Human Reproduction, Vol.38, No.3, pp. 471-481, 2023
Advance Access Publication on January 13, 2023  https://doi.org/ 10.1093/humrep/deac267

human ORIGINAL ARTICLE Reproductive endocrinology

reproduction

Association between body mass index,
weight loss and the chance of
pregnancy in women with polycystic
ovary syndrome and overweight or

obesity: a retrospective cohort study
in the UK

Christiane Lundegaard Haase ® ', Anette Varbo',
Peter Ngrkjaer Laursen', Volker Schnecke', and Adam H. Balen ® %*

'Novo Nordisk, Seborg, Denmark “Leeds Centre for Reproductive Medicine, Leeds Teaching Hospitals, Leeds, UK

*Correspondence address. Leeds Centre for Reproductive Medicine, Leeds Teaching Hospitals, York Road, Leeds LS14 6UH, UK. Tel:
+44-1132-063-114; E-mail: a.balen@nhs.net @ https://orcid.org/0000-0001-5938-8319

Submitted on August 18, 2022; resubmitted on November 29, 2022; editorial decision on December 19, 2022

STUDY QUESTION: What are the associations between baseline BMI (Study |) and change in body weight (Study 2) with the likelihood
of pregnancy in women with polycystic ovary syndrome (PCOS).

SUMMARY ANSWER: In women with PCOS, higher baseline BMI was associated with a lower chance of pregnancy; however, weight
loss was associated with an increased chance of pregnancy versus maintaining a stable weight or gaining weight.

WHAT IS KNOWN ALREADY: Two studies in large cohorts of Danish women with the intention to become pregnant showed a de-
cline in fecundability ratios with higher BMI. Furthermore, a meta-analysis found that overweight/obesity significantly worsened metabolic
and reproductive outcomes in women with PCOS.

STUDY DESIGN, SIZE, DURATION: Data were extracted from the UK Clinical Practice Research Datalink GOLD database. Patients
included women aged 18-45 years with BMI >18.5 (Study 1) or >25 kg/m? (Study 2) at time of PCOS diagnosis (index date). The primary
outcome was the time to first pregnancy recorded during 36-months’ follow-up, analysed with Cox proportional hazard models and pre-
sented as hazard ratios (HRs).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Study | included 9955 women with PCOS. Study 2 included 7593 women
with PCOS and median BMI of 34.0 kg/m?.

MAIN RESULTS AND THE ROLE OF CHANCE: Higher BMI was associated with a lower chance of pregnancy in the 3 years following
diagnosis. It was estimated that 41% of women with normal weight (18.5-24.9 kg/m?*) would become pregnant compared to 7% of
women with obesity class IIl (BMI >40.0 kg/m?) during follow-up. Furthermore, the chance of pregnancy for women with obesity class Il
was estimated to be 63% lower than for women with normal weight, with the same age and glycaemic status (HR 0.37, 95% Cl 0.31-0.44;
P <0.0001). A significant inverse association was found between BMI change and chance of pregnancy: 10% weight loss was estimated to
increase the chance of pregnancy by 68% for women with baseline BMI of 40 kg/m? (HR 1.68, 95% CI 1.49—1.90).

LIMITATIONS, REASONS FOR CAUTION: Multiple factors influence the chance of pregnancy (the ability and willingness to become
pregnant), which was addressed by exclusion criteria employed. The real-world nature of the study means that use of non-prescription
contraceptives was not available. Bias may have been introduced by the fact that only around 40% of women with PCOS in the CPRD
GOLD database had their BMI recorded during the year prior to PCOS diagnosis. BMI categories used in the analyses may not be applica-
ble to women of all ethnicities. The study population was only representative of women in the UK and results may not be generalizable to
other regions. PCOS diagnoses were based on codes entered into the system by primary care providers, and no information was available
regarding the criteria used for diagnosis, although symptoms used to diagnose PCOS have not changed over time.
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WIDER IMPLICATIONS OF THE FINDINGS: Our observations provide further evidence of the benefits of weight loss in women
with overweight/obesity and PCOS who are seeking to become pregnant.
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Introduction

Polycystic ovary syndrome (PCOS) is a common cause of infertility,
predominantly due to a lack of regular ovulation (Balen et al., 2016). It
is the most prevalent endocrine disorder among women of reproduc-
tive age, affecting 8-13% of premenopausal women, although esti-
mates vary depending on the population studied and the diagnostic
criteria used (Rotterdam ESHRE/ASRM-sponsored PCOS consensus
workshop group, 2004; Bozdag et al., 2016; Skiba et al., 2018; Teede
etal, 2018).

Several studies have demonstrated an association between obesity
and increased time to pregnancy. For example, two studies in large
cohorts of Danish women planning pregnancies reported an inverse
relationship between increasing BMI and fecundability ratios, although
PCOS diagnoses were not reported (Ramlau-Hansen et al, 2007;
Wise et al., 2010).

It is estimated that between 38% and 88% of women with PCOS
have overweight/obesity, depending on the demographics of the pop-
ulation studied (Barber et al., 2019). The association between PCOS
and obesity is complex and is thought to include interactions between
multiple factors (Barber et al., 2019). In a meta-analysis, overweight/
obesity was shown to significantly worsen metabolic and reproductive
outcomes in women with PCOS compared with their normal weight
counterparts (Lim et al., 2013).

International guidelines recommend lifestyle modification, including
weight management, as the first-line treatment for most women with
PCOS and overweight/obesity, with or without infertility (Balen et dl.,
2016; Teede et al., 2018), as weight loss in women with PCOS has
been shown to improve hyperandrogenism, reproductive function and
metabolic parameters (Cena et al., 2020). While there is evidence on
the impact of weight loss on improving fertility and outcomes in
women with overweight/obesity (Legro et al., 2016; Best et al., 2017),
it is challenging to conduct large studies that show clear clinical benefits
(Lie Fong et al., 2021), and there is limited evidence on the effects of
weight change on pregnancy rates in women with PCOS and over-
weight/obesity (Kim and Lee, 2022).

We performed a retrospective, real-world study in women with
PCOS and overweight/obesity to evaluate the associations between
(i) baseline BMI and chance of pregnancy, and (ii) body weight loss
and chance of pregnancy.

Materials and methods

Study design and population

This was a retrospective cohort study of patient data extracted from
the UK Clinical Practice Research Datalink (CPRD) GOLD database

(January 2021 version; N= 19483855 research-acceptable patients;
Clinical Practice Research Datalink, 2021). The CPRD GOLD database
contains longitudinal anonymized data from routinely collected elec-
tronic health records (from September 1987 onwards) from a net-
work of primary care practices across the UK maintained by the UK
Government Medicines and Healthcare Products Regulatory Agency
and the National Institute for Health Research (Clinical Practice
Research Datalink, 2021). The data from the database were also
linked to the Hospital Episode Statistics (HES) data for outpatient
appointments (linkage set 18) to identify additional PCOS diagnoses
made by specialists. PCOS diagnoses from GOLD were based on
Read codes C164.00, C164.12, C165.00. PCOS diagnoses from HES
were based on ICD-10 code E28.2.

The cohort included women aged [8-45years at the index date
(defined as the time of earliest PCOS diagnosis during the current reg-
istration period (the period starting from the latest date that a patient
registered with a practice)) with a recorded BMI during the baseline
period (the 12months prior to the index date) of >18.5kg/m?
(Study 1) and >25 kg/m? (Study 2). Participants were excluded if they
had an intrauterine contraceptive device, cancer, pregnancy or thyroid
disorder (i.e. conditions that could affect body weight or study out-
come) during the baseline period, or if they had a prescription for con-
traceptives or ovulation induction drugs at the index date.

This article follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines for cohort
studies.

Outcomes and assessments

Sociodemographic and clinical characteristics (including age, weight,
BMI and smoking status (ever/never)) were extracted from the CPRD
GOLD database.

The primary outcome in both Studies | and 2 was the time to first
pregnancy recorded during 36-months’ follow-up, analysed with Cox
proportional hazard models and presented as hazard ratios (HRs).
More specifically, time to first recorded pregnancy was the input to
our Cox proportional hazard models; the output comprised HRs
reflecting the relative chance of pregnancy at a given time point when
comparing two patients. The results presented are thus the relative
chance of pregnancy. Data on time to first pregnancy were obtained
from the CPRD GOLD Pregnancy Register, with the time of event de-
fined by the recorded pregnancy start date. The exposure (or risk fac-
tor) in Study | was BMI at baseline, whereas in Study 2 the exposure
was change in BMI from baseline, which was used as a measure of
change in body weight.

Patient records were censored during follow-up at the time of the
first of the following events: estimated start of pregnancy as per the
pregnancy register; first prescription of contraceptives or ovulation-
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inducing drugs; at record end in the database; or after 36 months of
follow-up. The mean BMI recorded during the baseline period was
used as the mean baseline BMI and was also used to define baseline
BMI category for analyses performed in Study |.

In addition, baseline levels of high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, total cholesterol, triglycerides, gly-
cated haemoglobin and blood pressure were extracted for participants
with a measurement recorded during the baseline period. In addition,
data on ethnicity and socioeconomic status (represented by the 2010
English Index of Multiple Deprivation; UK Government Ministry of
Housing, Communities & Local Government, 2010) were extracted
from linked Hospital Episode Statistics data. These data were only
available for a subset of practices in England that had consented to
participate in the linkage scheme.

Statistical methods

Baseline sociodemographic and clinical characteristics were described
using summary statistics.

In Study I, two Cox proportional hazard models, with calendar
time as the underlying time variable, were used to estimate the chance
of pregnancy, including baseline BMI analysed either as a categorical or
continuous variable, with results presented as HRs with 95% Cls. In
the first model, baseline BMI was analysed as a categorical variable, us-
ing the World Health Organization categories: 18.5-24.9 kg/m* (nor-
mal weight), 25.0-29.9 kg/m? (overweight), 30.0-34.9 kg/m? (obesity
class 1), 35.0-39.9 kg/m?* (obesity class Il) and >40.0kg/m? (obesity
class ). The ‘normal weight’ category was used as the reference.
Additional covariates were: glycaemic status, included as a categorical
variable (yes/no) based on the presence/absence of either prediabe-
tes or diabetes, defined by a diabetes diagnosis (type | or type 2) or a
baseline glycated haemoglobin level >6.0% (the lower threshold for
prediabetes according to the UK National Institute for Health and
Care Excellence); and a quadratic term for age at index date. A sensi-
tivity analysis was performed in which other potential confounders—
smoking status, ethnicity and socioeconomic status—were added to
the model (conducted among the cohort of women with complete
ethnicity and index of multiple deprivation data). The second model in-
cluded baseline BMI as a continuous variable. Glycaemic status, qua-
dratic terms for both BMI and age, and an interaction term between
BMI and age were included as covariates.

In Study 2, a Cox proportional hazard model was used to evaluate
the association between change in BMI and chance of pregnancy, with
calendar time as the underlying time variable. Results are presented as
HRs with 95% Cls. The main covariate was change in BMI relative to
baseline BMI, modelled as a time-varying covariate. Additional covari-
ates were: baseline BMI; glycaemic status; baseline age as a categorical
variable based on four categories (18-24, 25-29 (reference age), 30—
35 and 36-45years); and an interaction term between the change in
BMI and the baseline BMI.

In both studies, proportional hazards assumptions were verified via
scaled Schoenfeld residuals for all models. Martingale residuals were
calculated to test for non-linearity of continuous variables. The cumula-
tive pregnancy rate was estimated using the Kaplan—Meier estimator.
In both studies, the chance of pregnancy estimated by the Cox models
is the chance of pregnancy observation in clinical practice and may be
influenced by other confounders that were not possible to adjust for,

such as willingness, action, ability to become pregnant and use of non-
prescription contraceptives.

Al statistical analyses were carried out using the R environment for
statistical computing and visualization (version 4.1.0). No imputation
for missing data was performed in any of the statistical analyses.

Role of the funding source

The funder designed the study and extracted and analysed the data.
This article was drafted under the guidance of the authors, with medi-
cal writing and editorial support paid for by the funder.

Results

Patient demographics and characteristics

Study | cohort: evaluation of the association between BMI and
chance of pregnancy

The Study | cohort included 9955 women with a median (quartile
|—quartile 3 (Q1-Q3)) age of 27 (22-31) years (Table |; Supplementary
Table SI). Approximately 60% of women with a PCOS diagnosis within
the appropriate timeframe for the study and who were aged 18-
45 years, were excluded due to the absence of a recorded BMI mea-
surement during the year prior to PCOS diagnosis (Supplementary
Fig. SI). The median age in the obesity class Ill group was slightly
higher than for those in the normal weight group (28 versus 26 years,
respectively). At the time of PCOS diagnosis, 2068 (20.8%) women
had overweight and 5525 (55.5%) had obesity. Median body weight
(Q1-Q3) and median (Q1-Q3) BMI were 83.5 (67.9-102.0) kg and
31.2 (25.3-37.3) kg/m?, respectively.

The median (Q1-Q3) follow-up time was 10.5 (3.2-31.2) months
(median (Q1-Q3) index date: 16 August 2010 (12 October 2006—19
May 2014)). A total of 1720 (17.3%) women had a pregnancy
recorded during the follow-up period (Supplementary Table SlI). A
higher median follow-up time was associated with a higher BMI cate-
gory; median follow-up (Q1-Q3) was 6.7 (2.2-19.0) months in the
normal weight category and 18.9 (6.7-36.0) months in the obesity
class lll category (Table I). The shorter mean follow-up time recorded
in the normal BMI category compared with the obesity class I-lll cate-
gories can be attributed to the higher rate of pregnancy and greater
number of prescriptions for contraceptives among normal weight
women versus those with obesity (Supplementary Table SI).

The prevalence of all comorbidities was generally low, apart from
asthma recorded in 2144 (21.5%) women. There was an association
between higher BMI categories and a higher prevalence of comorbid-
ities (Table I). Analysis of available biomarker data showed a higher
PCOS disease burden (lower high-density lipoprotein cholesterol,
higher triglyceride levels and higher blood pressure) in higher BMI cate-
gories (Supplementary Table SlI).

Smoking (ever) prior to the index date was recorded for 4270
(42.9%) women. The proportion of women who had ever smoked
was highest in the obesity class Ill category (774/1628; 47.5%) and
lowest in the normal weight category (906/2362; 38.4%) (Table I).
Data on ethnicity and socioeconomic status were available for 4506
(45.3%) and 5075 (51.0%) women, respectively. Higher body weight
categories were associated with lower socioeconomic status (Table I).
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The proportion of white women was lower in the normal weight cate-
gory (1035/1169; 88.5%) than the obesity class Ill category (614/646;
95.0%).

Study 2: evaluation of the association between weight loss and
chance of pregnancy

The Study 2 cohort included 7593 women with baseline BMI >25 kg/m?
from the Study | population (Table I, Supplementary Fig. SI). The
demographics and characteristics of the Study 2 population were
comparable to those of the Study | population, except for the
expected greater baseline body weight and BMI, and slightly higher
prevalence of comorbidities (Table ). In the Study 2 population, the
median index date was 27 August 2010 and the median follow-up
was 12.0months (QI-Q3: 3.7-35.5). Of these women, 1228
(16.3%) had a pregnancy during follow-up (Supplementary Fig. SI).

Association between BMI and chance of
pregnancy (Study 1)

Supplementary Fig. S2 shows the proportion of women that became
pregnant during the follow-up period by BMI at the time of PCOS di-
agnosis. The highest prevalence of pregnancies (>20%) was observed
among women with a BMI of 22-28 kg/m?. The proportion of women
with pregnancies was observed to be lower at higher BMI, with <10%
of women with a BMI >45 kg/m2 becoming pregnant (Supplementary
Fig. S2).

Kaplan—Meier analysis indicated that the cumulative proportion of
women with pregnancies over the follow-up period was lower with
higher BMI (Fig. 1). This analysis estimated that 41% of women with
normal weight would become pregnant after 3 years of follow-up com-
pared with 17% of women with class Il obesity.

The chance of pregnancy for a woman with BMI >40kg/m? was es-
timated to be 63% lower compared with a woman with normal weight
of the same age and glycaemic status (HR 0.37, 95% Cl 0.31-0.44;
P <0.0001) (Fig. 2). Age (as a quadratic term) significantly contributed
to the model estimating the association between BMI category and
chance of pregnancy (P<0.0001), whereas glycaemic status did not
(P=0.066) (Fig. 2).

Estimated chance of pregnancy across the range of ages at PCOS di-
agnosis (18-45years) for the five BMI categories are shown in
Figure 3, using a woman with normal weight aged 27 years at PCOS
diagnosis as the reference. This figure illustrates the association be-
tween age and chance of pregnancy. For example, for a woman with
obesity class Il (BMI 35-39.9 kg/m?) aged 31 years at PCOS diagnosis,
the chance of pregnancy was half that of a woman with normal weight
aged 27 years but was similar to that for a woman with normal weight
aged 35 years at diagnosis.

In the sensitivity analysis (in which smoking status, ethnicity and so-
cioeconomic status were added to the model, and the cohort was lim-
ited to women with full data for ethnicity and socioeconomic status
(N'=4402)), the association between BMI category and chance of
pregnancy was similar to that seen in the model for the full cohort
(Supplementary Fig. S3).

When modelled as a continuous variable, a significant relationship
between increasing BMI and decreasing chance of pregnancy was
found (HR 0.96, 95% CI 0.95-0.97; P<0.0001). The estimated
chance of pregnancy for a woman with a BMI of 43 kg/m* was half

that for a woman with a BMI of 31 kg/m?* (Supplementary Fig. S4).
Similarly, when modelled as a continuous variable, a significant relation-
ship between age and chance of pregnancy was found (HR 0.990, 95%
Cl1 0.988-0.991; P < 0.0001). The estimated chance for a woman aged
35years was half that of a woman aged 27years (Supplementary
Fig. S4). Supplementary Fig. S5 illustrates the association between BMI,
age, and chance of pregnancy from this model, as a 2D contour plot.
For example, a 70% lower chance of pregnancy relative to a woman
aged 27 years with a BMI of 22 kg/m? was estimated for three combi-
nations: age 39years with BMI 22kg/m? age 33years with BMI
40kg/m? and age 27 years with BMI 47 kg/m™.

Association between body weight change
and chance of pregnancy (Study 2)

Among the 7593 patients with BMI >25 kg/mz, during follow-up
26.4% gained body weight, 26.0% lost weight and 56.5% had stable
weight (no weight change recorded). Percentages sum to >100% as
weight gain and loss groups are not mutually exclusive; some patients
both gained and lost weight during follow-up.

A significant inverse association was found between change in body
weight and chance of pregnancy (HR 0.96, 95% Cl 0.95-0.97;
P <0.0001) (Supplementary Table Slll)—increase in body weight was
associated with lower chance of pregnancy, while decrease in body
weight was associated with an increased chance of pregnancy.

Significant associations were seen with baseline BMI, age, and chance
of pregnancy (Supplementary Table SllI). Estimated HR for pregnancy
for subgroups of patients with various categories of body weight
change is shown in Fig. 4. A body weight gain of 5% after PCOS diag-
nosis was associated with a significantly decreased chance of pregnancy
compared with no weight change, whereas weight losses of 5—15% af-
ter PCOS diagnosis were associated with an increased chance of preg-
nancy (Fig. 4). The impact of weight loss on the relative chance of
pregnancy was more pronounced in patients with higher baseline BMI
(Figs 4 and 5).

Supplementary Fig. S6A illustrates the association between weight
change, baseline BMI and chance of pregnancy from this model, as a
2D contour plot. For example, following a 10% weight loss, the chance
of pregnancy for a woman with a baseline BMI of 45kg/m” was the
same as for a woman with a BMI of 35 kg/m?* who maintained stable
weight (Supplementary Fig. S6).

Discussion

This large, retrospective, cohort analysis investigated the association
between BMI and the chance of pregnancy in women with PCOS and
overweight/obesity. The results showed that higher BMI was associ-
ated with a lower chance of pregnancy, confirming the findings from
earlier research. The present analysis also demonstrated that weight
loss was associated with an increased chance of pregnancy compared
with maintaining a stable weight or weight gain. There was a clear as-
sociation between greater magnitude of weight loss and higher chance
of pregnancy. Furthermore, the impact of weight loss on the relative
chance of pregnancy appeared to be more pronounced in patients
with higher baseline BMI, although it is important to note that the
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the Kaplan—Meier method. The lines indicate the cumulative estimated mean proportion of patients with pregnancy. The shaded areas show the 95% CI.
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Figure 2. Chance of pregnancy by baseline BMI category. Analysis performed using data from the Study | cohort (N = 9955), which was
sampled to evaluate the association between BMI category and chance of pregnancy relative to normal weight. Diamonds indicate hazard ratios for
pregnancy by baseline BMI categories, calculated using a Cox proportional hazard model. The horizontal lines indicate the 95% Cls. The model was
adjusted for glycaemic status (diabetes or glycated haemoglobin >6.0%; HR 0.74, 95% Cl 0.54—1.02; P = 0.066) and age as a quadratic term (HR
0.990, 95% C1 0.988-0.991; P < 0.0001). HR, hazard ratio.
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Figure 3. Chance of pregnancy across the range of ages at polycystic ovary syndrome (PCOS) diagnosis by BMI category. Analysis
performed using data from the Study | cohort (N = 9955), which was sampled to evaluate the association between BMI and chance of pregnancy.
This plot shows the hazard ratios at different ages for the five BMI categories (18.5-24.9 kg/m? (normal weight), 25.0-29.9 kg/m?* (overweight),
30.0-34.9 kg/m? (obesity class 1), 35.0-39.9 kg/m? (obesity class Il) and >40.0 kg/m? (obesity class IIl)), as estimated by the Cox proportional haz-
ard model, using women with normal BMI and an age of 27 at PCOS diagnosis as the reference. The plot allows identification of women with different
ages and BMI categories who are estimated to have equal chance of pregnancy, as illustrated by the highlighted data points for women aged 35 years

with normal weight and women aged 3| years with obesity class II.
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Figure 4. Chance of pregnancy for selected body weight
changes by baseline BMI. Analysis performed using data from the
Study 2 cohort (N = 7593), which was sampled to evaluate the asso-
ciation between weight loss and chance of pregnancy. The plot illus-
trates the chance of pregnancy, as estimated by the Cox
proportional hazard model, across the full baseline BMI range for se-
lected body weight changes (5% weight gain and 5%, 10% and 15%
weight loss). The reference is stable weight (no weight change) as
shown by the grey line. The estimated chance of pregnancy was cal-
culated with the 95% Cls for each individual BMI value and visualized
as continuous lines across the full range.

absolute chance of pregnancy is reduced at a higher BMI compared
with a normal BMI.

There are multiple mechanisms by which obesity may impair repro-
ductive health. Weight loss may improve fertility outcomes and in-
crease the chance of a healthy pregnancy by mediating improvements
in hormone profiles, ovulation rates, oocyte health, endometrial recep-
tivity, insulin resistance and other metabolic parameters (Norman
et al., 2004; Cena et al., 2020). Preclinical data suggest that obesity can
affect the oocyte and preimplantation embryo, with disrupted spindle
formation and mitochondrial function (Dunning et al., 2014; Wu et al.,
2015; Broughton and Moley, 2017). Excess free fatty acids may also
have a toxic effect in reproductive tissues, leading to cellular damage
and chronic low-grade inflammation (Broughton and Moley, 2017).
Adipose tissue also acts as an endocrine tissue, releasing adipokines
that interact with multiple molecular pathways of insulin resistance and
inflammation, leading to hypertension, increased coagulability and car-
diovascular risk (Silvestris et al., 2018; Jafari-Gharabaghlou et al., 2021).
Altered levels of adipokines, such as increased leptin, may affect the
endometrium, leading to impaired stromal decidualization and placen-
tal abnormalities that may then result in miscarriage, stillbirth or pre-
eclampsia (Jafari-Gharabaghlou et al., 2021).

Consistent with the results of the present study, several smaller
studies have reported beneficial effects of weight loss on outcomes re-
lated to reproductive potential in women with PCOS and overweight/
obesity (Tang et al., 2006; Legro et al, 2015, 2016). A previous
study randomized women to: (i) continuous oral contraceptive pills,
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Figure 5. Chance of pregnancy for selected body weight changes for three example baseline BMls. Analysis performed using data
from the Study 2 cohort (N = 7593), which was sampled to evaluate the association between weight loss and chance of pregnancy. The three plots il-
lustrate the chance of pregnancy, as estimated by the Cox proportional hazard model, with 95% Cl (shaded areas) for selected example baseline
BMIs of 30, 40 and 50 kg/m?, relative to stable weight (no weight change), as depicted by the grey data point. These data represent a subset of the
data reported in Figure 4. By assumption, the model prescribes a log-linear relationship between weight change and the chance of pregnancy, and
due to this log-linear relationship, a straight line can be drawn through the point estimates at 5% weight gain and 5%, 10% and 15% weight loss.
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(ii) lifestyle modification to reduce weight (‘Lifestyle’) or (iii) both
(‘Combined’; Legro et dl., 2015). Those in both the Lifestyle and
Combined groups achieved significant weight loss compared with the
contraceptive pill arm of the study (P < 0.000! for both), and greater
cumulative ovulation rates per treatment cycle (P=0.002 and P=0.06
for Lifestyle and Combined, respectively; Legro et al., 2015). The num-
ber of live birth rates and pregnancies were insufficient to demonstrate
a significant improvement in these parameters. A post hoc comparison
analysis also demonstrated a benefit in delaying fertility treatment until
after pre-treatment with lifestyle modification for weight loss (Legro
et al, 2016). In a separate study in women with PCOS receiving advice
on diet and exercise, with or without metformin, an improvement in
menstrual regularity was observed in those who lost weight.
Metformin use did not significantly improve weight loss or menstrual
regularity versus placebo (Tang et al., 2006).

Interestingly, the present study found that in women with PCOS
and overweight/obesity, achievement of weight loss was associated
with a greater chance of pregnancy relative to maintaining stable
weight, even when BMI at the end of follow-up was the same in those
losing weight and those maintaining stable weight. For example, a 10%
weight loss in a woman with baseline BMI of 45 kg/m? (i.e. to 40.5 kg/
m?) led to a greater chance of pregnancy than for a woman with a
baseline BMI of 40.5 kg/m2 maintaining stable weight. The reasons for
this are unknown but it may be that individuals may have different set
points (or body weights) at which reproductive function may change
and an improvement may enable a re-establishment of normal endo-
crine and metabolic pathways, even if BMl is still elevated.

While maternal complications and pregnancy outcomes were not
evaluated in the present study, obesity is a known risk factor in the
general population and among women with PCOS (Boomsma et dl.,
2008; Catalano and Shankar, 2017; Bahri Khomami et al, 2019a,b).
Weight loss in women with PCOS and overweight/obesity may not
only improve the chance of pregnancy, as found in this study but could
also improve maternal health and pregnancy outcomes. Further studies
are needed in this regard.

This was a cohort study with a large population and a real-world
design based on data from electronic medical records representative
of clinical practice. Pregnancy was the assessed endpoint, representing
a definitive outcome, in contrast to earlier studies investigating the ef-
fect of weight loss on improvement in biomarkers associated with fer-
tility and ovulation. Since weight management is a recommended first-
line treatment for women with PCOS and obesity (Balen et al., 2016;
Teede et al, 2018), it is likely that weight loss observed during the
follow-up period was intentional. Furthermore, women achieving
weight loss may have represented a subgroup trying harder to become
pregnant than women maintaining stable weight, which could have
influenced the results. Significant clinical differences associated with
ethnicity have been observed in both PCOS phenotype and BMI
(Wijeyaratne et al., 2013; Heymsfield et al., 2016; Engmann et dl.,
2017), with the South Asian population in the UK being notable for a
greater metabolic disturbance than white counterparts (Wijeyaratne
et al., 2013). In sensitivity analyses, ethnicity was not found to affect
the association between BMI and chance of pregnancy, but these data
were not available for all patients in the cohort.

The estimated rates of pregnancy over 36 months in our study were
comparable to those previously reported over a 36-month period
among women with likely PCOS (Collins et al, 1995). A long-term

population-based study in Sweden found that the cumulative probabil-
ity of childbirth (up to age 44years) was similar in women with and
without PCOS; however, women with PCOS had a longer time to first
pregnancy and gave birth to fewer children than women without
PCOS (Persson et al., 2019). Unfortunately, the latter study did not
adjust for the effects of BMI and did not capture data on time from
intention-to-conceive to first childbirth.

There are several limitations that should be noted. The main limita-
tion of this study is that there are multiple factors influencing the
chance of pregnancy, such as the ability and willingness to become
pregnant. This was addressed by excluding women with intrauterine
device use during the baseline period and censoring records at the
time of a first prescription for contraceptives during the follow-up pe-
riod; however, the real-world nature of our study means that informa-
tion on factors such as sexual orientation and activity, relationship
status, and the use of non-prescription contraceptives was not avail-
able to us. Bias may have been introduced by the fact that only around
40% of women with PCOS in the CPRD GOLD database had their
BMI recorded during the year prior to PCOS diagnosis. Furthermore,
the BMI categories used in the analyses may not be applicable to
women of all ethnicities. The study population was only representative
of women in the UK and therefore the results may not be generaliz-
able to other regions. PCOS diagnoses were based on codes entered
into the system by primary care providers, and no information was
available regarding the criteria used for diagnosis. As the primary care
database spanned three decades, the criteria and codes used for
PCOS diagnosis may have changed over time. However, the symp-
toms used by primary care practitioners to diagnose PCOS have not
changed over time, and any alterations in diagnostic codes will have
applied equally to all BMI groups.

In conclusion, in this large cohort of women with PCOS and over-
weight/obesity from clinical practice, higher BMI was associated with
lower chance of pregnancy. Furthermore, weight loss following PCOS
diagnosis was associated with an increased chance of pregnancy com-
pared with maintaining a stable weight or weight gain.

Supplementary data

Supplementary data are available at Human Reproduction online.
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