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Abstract

Polycystic ovary syndrome (PCOS) is associated with an increased risk of maternal
pregnancy and delivery complications. However the impact of clinical features of PCOS and
other potential risk factors in PCOS is still unknown. We aimed to investigate the association
of PCOS with maternal pregnancy and delivery complications with consideration of risk
factors and potential confounders. The meta-analysis included 63 studies. PCOS was
associated with higher miscarriage, gestational diabetes mellitus, gestational hypertension,
pre-eclampsia, induction of labor and caesarean section. The association of PCOS with these
outcomes varied by geographic continent, PCOS phenotypes and study quality. Pre-eclampsia
and induction of labor were not associated with PCOS on body mass index-matched studies.
No outcome was associated with PCOS on assisted pregnancies. Age was significantly
associated with higher miscarriage on meta-regression. There were no studies assessing
perinatal depression. We confirm that PCOS is associated with an increased risk of maternal
pregnancy and delivery complications. The association of PCOS with the outcomes is
worsened in hyperandrogenic PCOS phenotypes, in specific geographic continents and in the
highest quality studies but disappears in assisted pregnancies. Future studies in PCOS are
warranted to investigate proper timing for screening and prevention of maternal pregnancy

and delivery complications with consideration of clinical features of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy among reproductive-
aged women with a prevalence of 6.8-13%.!2 It is characterized by hyperandrogenism (HA),
oligo/anovulation (AnOvu) and/or polycystic ovary morphology (PCOM).3 PCOS is associated
with metabolic, reproductive and psychological features.* Women with PCOS have intrinsic
insulin resistance (IR) which is mechanistically distinct from the IR associated with obesity
and obesity will further worsen both IR and the clinical presentation of PCOS.4® Women with
PCOS are more likely to have increased oxidative stress’ and to experience infertility requiring
assisted conception and when they conceive, there is also an increased risk for pregnancy and
delivery complications.?-!!

Previous meta-analyses on pregnancy and delivery complications report an increased
risk for miscarriage, gestational diabetes mellitus (GDM), gestational hypertension (GHTN),
pre-eclampsia (PE) and caesarean section (CS) in women with PCOS.#!! Given the
heterogeneity of PCOS and confounding variables associated with pregnancy complications,
diverse risk factors may contribute to the increased rate of pregnancy complications in
PCOS.# Obesity, IR, hyperandrogenism and increased oxidative stress may aggravate PCOS
severity and modulate the rate of pregnancy and delivery complications.>’ Given that these
features present differently across ethnicities,'? pregnancy complications may also differ by
ethnic background. Moreover, the higher rate of assisted reproduction in PCOS is likely an
important risk factor for pregnancy outcomes.!3 Ovulation induction and in vitro fertilization
(IVF) have been strongly associated with maternal pregnancy and delivery complications
including increasing the rate of multiple pregnancy, an independent risk factor for pregnancy

complications.®10

Despite empirical evidence for an increased prevalence of maternal pregnancy and

delivery complications in women with PCOS3!! there are still significant gaps in
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understanding the potential pathophysiological pathways for these associations. This is likely
due to both the complexity and heterogeneity of PCOS, the range of potential confounders for
pregnancy complications and the variable methodology of conducted studies* with these
factors often not considered in prior meta-analyses. The aims of this systematic review, meta-
analysis and meta-regression were to assess the prevalence of pregnancy and delivery
complications in women with and without PCOS and in consideration of clinical and

biochemical symptoms of PCOS and potential confounders of these outcomes.

Methods

The protocol for this systematic review, meta-analysis and meta-regression was prospectively
registered in the international register of systematic reviews PROSPERO (CRD
42017067147). The review was performed according to the MOOSE Guidelines for Meta-

Analyses and Systematic Reviews of Observational Studies.'*

Search strategy

A comprehensive gold-standard systematic database search was conducted on the 4% of April
2017. The following electronic databases were used to identify relevant published literature:
Medline, Medline in-process and other non-indexed citations, EMBASE and all EBM
reviews including Cochrane Database of Systematic Reviews, Cochrane Clinical Answers,
Cochrane Central Register of Controlled Trials, American College of Physicians Journal
Club, Cochrane Methodology Register, Health Technology Assessments, The Database of
Abstracts of Reviews of Effectiveness and national health service Economic Evaluation

Database. The specific terms used for the search are shown in the Supplementary Table 1. As

a complementary search, bibliographies included in previous systematic review and meta-

analyses on this topic and The International Clinical Trials Registry Platform Search Portal
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(http://apps.who.int/trialsearch/) were also searched. The full search strategy related to a

broader number of outcomes encompassing 2 separate systematic reviews.

Inclusion and exclusion criteria

We included observational studies with either a cohort or a case-control design. Case reports,
case series and reviews were excluded. Eligible studies included women with and without
PCOS which reported the relevant outcomes with studies that reported outcomes only in
women with PCOS classified as ineligible. Only articles published in English and conducted
on human participants were included. PCOS was defined according to any criteria used by
each article including the National Institute of Health (NIH), Androgen Excess Society
(AES), European Society of Human Reproduction and Embryology/American Society for
Reproductive Medicine (ESHRE/ASRM), clinician confirmation or self-report. Pregnancy
and birth outcomes for this specific review included miscarriage, GDM, GHTN, PE,
Induction of labor (IOL), CS and perinatal depression. The outcomes were defined according
to how each article reported them with the methodology each article used being documented
accordingly.

Study selection

Two independent reviewers (M.B.K and either of C.A or M.S) who were not blinded to the
names of investigators or sources of publication identified and selected the studies that met
the inclusion criteria at 2 stages (screening of titles and abstracts and reviewing potentially
eligible full-texts). Inter-reviewer agreement for the inclusion of studies was almost perfect
(kappa=0.88). Disagreements between reviewers were discussed and resolved with a third
reviewer (L.J.M) through consensus or arbitration.

Data extraction and quality appraisal

Eligible studies were extracted and appraised by 2 independent reviewers (M.B.K and either

C.A or M..S) per study. Any discrepancies were resolved by discussion and resolved by
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making a consensus with the third reviewer (L.J.M). The data extracted included information
on the author, year of publication, study design, study location, participants’ characteristics
and frequency of the outcomes. All information was entered into a researcher-developed data
extraction form.

Extracted participants’ characteristics data included demographic (age, body mass index
(BMI), ethnicity, socioeconomic status (SES), smoking status and parity), clinical (PCOS
phenotypes, acne and hirsutism scores, pre-pregnancy medical conditions, early pregnancy
systolic (SBP) and diastolic blood pressure (DBP)) and biochemical (white blood cell count
(WBC) and c-reactive protein (CRP), fasting blood sugar (FBS) and/or oral glucose tolerance
test (OGTT), fasting insulin, homeostatic model assessment (HOMA), post OGTT insulin or
glucose infusion rate on clamp study, sex hormone binding glubolin (SHBG), total
testosterone (TT) and free androgen index (FAI)) information.

All included studies were assessed for risk of bias using the Newcastle-Ottawa Scale (NOS)

for non-randomized studies!’ (Supplementary Table 2). Individual items assessed by NOS

included: representativeness of the PCOS and non-PCOS groups, ascertainment and validity
of PCOS status, pregnancy and delivery outcomes, comparability of groups by potential
confounders on the basis of the design or analysis, early discontinuation of study, and rate of
loss to follow ups. The NOS assesses the quality of studies in 3 domains of selection,
comparability and outcome with maximum stars of 4, 2 and 3, respectively. Studies were
ranked as poor, fair and good quality as per the number of stars awarded to each domain. To
be considered as good quality, studies needed at least 3 stars in selection, 1 star in
comparability and 2 stars in outcome domains. Fair quality studies were those with 2 stars in
selection, at least 1 star in comparability and 2 stars in outcome domains. Studies which met

none of these 2 thresholds were considered as poor quality. (Supplementary Table 3).

Data analysis
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All the pregnancy and delivery complications for each study were expressed as odds ratios
(OR) with 95% confidence intervals (CI) and combined using random effects model for
meta-analysis. Studies reporting outcomes in multiple number of pregnancies per woman
were excluded from the meta-analysis. Where there was an overlap between samples of
different studies reporting on the same outcome, the study with the largest sample size for the
corresponding outcome was included. To quantify statistical heterogeneity between studies,
the 17 statistic was estimated where 12>50% implied significant heterogeneity. Sensitivity
analyses were performed with the exclusion of studies where women were taking metformin
during pregnancy.

Exploratory sub-group meta-analyses were conducted according to PCOS ovulatory (i.e.
HA+PCOM), anovulatory (i.e. AnOvu+HA or AnOvu+PCOM or AnOvu+HA+PCOM),
hyperandrogenic (i.e. HA+PCOM or AnOvu+HA or AnOvu+HA+PCOM) and non-
hyperandrogenic (i.e. AnOvu+PCOM) phenotypes, the geographic continent where the study
was conducted, BMI-matched design, specific BMI categories, mode of conception
(spontaneous vs. assisted reproductive technology (ART)), singleton vs. multiple pregnancy
and study quality (poor/fair/good). A further sub-group meta-analysis was performed to
assess the association of PCOS status with GHTN, PE, IOL and CS in GDM affected women.
Restricted maximum likelihood (REML)-based random effects meta-regression was
perfomed to explore the influence of maternal age, SES, CRP, WBC, BMI, gestational weight
gain (GWG), smoking, parity, multiple pregnancy, mean SBP and DBP, FBS, OGTT, SHBG,
TT, FAI, acne and hirsutsim score on each outcome of interest if sufficient data was available
(>10 studies per co-efficient). For univariate meta-regression, relative ratio of mean values
and frequencies were used, as appropriate. Knapp-Hartung method was used to estimate the
between study variance (tau?). Normal distrubution for mean values was checked using

skewness-kurtosis test. There was no significant variable (p<0.1) to be included in the
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multivariate meta-regression. We performed all analysis under supervision of an experienced
statistician using Stata version 14 (StataCorp, 14 College Station, Texas, USA).

Results

Search results

Of a total of 4292 studies identified through the search, 77 studies met the inclusion criteria

for the systematic review. For the meta-analysis, 14 studies were excluded (Supplementary

Table 4) on the basis of reporting outcomes in multiple number of pregnancies per woman '6-
2l and overlapping data,?>?° resulting in 63 included studies (Figure 1).

Characteristics of included studies

The characteristics of 63 included studies are listed in Table 1 and Supplementary Table 5.

Outcomes of interest were reported in a total of n=224136 pregnant women comprising 39
retrospective 233967 (n=157899) and 24 prospective %! (n=66237) studies. Eighteen studies
were conducted in Europe,43539.40.45-4749.60.61.67.73.77.19.84.86.8791 16 in
Americas,2330.32.363742.44.48.51,53,64.60.71.74.76.83 23 i Asia,31:33:41:43.50,52.54-58,62,63.65,66.68.72.75,80,85.88-
% 4 in Australia and New Zealand??-%7%82 and 2 in Africa.”®?#! Outcomes of interest by PCOS
phenotypes were extractable from 3 studies in women with ovulatory,®%-7887 26 with
anovulatory, 16:1923.30-38.4246,51.59-61.63.68.69.71.747687 |9 with hyperandrogenic,30-68:6919.23.33.36-
38,42,46,51,70,76,7859-61.87 and 2 with non-hyperandrogenic®®87 phenotypes of PCOS. Nine studies
matched women with and without PCOS on the basis of BMI.30->3.62,71,73,78,79.81.84 There was
only 1 study reporting outcomes in multiple pregnancies with and without PCOS.%! In 4

studies women with PCOS continued taking metformin during pregnancy.43-47:43.77

10
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Table 1- Characteristics of included studies for pregnancy outcomes

11

Matched

Study Country Design Risk of bias PCOS Controls characteristics Outcomes
Levran 1990 6 Isracl Pr‘zsolf(frttive High N=76; Age= NP; BMI=NP  N=95; Age= NP; BMI=NP;  Age, Weight GDM
}K;(;rlts}ronan USA Retrccz)s}ffritive High NE f/? I;:A2g6€.z7212g};::;2rs; N=2306; A]%ﬁ): NP; BMI= GDM
Urman 1992 © Canada Prc():sofileocrttive High N=4; Age=NP; BMI=NP  N= 10; Age= NP; BMI= NP Age Miscarriage
I;I;;gl;?rg Israel Itztsré)—scr;?ttric\)lle Moderate N=47; Age=NP; BMI=NP N=38; Age= NP; BMI= NP Age Miscarriage
Urman 1997 3 Turkey Retrc(:)f:r‘;ﬁve Moderate N= éﬁlig;; fi‘gg/glia“; N= ég% fzgfjfgg/éim; GDM, GHTN
;146 Vries 1998 Netherlands Retioos}?oer(;tive Moderate N= gll\;ﬂigzez 82?(g5/ I}I/:;ars; N= gll\;ﬂlig;; 53(1)(gl/ r}Illezars; GDM, GHTN, PE
lfgi;igsgrsom Sweden ltztsreo_scp())?[tri(\)fle High N=33; ang53k2g}//;a;rs; BMI= N=66; a%§z3k3g}//§;rs; BMI= Age GDM, %I—;TN, PE,
Radon 1999%  USA Retrc‘z)sﬁ’:;tive Low N e 9312(';%5”5; N o0 Aee i;ﬁem; Age, Weight GDM, PE
Eashyap 2000 Canada Retrc(z)sl?oer(;tive High N=22; Zzégge ;gi\lllll’z; BMI= N=27; gg“e ;gi\IIan; BMI= GHTN

11
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;/(;)é})eglghoven Australia Retrc(:)s}?:r(;tive Moderate N=60; 2z‘;gle ;gl/jrl;; BMI= N=60; 2/2g5e ;gl/\rlrfl’z; BMI= Age GDM
Wang 2001 70 Australia Pr(;ifile(::;tive Low N= 3&;&12%662 31(1;‘13;6%5; N= 355&12%32 3;(2{:%/7nigears; Miscarriage
gjercke 2002 Norway Retrc(z)slll;)oercttive Moderate N= ]5321\,/[ ?:g§6=.33lié3/ Igsars; N= 3};;& Iz:géelz 3;(2g/7 rIfzezws; GDM, CéI;TN, PE,
ko 2000 Cooh Rty N AR B N i e owamcs
;l:urhan 2003 Turkey Retrospective High N=38; Aﬁge =27.6 yg:ars; N=136; ége =26.6 };ears; GDM, GHTN, PE,
cohort BMI=31.5 kg/m BMI=23.6 kg/m IOL, CS

g(i)r(;ls)e;tlermann Chile Prc;s()lile:()crtsve High N=147, [];1%;; I2\14;)6 years; N=180; 1?1\%[61::: 1\2]}6)2 years; Age, BMIL, SES GDM
I
Bokras 2006 USA Retrccz)s}f:rcttive Low N= 46; Age = NP; BMI= NP N=108; Ag; ; NP; BMI= Weight Miscalgli;gg,s GDM,
Kovo 2006 4 Israel Reti(z)s}foerc;tive Moderate N= %31\’4?2%7: 731(();;/%26”5; N= g?\’/l?:gg 5: ;Eg/ri?“; Age GDM, GHTN, CS
Lo 2006 USA Reti(:)s}f:rcitive Moderate N= 1542;B [;/%Ie::N3Pl 4 years; N=y9e 259;1 ],3 fﬁi 1:\] 1?;O.O GDM
oy g PN L NEawodlsn CRawolien MR g
Palep-Singh UK Retrospective High N=120; Age = NP; BMI= N=95; Age = NP; BMI= NP Miscarriage

2007 4

cohort

NP
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Sir-Petermann Chile Prospective Moderate N=48; Age= 29 years; N=51; Age= 26 years; GHTN
2007 ™ cohort BMI= 28.6 kg/m? BMI= 33.4 kg/m?
Koivunen . Retrospective High _ o NP _ N=2371; Age= NP; BMI= . .
2008 % Finland cohort N=92; Age= NP; BMI= NP NP Miscarriage
Beydoun 2009 Retrospective Low N=28; Age=32.3 years; N=23; Age=32.5 years; . .
z UsA cohort BMI= 30.6 ke/m? BMI=23.9 kg/m? Age Miscarriage
Retrospective . N=66; Age =32.3 years; N=66; Age = 32.3 years; .
47 4 4
Bolton 2009 Ireland cohort High BMI= NP BMI= NP Age, Parity GDM
Gupta 2009 75 India Pr‘;i%e(flft”e Moderate \_ 5. Age= NP; BMI=NP  N=56; Age=NP; BMI=NP  Age, Weight GDM, GHTN
Alshammari Retrospective N=44; Age =32.6 years; N=127; Age = 34 years;
2010 48 Canada cohort Moderate BMI= 30.8 kg/m? BMI= 24.8 kg/m’ GHTN, CS
. Retrospective N=15; Age = 34.7 years, N=214; Age =32.7 years; GDM, GHTN, PE,
49

Altieri 2010 Ttaly cohort Low BMI= 24.3 ke/m? BMI=23.1 ke/m? Cs
Anderson Prospective . N=39; Age = 30.1 years; N=31; Age = 32.4 years;
2010 7 USA cohort High BMI=30.8 ke/m? BMI= 25.1 ke/m? s

. . Retrospective . N=34; Age = 31.6 years; N=70; Age = 31.5 years;

50

Li2010 China case-control High BMI= 26.2 kg/m? BMI= 22.4 kg/m? PE
De Leo 2011 Ttal Prospective Hish N=98; Age = 32 years; N=110; Age = 33 years; Miscarriage, GDM,
77 y cohort & BMI= 28.3 kg/m? BMI= 26.6 kg/m? GHTN, PE
Dmitrovic Retrospective N=17; Age =29 years; N=17; Age =31 years;
2011 5! USA cohort Moderate BMI= 32 kg/m? BMI= 26 kg/m? GDM
Nejad 2011 Tran Retrospective Low N=52; Age=NP; BMI=NP  N=47; Age= NP; BMI= NP Miscarriage

cohort
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Prospective N=40; Age = 25.5 years; N=40; Age = 26 years; Miscarriage, GDM,
78
Nouh 2011 Egypt cohort Low BMI= 24.2 kg/m? BMI= 23.9 kg/m? Age, BMI GHTN, PE, CS
Palomba 2012 Prospective N=42; Age = 28.3 years; N=84; Age = 28.4 years;
7 Ttaly cohort Low BMI=27.9 kg/m? BMI= 27.3 kg/m? Age, BMI GHTN, PE, IOL, CS
Reyes-Munoz . Retrospective N=152; Age =29.1 years; N=52; Age =29 years; Age, BMI, Miscarriage, GDM,
2012 53 Mexico cohort Moderate BMI= 27.5 kg/m? BMI=27.5 kg/m? Parity PE
. Prospective N=144; Age = 30.8 years; N=594; Age =29.1 years; Miscarriage, GDM,
80 s s
Wang 2013 China cohort Low BMI=23.0 ke/m? BMI=20.0 ke/m? GHTN
Ashrafi 2014 Iran Retrospective Low N=234; Age=29.6 years; N=468; Age=28.5 years; GDM
4 cohort BMI= 26.1 kg/m? BMI= 25.6 kg/m?
Elkholi 2014 Prospective N=200; Age = 23.4 years; N=200; Age = 23.2 years; Miscarriage, GDM,
81 Egypt cohort Moderate BMI=31.7 kg/m? BMI=31.8 kg/m? Age, BML SES " GHTN, PE, €S
Foroozanfard Retrospective N=130; Age = 28.8 years; N=131; Age = 29.3 years;
2014 53 Tran cohort Low BMI= 28.0 ke/m? BMI=27.7 ke/m? GHTN, PE, CS
. Retrospective Low N=50; Age= 29.8 years; N=39; Age=30.0 years; . .
56
Huang 2014 China cohort BMI= NP BMI= NP Age Miscarriage
Joham 2014 Australia Prospective High N=222; Age= NP; BMI= N=4011; Age= NP; BMI= GDM, GHTN
cohort NP NP
. Prospective Low N=59; Age=32.5 years; N=287; Age=36.3 years; . .
83
Lathi 2014 USA cohort BMI= 26.0 kg/m? BMI= 22.7 kg/m? Miscarriage
Li2014 57 China Retrc(:)f:;me Low N=38; Age=NP; BMI=NP NV 28% Aglf; NP; BMI= Age Miscarriage
. . Retrospective High N=20; Age= 30.5 years; N=166; Age=31.6 years; . .
58
Liu 2014 China cohort BMI= NP BMI= NP Miscarriage

14
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Prospective N=459; Age =31.6 years; N=5409; Age = 30.7 years; GDM, GHTN, PE,
91
Naver 2014 Denmark cohort Moderate BMI= 22.9 kg/m? BMI= 23.4 kg/m? IOL, CS
Palomba 2014 Prospective N=150; Age = 27.8 years; N=150; Age = 27.4 years; Miscarriage, GDM,
84 ltaly cohort Low BMI=27.3 kg/m? BMI= 27.0 kg/m? Age, BMI GHTN, PE, CS
. Prospective High N=27; Age = 29.6 years; N=27; Age =29.9 years; . .
85 > > > >
Zhang 2014 China cohort BMI= 24.4 ke/m? BMI=22.8 ke/m? Miscarriage
goherty 2015 Australia Retrospective Moderate N=2566; Age = NP; BMI= N=25660; Age = NP; BMI= Age GDM., PE, CS
cohort NP NP
Kollmann . Retrospective N=177; Age = 29.6 years; N=708; Age = 30 years; GDM, GHTN, PE,
Austria p Low & M & M
2015 90 cohort BMI= 24.3 kg/m? BMI=22.5 kg/m? CS
Prospective N="73; Age =31.1 years; N=209; Age = 31.7 years;
86
Koster 2015 Netherlands cohort Low BMI= 26 ke/m? BMI= NP GDM, IOL, CS
Lovvik 2015 Retrospective N=223; Age=NP; BMI=  N=20742; Age = NP; BMI=
o1 Sweden cohort Low NP NP PE, CS
Mumm 2015 Prospective N=157; Age =29 years; N=1037; Age =29 years; GDM, GHTN, PE,
Denmark Low
87 cohort BMI= 26.1 kg/m? BMI= 23.3 kg/m? IOL, CS
. Prospective Low N=3109; Age=NP; BMI= N=31090; Age = NP; BMI=
88
Pan 2015 Taiwan cohort NP NP Age GDM
Sawada 2015 Retrospective N=49; Age =31.7 years; N=49; Age =31.9 years; Age, BMI,
2 Japan cohort Low BMI-= 24.4 kg/m? BMI-= 24.2 kg/m? Parity GDM, GHTN, €S
. Retrospective N=24; Age = 31.4 years; N=224; Age =31.1 years;
63
Wan 2015 China cohort Low BMI= 22.8 kg/m? BMI=21.4 kg/m? Age GDM, GHTN, PE
Prospective N=150; Age = 29.3 years; N=160; Age = 30.8 years;
89
Aktun 2016 Turkey cohort Low BMI= 22.9 kg/m? BMI= 21.4 kg/m? GHTN, PE, CS

15
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Sterling 2016 Retrospective N="71; Age =33 years; N=323; Age = 35 years;
64 Canada cohort Low BMI=24.6 BMI=23.6 GDM, €S
Wane 2016 9 China Prospective Low N=119; Age = 32.9 years; N= 664; Age = 32.9 years; Miscarriage

ang cohort BMI= 22 BMI=21
Wane 2016 65 China Retrospective High N=1361; Age =NP; BMI= N=15921; Age = NP; BMI= Miscarriage

& case-control NP NP
. . Retrospective N=1352; Age = 29.7 years; N=2037; Age = 28.6 years;
66

Xiao 2016 China cohort Low BMI= NP BMI= NP GDM, CS
Klevedal 2017 Sweden Retrospective Low N=37; Age =27 years; N=126; Age = 29.5 years; GDM, GHTN, PE,
67 cohort BMI= 28.7 kg/m? BMI=23.4 kg/m? CS

BMI: body mass index; CS: Caesarean section; GDM: gestational diabetes mellitus; GHTN: gestational hypertension; IOL: induction of labour; NP
pregnancy in PCOS vs. controls; PE: pre-eclampsia; SES: socioeconomic status.

: not provided for

16
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Out of all included studies, BMI was measured pre-conception for 24 studies.?3-32-353%
41,43,49,53-55,62,63,70-72,76,77,80.81.83.85 Compared to women without PCOS, women with PCOS had
significantly higher pre-conception BMI (standardised mean difference (SMD): 0.63 kg/m?,
95% CI: 0.42, 0.84; 1>=92.1%).

Twelve studies measured GWG.32:33:35:40,41,49,53,71,72,76,79.89 Of these, only 1 study mentioned
the initial and last time points for weight measurements 72 while the last time point for
measurement is not stated in other studies. None of the included studies reported GWG by the
Institute of Medicine (IOM) GWG recommendations according to pre-conception BMI.
Compared with women without PCOS (n=2048), women with PCOS (n=870) showed
significantly higher GWG (SMD: 0.26 kg, 95% CI: 0.03, 0.50; 1= 82.6%). There was no

study on GWG in which women were taking metformin during pregnancy.

17
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Outcomes

Figure 2 shows pooled and individual ORs for the outcomes of interest. Table 2,-2¢ show
results from sub-group meta-analyses.

Miscarriage- Twenty-one studies reported miscarriage in 3196 women with and 21934
women without PCOS. Miscarriage was defined as pregnancy loss prior to 20™ week of
gestation by 3 studies*>33-70 and as early pregnancy loss (6-8 weeks) confirmed by
ultrasound.®> Women with PCOS had a higher prevalence of miscarriage (OR: 1.59, 95% CI:
1.11, 2.28) (Figure 2,). Sensitivity analysis for exclusion of studies where women were
taking metformin during pregnancy showed higher prevalence of miscarriage in PCOS (OR:
1.71, 95% CI: 1.19, 2.45). On sub-group analysis (Table 2,), the rate of miscarriage remained
significantly higher in ovulatory and hyperandrogenic phenotypes, for those from Australia
and New Zealand and Africa, BMI-matched studies, women with BMI<30 kg/m? and
BMI>30 kg/m?, spontaneous conception modes, and good quality studies. The odds for
miscarriage was greater for ovulatory phenotype, those from Africa, BMI-matched studies,

BMI<30 kg/m?, spontaneous conception and good quality studies.

Table 2 a- Sub-group analysis of miscarriage
Sub-group No. Studies OR (95%CI) 12

Ovulatory 1 9.75 (1.16,82.11)  0.0%
Phenotype Anovulatory 5 1.02 (0.70, 1.48) 0.0%
Hyperandrogenic 6 1.40 (1.06, 1.86) 8.0%
Non-hyperandrogenic 0
Europe 4 1.19 (0.60,2.36)  73.4%
Geographic Americas 6 1.31(0.79,2.16)  22.5%
- Asia 8 1.60 (0.76,3.36)  91.1%
continent Australia & New Zealand | 152(1.11,2.06) %
Africa 2 4.26 (2.56, 7.08) 0.0%
Matched 4 3.92 (2.56, 6.01) 0.0%
BMI <30 (kg/m?) 2 3.89 (1.79, 8.47) 0.0%
>30 (kg/m?) 2 2.73 (1.11,6.73)  68.7%
Conception Spontaneous 1 9.75 (1.16, 82.11) %
mode ART 12 1.22 (0.94,1.57)  31.0%
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Poor quality 7 0.96 (0.79, 1.62) 1.2%
Study quality  Fair quality 4 1.29(0.36,4.57)  84.3%
Good quality 10 2.16 (1.34,3.47)  79.9%

Gestational diabetes mellitus- Thirty-nine studies assessed GDM in 11565 women with and
177296 women without PCOS. The GDM definition was not consistent across these studies.
Compared to women without PCOS, women with PCOS showed higher prevalence of GDM
(OR: 2.89, 95% CI: 2.37, 3.54) (Figure 2). Sensitivity analysis for exclusion of studies
where women were taking metformin during pregnancy showed higher prevalence of GDM
in PCOS (OR: 2.83, 95% CI: 2.33, 3.44). On sub-group analysis (Table 2;), the higher
prevalence was retained for ovulatory, anovulatory and hyperandrogenic phenotypes, women
from Europe, Americas, Asia and Australia and New Zealand, BMI-matched and non-
matched studies, women with BMI<30 kg/m?, spontaneous conception modes, fair and good
quality studies. The odds for GDM was greater for ovulatory, anovulatory, hyperandrogenic

phenotypes, those from Europe and Americas, for BMI<30 kg/m? and good quality studies.

Table 2 b-Sub-group analysis of gestational diabetes mellitus

Sub-group No. Studies OR (95%CI) I
Ovulatory 3 6.66 (1.92, 23.19) 28.4%
Phenotype Anovulatory 15 3.05 (1.90, 4.90) 71.2%
Hyperandrogenic 11 3.44 (2.11,5.61) 68.2%
Non-hyperandrogenic 2 4.20 (0.20, 88.58) 78.2%
Europe 13 3.31(1.57,6.97) 77.5%
Geographic Americas 9 3.26 (2.009, 5.27) 47.3%
continent Asia 12 2.73 (1.88, 3.96) 84.1%
Australia & New Zealand 3 2.40 (1.79, 3.23) 39.9%
Africa 2 4.68 (0.10,223.95)  85.3%
Matched 7 2.85(1.41,5.78) 60.5%
BMI <30 (kg/m?) 3 3.25(1.35,7.82) 46.6%
>30 (kg/m?) 3 1.43 (0.89, 2.29) 0.0%

Conception Spontaneous 1 35.53(2.02, 624.72) %%
mode ART 3 2.03 (0.86,4.79) 55.8%
Poor quality 10 1.96 (1.05, 3.64) 63.9%
Study quality  Fair quality 11 2.94 (1.87,4.62) 56.4%
Good quality 18 3.33 (2.48, 4.46) 85.4%
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Gestational hypertension- Twenty-nine studies reported GHTN in 2698 women with and
14856 women without PCOS. GHTN was defined as SBP > 140mmHg or DBP > 90 mmHg
in 2 studies,?? ©2 as SBP > 140mmHg or DBP > 90 mmHg after 20" week of gestation in 10
studies,33:37:40:49,60,72,74,75.81.84 g5 SBP > 140mmHg or DBP > 90 mmHg after first trimester or
15 mmHg increment in DBP compared to measured DBP in the first trimester in 1 study,?* as
DBP > 90 mmHg at 2 occasions during pregnancy in 1 study,? as SBP > 140mmHg or DBP
> 90 mmHg after 20" week of gestation or SBP > 150mmHg or DBP > 100 mmHg during
labor in 2 studies?>%3 and as SBP > 140mmHg or DBP > 90 mmHg after 20% week of
gestation which got normal 4-6 weeks after delivery in 1 study.”® Definition was not provided
in the remaining twelve studies. On meta-analysis, women with PCOS were more likely to
have GHTN compared to women without PCOS (OR: 2.58, 95% CI: 1.95, 3.41) (Figure 2¢).
Sensitivity analysis for exclusion of studies where women were taking metformin during
pregnancy showed higher rate of GHTN in PCOS (OR: 2.62, 95% CI: 1.99, 3.45). On sub-
group analysis (Table 2.), the significant increase in the rate of GHTN in women with PCOS
was retained for ovulatory, anovulatory and hyperandrogenic phenotypes, women from
Europe, Americas, Asia, Australia and New Zealand, BMI- matched and non-matched
studies, women with BMI<30 kg/m?, spontaneous conception modes, and across study
qualities. The odds for GHTN was greater for ovulatory, anovulatory and hyperandrogenic
phenotypes, those from Americas, BMI<30 kg/m?, spontaneous conception and good quality
studies. Where all participants had GDM,*8-55.7989 the higher rate of GHTN in PCOS was

retained (OR: 2.74, 95% CI: 1.86, 4.03).

Table 2 c-Sub-group analysis of gestational hypertension

Sub-group No. Studies OR (95%CI) I?
Ovulatory 3 7.78 (2.54,23.78)  4.0%
Phenotype Anovulatory 8 3.71(1.85,7.42) 61.5%
Hyperandrogenic 5 5.29 (3.05,9.18) 9.2%
Non-hyperandrogenic 2 4.13 (0.36,47.28)  65.3%
Geographic Europe 13 2.41(1.26,4.63) 71.6%
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continent Americas 2 11.49 (1.98, 66.67)  0.0%
Asia 11 2.65(2.03, 3.45) 0.0%
Australia & New Zealand 1 2.52 (1.78, 3.58) %
Africa 2 3.27(0.25,42.39)  74.5%
Matched 6 2.42(1.20,4.88)  23.9%
BMI <30 (kg/m?) 4 3.25(1.87, 5.65) 0.0%
>30 (kg/m?) 2 1.66 (0.85, 3.23)
Conception Spontaneous 2 11.12 (1.97,62.78)  0.0%
mode ART 1 3.30(0.63, 17.36) Y%
Poor quality 6 2.38(1.29,4.39)  553%
Study quality  Fair quality 8 2.22(1.08,4.54) 67.1%
Good quality 15 3.06 (2.25,4.16)  16.3%

Pre-eclampsia- Twenty-six studies assessed PE in 5896 women with and 65669 women
without PCOS. PE was defined as SBP >140 mmHg or DBP >90 mmHg and proteinuria after
20 week of gestation in 2 studies,’*8! as SBP >140 mmHg or DBP >90 mmHg and
proteinuria>300 mg/day after 20" week of gestation in 13 studies,33-35:49,50,33,60,61,63,72,73,84,89,91
as SBP >140 mmHg or DBP >90 mmHg and proteinuria or 2 of the followings: hemoglobin
>8.0 mmol/L, thrombocytopenia, liver enzyme elevation, rise of plasma uric acid
concentration in 1 study ** and as SBP >140 mmHg or DBP >90 mmHg and proteinuria >++
using urine stick in 1 study.’® The other 9 studies did not provide the definition used for PE.
The prevalence of PE was significantly higher in women with PCOS (OR: 1.87, 95% CI:
1.55, 2.25) (Figure 2p). Sensitivity analysis for exclusion of studies where women were
taking metformin during pregnancy showed higher prevalence of PE in PCOS (OR: 1.87,
95% CI: 1.56, 2.25). On sub-group analysis (Table 2,4), PE remained significantly associated
with PCOS in ovulatory, anovulatory, hyperandrogenic phenotypes, those from Europe, Asia,
Australia and New Zealand, women with BMI<30 kg/m?, spontaneous conception and across
study qualities. The odds for PE was greater for ovulatory and hyperandrogenic phenotypes,
women from Asia, BMI-matched studies, women with BMI<30 kg/m?, spontaneous
conception poor and good quality studies. Where all participants had GDM,>%>579-89 the

higher rate of PE in PCOS was retained (OR: 2.72, 95% CI: 1.77, 4.19).
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Table 2 d-Sub-group analysis of pre-eclampsia
Sub-group No. Studies OR (95%CI) I?
Ovulatory 3 5.25(2.00,13.76)  0.0%
Phenotype Anovulatory 10 1.67 (1.23,2.26) 31.9%
Hyperandrogenic 8 1.75(1.26,2.43) 41.5%
Non-hyperandrogenic 2 0.70 (0.13, 3.71) 0.0%
Europe 13 1.81 (1.39, 2.36) 5.8%
Geographic Americas 3 1.85(0.44,7.85)  69.3%
continent Asia 7 2.63 (1.80, 3.83) 0.0%
Australia & New Zealand 1 1.66 (1.46, 1.88) Nz
Africa 2 2.59(0.30,22.74)  73.4%
Matched 6 2.18(1.00,4.74)  42.3%
BMI <30 (kg/m?) 4 2.96 (1.25,7.02) 17.7%
>30 (kg/m?) 3 1.15 (0.66, 2.02) 0.0%
Conception Spontaneous 2 9.16 (1.61,52.29)  0.0%
mode ART 2 1.30 (0.57, 2.97) 0.0%
Poor quality 5 291 (1.27,6.63) 17.4%
Study quality  Fair quality 7 1.66 (1.48, 1.87) 0.0%
Good quality 14 2.12(1.53,2.95)  24.2%

Induction of labor- Five studies reported IOL in 769 women with and 6875 women without

PCOS. The rate of IOL was significantly higher in women with PCOS (OR: 2.55, 95% CI:

1.23, 5.30) (Figure 2g). There was no study in which women were taking metformin during

pregnancy. On sub-group analysis (Table 2.), the higher rate of IOL was retained for

anovulatory and hyperandrogenic phenotypes, women from Asia, poor and fair quality

studies. The odds of IOL was the greatest for a retrospective study from Asia with poor

quality. There was only 1 study reporting IOL in women with GDM in which the rate of IOL

was similar in women with and without PCOS (OR: 1.25, 95% CI: 0.56, 2.77).

Table 2 e- Sub-group analysis of induction of labor

Sub-group No. Studies OR (95%CI) I?
Ovulatory 1 2.13 (0.79, 5.75) Y%
Anovulatory 1 1.81 (1.08, 3.01) %
Phenotype Hyperandrogenic 1 2.34 (1.4, 3.80) %
Non-hyperandrogenic 1 0.30 (0.04, 2.24) %
Europe 4 1.81 (0.94, 3.47) 77.7%
Geographic Amerlcas 0
continent Asia . 1 11.82 (2.96, 47.22) %
Australia & New Zealand 0
Africa 4 3.47 (1.36, 8.85) 86.4%
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Matched 1 1.25 (0.56, 2.77) %
BMI <30 (kg/m?) 0
>30 (kg/m?) 0
Conception Spontaneous 0
mode ART 0
Poor quality 1 11.82 (2.96, 47.22) Y%
Study quality  Fair quality 1 1.29 (1.01, 1.65) Y%
Good quality 3 3.20 (0.79, 12.89) 84.2%

Caesarean section — Twenty-five studies reported CS in 6227 women with and 67856

women without PCOS. The rate of CS was significantly higher in women with PCOS

compared to those without PCOS (OR: 1.39, 95% CI: 1.23, 1.57) (Figure 2). Sensitivity

analysis for exclusion of studies where women were taking metformin during pregnancy

showed higher rate of CS in PCOS (OR: 1.37, 95% CI: 1.21, 1.56). On sub-group analysis

(Table 2¢), higher rate of CS was remained for women with anovulatory, hyperandrogenic

and non-hyperandrogenic phenotypes of PCOS, women from Europe, Asia and Australia and

New Zealand, BMI-matched and non-matched studies, BMI<30 kg/m?, spontaneous

conception mode, fair and good quality studies. The odds was greater in non-hyperandrogenic

women with PCOS and spontaneous conception. Where all participants had GDM, 4337989

the higher rate of CS in PCOS was retained (OR: 1.72, 95% CI: 1.26, 2.37).

Table 2 f-Sub-group analysis of Caesarean section

Sub-group No. Studies OR (95%CI) I?
Ovulatory 3 2.07 (0.70, 6.15)  66.7%
Phenotype Anovulatory 7 1.63 (1.52, 1.74) 0.0%
Hyperandrogenic 7 1.62 (1.52,1.73) 0.0%
Non-hyperandrogenic 2 2.25(1.02,4.98) 63.3%
Europe 12 1.33 (1.13,1.56)  22.4%
Geographic Americas 3 1.14 (0.77, 1.68) 0.0%
continent Asia 7 1.26 (1.05, 1.51) 0.0%
Australia & New Zealand 1 1.65 (1.54, 1.77) %
Africa 2 1.93(0.68,547)  72.4%
Matched 5 1.55(1.14, 2.10) 2.3%
BMI <30 (kg/m?) 3 1.93 (1.27,2.94) 0.0%
>30 (kg/m?) 2 1.19 (0.80, 1.79) 0.0%
Conception Spontaneous 1 3.62 (1.34, 9.77) Y%
mode ART 2 1.09 (0.71, 1.67) 0.0%
Study quality  Poor quality 3 1.22 (0.73, 2.04) 0.0%
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Fair quality 6 1.44 (1.11,1.85)  67.2%
Good quality 16 1.36 (1.18,1.56)  17.1%

Depression- We found no studies assessing perinatal depression in women with and without

PCOS.

Meta-regression

While studies on GHTN, PE, and CS were not significantly heterogeneous (I> < 50%), we observed
significant heterogeneity (I>> 50%) for miscarriage, GDM and IOL. For miscarriage and GDM, meta-
regression analyses were performed to investigate the source of heterogeneity (Table 3) but due to
insufficient number of studies on IOL we were unable to investigate potential confounders. On meta-
regression, age was significantly associated with increased rate of miscarriage (P=0.001) and reduced
the tau? value from 0.46 to 0.12, indicating that 74.9% of between study variance on pooled analysis
on miscarriage is likely explained by age. However age was not associated with GDM (P=0.759).
BMI was not associated with miscarriage (P=0.513) and GDM (P=0.783). Multiple
pregnancy could not also explain the observed heterogeneity in GDM (P=0.301). There were
insufficient data or no observations to perform meta-regression on socioeconomic status,
acne, hirsutism, pre-pregnancy diabetes mellitus and hypertension, blood pressure, WBC,
CRP, glucose and insulin homeostasis, reproductive hormones, smoking status and parity.

Table 3- Univariate meta-regression analysis of possible confounders on maternal
pregnancy outcomes in women with and without PCOS

No. Studies Coefficient (95% CI) p-value tau?

Miscarriage
Age (years) 13 13.87 (6.83, 20.92) 0.001  0.12
BMI (kg/m?) 9 0.05 (-0.04, 0.15) 0.513  0.63

GDM

Age (years) 26 -1.99 (-17.56, 13.59) 0.795 1.14
BMI (kg/m2) 24 0.94 (-6.04, 7.92) 0.783  0.86
Multiple pregnancy 22 0.05 (-0.05, 0.16) 0.301 043
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Discussion

In this systematic review, meta-analysis and meta-regression in 224136 women, we
report that women with PCOS have a higher prevalence of miscarriage, GDM, GHTN, PE,
IOL and CS. On sub-group analyses the odds were greater in ovulatory phenotype for
miscarriage, GDM, GHTN and PE; in women born in Africa for miscarriage, in Europe for
GDM, in Americas for GHTN and in Asia for PE and IOL; in spontaneous conception for
miscarriage, GDM, GHTN, PE and CS; in good quality studies for miscarriage, GDM and
GHTN. The significantly increased odds were retained for miscarriage, GDM, GHTN and CS
on BMI-matched studies.

We confirm a prior meta-analysis reporting a higher risk for miscarriage in PCOS.!!
Prior research reports the risk factors for miscarriage, both in PCOS and in the general
population, include obesity and ART use.**? Of these, we report the increased rate of
miscarriage was retained in BMI-matched studies, studies for women with either BMI below
or above 30kg/m? and that miscarriage in PCOS was not associated with BMI in meta-
regression. However, the higher rate of miscarriage was not maintained for post ART
pregnancies. Given that there were no post ART pregnancies among BMI-matched studies,
the higher rate of hormonal medications in PCOS®* may have masked the impact of obesity
on miscarriage. We also note that the higher prevalence of miscarriage in PCOS was
maintained in hyperandrogenic phenotypes*%-#* and for women from Australia and New
Zealand and Africa. This is consistent with previous literature reporting a higher rate of
miscarriage in Asian women with PCOS compared to Caucasians® and a role of
hyperandogenism?>-** in miscarriage. Our finding of age being associated with increased rate
of miscarriage on meta-regression is consistent with advanced maternal age, particularly

above 35 years, being a risk factor for miscarriage.>** The independent influence of PCOS is
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still difficult to determine and overall it appears likely that other factors significantly
contribute to miscarriage in PCOS.

When assessing metabolic disorders in pregnancies, women with PCOS had higher
rates of GDM, GHTN and PE compared to women without PCOS consistent with prior
literature.®!! In the general population, obesity, excessive GWG, IR, hyperandrogenism,
inflammation and ethnicity are known risk factors for these disorders with GDM also being
an independent risk factor for GHTN and PE.%6:80:89.95-98 We report the higher prevalence of
GDM and GHTN in PCOS were not maintained for non-hyperandrogenic phenotypes,
women from Africa, BMI>30 kg/m? and those conceiving after ART although we note the
small number of studies for these sub-groups (n=2-3). Given the results of GDM, GHTN and
PE on sub-group analyses are similar, these probably share important risk factors as
highlighted by prior research.?” Higher hypertensive disorders in GDM affected pregnancies
were maintained with a greater odds for women with PCOS suggesting that hypertensive
disorders in PCOS likely occur independently from GDM but are worsened by GDM which
is supported by a prior report of oxidative stress profile in PCOS being higher than non-
PCOS but similar to GDM.” Despite this, higher PE in PCOS was not retained for those from
Americas, BMI-matched studies and assisted conception mode. This may potentially be due
to either small sample size (n=1-4) or all the 3 studies from Americas being conducted in
overweight/obese women.3¢:42-33 Both our and prior findings®® suggest that PCOS is an
independent risk factor for pregnancy-related metabolic disorders, which is exacerbated by
obesity. These are of critical importance for consideration in screening and management
given that GDM, GHTN and PE may proceed to life-threatening complications for mother
and offspring,!9%-191 increasing intervention for delivery,!%1-194 and increasing diabetes

mellitus and cardiometabolic risk in both mothers and infants.”8:105.106
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We report here higher IOL and CS in PCOS. Pregnancies with associated
complications are more likely to involve delivery interventions improving maternal and
infant outcomes.!01:193.104 The higher rate of CS may be related to the higher IOL in PCOS
given that failure in IOL results in increased rate of CS.!% The increased IOL and CS in
PCOS may also relate to the higher rate of GDM in PCOS given GDM results in increased
rate of macrosomia!®? or IOL and/or CS for prevention of macrosomia at term.!%3:1%4 Previous
reports of similar rates of macrosomia in women with and without PCOS,%!! despite higher
rates of GDM in PCOS, may be therefore explained by higher rate of preventive deliveries.
This was confirmed on our results on CS in GDM affected pregnancies with and without
PCOS. Alternatively, severe PE necessitates interruption of pregnancy either through IOL or
CS.103,104 Here, the prevalence of IOL and CS differed across phenotypes, geographic
continent and BMI-matched and non-matched studies with the small numbers for some sub-
groups, particularly for IOL. These might be due to different odds of GDM, PE and fetal
disorders across these sub-groups. Although the main indication for CS was not reported by
included studies, we report the CS rate was similar in women with and without PCOS post
ART. This may be related to the fact that mothers who have received infertility treatment
generally are more likely to request an elective CS for fear of adverse infant outcomes.!'%

We report here that rates of miscarriage, GDM, GHTN, PE, IOL and CS differed by
geographic continent, PCOS phenotypes and adiposity. Observed differences in the outcomes
across geographic continent are possibly due to ethnic differences in hyperandrogenism, IR
and obesity in PCOS.!2#> While the ovulatory phenotype being a subset of hyperandrogenic
phenotypes, the greater rate in ovulatory phenotype is unclear and possibly due to either
higher rate of ART in other hyperandrogenic phenotypes which generally increases the rate
of adverse outcomes or small sample size. The fact that some outcomes were worsened in

hyperandrogenic PCOS phenotypes may relate to the reciprocal relationship between
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hyperandrogenism and IR (either intrinsic or extrinsic related to obesity)*!97 in PCOS. This
likely aggravates sex hormone imbalances which contribute to adverse pregnancy and birth
outcomes through endometrial abnormalities like thickening the endometrium,!%%
dysregulating angiogenesis®? and inducing a state of inflammation in endometrium?#199-111
and consequently impacting on implantation and placentation®>9>19 The prevalence of
outcomes did not significantly change on exclusion of studies using metformin during
pregnancy which is consistent with prior literature on miscarriage,''> GDM!!? and PE.!!*
With regards to study quality, higher miscarriage, GDM, GHTN, PE and CS were confirmed
on good quality studies with the lowest risk of bias, validating the observed results on these
outcomes. However, IOL was not confirmed on good quality studies which limits the
generalizability of this finding.

Strengths of this review are the use of sub-group analyses for a range of potential
confounders, meta-regression for exploring the source of heterogeneity and exclusion of
studies reporting outcomes in multiple number of pregnancies per woman for further
methodological consistency. Limitations include lacking non-English studies, more than half
of included studies (n=34) having moderate to high risk of bias, 1 study having less than 30
participants in total, some studies having less than 30 participants with PCOS (n=10), some
studies with less than 30 participants at each group (n=6), insufficient number of studies for
sub-group analysis by PCOS phenotypes due to differing PCOS definitions, lack of definition
or inconsistent reporting of obstetric outcomes, lack or inconsistent reporting of ethnicity
across included studies, limited outcomes being reported according to BMI categories,
spontaneous conception, pregnancies from ovulation induction and multiple pregnancies, lack
of sufficient number of observations on the majority of confounding variables for meta-
regression and lack of data on perinatal depression and the impact of depression on

pregnancy outcomes in women with and without PCOS.
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We report in this systematic review, meta-analysis and meta-regression that women
with PCOS were more likely to have miscarriage, GDM, GHTN, PE, IOL and CS. While,
miscarriage, GDM, GHTN, PE and CS were increased independent of obesity, the prevalence
of all outcomes were similar in women with and without PCOS with BMI>30 kg/m?,
highlighting obesity as a key risk factor. The significant increased rates for miscarriage,
GDM, GHTN, PE and IL were not maintained for non-hyperandrogenic PCOS phenotype.
The prevalence of all outcomes differed by geographic continent. The higher prevalence of
miscarriage, GDM, GHTN, PE, IOL and CS in PCOS were also related to assisted
reproduction use. These outcomes remained significantly associated with PCOS in singleton
pregnancies except for CS and in good quality studies except for IOL. These findings
highlight that PCOS is an important risk factor for maternal pregnancy and delivery
complications independent of obesity but the impact is significantly worsened by
hyperandrogenic phenotypes for GDM, GHTN, PE, IOL and CS; in women from Africa for
miscarriage, from Europe for GDM, from America for GHTN, from Asia for PE and IOL and
in spontaneous pregnancies for miscarriage, GDM, GHTN, PE and CS. Further research is
warranted investigating the impact of PCOS on pregnancy and delivery complications in
women with well-defined PCOS status with consistently defined obstetric outcomes.
Pregnancy-related psychological disorders in PCOS also need further study. This is critical

for timely identification of high risk groups to improve prevention and management.

Conflict of interests: Authors declare that there is no competing interest.
Acknowledgement: A Monash International Postgraduate Research Scholarship supports
M.B.K. An NHMRC Early Career Fellowship supports A.E.J. An NHMRC Career
Development Fellowship supports J.A.B. The Sigrid Juselius Foundation, the Finnish

Medical Foundation, the Academy of Finland supports T.P and H.J.T is supported by a

29



Obesity Reviews Page 30 of 43

30

fellowship from the National Health and Medical Research Council. A Future Leader

Fellowship from the National Heart Foundation of Australia supports L.J.M.

References

1. Bozdag G, Mumusoglu S, Zengin D, et al. The prevalence and phenotypic features of
polycystic ovary syndrome: a systematic review and meta-analysis. Hum Reprod 2016; 31(12): 2841-
55.

2. Diamanti-Kandarakis E, Kouli CR, Bergiele AT, ef al. A Survey of the Polycystic Ovary
Syndrome in the Greek Island of Lesbos: Hormonal and Metabolic Profile. The Journal of Clinical
Endocrinology & Metabolism 1999; 84(11): 4006-11.

3. The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003
consensus on diagnostic criteria and long-term health risks related to polycystic ovary syndrome.
Fertility and sterility 2004; 81(1): 19-25.

4. Bahri Khomami M, Boyle JA, Tay CT, et al. Polycystic ovary syndrome and adverse
pregnancy outcomes: current state of knowledge, challenges and potential implications for practice.
Clinical endocrinology 2018.

5. Stepto NK, Cassar S, Joham AE, ef al. Women with polycystic ovary syndrome have intrinsic
insulin resistance on euglycaemic-hyperinsulaemic clamp. Hum Reprod 2013; 28(3): 777-84.

6. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome
revisited: an update on mechanisms and implications. Endocrine reviews 2012; 33(6): 981-1030.

7. Boutzios G, Livadas S, Piperi C, et al. Polycystic ovary syndrome offspring display increased
oxidative stress markers comparable to gestational diabetes offspring. Fertility and Sterility 2013;
99(3): 943-50.

8. Boomsma CM, Eijkemans MJ, Hughes EG, et al. A meta-analysis of pregnancy outcomes in
women with polycystic ovary syndrome. Hum Reprod Update 2006; 12(6): 673-83.
9. Kjerulff LE, Sanchez-Ramos L, Duffy D. Pregnancy outcomes in women with polycystic

ovary syndrome: a metaanalysis. Am J Obstet Gynecol 2011; 204(6): 558.e1-6.

10. Qin JZ, Pang LH, Li MJ, et al. Obstetric complications in women with polycystic ovary
syndrome: a systematic review and meta-analysis. Reprod Biol Endocrinol 2013; 11: 56.

11. Yu HF, Chen HS, Rao DP, ef al. Association between polycystic ovary syndrome and the risk
of pregnancy complications: A PRISMA-compliant systematic review and meta-analysis. Medicine
(Baltimore) 2016; 95(51): e4863.

12. Lim SS, Davies MJ, Norman RJ, et al. Overweight, obesity and central obesity in women
with polycystic ovary syndrome: a systematic review and meta-analysis. Hum Reprod Update 2012;
18(6): 618-37.

13. Beydoun HA, Stadtmauer L, Beydoun MA, et al. Polycystic ovary syndrome, body mass
index and outcomes of assisted reproductive technologies. Reprod Biomed Online 2009; 18(6): 856-
63.

14. Stroup DF, Berlin JA, Morton SC, ef al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Jama 2000; 283(15): 2008-12.

15. Wells G, Shea B, O’connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. Ottawa (ON): Ottawa Hospital Research Institute;
2009. Available in March 2016.

16. Diamant YZ, Rimon E, Evron S. High incidence of preeclamptic toxemia in patients with
polycystic ovarian disease. Eur J Obstet Gynecol Reprod Biol 1982; 14(3): 199-204.
17. Mikola M, Hiilesmaa V, Halttunen M, et al. Obstetric outcome in women with polycystic

ovarian syndrome. Hum Reprod 2001; 16(2): 226-9.

18. Glueck CJ, Goldenberg N, Pranikoff J, et al. Height, weight, and motor-social development
during the first 18 months of life in 126 infants born to 109 mothers with polycystic ovary syndrome
who conceived on and continued metformin through pregnancy. Hum Reprod 2004; 19(6): 1323-30.

30



Page 31 of 43

Obesity Reviews

31

19. Weerakiet S, Srisombut C, Rojanasakul A, ef al. Prevalence of gestational diabetes mellitus
and pregnancy outcomes in Asian women with polycystic ovary syndrome. Gynecol Endocrinol 2004;
19(3): 134-40.

20. Roos N, Kieler H, Sahlin L, et al. Risk of adverse pregnancy outcomes in women with
polycystic ovary syndrome: population based cohort study. Bmj 2011; 343: d6309.

21. Hart R, Doherty DA. The potential implications of a PCOS diagnosis on a woman's long-term
health using data linkage.[Erratum appears in J Clin Endocrinol Metab. 2015 Jun;100(6):2502; PMID:
25970353]. Journal of Clinical Endocrinology & Metabolism 2015; 100(3): 911-9.

22. Maliqueo M, Echiburu B, Crisosto N, et al. Metabolic parameters in cord blood of newborns
of women with polycystic ovary syndrome. Fertil Steril 2009; 92(1): 277-82.

23. Beydoun HA, Stadtmauer L, Zhao Y, et al. Impact of polycystic ovary syndrome on selected
indicators of in vitro fertilization and intracytoplasmic sperm injection treatment success. J Womens
Health (Larchmt) 2009; 18(5): 717-23.

24. Falbo A, Rocca M, Russo T, ef al. Changes in androgens and insulin sensitivity indexes
throughout pregnancy in women with polycystic ovary syndrome (PCOS): Relationships with adverse
outcomes. Journal of Ovarian Research 2010; 3 (1) (no pagination)(23).

25. Palomba S, Falbo A, Russo T, ef al. Uterine blood flow in pregnant patients with polycystic
ovary syndrome: relationships with clinical outcomes. Bjog 2010; 117(6): 711-21.

26. Palomba S, Falbo A, Russo T, et al. Pregnancy in women with polycystic ovary syndrome:
the effect of different phenotypes and features on obstetric and neonatal outcomes. Fertil Steril 2010;
94(5): 1805-11.

217. Palomba S, Falbo A, Chiossi G, et al. Low-grade chronic inflammation in pregnant women
with polycystic ovary syndrome: a prospective controlled clinical study. Journal of Clinical
Endocrinology & Metabolism 2014; 99(8): 2942-51.

28. Sir-Petermann T, Maliqueo M, Angel B, ef al. Maternal serum androgens in pregnant women
with polycystic ovarian syndrome: possible implications in prenatal androgenization. Hum Reprod
2002; 17(10): 2573-9.

29. Glueck CJ, Bornovali S, Pranikoff J, et al. Metformin, pre-eclampsia, and pregnancy
outcomes in women with polycystic ovary syndrome. Diabet Med 2004; 21(8): 829-36.

30. Wortsman J, de Angeles S, Futterweit W, ef al. Gestational diabetes and neonatal macrosomia
in the polycystic ovary syndrome. J Reprod Med 1991; 36(9): 659-61.

31. Homburg R, Berkowitz D, Levy T, et al. In vitro fertilization and embryo transfer for the
treatment of infertility associated with polycystic ovary syndrome. Fertil Steril 1993; 60(5): 858-63.
32. Lesser KB, Garcia FA. Association between polycystic ovary syndrome and glucose
intolerance during pregnancy. J Matern Fetal Med 1997; 6(5): 303-7.

33. Urman B, Sarac E, Dogan L, et al. Pregnancy in infertile PCOD patients. Complications and
outcome. J Reprod Med 1997, 42(8): 501-5.

34. de Vries MJ, Dekker GA, Schoemaker J. Higher risk of preeclampsia in the polycystic ovary
syndrome. A case control study. Eur J Obstet Gynecol Reprod Biol 1998; 76(1): 91-5.

35. Fridstrom M, Nisell H, Sjoblom P, ef al. Are women with polycystic ovary syndrome at an
increased risk of pregnancy-induced hypertension and/or preeclampsia? Hypertens 1999; 18(1): 73-
80.

36. Radon PA, McMahon MJ, Meyer WR. Impaired glucose tolerance in pregnant women with
polycystic ovary syndrome. Obstet Gynecol 1999; 94(2): 194-7.

37. Kashyap S, Claman P. Polycystic ovary disease and the risk of pregnancy-induced
hypertension. J Reprod Med 2000; 45(12): 991-4.

38. Vollenhoven B, Clark S, Kovacs G, et al. Prevalence of gestational diabetes mellitus in
polycystic ovarian syndrome (PCOS) patients pregnant after ovulation induction with gonadotrophins.
Aust N Z J Obstet Gynaecol 2000; 40(1): 54-8.

39. Bjercke S, Dale PO, Tanbo T, et al. Impact of insulin resistance on pregnancy complications
and outcome in women with polycystic ovary syndrome. Gynecol Obstet Invest 2002; 54(2): 94-8.

40. Haakova L, Cibula D, Rezabek K, ef al. Pregnancy outcome in women with PCOS and in
controls matched by age and weight. Hum Reprod 2003; 18(7): 1438-41.

41. Turhan NO, Seckin NC, Aybar F, et al. Assessment of glucose tolerance and pregnancy
outcome of polycystic ovary patients. Int J Gynaecol Obstet 2003; 81(2): 163-8.

31



Obesity Reviews Page 32 of 43

32

42. Dokras A, Baredziak L, Blaine J, et al. Obstetric outcomes after in vitro fertilization in obese
and morbidly obese women. Obstet Gynecol 2006; 108(1): 61-9.

43, Kovo M, Weissman A, Gur D, ef al. Neonatal outcome in polycystic ovarian syndrome
patients treated with metformin during pregnancy. J Matern Fetal Neonatal Med 2006; 19(7): 415-9.
44, Lo JC, Feigenbaum SL, Escobar GJ, et al. Increased prevalence of gestational diabetes
mellitus among women with diagnosed polycystic ovary syndrome: a population-based study.
Diabetes Care 2006; 29(8): 1915-7.

45. Palep-Singh M, Picton HM, Vrotsou K, ef al. South Asian women with polycystic ovary
syndrome exhibit greater sensitivity to gonadotropin stimulation with reduced fertilization and
ongoing pregnancy rates than their Caucasian counterparts. Eur J Obstet Gynecol Reprod Biol 2007,
134(2): 202-7.

46. Koivunen R, Pouta A, Franks S, ef al. Fecundability and spontaneous abortions in women
with self-reported oligo-amenorrhea and/or hirsutism: Northern Finland Birth Cohort 1966 Study.
Hum Reprod 2008; 23(9): 2134-9.

47. Bolton S, Cleary B, Walsh J, et al. Continuation of metformin in the first trimester of women
with polycystic ovarian syndrome is not associated with increased perinatal morbidity. Eur J Pediatr
2009; 168(2): 203-6.

48. Alshammari A, Hanley A, Ni A, et al. Does the presence of polycystic ovary syndrome
increase the risk of obstetrical complications in women with gestational diabetes? J Matern Fetal
Neonatal Med 2010; 23(6): 545-9.

49. Altieri P, Gambineri A, Prontera O, ef al. Maternal polycystic ovary syndrome may be
associated with adverse pregnancy outcomes. Eur J Obstet Gynecol Reprod Biol 2010; 149(1): 31-6.
50. Li G, Fan L, Zhang L, et al. Metabolic parameters and perinatal outcomes of gestational
diabetes mellitus in women with polycystic ovary syndrome.[Erratum appears in J Perinat Med. 2010
May;38(3):343]. J Perinat Med 2010; 38(2): 141-6.

51. Dmitrovic R, Katcher HI, Kunselman AR, ef al. Continuous glucose monitoring during
pregnancy in women with polycystic ovary syndrome. Obstet Gynecol 2011; 118(4): 878-85.
52. Nejad ES, Saedi T, Saedi S, et al. Comparison of in vitro fertilisation success in patients with

polycystic ovary syndrome and tubal factor. Gynecol Endocrinol 2011; 27(2): 117-20.

53. Reyes-Munoz E, Castellanos-Barroso G, Ramirez-Eugenio BY, et al. The risk of gestational
diabetes mellitus among Mexican women with a history of infertility and polycystic ovary syndrome.
Fertil Steril 2012; 97(6): 1467-71.

54. Ashrafi M, Sheikhan F, Arabipoor A, ef al. Gestational diabetes mellitus risk factors in
women with polycystic ovary syndrome (PCOS). Eur J Obstet Gynecol Reprod Biol 2014; 181: 195-
9.

55. Foroozanfard F, Moosavi SG, Mansouri F, ef al. Obstetric and Neonatal Outcome in PCOS
with Gestational Diabetes Mellitus. J Family Reprod Health 2014; 8(1): 7-12.

56. Huang K, Dong X, Zhang H, et al. Effect of overweight/obesity on IVF-ET outcomes in
chinese patients with polycystic ovary syndrome. International Journal of Clinical and Experimental
Medicine 2014; 7(12): 5872-6.

57. Li HW, Lee VC, Lau EY, et al. Cumulative live-birth rate in women with polycystic ovary
syndrome or isolated polycystic ovaries undergoing in-vitro fertilisation treatment. J Assist Reprod
Genet 2014; 31(2): 205-11.

58. Liu L, Tong X, Jiang L, ef al. A comparison of the miscarriage rate between women with and
without polycystic ovarian syndrome undergoing IVF treatment. Eur J Obstet Gynecol Reprod Biol
2014; 176: 178-82.

59. Doherty DA, Newnham JP, Bower C, et al. Implications of polycystic ovary syndrome for
pregnancy and for the health of offspring. Obstet Gynecol 2015; 125(6): 1397-406.

60. Kollmann M, Klaritsch P, Martins WP, ef al. Maternal and neonatal outcomes in pregnant
women with PCOS: comparison of different diagnostic definitions. Hum Reprod 2015; 30(10): 2396-
403.

61. Lovvik TS, Wikstrom AK, Neovius M, ef al. Pregnancy and perinatal outcomes in women
with polycystic ovary syndrome and twin births: a population-based cohort study. Bjog 2015;
122(10): 1295-302.

32



Page 33 of 43

Obesity Reviews

33

62. Sawada M, Masuyama H, Hayata K, et al. Pregnancy complications and glucose intolerance
in women with polycystic ovary syndrome. Endocr J 2015; 62(11): 1017-23.

63. Wan HL, Hui PW, Li HW, et al. Obstetric outcomes in women with polycystic ovary
syndrome and isolated polycystic ovaries undergoing in vitro fertilization: a retrospective cohort
analysis. J Matern Fetal Neonatal Med 2015; 28(4): 475-8.

64. Sterling L, Liu J, Okun N, et al. Pregnancy outcomes in women with polycystic ovary
syndrome undergoing in vitro fertilization. Fertil Steril 2016; 105(3): 791-7.e2.

65. Wang F, Dai W, Yang XH, et al. Analyses of optimal body mass index for infertile patients
with either polycystic or non-polycystic ovary syndrome during assisted reproductive treatment in
China. Sci 2016; 6: 34538.

66. Xiao Q, Cui YY, LuJ, ef al. Risk for Gestational Diabetes Mellitus and Adverse Birth
Outcomes in Chinese Women with Polycystic Ovary Syndrome. Int 2016; 2016: 5787104.

67. Klevedal C, Turkmen S. Fetal-maternal outcomes and complications in pregnant women with
polycystic ovary syndrome. Minerva Ginecol 2017; 69(2): 141-9.
68. Levran D, Shoham Z, Habib D, et al. Glucose tolerance in pregnant women following

treatment for sterility. Int J Fertil 1990; 35(3): 157-9.

69. Urman B, Fluker MR, Yuen BH, et al. The outcome of in vitro fertilization and embryo
transfer in women with polycystic ovary syndrome failing to conceive after ovulation induction with
exogenous gonadotropins. Fertil Steril 1992; 57(6): 1269-73.

70. Wang JX, Davies MJ, Norman RJ. Polycystic ovarian syndrome and the risk of spontaneous
abortion following assisted reproductive technology treatment. Hum Reprod 2001; 16(12): 2606-9.
71. Sir-Petermann T, Hitchsfeld C, Maliqueo M, ef al. Birth weight in offspring of mothers with
polycystic ovarian syndrome. Hum Reprod 2005; 20(8): 2122-6.

72. Al-Ojaimi EH. Pregnancy outcomes after laparoscopic ovarian drilling in women with
polycystic ovarian syndrome. Saudi Med J 2006; 27(4): 519-25.
73. Hu S, Leonard A, Seifalian A, ef al. Vascular dysfunction during pregnancy in women with

polycystic ovary syndrome. Hum Reprod 2007; 22(6): 1532-9.

74. Sir-Petermann T, Echiburu B, Maliqueo MM, ef al. Serum adiponectin and lipid
concentrations in pregnant women with polycystic ovary syndrome. Hum Reprod 2007; 22(7): 1830-
6.

75. Gupta A, Raina K, Kalkkar T, et al. Pregnancy outcome in women with the polycystic
ovarian syndrome. JK Science 2009; 11(2): 82-4.

76. Anderson H, Fogel N, Grebe SK, et al. Infants of women with polycystic ovary syndrome
have lower cord blood androstenedione and estradiol levels. Journal of Clinical Endocrinology &
Metabolism 2010; 95(5): 2180-6.

77. De Leo V, Musacchio MC, Piomboni P, et al. The administration of metformin during
pregnancy reduces polycystic ovary syndrome related gestational complications. Eur J Obstet
Gynecol Reprod Biol 2011; 157(1): 63-6.

78. Nouh AA, Shalaby SM. The predictive value of uterine blood flow in detecting the risk of
adverse pregnancy outcome in patients with polycystic ovary syndrome. Middle East Fertility Society
Journal 2011; 16(4): 284-90.

79. Palomba S, Falbo A, Russo T, ef al. The risk of a persistent glucose metabolism impairment
after gestational diabetes mellitus is increased in patients with polycystic ovary syndrome. Diabetes
Care 2012; 35(4): 861-7.

80. Wang Y, Zhao X, Zhao H, et al. Risks for gestational diabetes mellitus and pregnancy-
induced hypertension are increased in polycystic ovary syndrome. Biomed Res Int 2013; 2013:
182582.

8l1. Elkholi DGEY, Nagy HM. The effects of adipocytokines on the endocrino-metabolic features
and obstetric outcome in pregnant obese women with polycystic ovary syndrome. Middle East
Fertility Society Journal 2014; 19(4): 293-302.

82. Joham AE, Ranasinha S, Zoungas S, ef al. Gestational diabetes and type 2 diabetes in
reproductive-aged women with polycystic ovary syndrome. Journal of Clinical Endocrinology &
Metabolism 2014; 99(3): E447-52.

33



Obesity Reviews Page 34 of 43

34

83. Lathi RB, Dahan MH, Reynolds-May MF, et al. The role of serum testosterone in early
pregnancy outcome: a comparison in women with and without polycystic ovary syndrome. J Obstet
Gynaecol Can 2014; 36(9): 811-6.

&4. Palomba S, Falbo A, Chiossi G, et al. Lipid profile in nonobese pregnant women with
polycystic ovary syndrome: a prospective controlled clinical study. Steroids 2014; 88: 36-43.

85. Zhang CM, Zhao Y, Li R, et al. Metabolic heterogeneity of follicular amino acids in
polycystic ovary syndrome is affected by obesity and related to pregnancy outcome. BMC Pregnancy
Childbirth 2014; 14: 11.

86. Koster MP, de Wilde MA, Veltman-Verhulst SM, et al. Placental characteristics in women
with polycystic ovary syndrome. Hum Reprod 2015; 30(12): 2829-37.

87. Mumm H, Jensen DM, Sorensen JA, et al. Hyperandrogenism and phenotypes of polycystic
ovary syndrome are not associated with differences in obstetric outcomes. Acta Obstet Gynecol Scand
2015; 94(2): 204-11.

88. Pan ML, Chen LR, Tsao HM, et al. Relationship between Polycystic Ovarian Syndrome and
Subsequent Gestational Diabetes Mellitus: A Nationwide Population-Based Study. PLoS ONE 2015;
10(10): e0140544.

89. Aktun HL, Yorgunlar B, Acet M, et al. The effects of polycystic ovary syndrome on
gestational diabetes mellitus. Gynecol Endocrinol 2016; 32(2): 139-42.

90. Wang Q, Luo L, Lei Q, et al. Low aneuploidy rate in early pregnancy loss abortuses from
patients with polycystic ovary syndrome. Reprod Biomed Online 2016; 33(1): 85-92.

91. Naver KV, Grinsted J, Larsen SO, ef al. Increased risk of preterm delivery and pre-eclampsia
in women with polycystic ovary syndrome and hyperandrogenaemia. Bjog 2014; 121(5): 575-81.

92. Larsen EC, Christiansen OB, Kolte AM, et al. New insights into mechanisms behind
miscarriage. BMC medicine 2013; 11(1): 154.

93. Brown J, Farquhar C. Clomiphene and other antioestrogens for ovulation induction in
polycystic ovarian syndrome. The Cochrane Library 2016.
94, Garcia-Enguidanos A, Calle ME, Valero J, et al. Risk factors in miscarriage: a review.

European Journal of Obstetrics & Gynecology and Reproductive Biology 2002; 102(2): 111-9.

95. Carreno CA, Clifton RG, Hauth JC, ef al. Excessive Early Gestational Weight Gain And Risk
of Gestational Diabetes Mellitus in Nulliparous Women. Obstetrics and Gynecology 2012; 119(6):
1227-33.

96. LiN, Liu E, Guo J, et al. Maternal Prepregnancy Body Mass Index and Gestational Weight
Gain on Pregnancy Outcomes. PLoS ONE 2013; 8(12): e82310.

97. Wahabi HA, Esmaeil SA, Fayed A, et al. Pre-existing diabetes mellitus and adverse
pregnancy outcomes. BMC Research Notes 2012; 5: 496-.

98. Ghosh G, Grewal J, Ménnist6 T, et al. Racial/ethnic differences in pregnancy-related
hypertensive disease in nulliparous women. Ethnicity & disease 2014; 24(3): 283.

99. Wendland EM, Duncan BB, Belizan JM, et al. Gestational diabetes and pre-eclampsia:
common antecedents? Arquivos Brasileiros de Endocrinologia & Metabologia 2008; 52(6): 975-84.
100.  Chiavaroli V, Castorani V, Guidone P, ef al. Incidence of infants born small- and large-for-
gestational-age in an Italian cohort over a 20-year period and associated risk factors. ltalian Journal
of Pediatrics 2016; 42(1): 42.

101.  Yamamoto M, Feigenbaum SL, Crites Y, et al. Risk of preterm delivery in non-diabetic
women with polycystic ovarian syndrome. J Perinatol 2012; 32(10): 770-6.

102.  Ng S-K, Olog A, Spinks AB, et al. Risk factors and obstetric complications of large for
gestational age births with adjustments for community effects: results from a new cohort study. BMC
Public Health 2010; 10(1): 460.

103.  Mozurkewich E, Chilimigras J, Koepke E, ef al. Indications for induction of labour: a best -
evidence review. Bjog 2009; 116(5): 626-36.

104.  Mylonas I, Friese K. Indications for and risks of elective cesarean section. Deutsches
Arzteblatt International 2015; 112(29-30): 489.

105.  Mehrabian F, Kelishadi R. Comparison of the metabolic parameters and androgen level of
umbilical cord blood in newborns of mothers with polycystic ovary syndrome and controls. J 2012;
17(3): 207-11.

34



Page 35 of 43

Obesity Reviews

35

106.  Weissgerber TL, Mudd LM. Preeclampsia and diabetes. Current diabetes reports 2015;
15(3): 9.

107.  Kandaraki EA, Chatzigeorgiou A, Papageorgiou E, ef al. Advanced glycation end products
interfere in luteinizing hormone and follicle stimulating hormone signaling in human granulosa KGN
cells. Experimental biology and medicine (Maywood, NJ) 2018; 243(1): 29-33.

108. LiX, FengY, Lin J-F, et al. Endometrial progesterone resistance and PCOS. Journal of
biomedical science 2014; 21(1): 2.

109.  Piltonen TT. Polycystic ovary syndrome: endometrial markers. Best Practice & Research
Clinical Obstetrics & Gynaecology 2016; 37: 66-79.

110.  Piltonen T, Chen J, Khatun M, et al. Endometrial stromal fibroblasts from women with
polycystic ovary syndrome have impaired progesterone-mediated decidualization, aberrant cytokine
profiles and promote enhanced immune cell migration in vitro. Hum Reprod 2015; 30(5): 1203-15.
111.  Piltonen T, Chen J, Erikson D, et al. Mesenchymal stem/progenitors and other endometrial
cell types from women with polycystic ovary syndrome (PCOS) display inflammatory and oncogenic
potential. The Journal of Clinical Endocrinology & Metabolism 2013; 98(9): 3765-75.

112. Palomba S, Falbo A, Orio F, et al. Effect of preconceptional metformin on abortion risk in
polycystic ovary syndrome: a systematic review and meta-analysis of randomized controlled trials.
Fertility and sterility 2009; 92(5): 1646-58.

113.  Tan X, Hu J. Combination therapy for type 2 diabetes: dapagliflozin plus metformin. Expert
Opin Pharmacother 2016; 17(1): 117-26.

114.  Vanky E, Stridsklev S, Heimstad R, et al. Metformin versus placebo from first trimester to
delivery in polycystic ovary syndrome: a randomized, controlled multicenter study. J Clin Endocrinol
Metab 2010; 95(12): E448-55.

35



Obesity Reviews Page 36 of 43

36

Figure legends list:

Figure 1- PRISMA flowchart of study selection

Figure 2: Meta-analyses for miscarriage, gestational diabetes mellitus, gestational
hypertension, pre-eclampsia, induction of labour and caesarean section in women with and

without PCOS
A: Miscarriage
B: Gestational diabetes mellitus

C: Gestational hypertension
D: Pre-eclampsia
E: Induction of labour

F: Caesarean section
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Figure 2_C: Gestational hypertension
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PCOS Contorls
Study OR (95% CI) N N Weights
Urman 1997 164(0.35,762) 347 4/100 139
de Vries 1998 6.21(1.33,2897) 11781 281 139
Fridsirom 1699 15.26(0.76, 304.73) 333 0168 038
Radon 1999 19.12(2.09, 174.69) 522 1166 069
Bjercke 2002 205(084,502) 52 260355 378
Turhan 2003 574(092,3571) 38 2136 100
Dokras 2006 103(039,271) 7116 16/108 331
ALOjaimi 2006 220(078,6.16) 6134 10479 293
Hu2007 8.08 (039, 166.27) 322 o2 037
Alteri 2010 274(0.13,59.65) 15 2214 036
Li2010 354(093, 13.51) 6034 470 181
De Leo 2011 022(001,465) 0198 21110 037
Nouh 2011 975(1.16,8211) 8140 1140 074
Reyes-Munoz 2012 082(0.23,286) si52 6552 208
Palomba 2012 284(061,1333) a2 384 138
Foroozanfard 2014 281(157,502) 477130 221131 784
Palomba 2014 426(1.18,1542) 121150 3150 195
Elkholi 2014 107(047,243) 117131 14177 435
Naver 2014 184(120,284) 251450 1645409 1147
Kolmann 2015 222(081,6.10) 677 111708 308
Wan 2015 245049, 1228) 2024 8224 128
Doherty 2015 1,66 (1.46, 1.88) 2083505 18523485 2644
Lowik 2015 127 (086, 188) 20223 218320708 1288
Mumm 2015 162 (0.70,377) msr 291037 419
Alun 2018 229099,527) 181150 /160 421
Kevedal 2017 188(0.17,21.36) 1134 2126 057
Overall (Lsquared = 17.5%, p =0213) <& 187(155,225) 52715808 437585669  100.00
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Figure 2_D: Pre-eclampsia
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PCOS Controls

Study OR (95% Cl) niN N Weight%

Turhan 2003 —_— 11.82 (2.96, 47.22) 8/38 3136 14.66
Palomba 2012 1.25 (0.56, 2.77) 14/42 24/84 2259
Naver 2014 1.29 (1.01, 1.65) B4/459 800/5409  29.82
Koster 2015 —— 14992 (8.91, 2522.43) 19173 01209 552
Mumm 2015 1.88 (1.16,2.97) 28157 100/1037  27.41
Overall (I-squared = 82.0%, p = 0.000) 2.55(1.23, 5.30) 151/769  927/6875  100.00
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Figure 2_E: Induction of labour
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PCOS Cortrols
Study OR (95% CI) " L Weight%
Fridstrom 1989 - 0.79(0.30, 2.06) 833 19566 148
Biercke 2002 ——— 1.80 (0.99,329) 21552 971355 324
Haakova 2003 F——— 1.17 (054, 251) 1966 1766 218
Turhan 2003 _— 1.46 (069, 3.08) 15038 42136 22
Dokras 2006 —_— 1.27 (063, 255) 21146 43108 256
Kovo 2006 1.70(067,4.29) 1733 15166 157
Aeri 2010 ; 262(0.91,7.53) a5 65214 124
Alshammari 2010 —_ 1.90 (0.8, 4.11) 14144 25127 216
Anderson 2010 - 1.4 (051, 4.08) 13739 831 126
Nouh 2011 362(1.34,977) 19/40 840 139
Palomba 2012 —_—t 1.78(0.79,398) 15042 20584 200
Foroozantard 2014 — 1,68 (0.95,295) 1031130 91131 357
Palomba 2014 L B a— 1,64 (0.93,289) 371150 25150 353
Elkholi 2014 —_— 1.23(0.75,202) 2131 a9177 43
Naver 2014 —_— 1.04 (083, 1.31) 101459 1151/5409 952
Koster 2015 —_— 0.76(0.38, 1.54) 1273 43209 251
Kollmann 2015 4+ 1.31(092,187) 58174 195706 651
Doherty 2015 | S 1.65(1.54,1.77) 137303626 9537135340 1364
Lowik 2015 — 1.42(1.08,1.85) 1291223 1019320707 853
Sawada 2015 O ——— 1.21(051,287) 16749 14149 179
Mumm 2015 — 1.41(084,213) 35157 1751037 553
Steriing 2016 —_— 1.00 (058, 1.71) 2571 1141323 383
Aktun 2018 _ 1,66 (0.98, 2.81) 120150 113160 396
Xiao 2016 —— 1.06 (0.83, 1.34) 1280352 7152037 938
Kievedal 2017 —_— 257(1.15,5.74) 14134 27126 2m
Overall (-squared = 42.6%, p=0.014) <> 1.39(1.23,157) 235718227 2280167854 10000
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Figure 2_F: Caesarean section
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