieri, 2020 Other Asian countries ——r 052 (0.30, 0.88) 14/469 5758/102474 1.45
Seghieri, 2020 North Africa \ 1.74(1.53,1.98) 267/2838  5758/102474 1.86
Shah, 2011 Not stated - 0.62(0.51,0.76) 286/3672  171/1435 1.82
Shah, 2011 Not stated - 0.76 (0.61,0.94) 198/2127  171/1435 1.80
Song, 2017 Not stated @ 0.88 (0.84,0.92) 1904/70258  52050/1700976  1.89
Overall (--squared = 99.2%, p = 0.000) <> 0.82(0.72, 0.94) 62872/803186 1145835/13748134 100.00
NOTE: Weights are from random effects analysis 1 ! T
0445 1 224
Events, Events, %
Authors Country OR(95%Cl)  Treatment  Control Weight
Baen, 2015 aq — 035(0.15,079) 6166 co826 098
Bakken, 2015 Afghanistan . 027(0.07,1.09) 271 667/6826 0.44
Bakken, 2015 Somalia — 0.34(0.18,065) 101278 667/6826 129
Bakken, 2015 Kosovo —I—O_ 1.25 (0.60, 2.63)  8/67 667/6826 1.09
Besharat Pour, 2014 European ! T — 302(156,567) 1180 ser2181 124
Besharat Pour, 2014 Outside Europe. ! —— 232(1.29,4.18) 14/145 96/2181 1.39
Besharat Pour, 2014 Scandinavian ! 471(272,8.16) 18101 9612181 147
Calderon-Margalit, 2015 Ethiopia —_— 0.77 (0.62,0.95) 91/1319 2403/27307 227
Eslier, 2020, 2008 data  Other —_— 079(036,1.73) 7774 32412766 102
Eslier, 2020, 2014 data  European —_— 0.78(0.33,1.82) 6/67 29312616 093
Fu, 2010 Vietnamese * 0.87(0.84,0.91) 263522650 457801349730 251
Lubotzky-Gete, 2017 Ethiopia —_—— 042(029,061) 28/1667 2473163405 189
Lubotzky-Gete, 2017 Former Soviet Union 1 - 124(1.18,136) 62012920  2473/63405 247
Ortiz 2019 Not stated —— 0.85(0.64,1.13) 83/1078 136/1523 21
Ray, 2014 Wester EU * 0.86(0.82,0.90) 2260/27967  52787/566668 251
Ray, 2014 Middle East & North Africa * 0.59(056,0.63) 991/17222 52787/566668 250
Ray, 2014 Sub- Saharan Africa - 0.71(067,0.76) 86812717  52787/566668 249
Ray, 2014 Cariobean - 058(053,063) 61310899 52787566668 248
Ray, 2014 Hispanic America - 1 0.58 (0.54,0.63) 756/13417 52787/566668 249
Ray, 2014 East Asia and the Pacific * 1 0.44(0.42,047) 1693/38852  52787/566668 251
Ray, 2014 South Asia *® I 0.39 (0.38,0.41) 2192/56316  52787/566668 251
Reiss, 2015 Western EU —_—T 065 (0.47,0.90) 47/1039 18212676 201
Reiss, 2015 Turkey —— 093(065,1.32) 41647 18212676 195
Reiss, 2015 Lebanon ——T 062(0.36,1.06) 15/346 18212676 1.49
Reiss, 2015 non-Western EU —QI—- 0.70 (0.46, 1.06) 27/554 18212676 179
Seghieri, 2020 North Africa —— 1.87 (1.63,2.14) 239/2838 4807/102474 2.41
Seghier, 2020 Eastern EU ! - 162(151,1.75) 8831931 407102474 249
Seghieri, 2020 Central and South America ! —— 1.40 (1.08,1.82) 61/944 4807/102474 217
Seghier, 2020 South Asia —_— ! 025(0.14,0.44) 121000 4807102474 143
Seghieri, 2020 Sub- Saharan Africa —_—— 092(069,1.23) 4911132 48071102474 21
Seghieri, 2020 Chinese e 134(1.10,162) 115/1864 48071102474 282
Seghieri, 2020 Other Asian countries ———] 0.58 (033, 1.01)  13/469 4807/102474 147
S@rbye, 2014 SiiLanka —— ! 047(0.41,056) 16215285 54736868832 238
Sérbye, 2014 Vietnamese —— I 0.35 (0.30, 0.41)  146/6336 54736/868832 237
S@rbye, 2014 Somalia - 1 0.51(0.45,0.57) 267/8094 54736/868832 243
Sérbye, 2014 Pakistan - 1 0.38(0.34,0.43)  252/10096 54736/868832 243
S@rbye, 2014 Philippines - 0.68 (0.60,0.78)  223/5069 54736/868832 242
S@rbye, 2014 Iraq —— 1 0.48 (0.41,0.55) 182/5879 54736/868832 240
S@rbye, 2015 Not stated - | 052(048,057) 491123147 15364/385306 247
Teixeira, 2013 European o —— ——— 192(0.83,443) 6/84 30517908 095
Teixeira, 2013 Brazil 1 ——— 222(1.24,3.96) 13159 30517908 141
Teixeira, 2013 Aftican T 101(0.32,322) 77 305/7908 060
Urquia, 2015 Aftica, Caribbean I ® 103 (099, 1.06) 4200/42813  72955/761260 251
Urquia, 2015 Latin America 1 096(092,1.00) 2333/25255 72955761260 251
Urquia, 2015 Wester EU | 0.96(0.93,0.09) 4745/51268 72955761260 251
Urquia, 2015 East Asia, Southeast Asia, Pacific 1 L ] 1.04(1.02,1.07) 7371773979 72955761260 252
Urquia, 2015 South Asia e 1.08(1.00,1.05) 10027/102152  72955/761260 252
Urquia, 2015 North Africa and Middle East | * 1.05(1.01,1.09) 3290/32920  72955/761260 251
Vik, 2020 Not stated L ] 0.7 (0.93,1.01) 3454/20401  7847/65092 251
ik, 2019 Syria N —t— 151(081,249) 16718 722148506 158
@elik, 2019 Iraq fr———— 2.01(0.74,5.44) 4136 722/48506 0.75
Overall (I-squared = 98.9%, p = 0.000) 0.81(0.73,0.90) 51608/663665 1252440/15590983  100.00

NOTE: Weights are from random effects analysis
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Figure 4-D Forest plot of

the pooled odds ratio of
macrosomia in immigrant and
native origin women.

Figure 4-E Forest plot of the
pooled odds ratio of large for
gestational age in immigrant
and native origin women.



favorable perinatal health indicators even if they are socioeconomically vulnerable. For example,
as we reported in this meta-analysis, an ethnic heterogeneity in the development of pregnancy-
related hypertensive disease [142, 143] or GDM [144-148] among western countries compared to
Asian or African countries was observed. Additionally, the basic characteristics of the immigrant
population may be an important sources of heterogeneity [7]. It has been reported that pregnant
women with the immigration background are more likely to be younger and tend to be healthier
compared to pregnant women in the native origin population [149, 150]. These may suggest that
the influence of immigration may be modified by those factors [151]. Our review showed that the
birth outcomes such as the total and primary C-S rate, instrumental delivery, preterm birth and birth
trauma are more common in the immigrant women than the native-origin women. Meanwhile, the
immigrant health advantages diminish with the lower socioeconomic status including education,
occupation, and family income, particularly for those immigrant women who experienced poverty
in their home countries [104]. Less well-off women may get less adequate health services [152,
153, 154]. As well, direct associations have been reported between lifestyle and behavioral and
psychological factors and adverse pregnancy outcomes [155]. The immigrant population is at the
risk of particularly undocumented unhealthy life style and psychological stress, partly due to the
process of cultural change [156, 157], which may lead to unfavorable pregnancy outcomes. As we
found in our meta-analysis, the risk of SGA as a general proxy of poverty on overall infant health/
wellbeing was higher in the immigrant women compared to the native-origin women [158, 159].

The risk of emergency C-S and 5-min Apgar score less than 7 in the immigrant women was higher
than the native-origin population according to this review. This may be a complexinterplay between
the potential risk and resilience factor. Irrespective of their education level or socio-economic
status in their host or country of origin, the immigrant women might have experienced poor living
conditions with a limited network and language difficulties and social inequality, which might
have increased the risk of life threating conditions for both the mother and child [160, 161, 162].
Additionally, various health and immigration policies in each host country may play a crucial role.
In some countries, immigrants particularly undocumented asylum seekers face major barriers to
accessing healthcare services, whereas others are more integrative and less restrictive. Differences
in how immigrants are defined in each society, as well as the legal status of the immigrant
population may be a challenge to access healthcare services. These may be extrapolated to
prenatal care utilization, both by its timing and its content [163], which subsequently impact on the
risk of adverse outcomes among pregnant women with the immigration background. Additionally,
it is argued that misconceptions between healthcare providers and immigrant women through
different cultural concepts and acceptability of care, or more directly through lack of interpretation
services may affect pregnancy outcomes [4].

As a main strength of this study, the broad inclusion criteria and subsequent large scope of the
review process at the global scale gave us an opportunity for better understanding of perinatal
health among the immigrant population. However, we conclude with some final caveats and
cautions. Intheincluded studies, the different categories of immigrants groups, economic situation
of immigrants, and length of residency in host countries were not specified. Therefore, subgroup
analysis could not be carried out based on these classifications. In addition, the maternal duration
of residence in host countries was not assessed because of lack of data. Moreover, a lack of unique
definition of each adverse pregnancy outcome in the included studies may have affected this
review, which should be considered during the interpretation of findings.

CONCLUSION

Our meta-analysis showed heterogenous patterns with regard to the relationship between the
immigrant status and adverse perinatal outcomes, as the immigrant women were at the risk of
some important adverse pregnancy outcomes. Our review findings inform researchers, healthcare
providers, and policymakers to pay a greater attention to the health status of pregnant women
with the immigration background and also to the heterogeneity of their health outcomes in order
to facilitate immigrants’ integration to the healthcare system in the host country. Population-
based studies with a focus on the various aspects of adverse perinatal and neonatal outcomes in
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this vulnerable population are still required to improve our understanding of the sources of such Behboudi-Gandevani et al.
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	ABSTRACT
	ABSTRACT
	Background: Disparities in health outcomes between immigrant and native-origin populations, particularly pregnant women, pose significant challenges to healthcare systems. The aim of this systematic-review and meta-analysis was to investigate the risk of adverse pregnancy outcomes among immigrant-women compared to native-origin women in the host country.
	Methods: PubMed (including MEDLINE), Scopus, and Web of Science were searched to retrieve studies published in English language up to September 2020. All observational studies examining the prevalence of at least one of the short-term single pregnancy outcomes for immigrants who crossed international borders compared to native-origin pregnant population were included. The meta-prop method was used for the pooled-estimation of adverse pregnancy-outcomes’ prevalence. For pool-effect estimates, the association
	2

	Findings: This review involved 11 320 674 pregnant women with an immigration-background and 56 102 698 pregnant women as the native-origin population. The risk of emergency cesarean section (Pooled-OR = 1.1, 95%CI = 1.0–1.2), shoulder dystocia (Pooled-OR = 1.1, 95%CI = 1.0–1.3), gestational diabetes mellites (Pooled-OR = 1.4, 95%CI = 1.2–1.6), small for gestational age (Pooled-OR=1.3, 95%CI = 1.1–0.4), 5-min Apgar less than 7 (Pooled-OR = 1.2, 95%CI = 1.0–1.3) and oligohydramnios (Pooled-OR = 1.8, 95%CI = 1
	Conclusion: The relationship between the immigration status and adverse perinatal outcomes indicated a heterogenous pattern, but the immigrant women were at an increased risk of some important adverse pregnancy outcomes. Population-based studies with a focus on the various aspects of this phenomena are required to explain the source of these heterogenicities.

	INTRODUCTION
	INTRODUCTION
	The immigrant population has been defined as any person moving across an international border, regardless of the person’s legal status; whether it is voluntary or involuntary and what the causes of movement are; or what the length of the stay is []. This population constitutes a heterogeneous and wide category group including refugees, asylum seekers, illegal and undocumented immigrants, economic and transient immigrants. It is a hallmark of global development over the last millennia []. It has been estimat
	1
	2
	1
	3

	Health manifestation of immigrants reflect their past medical histories, the disease burden and quality of care in the original and host countries []. Although there is a heterogeneity in the degree to which immigrants are vulnerable to inadequate health care, they have been identified as generally vulnerable population. These differences are more complicated by pregnancy. Subsequently, a specific attention should be paid to pregnant women. Interactions between socio-material deprivation factors aggravated 
	4
	5
	 
	4
	6, 7, 8, 9, 10
	 

	11

	METHODOLOGY
	The research protocol for this systematic review and meta-analysis was developed before the study and was used as the guideline to conduct this research (Supplementary Table 1). A systematic review and meta-analysis was conducted based on the Cochrane methodology for systematic review and meta-analysis studies. The research process has been informed by the guideline for the preferred reporting items for systematic reviews and meta-analyses (PRISMA) []. The review question was framed based on the PICO statem
	12

	P: pregnant women with the history of pregnancy and their neonates; I: international immigration; C: pregnant women with the native-origin background; O: adverse maternal and neonatal outcomes. 
	The research objectives were as follows: 
	o To study the pooled prevalence and risk of adverse maternal outcomes in pregnant women with the immigration background compared to their native-origin counterparts;
	o To study the pooled prevalence and risk of adverse neonatal outcomes in pregnant women with the immigration background compared to their native-origin counterparts.
	ELIGIBILITY CRITERIA
	Studies were identified eligible if they (1) examined immigrant women who crossed international borders; (2) reported one type of data including number, prevalence, or the risk of incidents for at least one of the short-term single maternal and neonatal outcomes; (3) compared those outcomes between pregnant women with the immigration background and the native-origin population (4) and generally without time limitation. 
	Exclusion criteria were non-original studies including reviews, commentaries, editorials, letters, case reports, conference proceedings, books, original studies without accurate and clear data on research variables, duplicated data, and also studies focusing on a specific minor population such as adolescents. However, no restrictions were applied on the immigrant origin, status or length of time for the receiving country.
	SEARCH STRATEGY
	For this systematic review and meta-analysis, online databases of PubMed (including MEDLINE), Scopus, and Web of Science that covered the main percentage of observational studies published in English were searched up to September 2020. Also, a manual search in the references lists of selected studies and other relevant reviews was carried out to maximize the identification of eligible studies. 
	Two review authors performed the search individually using the following key words and phrases alone or in combination as follows: (immigration OR migration OR immigrant OR migrant OR emigrant OR asylum seeker OR asylum seeking OR asylum OR refugee) AND (“adverse pregnancy outcomes” OR “pregnancy outcomes” OR “pregnancy complications” OR abortion OR miscarriage OR  “pregnancy loss” OR “fetal death” OR “stillbirth” OR “preeclampsia” OR “gestational hypertension” OR PIH OR “gestational diabetes” OR hemorrhage
	STUDY SELECTION AND DATA EXTRACTION
	The titles, abstracts, and full texts of studies were examined independently by two review authors to determine whether they met the inclusion criteria. The decision on the final inclusion of studies was made through reaching a consensus by all review authors through holding discussions. Selected articles meeting the inclusion criteria were included in data analysis and research synthesis. 
	The following data were extracted from the included studies: origin of study; publication year; study period; size of study population; population characteristics including age and body mass index (BMI); outcome measurements including the number, prevalence or risk of adverse pregnancy events. To prevent bias in the data extraction and data entry, double checking of the data extraction process was performed before meta-analysis.
	STUDY OUTCOMES 
	The important maternal events of labor induction, total cesarean-section (S-C), primary C-S, emergency C-S, instrumental delivery, gestational diabetes mellitus (GDM), preeclampsia, and pregnancy-induced hypertension (PIH) were considered. Also, neonatal events consisted of macrosomia, large for gestational age (LGA), small for gestational age (SGA), admission to the neonatal intensive care unit (NICU), respiratory distress syndrome (RDS), Apgar scores less than 7 at five minutes, shoulder dystopia, birth t
	QUALITY APPRAISAL AND STATISTICAL DATA ANALYSIS
	Selected studies (n = 126) were appraised with regard to the quality of their methodological structures and the presentation of results. Three reviewers who were blind to the study authors, institution, and journal name, assessed the quality of each these studies individually. Observational studies including cross-sectional, case–control, and cohort were appraised using the Newcastle–Ottawa scale []. Three domains were scored for the selection and comparability of study cohorts, and to determine the outcome
	13

	The meta-prop method helped with the pooled estimation of the prevalence of adverse pregnancy outcomes. To study the association between the immigration status and the outcomes of interest, pooled odds ratio (OR) (with 95% CI) was considered the effect size. The random-effects model described by DerSimonian and Laird was used for the data analysis. Corresponding forest plots were constructed for both the pooled prevalence and odds ratio (OR) of the outcomes. Study heterogeneity was assessed using the incons
	2

	RESULTS
	SEARCH RESULTS, STUDY SELECTION, STUDY CHARACTERISTICS, AND QUALITY APPRAISAL
	The literature search yielded 628 studies. They were saved in the EndNote library and 216 duplicates were identified. The remaining 412 studies underwent the review process. Of these, 219 were excluded after title and abstract screening. Full text of 193 studies were read and appraised and a total of 126 studies met the inclusion criteria, involving 11 320 674 pregnant women with the immigration background and 56 102 698 native origin women (). Characteristics of these studies have been summarized in supple
	Figure 1
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	A total of 21 studies (17%) were conducted in the USA and Canada [, , , , , , , , , , , , , , , , , , , , ], 73 studies (58%) in Europe [, , , , , , –, –, –, , , , , –, –, , , , , , –, , , –, –, –, , , , –, , , , –, , ], 19 studies (15%) in Asia [, , , , , , , , , , –, , , , , , ], 3 studies (2%) in South America [, , ] and 10 studies (8%) in Australia and New Zealand [, , , , , –, , ].
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	META-ANALYSIS AND META-REGRESSION 
	Compared to those with the native origin background, the immigrant women were more likely to be younger, although comparison was not statistically significant [pooled mean (CI 95%): 29.9 (29.9) versus 29.2 (29.1) years (P < 0.095)]. The pooled prevalence of adverse maternal and neonatal outcomes among the immigrant and native origin populations have been presented in  and Supplementary Figures 1–17.  
	Figure 2

	 outlines the prevalence and pooled ORs of adverse maternal and neonatal outcomes, and estimation of heterogeneity and publication bias among the pregnant women with the immigration background compared to their native origin counterparts. No substantial publication bias based on the Harbord test was observed (), except for GDM, which was corrected using the trim and fill method of publication bias adjustment. 
	Table 1
	Table 1

	In term of maternal outcomes, the pooled OR of emergency C-S (Pooled OR = 1.1, 95% CI = 1.0– 1.2) and shoulder dystocia (Pooled OR = 1.1, 95% CI = 1.0–1.3), and GDM (Pooled OR = 1.4, 95% CI = 1.2–1.6) in the immigrant women were significantly higher than the women with the native origin background (-). In contrast, the immigrant women had a lower risk of induction of labor (Pooled OR = 0.8, 95% CI = 0.7–0.8), pregnancy induced hypertension (Pooled OR = 0.6, 95% CI = 0.5–0.7) and preeclampsia (Pooled OR = 0.
	Figure 3A
	C
	Figure 3D
	F

	In terms of neonatal outcomes, the adverse events of preterm birth and birth trauma were not significantly different between the groups (, Supplementary Figures 21–22). However, the risk of SGA (Pooled OR = 1.3, 95% CI = 1.1–0.4), 5 min-Apgar less than 7 (Pooled OR = 1.2, 95% CI = 1.0–1.3), and oligohydramnios (Pooled OR = 1.8, 95% CI = 1.0–3.3) among the immigrant women were significantly higher than the women with the native origin background (, –). Additionally, the immigrant women had significantly lowe
	Table 1
	Table 1
	Figures 4A
	C
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	Figures 4D
	E

	According to meta-regression analyses, the magnitude of those increased risks in LGA and GDM outcomes were correlated with the increased maternal age (P-value = 0.001 and 0.015, respectively) (Supplementary Table 5). However, the reported ORs were not influenced by the country of origin (Supplementary Figure 25).
	DISCUSSION
	The results of our systematic review and meta-analysis showed no consistent relationship between the immigration status and the risk of adverse maternal and neonatal events. In this respect, the risk of emergency C-S, 5-min Apgar less than 7, oligohydramnios, SGA, and GDM in the immigrant population was significantly higher in the immigrant women compared to their native origin counterparts. Nevertheless, the risk of labor induction, pregnancy-induced hypertension, preeclampsia, macrosomia, and LGA in the i
	Immigration has become a social concern around the world. Conflicts, human rights violations, inequality, and job opportunities may force people to immigrate with the hope to improve their quality of life []. However, the increasing trends of immigration resettlement, leads to the diversity of the health status among pregnant women and new mothers in host countries. Immigrant women frequently initiate the mobility process at the childbearing age. New contexts, environments, and lifestyles may expose them to
	139
	140

	In our review, heterogenous patterns in terms of the relationship between the immigration status and adverse perinatal outcomes were reported. Although available evidence is not conclusive, several hypotheses can explain the superiority or inferiority of adverse perinatal outcomes among the immigrant women compared to their counterparts in host countries. For instance, ethnic disparities in birth outcomes have been well documented []. Certain groups of immigrants or ethnic groups have the higher risk of suf
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	The risk of emergency C-S and 5-min Apgar score less than 7 in the immigrant women was higher than the native-origin population according to this review. This may be a complex interplay between the potential risk and resilience factor. Irrespective of their education level or socio-economic status in their host or country of origin, the immigrant women might have experienced poor living conditions with a limited network and language difficulties and social inequality, which might have increased the risk of 
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	As a main strength of this study, the broad inclusion criteria and subsequent large scope of the review process at the global scale gave us an opportunity for better understanding of perinatal health among the immigrant population. However, we conclude with some final caveats and cautions. In the included studies, the different categories of immigrants groups, economic situation of immigrants, and length of residency in host countries were not specified. Therefore, subgroup analysis could not be carried out
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