Title Lifestyle and pregnancy complications in polycystic ovary
syndrome: The SCOPE Cohort Study
Authors Khomami, Mahnaz Bahri;Moran, Lisa J.;Kenny, Louise C.;Grieger,

Jessica A.;Myers, Jenny;Poston, Lucilla;McCowan, Lesley M.
E.:Walker, James;Dekker, Gustaaf A.;Norman, Robert;Roberts,
Claire T.

Publication date

2019-02-23

Original Citation

Khomami, M. B., Moran, L. J., Kenny, L., Grieger, J. A, Myers, J.,
Poston, L., McCowan, L., Walker, J., Dekker, G., Norman, R. and
Roberts, C. T. (2019] 'Lifestyle and pregnancy complications in
polycystic ovary syndrome: The SCOPE Cohort Study’, Clinical
Endocrinology, 90(6), pp.814-821. https://doi.org/10.1111/
cen.13954

Type of publication

Article (peer-reviewed)

Link to publisher’s
version

https://onlinelibrary.wiley.com/doi/10.1111/cen.13954 - 10.1111/
cen.13954

Rights

© 2019 John Wiley & Sons, Inc. All rights reserved. This is the
peer reviewed version of the following article: Khomami, M. B
et al, (2019), Lifestyle and pregnancy complications in polycystic
ovary syndrome: The SCOPE Cohort Study. Clin Endocrinol.
Accepted Author Manuscript, which has been published in final
form at https://doi.org/10.1111/cen.13954. This article may be
used for non-commercial purposes in accordance with Wiley
Terms and Conditions for Self-Archiving.

Download date

2025-12-13 16:25:12

[tem downloaded
from

https://hdl.handle.net/10468/7585



https://hdl.handle.net/10468/7585

University College Cork, Ireland
Colaiste na hQllscoile Corcaigh



Article type: Original Article - Australia, Japan, SE Asia

Title: Lifestyle and pregnancy complications in polycystic ovary syndrome: The

SCOPE Cohort Study

Running title: Lifestyle, pregnancy and polycystic ovary syndrome

Authors: Bahri Khomami, Mahnaz, PhD'; Moran, Lisa J, PhD"**; Kenny, Louise, PhD’; Grieger,

Jessica A, PhD **; Myers, Jenny, PhD 3. Poston, Lucilla, PhD ¢; McCowan, Lesley, PhD 7. Walker,

James, MD®; Dekker, Gustaaf, PhD **°; Norman, Robert, MD*'’; Roberts, Claire T, PhD **

"Monash Center for Health Research and Implementation, School of Public Health and Preventive

Medicine, Monash University, Melbourne, Victoria, 3168, Australia

? Robinson Research Institute, University of Adelaide, Adelaide, South Australia, 5005, Australia

? Department of Obstetrics and Gynecology, University College Cork, Cork, Ireland

* Adelaide Medical School, North Terrace, University of Adelaide, Adelaide, SA, 5000, Australia

3 The Maternal and Fetal Health Research Center, University of Manchester, Manchester, United Kingdom

% Department of Women and Children’s Health, King’s College, London, United Kingdom

" Department of Obstetrics and Gynecology, University of Auckland, Auckland, New Zealand

¥ Department of Obstetrics and Gynecology, University of Leeds, Leeds, United Kingdom

® Women and Children’s Division, Lyell McEwin Hospital, University of Adelaide, Adelaide 5112, Australia

10 Fertility SA, Adelaide, South Australia, 5000, Australia.

* Bahri Khomami and Moran should be considered joint first author.

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/cen.13954

This article is protected by copyright. All rights reserved.



Corresponding author: Lisa J. Moran

Address: Monash Center for Health Research and Implementation (MCHRI), Level 1, 43-51 Kanooka Grove, Clayton,
Melbourne, Victoria, 3168, Australia

Email address: lisa.moran@monash.edu

Phone number: +613 8572 2664

Acknowledgements: We thank the pregnant women who participated in the SCOPE study,
Rennae Taylor for coordinating the New Zealand SCOPE study, Nicolai Murphy for
coordinating the Irish SCOPE study, Annette Briley for coordinating the UK SCOPE centres,
Denise Healy for coordinating the Australian SCOPE study and all other SCOPE research
midwives. This was presented as an E-poster in the Royal College of Australia and New
Zealand annual scientific meeting, Auckland, New Zealand, 29 October-1 November 2017.
The data that support the findings of this study are available from the corresponding author

upon reasonable request.

Funding: The Australian SCOPE study was supported by the Premier’s Science and
Research Fund, South Australian Government (http://www.dfeest.sa.gov.au/science-
research/premiers-research-and-industry-fund). The New Zealand SCOPE study was
supported by the New Enterprise Research Fund, Foundation for Research Science and
Technology; Health Research Council (04/198); Evelyn Bond Fund, Auckland District
Health Board Charitable Trust. The Irish SCOPE study was supported by the Health Research
Board of Ireland (CSA/2007/2; http://www.hrb.ie). The UK SCOPE study was supported by
National Health Service NEAT Grant (Neat Grant FSD025), Biotechnology and Biological
Sciences Research council (www.bbsrc.ac.uk/funding; GT084) and University of Manchester

Proof of Concept Funding (University of Manchester); Guy’s and St. Thomas’ Charity

This article is protected by copyright. All rights reserved.



(King’s College London) and Tommy’s charity (http://www. tommys.org/; King’s College
London and University of Manchester); and Cerebra UK (www.cerebra.org.uk; University of
Leeds). Lisa J. Moran is supported by a SACVRDP Fellowship; a program collaboratively
funded by the National Heart Foundation, the South Australian Department of Health and the
South Australian Health and Medical Research Institute (AC11S374) and a National Heart
Foundation Future Leader Fellowship (101169). Louise C. Kenny is supported by a Science
Foundation Ireland Program Grant for INFANT (12/RC/2272). Claire T. Roberts is supported

by a Lloyd Cox Professorial Research Fellowship from the University of Adelaide.

Summary

Objectives: To investigate the risk of pregnancy complications in women with and without
polycystic ovary syndrome after consideration of lifestyle factors.

Design: Prospective cohort

Patients and measurements: Participants (n=5628) were apparently healthy nulliparous
women with singleton pregnancies from the Screening for Pregnancy Endpoints study in New
Zealand, Australia, United Kingdom and Ireland. Multivariable regression models were
performed assessing the association of self-reported polycystic ovary syndrome status with
pregnancy complications with consideration of lifestyle factors at the 15" week of gestation.
Results: Women with polycystic ovary syndrome (n=354) were older, had a higher
socioeconomic index and body mass index and were less likely to consume alcohol and
smoke but more likely to do vigorous exercise and take multivitamins. In univariable analysis
polycystic ovary syndrome was associated with increased risk of gestational diabetes [OR:

2.2,95%CI: 1.2,
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4.0]. In multivariable models, polycystic ovary syndrome was only significantly associated
with decreased risk of large for gestational age [OR: 0.62, 95% CI: 0.40, 0.98] with a
population attributable risk of 0.22%. None of the other outcomes were attributable to
polycystic ovary syndrome status.

Conclusions: Polycystic ovary syndrome is associated with a lower risk of large for
gestational age infants. In this low risk population, the risk of pregnancy complications was
not increased in women with polycystic ovary syndrome who were following a healthy
lifestyle. Further studies are warranted assessing the contribution of lifestyle factors to the
risk of pregnancy complications in higher risk groups of women with and without polycystic

ovary syndrome.

Key words: Birth weight, Large for gestational age, Preterm birth, Gestational diabetes,

Gestational hypertension, Lifestyle, Polycystic ovary syndrome

Introduction

Polycystic ovary syndrome (PCOS) affects 8-18% of reproductive-aged women.'
According to the Rotterdam criteria, PCOS compromises at least two of the three features:
menstrual irregularity, hyperandrogenism, and polycystic ovaries.> PCOS is associated with
reproductive, metabolic and psychological dysfunction.® Insulin resistance (IR) is a key
etiological feature in PCOS* which amplifies both ovarian dysfunction’ and metabolic
disturbances.® Obesity and a tendency to central obesity are also common among women with
PCOS and can worsen the associated disorders.”® Pregnant women with PCOS are at an
increased risk for pregnancy and birth complications such as gestational diabetes (GDM),
gestational hypertension (GH), pre-eclampsia (PE), preterm birth, caesarean section and

admission to neonatal intensive care unit.’
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In the general population, multiple risk factors including advanced maternal age,"
certain ethnicities,'' obesity and excessive gestational weight gain (GWG),"? low
socioeconomic status,” parity, multiple pregnancy,'® pre-existing medical conditions'® and
high risk behaviors such as smoking and alcohol consumption,'' vitamin or nutrient
deficiencies' and low physical activity '° increase the risk for pregnancy complications.
Comparatively, a healthy lifestyle reduces the risk.'”"” However, it is not known if the higher
risk of pregnancy complications in PCOS is related to PCOS status per se or whether it is an
indirect effect of a higher risk profile; and there may be both modifiable and non-modifiable

risk factors associated with pregnancy complications in PCOS.

In the limited research examining the risk profile of women with PCOS relating to
adverse pregnancy consequences, obesity, excessive GWG, pre-pregnancy IR and multiple
pregnancies are reported in PCOS.?° Alternatively, the pathophysiology of PCOS may
contribute to pregnancy complications. Insulin sensitivity decreases over the course of a
normal pregnancy. This, in conjunction with pre-existing IR, may further increase the risk of

21,22

pregnancy complications in PCOS. The cause of infertility and higher rate of multiple

pregnancies following fertility treatment may also contribute to pregnancy complications.'* %!

Given the short and long term health and economic burden of pregnancy
complications for both mothers and infants,” the assessment of modifiable factors for
primary prevention of pregnancy complications is crucial. There are research gaps regarding
the relative contribution of lifestyle and non-lifestyle related factors to pregnancy
complications in PCOS as a specific high risk group for pregnancy complications. Therefore,
the aim of this study is to identify the risk of pregnancy complications among women with

and without PCOS after consideration of lifestyle and non-lifestyle related factors.
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Materials and methods

Study design

This was a prospective cohort study of pregnant participants of the Screening for
Pregnancy Endpoints (SCOPE) study.*** SCOPE is a multi-center prospective cohort study
of low-risk, nulliparous women with singleton gestations from Auckland (New Zealand),
Adelaide (Australia), Manchester, Kings, Leeds (United Kingdom) and Cork (Ireland), with
the primary aim of developing screening tests for prediction of PE, spontaneous preterm birth
(SPTB) and small for gestational age (SGA) babies. Women were invited for participation
prior to 15+1 weeks’ gestation and recruited between November 2004 and February 2011.
Pregnancies at high risk for development of PE, SPTB and SGA were excluded. Each local
ethics committee approved the study protocol [New Zealand AKX/02/00/364, Australia REC
1712/5/2008, London and Manchester 06)/MRE(01/98 and Cork ECM5 (10)05/02/08], and all

patients provided signed informed consent prior to participation.

Participants

All SCOPE women who met the inclusion criteria of the study (n=5628) were
considered. Interview, physical examination and blood and urine sampling were performed
for all participants at 15+1 weeks’ gestation. Comprehensive clinical data were collected
which included demographic and socio-economic information, past medical, obstetric and
gynecological history and family history of any obstetric and medical disorders. Ongoing
pregnancy data including dietary information, low-dose multivitamin supplementation,
smoking, alcohol consumption and exercise activity were collected for all participants.
Women were followed up until delivery for pregnancy outcomes and newborn measurements.

The complete list of measured variables has been previously described.**
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Exposures

PCOS was defined as a self-report diagnosis including confirmatory self-report
information about PCOS diagnosis through ultrasound and/or blood test. Self-reported
diagnosis of PCOS has been validated in genetic studies to be similar to medically diagnosed
PCOS.?® Women were also asked whether they had received infertility treatment to conceive
their current pregnancy and whether women with PCOS continued metformin throughout the
first trimester. A socio-economic index (SEI) was defined based on the New Zealand SEL*’
BMI was calculated using measured weight (kg) divided by measured height squared (m?).
Alcohol consumption and smoking were each considered as a binary variables based on
drinking any amount of alcohol or smoking any number of cigarettes at the 15+1 weeks’ visit.
Multivitamin intake was assessed as frequency of intake (daily, less than daily and no intake).
The number of times a woman engaged in physical activity per week in the last month was
categorized as: vigorous exercise (resulting in heavy breathing or being out of breath) and
moderate exercise (intensity level was not enough to result in heavy breathing or being out of
breath).”® Fruit and leafy vegetable intake were defined as frequencies consumed per day in

the last month prior to the visit.

Outcomes

Gestational diabetes mellitus was defined using the new World Health Organization
classification (fasting glucose of >5.1 mmol/L or following an Oral Glucose Tolerance Test, a 2 h
level of >8.5 mmol/L) *°. Universal screening was not employed for GDM in Ireland and the UK;
women were only screened if they were identified as being at risk based on factors such as family
history and BMI. Therefore, GDM analysis was confined only to women from Australia and New

Zealand (n=3126).
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The type of prescribed treatment in women with GDM was documented. GH was defined as
systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg after the
20™ week of pregnancy on at least two assessments 4-hours apart.”® Preeclampsia was defined
as systolic BP >140 mmHg or diastolic BP >90 mmHg, or both, on at least two occasions four hours
apart after 20 weeks’ gestation but before the onset of labour, or postpartum, with either proteinuria
(24 hour urinary protein >300 mg or spot urine protein: creatinine ratio >30 mg/mmol creatinine or
urine dipstick protein >++) or any multisystem complication of PE. *'** Spontaneous preterm birth
was defined as spontaneous delivery before 37+0 weeks’ gestation. Small- and large- for gestational
age were defined as a birth weight <10™ or >90™ customized centile, respectively. Early GWG was

calculated by maternal measured weight at the 15+1-week visit subtracted from weight at 20™

week.

Statistical analyses

All statistical procedures were performed using Stata version 14 (StataCorp, 14
College Station, Texas, USA). All reported P values were 2-tailed, and a P value <0.05 was
considered to be statistically significant for all analyses. Continuous outcomes were presented
as mean =+ standard deviation (SD) or median (first and third quartiles) and categorical
outcomes were presented as frequency (proportions). Baseline comparisons between women
with and without PCOS were analyzed by unpaired t-test or Mann-Whitney as appropriate for
continuous data and chi-squared test for categorical data. Logistic regression models were
used to estimate the odds ratio (OR) of development of each categorical pregnancy outcome
as the dependent variable and PCOS status as an independent variable on unadjusted models
and then on adjusted models with the additional independent variables of SCOPE recruitment
center, infertility treatment, age, ethnicity (Caucasian vs. non-Caucasian), SEI, BMI, alcohol

consumption, smoking and multivitamin intake at 15™ week of gestation, exercise frequency
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and fruit and leafy vegetable intake. The same strategies were applied to linear regression
models for continuous pregnancy outcomes (infant birth weight and early GWG). Additional
independent variables included in individual adjusted analysis were family history of relevant
complication (family history of GDM for GDM; family history of GH, PE or hypertension
for GH and PE, and family history of SPTB for SPTB), infant sex (birth weight, SGA and
LGA) and gestational age at week of measurement (birth weight, SGA and LGA). Models
were constructed to avoid collinearity and assessed for standard assumptions. Regression
models were constructed based on univariate associations between dependent and
independent variables or on hypothesis testing. The proportion of each outcome in the
population attributable to PCOS was calculated as [Population attributable risk (PAR)= b(RR
-1)/b(RR - 1) + 1 x 100] where RR is relative risk and b shows the proportion of women

with PCOS.

Results

Of the 5628 pregnant SCOPE women, 354 (6.3%) women had PCOS. The baseline
and lifestyle characteristics of participants by PCOS status are presented in Tables 1 and 2.
Compared to women without PCOS, women with PCOS were older and had a higher weight,
BMI and SEI. They were less likely to be smoking or drinking alcohol but more likely to be
taking multivitamins, exercising vigorously and frequently, earning a higher income, be more
educated, to have a professional occupation and to have received infertility treatment for their
current pregnancy. Twenty-six women with PCOS were taking metformin during the first

trimester.
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Of the 2078 screened women for GDM, the crude prevalence was higher among
women with PCOS compared to non PCOS women [9.7 vs. 4.7%; OR: 2.2 95% CI 1.2, 4.0].
Of these, only 4 women without PCOS received metformin either alone or in combination
with insulin after GDM diagnosis. The proportion of GH [7.3 vs. 8.4%; OR: 0.86 95% CI
0.57, 1.3] and PE (5.9 vs. 6.7%; OR: 0.88 95% CI 0.56, 1.4] and mean difference of early
GWG [2.3£2.2 kg vs. 2.5£2.0 kg; OR: -0.22 95% CI -0.44, 0.004] were similar among
women with PCOS compared to those without PCOS. On crude models, there were no
differences in infant birth weight [3388.3+603.3 g vs. 3401.7+590.8 g; OR: -13.4 95% CI: -
77.1, 50.2], prevalence of SGA [10.2 vs. 11.4%; OR: 0.88 95% CI: 0.62, 1.3], LGA [6.5 vs.
9.7%; OR: 0.65 95% CI: 0.42, 1.00] or SPTB [5.7 vs. 4.1%; OR: 1.4 95% CI: 0.87, 2.2] in

infants born to mothers with PCOS compared to without PCOS.

In the multivariable models, early GWG [OR: -0.12 kg 95% CI: -0.35, 0.10] and
infant birth weight [OR: 21.20 g 95% CI: -24.7, 67.10] were similar in women with and
without PCOS. Figure 1 shows the association between PCOS and maternal and infant
outcomes, after adjusting for a range of lifestyle exposures. There was no longer any
association between PCOS status and any maternal or infant outcomes except for LGA [OR:
0.62 95% CI: 0.40, 0.98]. There was a lower proportion of LGA babies attributable to PCOS

(0.22%, P=0.015) after adjustment for lifestyle and non-lifestyle factors.

Discussion

In this large prospective cohort study of pregnant women, PCOS was only
significantly associated with a decreased risk of LGA babies after adjustment for lifestyle and

non-lifestyle risk factors. While PCOS was crudely associated with increased risk for GDM,
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this was no longer maintained in the adjusted analyses. There were no significant associations

between PCOS and other maternal or infant outcomes.

In the current study, pregnant women with PCOS were demonstrated to be following
a healthier lifestyle with a lower rate of smoking and lower alcohol consumption but a higher
proportion taking multivitamins and engaging in more frequent vigorous exercise. This is
consistent with prior reports of women with PCOS having a greater risk perception for future
lifestyle-related diseases such as obesity and diabetes®® and a greater tendency to be
following healthy lifestyle behaviors for weight management™ compared to women without
PCOS. This is possibly related to lifestyle advice being recommended as first-line treatment
for PCOS in evidence-based guidelines.’® Given their greater likelihood of being overweight
or obese and having received infertility treatment for their current pregnancy, the women
with PCOS in this study may also have received additional lifestyle management advice for
these respective conditions.”” We also found that women with PCOS were older in
comparison to women without PCOS. Older women typically prepare themselves better for
pregnancy through seeking information, following healthy lifestyle behaviors and managing
their weight.'” Similarly, women with PCOS had a higher SEI, income, educational and
occupation level. These are considered surrogates for health status and healthy lifestyle

behaviors; low SEI is associated with an increased risk of pregnancy complications."

We demonstrate a 38% lower risk of LGA among women with PCOS after
adjustment for lifestyle and non-lifestyle factors. Prior studies report an increased risk of

adverse obstetric outcomes and also increased risk of metabolic complications in LGA babies

38,39

later in life. While some prior studies have reported that PCOS is associated with a higher

23,43,44

rate of LGA babies,"** this was not supported by recent meta-analyses. In the general

population several factors including obesity, excessive GWG, diabetes mellitus, GDM,

multiparity, age and certain ethnicities are associated with increased risk of LGA babies.****
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* As overweight and obesity and diabetes mellitus are elevated in PCOS " “° and the older
age of women with PCOS, it may be expected that PCOS would be associated with a greater
prevalence of LGA babies.*’ The reason for these disparate findings is unclear but may be
related to the overall healthier profile in women with PCOS. The design of the SCOPE study
accounted for the confounding effects of factors such as parity, pre-existing diabetes mellitus
and ethnicity on LGA babies.” Additional factors such as GWG are also strongly predictive
for LGA babies.” * Women with PCOS have generally higher longitudinal weight gain
compared to women without PCOS *° which could be expected to contribute to greater GWG.
However, while BMI was higher at 15 weeks of gestation for women with PCOS, we
observed similar early GWG for women with and without PCOS. As early GWG is a
surrogate for total GWG,”' this indicates that total GWG was likely similar between the two
groups. This again highlights the lack of additional risk factors for pregnancy complications

in women with PCOS in this low risk cohort.

We also found that women with and without PCOS had a similar risk for GDM, GH,
PE, SGA and SPTB after consideration of lifestyle and non-lifestyle factors. This finding is in
contrast to prior meta-analyses where PCOS was associated with increased risk of GDM, GH,
PE and PTB although the relationship of PCOS with an increased risk of SGA is less

consistently reported_9’ 23,44

The reason for our discrepant findings is unclear but may be
related to the SCOPE design with the inclusion of low risk women. Aging has been
previously reported to be associated with worsened pregnancy outcomes.'° However, only a
small proportion of women with and without PCOS (15.8 vs. 12.5% respectively) were over
35 years as a previously characterized age threshold for increased pregnancy complications.
Given the role of IR and obesity in the pathophysiology of PCOS, women with PCOS are

considered to be potentially at higher risk of GDM.> Excessive GWG, particularly early

GWG, *' can also further increase the risk of GDM in the general population by enhancing
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normal pregnancy induced IR in the second half of gestation.’> Excessive GWG and diabetes
in pregnancy, either pre-existing or new onset, are also independently associated with
increased risk of miscarriage, GH, PE, SPTB, perinatal mortality, congenital malformation,
macrosomia and caesarean section.”>>> The lack of an increased risk of pregnancy
complications in the present study may therefore again be related to the similar early GWG
and GDM and greater healthy lifestyle behaviors in women with PCOS. This is consistent
with a study on 7985 nulliparous women which reported early GWG was a predictor for
excessive total GWG, GDM, LGA birth and macrosomia.’’ This highlights that optimizing
lifestyle prior to or early in pregnancy may be effective in reducing the risk of pregnancy
complications.”’ This is in keeping with prior meta-analyses that reported antenatal diet

and/or exercise interventions resulted in lower GWG>**¢ and GDM.*

This study has several strengths and limitations. A key strength was the prospective
cohort design of the SCOPE study with repeated follow-ups over pregnancy. This minimizes
recall bias with regards to pregnancy complications. The multi-center data collection and
large sample size increase the generalizability of the results across a number of countries with
regards to different demographic characteristics such as age, ethnicity, SEI and BMI and
different lifestyles in terms of smoking and alcohol consumption.’’ Self-reported PCOS
diagnosis was strengthened through collection of supporting self-report information on the
use of blood tests or ultrasound to confirm diagnosis. While the use of more comprehensive
assessments of dietary intake would have strengthened the study further, the use of single
item questions for key food items such as fruit and vegetable intake are considered a

58
reasonable proxy.
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In conclusion, in this population of low-risk, nulliparous women with PCOS did not
have a higher risk of adverse maternal and infant pregnancy complications in comparison to
women without PCOS and instead had a lower risk of LGA births. They also had a more
favorable lifestyle profile compared to women without PCOS. These findings highlight that
following a healthy lifestyle may compensate for the risk of having PCOS for pregnancy
complications. Thus risk estimation for pregnancy outcomes could be similarly performed in
women with and without PCOS providing they have a similar health or lifestyle profile.
These findings suggest that the beneficial effects of lifestyle modification on PCOS, as
recommended by evidence-based PCOS guidelines,’® may extend to improved pregnancy
outcomes. However, this needs to be confirmed by assessing both healthy and at risk groups
for pregnancy complications in women with well-defined PCOS and controls and with

consideration of lifestyle factors.

Funding: The Australian SCOPE study was supported by the Premier’s Science and
Research Fund, South Australian Government (http://www.dfeest.sa.gov.au/science-
research/premiers-research-and-industry-fund). The New Zealand SCOPE study was
supported by the New Enterprise Research Fund, Foundation for Research Science and
Technology; Health Research Council (04/198); Evelyn Bond Fund, Auckland District
Health Board Charitable Trust. The Irish SCOPE study was supported by the Health Research
Board of Ireland (CSA/2007/2; http://www.hrb.ie). The UK SCOPE study was supported by
National Health Service NEAT Grant (Neat Grant FSD025), Biotechnology and Biological
Sciences Research council (www.bbsrc.ac.uk/funding; GT084) and University of Manchester
Proof of Concept Funding (University of Manchester); Guy’s and St. Thomas’ Charity
(King’s College London) and Tommy’s charity (http://www. tommys.org/; King’s College

London and University of Manchester); and Cerebra UK (www.cerebra.org.uk; University of

This article is protected by copyright. All rights reserved.



Leeds). Lisa J. Moran is supported by a SACVRDP Fellowship; a program collaboratively
funded by the National Heart Foundation, the South Australian Department of Health and the
South Australian Health and Medical Research Institute (AC11S374) and a National Heart
Foundation Future Leader Fellowship (101169). Louise C. Kenny is supported by a Science
Foundation Ireland Program Grant for INFANT (12/RC/2272). Claire T. Roberts is supported

by a Lloyd Cox Professorial Research Fellowship from the University of Adelaide.

Data sharing: The data that support the findings of this study are available from the

corresponding author upon reasonable request.

References

1. Bozdag G, Mumusoglu S, Zengin D, Karabulut E, Yildiz BO. The prevalence and phenotypic
features of polycystic ovary syndrome: a systematic review and meta-analysis. Human Reproduction.
2016;31:2841-2855.

2. Tosi F, Fiers T, Kaufman J-M, et al. Implications of Androgen Assay Accuracy in the
Phenotyping of Women With Polycystic Ovary Syndrome. The Journal of Clinical Endocrinology &
Metabolism. 2016;101:610-618.

3. Joham AE, Palomba S, Hart R. Polycystic Ovary Syndrome, Obesity, and Pregnancy. Semin
Reprod Med. 2016;34:093-101.

4. Barber TM, Dimitriadis GK, Andreou A, Franks S. Polycystic ovary syndrome: insight into
pathogenesis and a common association with insulin resistance. Clinical Medicine. 2015;15:572-s76.
5. Renato P. Metformin in women with PCOS, pros. Endocrine. 2015;48:422-426.

6. Ebrahimi-Mamaghani M, Saghafi-Asl M, Pirouzpanah S, et al. Association of Insulin

Resistance with Lipid Profile, Metabolic Syndrome, and Hormonal Aberrations in Overweight or
Obese Women with Polycystic Ovary Syndrome. Journal of Health, Population, and Nutrition.
2015;33:157-167.

7. Lim S, Norman R, Davies M, Moran L. The effect of obesity on polycystic ovary syndrome: a
systematic review and meta - analysis. Obesity Reviews. 2013;14:95-109.

8. Moran LJ, Lombard CB, Lim S, Noakes M, Teede HJ. Polycystic ovary syndrome and weight
management. Women's Health. 2010;6:271-283.

9. Qin JZ, Pang LH, Li MJ, Fan XJ, Huang RD, Chen HY. Obstetric complications in women
with polycystic ovary syndrome: a systematic review and meta-analysis. Reprod Biol Endocrinol.
2013;11:1-14.

10. Lampinen R, Vehvildinen-Julkunen K, Kankkunen P. A review of pregnancy in women over
35 years of age. The open nursing journal. 2009;3.

11. Bryant AS, Worjoloh A, Caughey AB, Washington AE. Racial/ethnic disparities in obstetric
outcomes and care: prevalence and determinants. American journal of obstetrics and gynecology.
2010;202:335-343.

This article is protected by copyright. All rights reserved.



12. Carlhill S, Bladh M, Brynhildsen J, et al. Maternal obesity (Class I-III), gestational weight
gain and maternal leptin levels during and after pregnancy: a prospective cohort study. BMC obesity.
2016;3:28.

13. Joseph K, Liston RM, Dodds L, Dahlgren L, Allen AC. Socioeconomic status and perinatal
outcomes in a setting with universal access to essential health care services. Canadian Medical
Association Journal. 2007;177:583-590.

14. Palomba S, de Wilde MA, Falbo A, Koster MP, La Sala GB, Fauser BC. Pregnancy
complications in women with polycystic ovary syndrome. Human reproduction update. 2015:dmv029.
15. Ramakrishnan U, Grant F, Goldenberg T, Zongrone A, Martorell R. Effect of women's
nutrition before and during early pregnancy on maternal and infant outcomes: a systematic review.
Paediatric and perinatal epidemiology. 2012;26:285-301.

16. Downs DS, Chasan-Taber L, Evenson KR, Leiferman J, Yeo S. Physical activity and
pregnancy: past and present evidence and future recommendations. Research quarterly for exercise
and sport. 2012;83:485-502.

17. Gresham E, Collins C, Mishra G, Byles J, Hure A. Diet quality before or during pregnancy
and the relationship with pregnancy and birth outcomes: the Australian Longitudinal Study on
Women's Health. Public health nutrition. 2016:1-9.

18. Di Mascio D, Magro-Malosso ER, Saccone G, Marhefka GD, Berghella V. Exercise during
pregnancy in normal-weight women and risk of preterm birth: a systematic review and meta-analysis
of randomized controlled trials. American Journal of Obstetrics and Gynecology. 2016.

19. Forray A. Substance use during pregnancy. F1000Research. 2016;5.

20. Katsikis I, Kita M, Karkanaki A, Prapas N, Panidis D. Late pregnancy complications in
polycystic ovarian syndrome. Hippokratia. 2006;10:105-111.

21. Tandulwadkar SR, Lodha PA, Mangeshikar NT. Obstetric complications in women with IVF
conceived pregnancies and polycystic ovarian syndrome. Journal of human reproductive sciences.
2014;7:13.

22. Xiao Q, Cui Y-Y, Lu J, Zhang G-Z, Zeng F-L. Risk for Gestational Diabetes Mellitus and
Adverse Birth Outcomes in Chinese Women with Polycystic Ovary Syndrome. International journal
of endocrinology. 2016;2016.

23. Boomsma C, Eijkemans M, Hughes E, Visser G, Fauser B, Macklon N. A meta-analysis of
pregnancy outcomes in women with polycystic ovary syndrome. Human Reproduction Update.
2006;12:673-683.

24, McCowan L, Roberts C, Dekker G, et al. Risk factors for small - for - gestational - age
infants by customised birthweight centiles: data from an international prospective cohort study. BJOG:
An International Journal of Obstetrics & Gynaecology. 2010;117:1599-1607.

25. Chappell LC, Seed PT, Myers J, et al. Exploration and confirmation of factors associated with
uncomplicated pregnancy in nulliparous women: prospective cohort study. 2013.

26. Day FR, Hinds DA, Tung JY, et al. Causal mechanisms and balancing selection inferred from
genetic associations with polycystic ovary syndrome. Nature communications. 2015;6:8464.

217. Galbraith C, Jenkin G, Davis P, Coope P. New Zealand socio-economic index 1996. User's
Guide Wellington: Statistics New Zealand. 2003.

28. McCowan LM, Thompson JM, Taylor RS, et al. Clinical prediction in early pregnancy of
infants small for gestational age by customised birthweight centiles: findings from a healthy
nulliparous cohort. PloS one. 2013;8:¢70917.

29. World Health Organisation. Diagnostic Criteria and Classification of Hyperglycaemia First
Detected in Pregnancy. WHO/NMH/MND/13.2. 2013. Available from:
http://apps.who.int/iris/bitstream/10665/85975/1/WHO NMH_MND 13.2 eng.pdf.

30. Restall A, Taylor RS, Thompson J, et al. Risk factors for excessive gestational weight gain in
a healthy, nulliparous cohort. Journal of obesity. 2014;2014.
31. Brown MA, Hague WM, Higgins J, et al. The detection, investigation and management of

hypertension in pregnancy: full consensus statement. Aust N Z J Obstet Gynaecol. 2000;40:139-155.
32. North RA, McCowan LM, Dekker GA, et al. Clinical risk prediction for pre-eclampsia in

nulliparous women: development of model in international prospective cohort. Bmj. 2011;342:d1875.
33. North RA, McCowan LME, Dekker GA, et al. Clinical risk prediction for pre-eclampsia in

nulliparous women: development of model in international prospective cohort. BMJ. 2011;342:d1875.

This article is protected by copyright. All rights reserved.



34. Moran L, Gibson-Helm M, Teede H, Deeks A. Polycystic ovary syndrome: a biopsychosocial
understanding in young women to improve knowledge and treatment options. Journal of
Psychosomatic Obstetrics & Gynecology. 2010;31:24-31.

35. Moran LJ, Brown WJ, McNaughton SA, Joham AE, Teede HJ. Weight management practices
associated with PCOS and their relationships with diet and physical activity. Human Reproduction.
2017;32:669-678.

36. Teede HJ, Costello MF, Dokras A, et al. Recommendations from the international evidence-
based guideline for the assessment and management of polycystic ovary syndrome. . Human
reproduction 2018;In press.

37. Palomba S, Santagni S, Falbo A, La Sala GB. Complications and challenges associated with
polycystic ovary syndrome: current perspectives. International Journal of Women's Health.
2015;7:745-763.

38. Chiavaroli V, Castorani V, Guidone P, et al. Incidence of infants born small- and large-for-
gestational-age in an Italian cohort over a 20-year period and associated risk factors. Italian Journal
of Pediatrics. 2016;42:42.

39. Ng S-K, Olog A, Spinks AB, Cameron CM, Searle J, McClure RJ. 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;10:460.

40. Palomba S, Falbo A Fau - Russo T, Russo T Fau - Tolino A, Tolino A Fau - Orio F, Orio F
Fau - Zullo F, Zullo F. Pregnancy in women with polycystic ovary syndrome: the effect of different
phenotypes and features on obstetric and neonatal outcomes. Fertility and Sterility. 2010;94:1805-
1811.

41. Palomba S, Falbo A, Chiossi G, et al. Low-Grade Chronic Inflammation in Pregnant Women
With Polycystic Ovary Syndrome: A Prospective Controlled Clinical Study. The Journal of Clinical
Endocrinology & Metabolism. 2014;99:2942-2951.

42. Roos N, Kieler H, Sahlin L, Ekman-Ordeberg G, Falconer H, Stephansson O. Risk of adverse
pregnancy outcomes in women with polycystic ovary syndrome: population based cohort study. BMJ.
2011;343.

43. Yu H-F, Chen H-S, Rao D-P, Gong J. Association between polycystic ovary syndrome and
the risk of pregnancy complications: A PRISMA-compliant systematic review and meta-analysis.
Medicine. 2016;95.

44. Kjerulff LE, Sanchez-Ramos L, Duffy D. Pregnancy outcomes in women with polycystic
ovary syndrome: a metaanalysis. American journal of obstetrics and gynecology. 2011;204:558. e551-
558. e556.

45. Xiao L, Ding G, Vinturache A, et al. Associations of maternal pre-pregnancy body mass
index and gestational weight gain with birth outcomes in Shanghai, China. Scientific Reports.
2017;7:41073.

46. Mumm H, Jensen DM, Sorensen JA, et al. Hyperandrogenism and phenotypes of polycystic
ovary syndrome are not associated with differences in obstetric outcomes. Acta Obstetricia et
Gynecologica Scandinavica. 2015;94:204-211.

47. Moll U, Olsson H, Landin-Olsson M. Impact of Pregestational Weight and Weight Gain
during Pregnancy on Long-Term Risk for Diseases. PloS one. 2017;12:e0168543.

48. Kim SY, Sharma AJ, Sappenfield W, Wilson HG, Salihu HM. Association of maternal body
mass index, excessive weight gain, and gestational diabetes mellitus with large-for-gestational-age
births. Obstet Gynecol. 2014;123.

49.  Rasmussen KM, Catalano PM, Yaktine AL. New guidelines for weight gain during pregnancy:
what obstetrician/gynecologists should know. Current opinion in obstetrics & gynecology.
2009;21:521-526.

50. Teede HJ, Joham AE, Paul E, et al. Longitudinal weight gain in women identified with
polycystic ovary syndrome: Results of an observational study in young women. Obesity.
2013;21:1526-1532.

51. Carreno CA, Clifton RG, Hauth JC, et al. Excessive Early Gestational Weight Gain And Risk
of Gestational Diabetes Mellitus in Nulliparous Women. Obstetrics and Gynecology. 2012;119:1227-
1233,

This article is protected by copyright. All rights reserved.



52. LiN, Liu E, Guo J, et al. Maternal Prepregnancy Body Mass Index and Gestational Weight
Gain on Pregnancy Outcomes. PLOS ONE. 2013;8:e82310.
53. Wahabi HA, Esmaeil SA, Fayed A, Al-Shaikh G, Alzeidan RA. Pre-existing diabetes mellitus
and adverse pregnancy outcomes. BMC Research Notes. 2012;5:496-496.

54. Streuling [, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, Von Kries R. Physical activity
and gestational weight gain: a meta - analysis of intervention trials. BJOG: An International Journal
of Obstetrics & Gynaecology. 2011;118:278-284.

55. Russo LM, Nobles C, Ertel KA, Chasan-Taber L, Whitcomb BW. Physical activity
interventions in pregnancy and risk of gestational diabetes mellitus: a systematic review and meta-
analysis. Obstetrics & Gynecology. 2015;125:576-582.

56. Rogozinska E, Marlin N, DODDS J, et al. Effect of diet and physical activity based
interventions in pregnancy on gestational weight gain and pregnancy outcomes: Individual participant
data (IPD) meta-analysis of randomised trials. British Medical Journal. 2017.

57. Leemaqz SY, Dekker GA, McCowan LM, et al. Maternal marijuana use has independent
effects on risk for spontaneous preterm birth but not other common late pregnancy complications.
Reproductive Toxicology. 2016;62:77-86.

58. Cook A, Roberts K, O'Leary F, Allman-Farinelli MA. Comparison of single questions and
brief questionnaire with longer validated food frequency questionnaire to assess adequate fruit and
vegetable intake. Nutrition. 2015;31:941-947.

Figure legends:

Figure 1- Maternal and infant pregnancy and birth complications in women with and without

PCOS
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Figure 1- Maternal and infant pregnancy and birth complications in women with and without
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PCOS: polycystic ovary syndrome; GDM: gestational diabetes mellitus; GH: gestational hypertension; PE: pre-eclampsia; SGA: small for
gestational weight; LGA: large for gestational weight; SPTB: spontaneous preterm birth; OR: odds ratio.

Values are proportions and ORs (95% CI) for logistic regression adjusted for infertility treatment, age, ethnicity, SEI, BMI, alcohol
consumption, smoking and multivitamin intake at 15" week of gestation, exercise frequency and fruit and leafy vegetable intake.

* P<0.05

TMultivariable model further adjusted for: SCOPE recruitment center and family history of GDM.

Multivariable model further adjusted for: SCOPE recruitment center and family history of GH, PE or hypertension.

§Multivariable model further adjusted for: SCOPE recruitment center, infant gender and gestational age at week of measurement.
fMultivariable model further adjusted for: SCOPE recruitment center and family history of SPTB.
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