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Abstract 

Background: Polycystic ovary syndrome (PCOS) affects up to one in five women of childbearing age. Observational 
studies assessing the association between maternal PCOS and adverse obstetric outcomes have reported varying 
results, depending on patient population, diagnostic criteria for PCOS and covariates accounted for in their analyses. 
We aimed to assess the risk of obstetric outcomes among a population-based representative cohort of women with 
PCOS compared to an age-matched cohort of women without PCOS.

Methods: A retrospective cohort study was conducted of pregnancies of women in England aged 15–49 years 
identified from the Clinical Practice Research Datalink (CPRD) GOLD pregnancy register and linked Hospital Episodes 
Statistic (HES) data between March 1997 and March 2020. Pregnancies from the register that had a linked HES delivery 
record were included. Linked CPRD primary care data was used to ascertain maternal PCOS exposure prior to preg-
nancy. To improve detection of PCOS, in addition to PCOS diagnostic codes, codes for (1) polycystic ovaries or (2) 
hyperandrogenism and anovulation together were also considered. Sensitivity analysis was limited to only pregnant 
women with a diagnostic code for PCOS.

Primary outcomes ascertained from linked HES data were (1) preterm delivery (gestation < 37 weeks), (2) mode of 
delivery, (3) high (> 4000 g) or low birthweight (< 2500 g) and (4) stillbirth. Secondary outcomes were (1) very preterm 
delivery (< 32 weeks), (2) extremely preterm delivery (< 28 weeks), (3) small and (4) large for gestational age.

Conditional logistic regression models were performed adjusting for age, ethnicity, deprivation, dysglycaemia, hyper-
tension, thyroid disorders, number of babies born at index pregnancy, and pre-gravid BMI. Multiple imputation was 
performed for missing outcome data.

Results: 27,586 deliveries with maternal PCOS were matched for age (± 1 year) to 110,344 deliveries without PCOS. 
In the fully adjusted models, maternal PCOS was associated with an increased risk of (1) preterm birth [aOR: 1.11 (95% 
CI 1.06–1.17)], and (2) emergency caesarean, elective caesarean and instrumental vaginal compared to spontaneous 
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Background
Polycystic ovary syndrome (PCOS) is a common yet 
underdiagnosed endocrine disorder [1, 2], with a diag-
nosed prevalence of 10% [3], it is estimated that half of 
women with PCOS are undiagnosed [4]. Consensus cri-
teria for diagnosis of PCOS require presence of two out 
of the following three features: (i) biochemical evidence 
or clinical manifestations of androgen excess such as 
hirsutism and hair loss, (ii) chronic oligo-/anovulation 
and (iii) polycystic ovarian morphology on ultrasound 
[5]. The adverse clinical phenotype is largely driven 
by a complex interplay between insulin resistance and 
androgen excess [6]. PCOS is considered a lifelong 
metabolic disorder [7] with a plethora of adverse risks 
during and following pregnancy [8], and even posing 
intergenerational risks to the children of women with 
PCOS [9]. These risks may be attributed to the bio-
chemical features of PCOS or several other co-existing 
risk factors such as high BMI, or comorbidities that are 
commonly seen among women with PCOS [10].

Several systematic reviews have pooled together 
findings from observational studies examining the 
association between maternal PCOS and the risk 
of a range of obstetric outcomes. However, these 
reviews suggest varying results across the primary 
studies that they included owing to methodological 
heterogeneity [11–13], which included differences 
in terms of source population, criteria employed for 
PCOS ascertainment, and confounders matched and 
adjusted for in their design and analysis respectively. 
Several of these primary studies are further limited 
in terms of outdated data, their sample size [14, 15], 
and restrictive selection of pregnant women who 
have undergone assisted reproduction [16, 17] within 
their studies.

Furthermore, socio-demographic factors such as high 
BMI, deprivation and minority ethnic background, as 
well as metabolic disturbances such as insulin resist-
ance, hypertension and thyroid disorders, may exac-
erbate the severity of PCOS [2, 18–22]. The existing 

literature is limited in terms of comprehensively identi-
fying, assessing and accounting for these confounders/
mediators.

Therefore, in order to overcome the limitations of the 
observational studies in the existing literature, we have 
performed an age-matched retrospective cohort study 
of pregnant women using a population representative, 
UK primary care-based data source, to identify the risk 
of adverse obstetric outcomes including preterm birth, a 
different mode of delivery, high and low birthweight, and 
stillbirth in women with PCOS compared to those with-
out. Furthermore, we adjusted for confounders agreed a 
priori, in a series of regression models adding covariates 
step by step to identify the extent of confounding con-
ferred by each risk factor.

Methods
Study design and data source
A retrospective open cohort study of pregnant women 
identified from primary care records [Clinical Prac-
tice Research Datalink (CPRD) GOLD Pregnancy Reg-
ister], with their delivery recorded in secondary care 
[linked Hospital Episode Statistics (HES)] between 1997 
and 2020, was performed to determine the incidence of 
adverse obstetric outcomes among women with PCOS in 
comparison to women without PCOS.

CPRD GOLD contains representative data from 
7% of the general practices across the UK, cover-
ing 20 million patients from 973 practices. It contains 
pseudo-anonymized patient-level data on demograph-
ics, symptoms, diagnoses, drug prescriptions, physical 
measurements, and laboratory test results. Furthermore, 
patient-level data can be linked to other data sources 
such as HES data and deprivation data, via a trusted 
third party [23]. The linkage of databases aided capture 
of information on exposure (PCOS) from primary care, 
the obstetric outcomes from HES maternity tail and 
important potential confounders from both primary and 
secondary care. Symptoms and diagnoses are recorded 
within CPRD GOLD using Read codes, a hierarchical 

delivery [aOR: 1.10 (1.05–1.15), 1.07 (1.03–1.12) and 1.04 (1.00–1.09), respectively]. There was absence of association 
with low birthweight, high birthweight and stillbirth. In the sensitivity analysis, the association with preterm birth 
[aOR: 1.31 (95% CI 1.13–1.52)], emergency caesarean [aOR: 1.15 (95% CI 1.02–1.30)], and elective caesarean [aOR: 1.03 
(95% CI 1.02–1.03)] remained.

While there was no significant association with any of the secondary outcomes in the primary analysis, in the sen-
sitivity analysis maternal PCOS was associated with increased risk of extremely preterm delivery [aOR: 1.86 (95% CI 
1.31–2.65)], and lower risk of small for gestational age babies [aOR: 0.74 (95% CI 0.59–0.94)].

Conclusions: Maternal PCOS was associated with increased risk of preterm and caesarean delivery. Association with 
low birthweight may be largely mediated by lower gestational age at birth.

Keywords: Polycystic ovary syndrome, PCOS, Preterm, Birthweight, Stillbirth, Delivery



Page 3 of 13Subramanian et al. BMC Medicine          (2022) 20:298  

clinical coding system. Using maternity, antenatal and 
delivery health records within CPRD GOLD, pregnancy 
episodes and their outcomes are identified through a vali-
dated algorithm [24], which formulated the CPRD GOLD 
Pregnancy Register and formed the source cohort for our 
study.

Study population
Pregnant women were included from the CPRD GOLD 
Pregnancy Register if they were registered at a general 
practice in England and had a record of delivery from 
linked HES data (containing information on admissions 
to National Health Service (NHS) hospitals in England).

Deliveries formed the unit of analysis in our study 
and an index date was assigned to each eligible delivery 
record. Women with implausible data linkage (where a 
patient record in HES is linked to more than 20 patient 
records across 20 different primary care practices) were 
excluded. Furthermore, delivery records were excluded if 
they were (1) duplicates or (2) misclassified miscarriage, 
postnatal or antenatal record. Delivery records were 
considered misclassified miscarriages if the reported 
gestational age was less than 23 weeks. If two deliveries 
were recorded within 180 days of each other for the same 
patient, one of the delivery records was considered as a 
misclassified antenatal or postnatal record. Finally, deliv-
ery records were excluded if women were ineligible or 
were lost to follow-up within primary care at the delivery. 
Patients were considered ineligible within primary care 
if they (1) did not have an acceptable patient flag within 
CPRD GOLD (indicating sufficient data quality), (2) did 
not have a minimum registration period of 1 year with an 

eligible general practice on delivery date (practices were 
considered eligible one year after the “up-to-standard” 
date, a flag for sufficient practice data quality) and (3) 
were aged < 15 or > 49 years on delivery date.

Once linked, the mother’s PCOS exposure status for 
each delivery record was ascertained from primary care 
prior to the index date (date of delivery). PCOS was 
defined as a Read code record of PCOS. Due to under-
diagnosis of PCOS within primary care, we also consid-
ered records of polycystic ovaries (PCOs) [20, 25], or a 
combination of symptom codes indicating a missed 
PCOS diagnoses based on Rotterdam criteria [(1) anovu-
lation and (2) biochemical or symptomatic presentation 
of hyperandrogenism; a Read code record of hair loss or 
hirsutism and a recorded measure of serum testoster-
one level ≥ 2.0  nmol/L were considered as symptomatic 
and biochemical presentation of hyperandrogenism, 
respectively].

For each delivery record of women with PCOS (in 
a random order), we randomly selected four control 
delivery records of women without PCOS from a pool 
of age-matched (± 1  year) pregnant women without 
replacement. Cohort selection for this study is described 
in Fig. 1.

Outcomes
We considered four primary outcomes identified from 
HES data: (1) preterm birth, (2) mode of delivery, (3) high 
or low birthweight and (4) stillbirth.

Gestational age recorded within the HES mater-
nity tail at the time of delivery and relevant ICD-10 
codes were used to identify the outcome preterm birth 

(See figure on next page.)
Fig. 1 Flow chart describing cohort selection

* Number of primary care patient records linked to the same HES patient record is large (n_patid_hes>20). This linkage may not be reliable and 
therefore these patients are excluded

^ (1) In case of more than 9 births during the same delivery with missing birthweight data, only the first birth is included and the rest are 
considered duplicates; (2) In case of multiple births, if all babies have the same birthweight recorded, then only one of the babies is included and 
the rest are considered duplicates; (3) If the number of births reported within a delivery does not match with the number of birth records within a 
delivery, excess birth records are considered duplicates. Duplicates are excluded

ⴕ Delivery records are considered as misclassified miscarriages if the reported gestational age is less than 23 weeks; Delivery records are considered 
as misclassified antenatal or postnatal records if two deliveries are recorded within 180 days of each other for the same patient, and the record with 
missing birthweight is considered misclassified

(1) Patients without an acceptable patient flag within CPRD GOLD (indicating sufficient data quality); (2) Patients without a minimum registration 
period of one year with an eligible general practice on delivery date (Practices were considered eligible one year after the “up-tostandard” date, a 
flag for sufficient practice data quality); (3) Patients aged <15- or >49 on delivery date; (4) Patients transferred out of practice, or their registered 
practice stopped contributing data to CPRD GOLD on their date of delivery

 Rotterdam criteria: (1) anovulation and (2) biochemical or symptomatic presentation of hyperandrogenism; Read code record of hair loss or 
hirsutism and a recorded measure of serum testosterone level ≥ 2.0 nmol/L was considered as symptomatic and biochemical presentation of 
hyperandrogenism respectively
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(gestational age at birth < 37  weeks). Based on Operat-
ing Procedure Codes Supplement (OPCS) codes and 
ICD-10 codes, we classified mode of delivery into one 
of the following four categories as a categorical outcome 
variable: (1) emergency caesarean section, (2) elective 
or other unspecified caesarean section, (3) instrumental 
vaginal delivery and (4) spontaneous or other unspeci-
fied vaginal delivery (reference category). Based on 

birthweight(s) recorded in the maternity tail, we classi-
fied the delivery as high or low birthweight delivery if at 
least one of the babies born in that delivery was above 
4000  g or below 2500  g, respectively. In addition, a 
record of the relevant ICD-10 code was used to identify 
a high birthweight baby. Stillbirth outcomes were iden-
tified using relevant ICD-10 codes and from maternity 
tail records.

Fig. 1 (See legend on previous page.)
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As secondary outcomes, we further classified ges-
tational age to identify very preterm (< 32  weeks) and 
extremely preterm (< 28 weeks) delivery. Small and large 
for gestational age babies (birthweight < 10th and > 90th 
centile, respectively) were identified using the INTER-
GROWTH 21st project [26], and their software tools, 
by comparing the birthweight and gestational age 
recorded in HES data to the international anthropomet-
ric standards.

Explanatory variables
We considered risk factors or features of PCOS that are 
also obstetric risk factors as possible explanatory vari-
ables and adjusted for them in our analysis in a step-by-
step manner. This included age, ethnicity, deprivation, 
impaired glucose regulation based on a diagnosis of 
type 2 diabetes or prediabetes, diagnosis of hyperten-
sion, thyroid disorders, number of babies born within the 
delivery, and pre-gravid body mass index (BMI). For the 
outcomes low and high birthweight and mode of delivery, 
we further considered gestational age as an explanatory 
variable.

Ethnicity was identified using relevant Read codes 
from primary care records and was categorized as 
(1) white Caucasian, (2) South Asian, (3) black Afro-
Caribbean and (4) mixed or multiple ethnic group or 
(5) other ethnic minority groups. Primary care linked 
English index of multiple deprivation (IMD) data pro-
vided a relative measure of deprivation based on seven 
different domains [27]. Type 2 diabetes was identified 
from primary care through relevant Read Codes, record 
of HbA1c ≥ 48  mmol/L (≥ 6.5%) or fasting blood glu-
cose > 7 mmol/L. Impaired glucose regulation was iden-
tified through relevant Read codes, HbA1c ≥ 42 mmol/L 
(≥ 6.0%) or fasting blood glucose ≥ 5.5  mmol/L. Diag-
noses of hypertension and thyroid disorders were iden-
tified from primary care through Read code records. 
The number of babies born during that delivery was 
derived from linked HES maternity tail records. Pre-
gravid BMI was identified as the latest BMI measured 
in primary care at least a year before index date and was 
categorized according to WHO standards as under/nor-
mal weight (< 25 kg/m2), overweight (25–30 kg/m2) and 
obese (≥ 30  kg/m2). A separate missing category was 
created for those with missing data on ethnicity, dep-
rivation, number of babes born within the delivery and 
pre-gravid BMI.

Statistical analysis
Deliveries were the unit of our analysis. Baseline explana-
tory variables were described using appropriate sum-
mary statistics stratified by exposure to maternal PCOS. 
Mean with standard deviation (SD) and median with 

interquartile range (IQR) were provided for continuous 
variables as appropriate. Frequency and percentage were 
provided for categorical variables.

Multiple imputation using chained equation was per-
formed to impute missing delivery related data that 
were essential to compute outcome variables [28–30]. 
Missing values were imputed 31 times (since gesta-
tional age was missing among 31% of the women in 
the study) using linear (for gestational age and birth-
weight outcomes), logistic (for stillbirth outcome and 
sex of the baby) and multinomial logistic (for delivery 
method categorical outcome) regression as appropriate 
using the variables age, BMI, impaired glucose regula-
tion, deprivation and the number of babies delivered. 
Conditional logistic or multinomial logistic regression 
models were used to provide unadjusted and adjusted 
odds ratios (ORs) for the binary and nominal categori-
cal outcome variables (mode of delivery), respectively, 
among women with PCOS compared to women with-
out PCOS. We estimated robust confidence intervals 
after accounting for the intragroup correlation of mul-
tiple deliveries of a woman throughout her reproduc-
tive age. We included the explanatory variables in a 
step-by-step manner in the regression model, resulting 
in a fully adjusted model.

A sensitivity analysis was performed restricting 
to women with a coded diagnosis of PCOS only and 
their corresponding matched controls. All analyses 
were performed in Stata IC version 15. Two-sided P 
values were obtained for all tests, and a P value < 0.05 
was considered as statistically significant. Selection 
of Read, ICD-10 and OPCS code lists was performed 
using an inhouse developed software platform called 
Code Builder, with systematic searching of existing 
code lists, and through clinical knowledge and discus-
sion methods used in our previous publications [31], 
and the list of codes used for exposure and outcome 
ascertainment are provided in Additional files 1 and 
2. The study results are reported as per the RECORD 
(REporting of studies Conducted using Observational 
Routinely-collected health Data) statement.

Results
Out of the 1,513,192 women identified within the CPRD 
GOLD Pregnancy Register, 757,902 women were eligible 
for linkage to HES. Of these women, 642,337 had a record 
of delivery (n = 1,253,039) within HES linked data based 
on OPCS and ICD-10 records. After excluding patients 
and delivery records as outlined in the “Methods” section 
above (Fig. 1), a final eligible cohort of 423,117 delivery 
records from 299,866 patients was identified.

From the eligible cohort of delivery records, 27,586 
(6.5%) were for women with a coded diagnosis of PCOS/
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PCO or a combination of symptom codes indicating a 
missed PCOS diagnosis based on Rotterdam criteria; 
these deliveries formed the exposed cohort for our pri-
mary analysis. From a pool of 395,531 control delivery 
records, an unexposed cohort of 110,344 was selected, 
matched for maternal age. In the sensitivity analysis, 4559 
(1.1%) deliveries by women who had a specifically coded 
diagnosis for PCOS, and their corresponding matched 
controls (18,236 deliveries) were included.

Baseline characteristics
The mean (SD) age at delivery of women with and without 
PCOS was 30.86 (5.38) and 30.85 (5.33), respectively (Table 1).

Compared to women without PCOS, women with 
PCOS had higher pre-gravid BMI [mean (SD): 26.54 
(6.38) vs 25.11 (5.43)], were more likely to be deprived 
(IMD most deprived decile (1): 12.09% vs 11.77%) and 
were more likely to be from an ethnic minority [South 
Asian (5.31% vs 3.30%) and black Afro-Caribbean 
(5.68% vs 4.82%)]. As expected, women with PCOS were 
more likely to have a record of PCOS-related symptoms 
such as hair loss (10.51% vs 2.40%), hirsutism (6.62% vs 
0.58%), anovulation (64.71% vs 9.83%), and serum tes-
tosterone ≥ 2.0 nmol/L (11.78% vs 0.42%). Women with 
PCOS were also more likely to have metabolic distur-
bances including comorbidities such as type 2 diabetes 
(2.45% vs 1.14%), prediabetes (4.07% vs 1.85%), hyper-
tension (1.77% vs 1.11%), and thyroid disorders (4.01% 
vs 2.18%) (Table 1). The baseline characteristics of deliv-
eries of women with a diagnostic code for PCOS and 
their maternal age-matched deliveries of women with-
out PCOS are presented in Additional file 3.

Risk of primary obstetric outcomes among women 
with PCOS compared to their age‑matched controls
Preterm birth
Among the delivery records of women with and without 
a pre-existing diagnosis of PCOS, 7.63% (n = 2104) and 
6.82% (n = 7520) of them were delivered preterm, result-
ing in 13% increased crude odds of preterm delivery 
among women with PCOS compared to women without 
PCOS [OR 1.13 (95% CI 1.07–1.19)] (Table 2). There was 
marginal attenuation of the increased odds with adjust-
ment for covariates [aOR: 1.11 (1.06–1.17)]. For the sec-
ondary outcomes of preterm delivery, among the delivery 
records of women with and without PCOS, 2.24% and 
2.03% of deliveries were before 32  weeks of gestational 
age and 0.99% and 0.82% were before 28  weeks of ges-
tational age, respectively (Table 3). There were 11% and 
20% increased crude odds of delivery before 32 and 
28  weeks of gestational age, respectively [OR 1.11 (95% 
CI 1.01–1.22) and 1.20 (95% CI 1.04–1.39)], among 
women with PCOS compared to women without PCOS. 

There was marginal attenuation in the effect size at each 
step when serially adjusting for covariates, which resulted 
in increased odds of both outcomes among women with 
PCOS compared to women without PCOS, although sta-
tistically insignificant in the final model [aOR: 1.07 (0.97–
1.18) and 1.13 (0.98–1.29) for delivery < 32 and < 28 weeks 
of gestational age, respectively]. In the sensitivity analy-
sis including a sub-cohort of deliveries by women with 
a diagnostic code for PCOS and their corresponding 
maternal age-matched control deliveries, the odds ratios 
were more pronounced for delivery less than 37, 32 and 
28  weeks of gestational age [gestational age < 37  weeks 
aOR: 1.31 (1.13–1.52); gestational age < 32  weeks aOR: 
1.42 (0.88–2.31); gestational age < 28  weeks aOR: 1.86 
(1.31–2.65)] (Additional files 4 and 5).

Mode of delivery
Compared to deliveries of women without PCOS, deliv-
ery of women with PCOS were more likely to occur by 
caesarean section [emergency: 12.59% vs 10.94%, elec-
tive/other/unspecified: 15.26% vs 13.85%] and less likely 
to occur by vaginal delivery [instrumental: 11.15% vs 
11.39%, spontaneous/other/unspecified: 60.99% vs 
63.82%)]. When serially adjusting for covariates, mar-
ginal attenuation in the effect estimate was observed, 
with the highest drop observed when adjusting for pre-
gravid BMI. In the fully adjusted model, compared to 
spontaneous/other/unspecified vaginal delivery, delivery 
of women with PCOS was 4% at higher odds of being an 
instrumental vaginal delivery [aOR: 1.04 (1.00–1.09)], 
7% at higher odds of being elective/other/unspeci-
fied caesarean section [aOR: 1.07 (1.03–1.12)] and 
10% at higher odds of being emergency caesarean sec-
tion [aOR: 1.10 (1.05–1.15)] compared to women with-
out PCOS (Table  2). In the sensitivity analysis, among 
deliveries of women with a diagnostic code for PCOS 
and their matched delivery records, the increased odds 
for instrumental vaginal delivery was no longer evident 
and for elective/other/unspecified caesarean section was 
less pronounced [aOR: 1.00 (1.00–1.00) and 1.03 (1.02–
1.03), respectively], while there was a more pronounced 
increased odds of emergency caesarean section delivery 
[aOR: 1.15 (1.02–1.30)] (Additional file 4).

Birthweight
The proportion of at least one of the babies in a single delivery 
being born with high birthweight (> 4000 g) did not differ sig-
nificantly between delivery records of women with and with-
out PCOS [9.82% vs 9.64%, OR: 1.02 (0.98–1.07), aOR: 0.97 
(0.92–1.01)]. The proportion of low birthweight (< 2500  g) 
was significantly higher among deliveries of women with 
PCOS compared to women without PCOS (5.90% vs 5.35%), 
with an 11% increase in the crude odds of low birthweight 
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[OR: 1.11 (1.05–1.18)]. However, this was insignificant in the 
fully adjusted model [aOR: 1.03 (0.95–1.13)] (Table 2).

In the sensitivity analysis, in the fully adjusted 
model, there was no increased risk of either high 
or low birthweight of babies born to mothers with 
PCOS compared to mothers without PCOS [aOR: 
1.00 (0.88–1.13) and 1.03 (0.77–1.37), respectively] 
(Additional file 4).

When standardizing the birthweight using INTER-
GROWTH 21st project tools and considering the out-
comes large and small for gestational age (LGA and 
SGA), there was a significant association between 
maternal PCOS and LGA babies in the unadjusted 
model [uOR: 1.07 (1.03–1.11)], which became non-
significant when adjusting for pre-gravid BMI. There 
was no statistically significant association between 
maternal PCOS and odds of either LGA or SGA in the 
fully adjusted analysis [aOR: 1.00 (0.97–1.04) and 1.03 
(0.96–1.11), respectively] (Table 3). In the fully adjusted 
sensitivity analysis, there was no significant association 
between maternal PCOS and LGA [aOR: 1.08 (0.99–
1.18)], similar to the primary analysis; however, there 
was 26% lower odds of SGA in deliveries among women 
with PCOS compared to women without PCOS [aOR: 
0.74 (0.59–0.94)] (Additional file 5).

Table 1 Baseline characteristics of women with PCOS and age-
matched controls

Primary analysis

Variables Deliveries of women 
with PCOS*

Age‑matched 
deliveries of women 
without PCOS

All (n = 27,586) (n = 110,344)
Age at delivery [mean 
(SD)]

30.86 (5.38) 30.85 (5.33)

Age at delivery [median 
(IQR)]

30.00 (26.00–34.00) 31.00 (27.00–34.00)

Age categories, n(%)
  14–19 years 467 (1.69) 1802 (1.63)

  20–29 years 11,537 (41.82) 45,596 (41.32)

  30–39 years 14,357 (52.04) 58,313 (52.85)

  40–50 years 1225 (4.44) 4633 (4.20)

Pre‑gravid BMI [mean 
(SD)]

26.54 (6.38) 25.11 (5.43)

Pre‑gravid BMI [median 
(IQR)]

24.00 (21.00–30.00) 23.00 (21.00–27.00)

BMI categories, n(%)
   < 25 kg/m2 13,055 (47.32) 59,799 (54.19)

  25–29.9 kg/m2 6493 (23.54) 25,103 (22.75)

  30–34.9 kg/m2 3667 (13.29) 10,423 (9.45)

  35–39.9 kg/m2 1882 (6.82) 4023 (3.65)

   ≥ 40 kg/m2 1013 (3.67) 2002 (1.81)

  Missing 1476 (5.35) 8994 (8.15)

IMD, n(%)
  1 (most deprived) 3334 (12.09) 12,989 (11.77)

  2 2795 (10.13) 11,052 (10.02)

  3 2706 (9.81) 11,215 (10.16)

  4 2637 (9.56) 11,031 (10.00)

  5 2973 (10.78) 11,782 (10.68)

  6 2578 (9.35) 10,165 (9.21)

  7 2547 (9.23) 10,557 (9.57)

  8 2696 (9.77) 10,319 (9.35)

  9 2693 (9.76) 10,353 (9.38)

  10 (least deprived) 2607 (9.45) 10,793 (9.78)

  Missing 19 (0.07) 81 (0.07)

Ethnicity, n(%)
  White 13,343 (48.37) 50,894 (46.12)

  South Asian 1465 (5.31) 3638 (3.30)

  Black Afro‑Carib‑
bean

1567 (5.68) 5315 (4.82)

  Mixed or multiple 
ethnicity

170 (0.62) 651 (0.59)

  Others 721 (2.61) 2561 (2.32)

  Missing 10,320 (37.41) 47,285 (42.85)

Record of symptoms and measurements at baseline, n(%)
  PCO 12,706 (46.06) 0 (0)

  Hair loss 2898 (10.51) 2645 (2.40)

  Hirsutism 1825 (6.62) 645 (0.58)

  Anovulation 17,852 (64.71) 10,845 (9.83)

Table 1  (Continued)

Primary analysis

Variables Deliveries of women 
with PCOS*

Age‑matched 
deliveries of women 
without PCOS

  High testos‑
terone (serum 
testosterone 
level ≥ 2.0 nmol/L)

3250 (11.78) 467 (0.42)

Other comorbidities, n(%)
  Type 2 diabetes 675 (2.45) 1259 (1.14)

  Prediabetes 1123 (4.07) 2038 (1.85)

  Hypertension 489 (1.77) 1230 (1.11)

  Thyroid disorders 1105 (4.01) 2403 (2.18)

Number of babies at the delivery,n(%)
  1 27,163 (98.47) 108,446 (98.28)

  2 409 (1.48) 1864 (1.69)

  3 14 (0.05) 30 (0.03)

  4 0 (0) 4 (0.00)

* Record of PCOS/PCO/conglomeration of symptom codes indicating a missed 
PCOS diagnosis based on Rotterdam criteria [two of the three symptoms 
recorded: (1) PCO, (2) anovulation and (3) biochemical or symptomatic presen-
tation of hyperandrogenism]. Read code record of hair loss or hirsutism and a 
recorded measure of serum testosterone level ≥ 2.0  nmol/L was considered as 
symptomatic and biochemical presentation of hyperandrogenism, respectively]
PCOS Polycystic ovary syndrome, PCO Polycystic ovaries, SD Standard deviation, 

IQR Interquartile range, BMI Body Mass Index, IMD Index of multiple deprivation
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Stillbirth
Among women with and without PCOS, the propor-
tion of deliveries with stillbirth was 0.44% and 0.43%, 
respectively, and there was no significant difference in 
the crude or adjusted odds of stillbirth in either the pri-
mary or sensitivity analysis [aOR: 0.99 (0.81–1.21) and 
0.52 (0.27–1.02), respectively].

Discussion
Main findings
In this retrospective cohort study of hospital-based deliv-
ery records, we found that women with PCOS were at an 
increased risk of preterm delivery and caesarean section 
compared to women without PCOS, even after accounting 
for several confounders including sociodemographic vari-
ables, pre-existing maternal conditions such as dysglycae-
mia, hypertension, and thyroid disorders, number of babies 
born at the delivery and pre-gravid BMI. Furthermore, we 
found that women with PCOS were crudely at an increased 
risk of delivering small babies weighing below 2.5 kg; how-
ever, the association disappeared after adjustment for ges-
tational age. This was further supported by the absence of 
evidence of increased risk of babies born small for gesta-
tional age, suggesting that lower birthweight of babies born 
to mothers with PCOS was mediated by their lower gesta-
tional age at delivery. This also highlights the importance 
of standardising birthweight against gestational age using 
anthropometric reference data to define optimal foetal 
growth outcomes as opposed to using absolute birthweight. 
We also found that there was an increased risk of babies 
born large for gestational age among women with PCOS, 
but the association became insignificant with adjustment 
for pre-gravid BMI, suggesting that LGA is mediated by 
maternal pre-gravid BMI. There was no evidence of asso-
ciation between maternal PCOS and the risk of stillbirth.

Strengths and limitations
Our study has many strengths including large sample size, 
and population-based data collected from routinely col-
lected primary care records and hospital episode statistics 
birth records. One of the limitations might be the underdi-
agnosis of PCOS within the data source used. It is notable 
that across different settings, women with PCOS experi-
ence long delays in diagnosis and tend to report their symp-
toms multiple times prior to a diagnosis [5]. We therefore 
included women with a diagnostic code for PCO, or a com-
bination of symptom codes indicating a missed PCOS diag-
nosis based on the Rotterdam criteria, which constituted 
83% of the exposed women included in the primary analysis. 
This higher estimate of missed PCOS diagnosis in compari-
son to the literature [2, 4] may have introduced misclas-
sification within the PCOS exposure group. Therefore, we 
performed a sensitivity analysis including only women with 

a diagnostic code for PCOS and their age-matched controls. 
Women with a diagnostic code for PCOS within primary 
care may reflect those with a severe phenotype associated 
with the combination of menstrual irregularity and andro-
gen excess, who consulted their general practitioners for 
treatment and management [1]. In agreement with this, the 
results of our sensitivity analysis, restricted to women with a 
diagnostic code for PCOS and their matched controls, sug-
gest a more profound and significant odds ratio for preterm, 
very preterm and extremely preterm delivery compared to 
results from our primary analysis.

A limitation of the study is the missing outcome data, 
for which we performed multiple imputation. Further-
more, information on some of the confounders including 
maternal education level, primigravidity were unavailable 
within the data source used. Another limitation of this 
study is the restriction of the eligible cohort to deliver-
ies recorded within the hospital setting, thereby missing 
deliveries that happened elsewhere such as in non-NHS 
hospitals or in the home setting. This may affect the gen-
eralizability of our findings. However, 96% of deliveries in 
England are recorded within HES data [32].

Another limitation of the study is the absence of data 
on mode of conception; we were therefore unable to eval-
uate any effect modification attributable to in vitro fertili-
zation when assessing the association between PCOS and 
risk of obstetric outcomes. The increased risk of obstet-
ric outcomes among women with PCOS observed in our 
study may therefore be attributable to a combination of 
exposures to PCOS and in vitro fertilization, a prevalent 
mode of conception among women with PCOS.

We did not adjust for pregnancy-induced complications 
or gestational weight gain as these constitute intermedi-
ates between pre-pregnancy risk factors and obstetric out-
comes. It is well established that women with PCOS are at 
an increased risk of developing antepartum complications 
such as gestational diabetes, pregnancy-induced hyperten-
sion and pre-eclampsia [33]. Considering the increased risk 
of preterm delivery conferred by these pregnancy compli-
cations [34, 35], it is possible that pregnancy complications 
formed the interlink between maternal PCOS and the risk 
of preterm delivery. Furthermore, caesarean section may be 
considered for the management of women presenting with 
suspected or established preterm labour [36]. This complex 
biological pathway mediated by pregnancy-induced com-
plications could potentially explain the increased risk of 
preterm and operative delivery observed in our study.

Comparison with existing literature
Our study is in agreement with existing reviews [37–39] 
and a recent Swedish nationwide cohort study [40] and 
confirms the association between maternal PCOS and pre-
term birth of varying degrees. However, the adjusted odds 
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Table 2 Risk of primary obstetric outcomes among women with PCOS compared to women without PCOS

Outcomes Deliveries of women with PCOS* 
(n = 27,586)

Age‑matched deliveries 
of women without PCOS 
(n = 110,344)

Preterm (< 37 weeks of gestational age at delivery)
  Number of patients 27,586 110,344

  Outcome events, n(%) 2104 (7.63%) 7520 (6.82%)

  Unadjusted OR (95% CI) 1.13 (1.07–1.19)

  Adjusted OR (95% CI) (Model 1) 1.12 (1.07–1.17)

  Adjusted OR (95% CI) (Model 2) 1.09 (1.03–1.14)

  Adjusted OR (95% CI) (Model 3) 1.11 (1.05–1.17)

  Adjusted OR (95% CI) (Model 4) 1.11 (1.06–1.17)

Mode of delivery
  Number of patients 27,586 110,344

Outcome events, n(%)
  Emergency CS 3473 (12.59%) 12,073 (10.94%)

  Elective/other/unspecified CS 4211 (15.26%) 15,279 (13.85%)

  Instrumental vaginal 3077 (11.15%) 12,573 (11.39%)

  Spontaneous/other/unspecified vaginal 16,825 (60.99%) 70,419 (63.82%)

Unadjusted OR (95% CI)
  Emergency CS 1.20 (1.15–1.26)

  Elective/other/unspecified CS 1.15 (1.11–1.20)

  Instrumental vaginal 1.02 (0.98–1.07)

  Spontaneous/other/unspecified vaginal Ref

Adjusted OR (95% CI) (Model 1)
  Emergency CS 1.20 (1.15–1.26)

  Elective/other/unspecified CS 1.15 (1.10–1.19)

  Instrumental vaginal 1.02 (0.98–1.07)

  Spontaneous/other/unspecified vaginal Ref

Adjusted OR (95% CI) (Model 2)
  Emergency CS 1.17 (1.12–1.23)

  Elective/other/unspecified CS 1.13 (1.08–1.18)

  Instrumental vaginal 1.02 (0.98–1.07)

  Spontaneous/Other/Unspecified Vaginal Ref

Adjusted OR (95% CI) (Model 3)
  Emergency CS 1.18 (1.12–1.23)

  Elective/other/unspecified CS 1.13 (1.09–1.18)

  Instrumental vaginal 1.02 (0.98–1.07)

  Spontaneous/other/unspecified vaginal Ref

Adjusted OR (95% CI) (Model 4)
  Emergency CS 1.11 (1.06–1.16)

  Elective/other/unspecified CS 1.08 (1.04–1.13)

  Instrumental vaginal 1.04 (0.99–1.09)

  Spontaneous/other/unspecified vaginal Ref

Adjusted OR (95% CI) (Model 5)
  Emergency CS 1.10 (1.05–1.15)

  Elective/other/unspecified CS 1.07 (1.03–1.12)

  Instrumental vaginal 1.04 (1.00–1.09)

  Spontaneous/other/unspecified vaginal Ref

High birthweight > 4 kg (for at least one of the babies)
  Number of patients 27,586 110,344

  Outcome events, n(%) 2709 (9.82%) 10,632 (9.64%)
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ratios observed in our study for preterm birth are modest 
compared to the odds ratios reported in the literature. This 
may be attributed to several factors including differences 
in the source population, exposure definition and resid-
ual confounding. Furthermore, genome-wide association 
studies have indicated a genetic polymorphism (EBF-1 
gene) to be associated with both women’s likelihood of 
delivery preterm [41] and progression of PCOS [42], pro-
viding a plausible genetic explanation to our finding. In 
addition, a dysregulated hypothalamic–pituitary–adre-
nal (HPA) axis, as observed in both women with PCOS 
[43] and manifested during stress [44], has been associ-
ated with a modest increased risk of spontaneous preterm 
delivery, further supporting our findings.

Our study is also in agreement with reviews and cohort 
studies that suggest an increased risk of caesarean delivery 
[16, 37]. Our findings of absence of significant association 
of maternal PCOS with stillbirth is supported by Roos et.al. 
[16], while a more recent study by Valgeirsdottir et.al. [45], 
suggests a 50% increased risk of stillbirth among women 
with PCOS, although the exposure ascertainment within 
the study suffers from misclassification due to inclusion of 
women with anovulation as well as women with PCOS.

Implications
With a PCOS diagnosis, women have expressed con-
cerns about infertility and pregnancy [46], and would 
benefit from the awareness of their pregnancy and 

* Record of PCOS/PCO/combination of symptom codes indicating a missed PCOS diagnosis based on Rotterdam criteria [(1) anovulation and (2) biochemical or 
symptomatic presentation of hyperandrogenism; Read code record of hair loss or hirsutism and a recorded measure of serum testosterone level ≥ 2.0 nmol/L was 
considered as symptomatic and biochemical presentation of hyperandrogenism, respectively]

PCOS Polycystic ovary syndrome, CS Caesarean section, OR Odds ratio

Model 1: Adjusted for age, ethnicity, and deprivation

Model 2: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension and thyroid disorders

Model 3: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension, thyroid disorders, and numbers of babies born at the delivery

Model 4: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension, thyroid disorders, numbers of babies born at the delivery, and pre-gravid body 
mass index

Model 5: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension, thyroid disorders, numbers of babies born at the delivery, pre-gravid body 
mass index, and gestational age

Table 2 (continued)

Outcomes Deliveries of women with PCOS* 
(n = 27,586)

Age‑matched deliveries 
of women without PCOS 
(n = 110,344)

  Unadjusted OR (95% CI) 1.02 (0.97–1.07)

  Adjusted OR (95% CI) (Model 1) 1.03 (0.99–1.08)

  Adjusted OR (95% CI) (Model 2) 1.03 (0.98–1.07)

  Adjusted OR (95% CI) (Model 3) 1.02 (0.98–1.07)

  Adjusted OR (95% CI) (Model 4) 0.96 (0.92–1.00)

  Adjusted OR (95% CI) (Model 5) 0.97 (0.92–1.01)

Low birthweight < 2.5 kg (for at least one of the babies)
  Number of patients 27,586 110,344

  Outcome events, n(%) 1627 (5.90%) 5903 (5.35%)

  Unadjusted OR (95% CI) 1.11 (1.05–1.18)

  Adjusted OR (95% CI) (Model 1) 1.10 (1.04–1.16)

  Adjusted OR (95% CI) (Model 2) 1.08 (1.02–1.14)

  Adjusted OR (95% CI) (Model 3) 1.10 (1.03–1.17)

  Adjusted OR (95% CI) (Model 4) 1.13 (1.06–1.20)

  Adjusted OR (95% CI) (Model 5) 1.03 (0.95–1.13)

Stillbirth
  Number of patients 27,586 110,344

  Outcome events, n (%) 122 (0.44%) 471 (0.43%)

  Unadjusted OR (95% CI) 1.04 (0.85–1.26)

  Adjusted OR (95% CI) (Model 1) 1.03 (0.85–1.25)

  Adjusted OR (95% CI) (Model 2) 1.02 (0.85–1.24)

  Adjusted OR (95% CI) (Model 3) 1.01 (0.84–1.22)

  Adjusted OR (95% CI) (Model 4) 0.99 (0.81–1.21)
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delivery-related risks, and evidence-based surveillance 
and care to avert these risks. Future research is needed 
to understand the pathophysiological underpinnings of 
maternal PCOS on the risk of obstetric outcomes, so that 
interventions can be designed to reduce these risks.

Conclusion
Women with PCOS are at an increased risk of obstet-
ric outcomes including preterm and operative delivery. 
Association with low birthweight maybe mediated by 
lower gestational age at delivery.

Table 3 Risk of secondary obstetric outcomes among women with PCOS compared to women without PCOS

* Record of PCOS/PCO/combination of symptom codes indicating a missed PCOS diagnosis based on Rotterdam criteria [(1) anovulation and (2) biochemical or 
symptomatic presentation of hyperandrogenism; Read code record of hair loss or hirsutism and a recorded measure of serum testosterone level ≥ 2.0 nmol/L was 
considered as symptomatic and biochemical presentation of hyperandrogenism, respectively]

PCOS Polycystic ovary syndrome, CS Caesarean section, OR Odds ratio

Model 1: Adjusted for age, ethnicity, and deprivation

Model 2: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension and thyroid disorders

Model 3: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension, thyroid disorders, and numbers of babies born at the delivery

Model 4: Adjusted for age, ethnicity, deprivation, baseline dysglycaemia, hypertension, thyroid disorders, numbers of babies born at the delivery, and pre-gravid body 
mass index

Outcomes Deliveries of women with 
PCOS*

Age‑matched deliveries 
of women without PCOS

Very preterm (< 32 weeks of gestational age at delivery)
  Number of patients 27,586 110,344

  Outcome events, n(%) 619 (2.24%) 2244 (2.03%)

  Unadjusted OR (95% CI) 1.11 (1.01–1.22)

  Adjusted OR (95% CI) (Model 1) 1.09 (0.99–1.19)

  Adjusted OR (95% CI) (Model 2) 1.07 (0.97–1.18)

  Adjusted OR (95% CI) (Model 3) 1.07 (0.97–1.18)

  Adjusted OR (95% CI) (Model 4) 1.07 (0.97–1.18)

Extremely preterm (< 28 weeks of gestational age at delivery)
  Number of patients 27,586 110,344

  Outcome events, n (%) 272 (0.99%) 909 (0.82%)

  Unadjusted OR (95% CI) 1.20 (1.04–1.39)

  Adjusted OR (95% CI) (Model 1) 1.16 (1.01–1.33)

  Adjusted OR (95% CI) (Model 2) 1.14 (0.99–1.31)

  Adjusted OR (95% CI) (Model 3) 1.13 (0.98–1.29)

  Adjusted OR (95% CI) (Model 4) 1.13 (0.98–1.29)

Large for gestational age > 90th percentile (for at least one of the babies)
  Number of patients 27,586 110,344

  Outcome events, n (%) 4922 (17.84%) 18,593 (16.85%)

  Unadjusted OR (95% CI) 1.07 (1.03–1.11)

  Adjusted OR (95% CI) (Model 1) 1.08 (1.05–1.12)

  Adjusted OR (95% CI) (Model 2) 1.06 (1.03–1.10)

  Adjusted OR (95% CI) (Model 3) 1.06 (1.03–1.10)

  Adjusted OR (95% CI) (Model 4) 1.00 (0.97–1.04)

Small for gestational age < 10th percentile (for at least one of the babies)
  Number of patients 27,586 110,344

  Outcome events, n (%) 1113 (4.03%) 4305 (3.90%)

  Unadjusted OR (95% CI) 1.04 (0.97–1.11)

  Adjusted OR (95% CI) (Model 1) 1.01 (0.94–1.09)

  Adjusted OR (95% CI) (Model 2) 1.01 (0.94–1.09)

  Adjusted OR (95% CI) (Model 3) 1.00 (0.93–1.08)

  Adjusted OR (95% CI) (Model 4) 1.03 (0.96–1.11)



Page 12 of 13Subramanian et al. BMC Medicine          (2022) 20:298 

Abbreviations
PCOS: Polycystic ovary syndrome; CPRD: Clinical Practice Research Datalink; 
HES: Hospital Episode Statistics; NHS: National Health Service; PCO: Polycystic 
ovary; OPCS: Operating Procedure Codes Supplement; BMI: Body mass index; 
SD: Standard deviation; IQR: Interquartile range; OR: Odds ratio; RECORD: 
REporting of studies Conducted using Observational Routinely-collected 
health Data; IMD: Index of multiple deprivation; LGA: Large for gestational age; 
SGA: Small for gestational age; HPA: Hypothalamic-pituitary-adrenal.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 022- 02473-3.

Additional file 1. Read codes for exposure ascertainment

Additional file 2. Read codes for outcome ascertainment

Additional file 3. Baseline characteristics of women with PCOS and age 
matched controls – Sensitivity Analysis

Additional file 4. Risk of primary obstetric outcomes among women with 
PCOS compared to women without PCOS – Sensitivity Analysis

Additional file 5. Risk of secondary obstetric outcomes among women 
with PCOS compared to women without PCOS – Sensitivity Analysis

Acknowledgements
None

Authors’ contributions
A.S, S.T, W.A and K.N conceived the idea for the study. A.S designed and 
performed the analysis. A.S, N.J.A, and K.T wrote the initial draft of the manu-
script. All authors reviewed and revised the manuscript. All authors read and 
approved the final manuscript. A.S is the guarantor of this work and, as such, 
had full access to all the data in the study and takes responsibility for the 
integrity of the data and the accuracy of the data analysis. 

Funding
MWOR is supported by a Health Research Board (HRB) Emerging Clinician Sci-
entist Award (ECSA-2020–001). WA receives support from the Wellcome Trust 
(Investigator Award WT209492/Z/17/Z DAISY-PCOS) and the NIHR Birming-
ham Biomedical Research Centre at the University Hospitals Birmingham NHS 
Foundation Trust and the University of Birmingham (Grant Reference Number 
BRC-1215–20009). The views expressed are those of the authors and not nec-
essarily those of the NIHR UK or the Department of Health and Social Care UK.

Availability of data and materials
The data that support the findings of this study are available from CPRD, but 
restrictions apply to the availability of this data, which was used under license 
for the current study, and so is not publicly available.

Declarations

Ethics approval and consent to participate
Observational research using CPRD data was approved by National Research 
Ethics Service Committee. This study has been approved by the Independ-
ent Scientific Advisory Committee (Reference: 21_000412). As CPRD data are 
anonymized, individual patients are not required to give consent for the use 
of their data.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Applied Health Research, University of Birmingham, Birmingham, 
UK. 2 Institute of Metabolism and Systems Research, WHO Collaborating 

Centre for Global Women’s Health, University of Birmingham, Birmingham, UK. 
3 Endocrinology and Metabolism Unit, Department of Medicine, Royal College 
of Surgeons in Ireland (RCSI), University of Medicine and Health Sciences, Dub-
lin, Republic of Ireland. 4 Birmingham Women’s and Children’s NHS Foundation 
Trust, Birmingham, UK. 5 National Institute for Health Research (NIHR) Bir-
mingham Biomedical Research Centre, University Hospitals Birmingham NHS 
Foundation Trust and University of Birmingham, Birmingham, UK. 6 Midlands 
Health Data Research UK, Birmingham, UK. 

Received: 23 March 2022   Accepted: 11 July 2022

References
 1. Hillman SC, Dale J. Polycystic ovarian syndrome: an under-recognised 

problem? Br J Gen Pract. 2018;68:244–244.
 2. Ding T, Baio G, Hardiman PJ, Petersen I, Sammon C. Diagnosis and 

management of polycystic ovary syndrome in the UK (2004–2014): a 
retrospective cohort study. BMJ Open. 2016;6: e012461.

 3. 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. Hum Reprod. 2016;31:2841–55.

 4. Fernandez RC, et al. Diagnosis delayed: health profile differences between 
women with undiagnosed polycystic ovary syndrome and those with a 
clinical diagnosis by age 35 years. Hum Reprod. 2021;36:2275–84.

 5. Teede HJ, et al. Recommendations from the international evidence-based 
guideline for the assessment and management of polycystic ovary 
syndrome. Hum Reprod. 2018;33:1602–18.

 6. Zeng X, Xie Jie Y, Ting Liu Y, Lian Long S, Cheng Mo Z. Polycystic ovarian 
syndrome: Correlation between hyperandrogenism, insulin resistance 
and obesity. Clin Chim Acta. 2020;502:214–21.

 7. Glintborg D, Andersen M. MANAGEMENT OF ENDOCRINE DISEASE: Mor-
bidity in polycystic ovary syndrome. Eur J Endocrinol. 2017;176:R53–65.

 8. Yu HF, Chen HS, Rao DP, Gong J. Association between polycystic ovary 
syndrome and the risk of pregnancy complications A PRISMA-compliant 
systematic review and meta-analysis. Med.  (United States). 2016;95:e4863.

 9. Morris A. Transgenerational effects of polycystic ovary syndrome identi-
fied. Nat Rev Endocrinol. 2019;16(2):67.

 10. Palomba S, Santagni S, Falbo A, La Sala GB. Complications and challenges 
associated with polycystic ovary syndrome: current perspectives. Int J 
Womens Health. 2015;7:745.

 11. Kjerulff LE, Sanchez-Ramos L, Duffy D. Pregnancy outcomes in women 
with polycystic ovary syndrome: a metaanalysis. Am J Obstet Gynecol. 
2011;204(558):e1-558.e6.

 12. Qin JZ, et al. Obstetric complications in women with polycystic ovary syn-
drome: A systematic review and meta-analysis. Reprod Biol Endocrinol. 
2013;11:1–14.

 13. Boomsma CM, et al. A meta-analysis of pregnancy outcomes in women 
with polycystic ovary syndrome. Hum Reprod Update. 2006;12:673–83.

 14. Hu S, Leonard A, Seifalian A, Hardiman P. Vascular dysfunction during pregnancy 
in women with polycystic ovary syndrome. Hum Reprod. 2007;22:1532–9.

 15. Maliqueo M, et al. Metabolic parameters in cord blood of newborns of 
women with polycystic ovary syndrome. Fertil Steril. 2009;92:277–82.

 16. Roos N, et al. Risk of adverse pregnancy outcomes in women with 
polycystic ovary syndrome: Population based cohort study. BMJ. 
2011;343:d6309.

 17. Han AR, et al. Adverse pregnancy outcomes with assisted reproductive 
technology in non-obese women with polycystic ovary syndrome: a 
case-control study. Clin Exp Reprod Med. 2011;38:103–8.

 18. Barber TM, Hanson P, Weickert MO, Franks S. Obesity and Polycystic Ovary 
Syndrome: Implications for Pathogenesis and Novel Management Strate-
gies. Clin Med Insights Reprod Heal. 2019;13:117955811987404.

 19. Chan JL, et al. Racial and ethnic differences in the prevalence of meta-
bolic syndrome and its components of metabolic syndrome in women 
with polycystic ovary syndrome: a regional cross-sectional study. Am J 
Obstet Gynecol. 2017;217(189):e1-189.e8.

 20. Kumarendran B, et al. Polycystic Ovary Syndrome, Combined Oral Contra-
ceptives, and the Risk of Dysglycemia: A Population-Based Cohort Study 

https://doi.org/10.1186/s12916-022-02473-3
https://doi.org/10.1186/s12916-022-02473-3


Page 13 of 13Subramanian et al. BMC Medicine          (2022) 20:298  

With a Nested Pharmacoepidemiological Case-Control Study. Diabetes 
Care. 2021;44:2758–66.

 21. Wu CH, et al. Hypertension Risk in Young Women With Polycystic Ovary Syn-
drome: A Nationwide Population-Based Cohort Study. Front Med. 2020;7:585.

 22. Gaberšček S, et al. MECHANISMS IN ENDOCRINOLOGY: Thyroid and 
polycystic ovary syndrome. Eur J Endocrinol. 2015;172:R9–21.

 23. Herrett E, et al. Data Resource Profile: Clinical Practice Research Datalink 
(CPRD). Int J Epidemiol. 2015;44:827–36.

 24. Minassian C, et al. Methods to generate and validate a Pregnancy Reg-
ister in the UK Clinical Practice Research Datalink primary care database. 
Pharmacoepidemiol Drug Saf. 2019;28:923–33.

 25. Kumarendran B, et al. Polycystic ovary syndrome, androgen excess, and 
the risk of nonalcoholic fatty liver disease in women: A longitudinal 
study based on a United Kingdom primary care database. PLoS Med. 
2018;15(3):e1002542.

 26. Villar J, et al. International standards for newborn weight, length, and 
head circumference by gestational age and sex: the Newborn Cross-Sec-
tional Study of the INTERGROWTH-21st Project. Lancet. 2014;384:857–68.

 27. The English Indices of Deprivation 2019 (IoD2019). 2019. https:// www. 
gov. uk/ gover nment/ publi catio ns/ engli sh- indic es- of- depri vation- 2019- 
techn ical- report. Accessed 27 Feb 2022.

 28. Sullivan TR, Lee KJ, Ryan P, Salter AB. Multiple imputation for handling 
missing outcome data when estimating the relative risk. BMC Med Res 
Methodol. 2017;17:1–10.

 29. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should 
multiple imputation be used for handling missing data in randomised 
clinical trials - A practical guide with flowcharts. BMC Med Res Methodol. 
2017;17:1–10.

 30. Kontopantelis E, White IR, Sperrin M, Buchan I. Outcome-sensitive 
multiple imputation: A simulation study. BMC Med Res Methodol. 
2017;17:1–13.

 31. Thirumala Krishna M,  et al. Allergic diseases and long-term risk of 
autoimmune disorders: longitudinal cohort study and cluster analysis. 
doi:https:// doi. org/ 10. 1183/ 13993 003. 00476- 2019.

 32. Hospital Episode Statistics (HES) - NHS Digital. https:// digit al. nhs. uk/ data- 
and- infor mation/ data- tools- and- servi ces/ data- servi ces/ hospi tal- episo 
de- stati stics.

 33. Mills G, Badeghiesh A, Suarthana E, Baghlaf H, Dahan MH. Polycystic 
ovary syndrome as an independent risk factor for gestational diabetes 
and hypertensive disorders of pregnancy: a population-based study on 
9.1 million pregnancies. Hum Reprod. 2020;35:1666–74.

 34. Mulualem G, Wondim A, Woretaw A. The effect of pregnancy induced 
hypertension and multiple pregnancies on preterm birth in Ethiopia: A 
systematic review and meta-analysis. BMC Res Notes. 2019;12:1–7.

 35. Hedderson MM, Ferrara A, Sacks DA. Gestational diabetes mellitus and 
lesser degrees of pregnancy hyperglycemia: association with increased 
risk of spontaneous preterm birth. Obstet Gynecol. 2003;102:850–6.

 36. Recommendations | Preterm labour and birth | Guidance | NICE. 
https:// www. nice. org. uk/ guida nce/ ng25/ chapt er/ Recom menda tions# 
mode- of- birth.

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

 38. Palomba S, et al. Pregnancy complications in women with polycystic 
ovary syndrome. Hum Reprod Update. 2015;21:575–92.

 39. d’Alterio MN, et al. Pregnancy outcomes in women with polycystic ovar-
ian syndrome. Minerva Obstet Gynecol. 2022;74:45–59.

 40. Valgeirsdottir H, et al. Polycystic ovary syndrome and extremely preterm 
birth: A nationwide register-based study. PLoS ONE. 2021;16: e0246743.

 41. Zhang G, et al. Genetic Associations with Gestational Duration and Spon-
taneous Preterm Birth. N Engl J Med. 2017;377:1156–67.

 42. Devarbhavi P, et al. Identification of key pathways and genes in polycystic 
ovary syndrome via integrated bioinformatics analysis and prediction of 
small therapeutic molecules. Reprod Biol Endocrinol. 2021;19:31.

 43. Kempegowda P, Melson E, Manolopoulos KN, Arlt W, O’Reilly MW. Impli-
cating androgen excess in propagating metabolic disease in polycystic 
ovary syndrome. Ther Adv Endocrinol Metab. 2020;11:204201882093431.

 44. Dole N, et al. Maternal stress and preterm birth. Am J Epidemiol. 
2003;157:14–24.

 45. Valgeirsdottir H, et al. Polycystic ovary syndrome and risk of stillbirth: 
a nationwide register-based study. BJOG An Int J Obstet Gynaecol. 
2021;128:2073–82.

 46. Holton S, Hammarberg K, Johnson L. Fertility concerns and related infor-
mation needs and preferences of women with PCOS. Hum Reprod Open. 
2018;2018:1–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-technical-report
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-technical-report
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-technical-report
https://doi.org/10.1183/13993003.00476-2019
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://www.nice.org.uk/guidance/ng25/chapter/Recommendations#mode-of-birth
https://www.nice.org.uk/guidance/ng25/chapter/Recommendations#mode-of-birth

	Polycystic ovary syndrome and risk of adverse obstetric outcomes: a retrospective population-based matched cohort study in England
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and data source
	Study population
	Outcomes
	Explanatory variables
	Statistical analysis

	Results
	Baseline characteristics
	Risk of primary obstetric outcomes among women with PCOS compared to their age-matched controls
	Preterm birth
	Mode of delivery
	Birthweight
	Stillbirth


	Discussion
	Main findings
	Strengths and limitations
	Comparison with existing literature
	Implications
	Conclusion

	Acknowledgements
	References


