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Abstract

Background

Polycystic ovary syndrome (PCOS) is associated with increased metabolic risk, though data

on long-term follow-up of cardiometabolic traits are limited. We postulated that Chinese

women with PCOS would have higher risk of incident diabetes and cardiometabolic abnor-

malities than those without PCOS during long-term follow-up.

Methods and findings

One hundred ninety-nine Chinese women with PCOS diagnosed by the Rotterdam criteria

and with a mean age of 41.2 years (SD = 6.4) completed a follow-up evaluation after an

average of 10.6 ± 1.3 years. Two hundred twenty-five women without PCOS (mean age:

54.1 ± 6.7 years) who underwent baseline and follow-up evaluation over the same period

were used for comparison. Progression of glycaemic status of women both with and without

PCOS was assessed by using 75-g oral glucose tolerance test (OGTT) screening with the
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adoption of 2009 American Diabetes Association diagnostic criteria. The frequency of

impaired glucose regulation, hypertension, and hyperlipidaemia of women with PCOS at fol-

low-up has increased from 31.7% (95% CI 25.2%–38.1%) to 47.2% (95% CI 40.3%–

54.2%), 16.1% (95% CI 11.0%–21.2%) to 34.7% (95% CI 28.1%–41.3%), and 52.3% (95%

CI 45.3%–59.2%) to 64.3% (95% CI 57.7%–71.0%), respectively. The cumulative incidence

of diabetes mellitus (DM) in follow-up women with PCOS is 26.1% (95% CI 20.0%–32.2%),

almost double that in the cohort of women without PCOS (p < 0.001). Age-standardised inci-

dence of diabetes among women with PCOS was 22.12 per 1,000 person-years (95% CI

10.86–33.37) compared with the local female population incidence rate of 8.76 per 1,000

person-years (95% CI 8.72–8.80) and 10.09 per 1,000 person-years (95% CI 4.92–15.26, p

< 0.001) for women without PCOS in our study. Incidence rate for women with PCOS aged

30–39 years was 20.56 per 1,000 person-years (95% CI 12.57–31.87), which is approxi-

mately 10-fold higher than that of the age-matched general female population in Hong Kong

(1.88 per 1,000 person-years, [95% CI 1.85–1.92]). The incidence rate of type 2 DM (T2DM)

of both normal-weight and overweight women with PCOS was around double that of corre-

sponding control groups (normal weight: 8.96 [95% CI 3.92–17.72] versus 4.86 per 1,000

person-years [95% CI 2.13–9.62], p > 0.05; overweight/obese: 28.64 [95% CI 19.55–40.60]

versus 14.1 per 1,000 person-years [95% CI 8.20–22.76], p < 0.05). Logistic regression

analysis identified that baseline waist-to-hip ratio (odds ratio [OR] = 1.71 [95% CI 1.08–

2.69], p < 0.05) and elevated triglyceride (OR = 6.63 [95% CI 1.23–35.69], p < 0.05) are

associated with the progression to T2DM in PCOS. Limitations of this study include moder-

ate sample size with limited number of incident diabetes during follow-up period and poten-

tial selection bias.

Conclusions

High risk of diabetes and increased cardiovascular disease risk factors among Chinese

women with PCOS are highlighted in this long-term follow-up study. Diabetes onset was, on

average, 10 years earlier among women with PCOS than in women without PCOS.

Author summary

Why was this study done?

• Besides reproductive abnormality, it is known that women with polycystic ovary syn-

drome (PCOS) are at high risk of metabolic complications, such as insulin resistance

(IR), impaired glucose tolerance (IGT), and type 2 diabetes mellitus (T2DM).

• The majority of the accessible longitudinal studies regarding the progression of T2DM

in women with PCOS are from the United States, Australia, and Europe.

• Previous studies have mainly relied on self-report of diabetes status or linkage through

national patient registries, which might underestimate the prevalence and incident rate

of T2DM in women with PCOS.
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What did the researchers do and find?

• During 2016–2017, we prospectively investigated the progression of glycaemic status

among 199 Chinese women with PCOS and compared the data with those of 242

women without PCOS by using oral glucose tolerance test (OGTT) for comprehensive

glycaemic status screening.

• We found that the age-standardised incidence rate of T2DM among women with PCOS

was around 2.5-fold higher compared with the local female population incidence rate.

• We noted that the incidence rate of T2DM of both normal-weight and overweight

women with PCOS was around double that of respective control groups. This is a key

controversial area in international literature and differs from data on individuals of

European descent.

• Diabetes onset was, on average, 10 years earlier among women with PCOS than in

women without PCOS.

• Chinese women with PCOS were at 6-fold higher risk of developing T2DM compared

with those without PCOS.

• High waist-to-hip ratio (WHR), elevated triglyceride, and presence of hyperandrogen-

ism are associated with the progression to T2DM in PCOS.

What do these findings mean?

• This study highlighted the risk of diabetes and metabolic abnormalities in women with

PCOS.

• The study has shed some light on the potential burden of young-onset diabetes associ-

ated with PCOS.

• This work has already been considered in the recent international guidelines, suggesting

the clinical relevance of this work. Our data provide useful insights that universal

screening should be considered in all Chinese adult women with PCOS.

• Our data suggested WHR, elevated triglyceride, and hyperandrogenism are associated

with the progression to T2DM in PCOS, although we were unable to explore relation-

ships with IR. Therefore, further research is clearly warranted.

Introduction

Polycystic ovary syndrome (PCOS) is underpinned by insulin resistance (IR) and is an impor-

tant risk factor for type 2 diabetes mellitus (T2DM) [1,2]. The overall prevalence of IR among

women with PCOS is between 50% and 75% and is greater in obese women with PCOS [3]. A

meta-analysis showed that women with PCOS, compared to women without PCOS, had an

approximately 2-fold increase in prevalence of impaired glucose tolerance (IGT), T2DM, and

metabolic syndrome (MetS) [4]. Women with PCOS have a 2- to 5-fold increased risk of dia-

betes [5]. Even among lean women with PCOS, 31% have IGT, and 7.5% have T2DM [6]. The

conversion from IGT to T2DM is also accelerated in PCOS [1,7]. Obese women with PCOS
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(BMI> 30) have approximately 4-fold increased risk of developing IGT or T2DM from nor-

mal glucose tolerance (NGT) [7], suggesting high prevalence of obesity in PCOS would further

exacerbate IR and T2DM risk. In a recent systematic review and meta-regression, it also

highlighted that women with PCOS had an increased prevalence of IGT (odds ratio [OR] =

3.26) and T2DM (OR = 2.87) compared to women without PCOS; and prevalence was higher

in women with obesity and doubled among studies using self-report or administrative data for

diagnostic T2DM [8].

Despite the body of evidence suggesting women with PCOS have IR and other risk factors

for developing T2DM and cardiovascular diseases, there is a scarcity of long-term data, espe-

cially from non-European populations. The primary aim of this study was to conduct compre-

hensive follow-up of a cohort of Chinese women with PCOS in order to address some of the

current knowledge gaps. In this long-term prospective study, we aimed to evaluate the rate of

progression to glucose intolerance or T2DM, as well as changes in cardiometabolic risk factors,

approximately 10 years after the baseline evaluation; to compare the overall incidence rate and

age-specific incidence rates of T2DM in women with PCOS against the population incidence

rate in Hong Kong; and to identify the independent predictors of T2DM progression in PCOS.

Materials and methods

Participants

Between July 2003 and April 2007, 295 Chinese premenopausal women with PCOS from the

Prince of Wales Hospital (PWH) PCOS Registry were evaluated as part of a cross-sectional

study on prevalence of cardiometabolic risk factors in PCOS [9]. Between 3 January 2016 and

4 December 2017, recruited participants were recalled for detailed clinical and metabolic eval-

uation at the Diabetes Mellitus & Endocrine Research Centre at the PWH as part of this fol-

low-up study. All women with PCOS fulfilled the diagnostic criteria of PCOS based on the

2003 Rotterdam consensus [10].

Another 292 healthy Chinese premenopausal women without PCOS were recruited from a

community-based study of cardiometabolic risk during 2003–2006 [11]. All of them had no

clinical or biochemical evidence of hyperandrogenism and have no history of oligomenor-

rhoea or chronic anovulation. They had undergone the same detailed clinical and metabolic

evaluation as women with PCOS, including a standard 75-g oral glucose tolerance test

(OGTT) at baseline. All women without PCOS were recalled for follow-up metabolic evalua-

tion, including OGTT, approximately 10 years after the initial visit [12]. Participants with

hypothyroidism, prolactinoma, nonclassical adrenal hyperplasia, or Cushing’s syndrome were

excluded from the study. The study was approved by the Joint Chinese University of Hong

Kong–New Territories East Cluster Clinical Research Ethics Committee. Written informed

consent was obtained from all participants who were invited to take part in the study.

Clinical, anthropometrical, and biochemical assessment

A standard questionnaire was used to document personal, medical, and drug history, etc. Car-

diovascular risk factors such as tobacco and alcohol use, family history of diabetes, and repro-

ductive history were also recorded. Signs of clinical androgen excess were noted in women

with PCOS by assessing the severity of hirsutism, as well as the frequency and methods for hair

removal. Body weight (kg), body height (m), and waist and hip circumferences (cm) were mea-

sured. Sitting blood pressure (BP) was measured on the right arm twice after a 5-minute rest

using a standard sphygmomanometer; and the mean value was taken.

Medical records of women with known onset of T2DM prior to baseline or follow-up assess-

ment were retrieved from the Hospital Authority’s electronic health records system in PWH in
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order to capture the age at T2DM diagnosis. For women who were newly diagnosed with T2DM

on the follow-up visit day, their age of T2DM onset was defined as their age at follow-up.

Overnight-fasting blood specimens were obtained in all women for measurements of fast-

ing glucose (FG), total cholesterol (TC), triglycerides (TGs), high-density lipoprotein choles-

terol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). All women with PCOS and

women without PCOS underwent a standard 75-g OGTT unless they had a known diagnosis

of T2DM or had recently completed OGTT. Fasting insulin, female sex hormones, serum total

testosterone, androstenedione, sex hormone–binding globulin (SHBG), and anti-Müllerian

hormone (AMH) were measured.

Laboratory analyses

Plasma glucose, TC, TGs, HDL-C, and LDL-C were measured by appropriate enzymatic meth-

ods on the DP Modular Analytics (Roche Diagnostics). Fasting insulin and SHBG were mea-

sured using Immulite 1000 Analyzer (Siemens Healthcare Diagnostics). Serum LH, FSH, total

estradiol, and total testosterone levels were measured by electro-chemiluminescent immuno-

assays on the Roche E170 system (Roche Diagnostics). Serum total testosterone at follow-up

was measured by the liquid chromatography tandem mass spectrometry (LC-MS/MS) method

(Waters Quattro Micro) [13]. Based on the results of 170 archived samples from women with

PCOS measured using both platforms and on the Passing and Bablok regression analysis con-

ducted [13], a conversion calculation was performed on the follow-up testosterone levels to

facilitate a comparison between the baseline and follow-up total testosterone results. AMH

was measured using Elecsys AMH electro-chemiluminescent immunoassay Roche Cobas

E411 analyzer (Roche Diagnostics). These measurements were performed using standard

reagent kits supplied by the manufacturers. The analytical performance of these assays was

within the specifications of the analysers.

Main outcome measures

Based on the result of a standard 75-g OGTT, dysglycaemia was defined according to the 2009

American Diabetes Association diagnostic criteria [14]. These included impaired fasting glu-

cose (IFG) (FG = 5.6–6.9 mmol/l and 2-hour glucose< 7.8 mmol/l), IGT (FG < 5.6 mmol/l

and 2-hour glucose = 7.8–11.0 mmol/l), combined IFG/IGT (FG = 5.6–6.9 mmol/l and 2-hour

glucose = 7.8–11.0 mmol/l), and T2DM (FG� 7 mmol/l or 2-hour glucose� 11.1 mmol/l or

treatment with antidiabetic medications). Hypertension was defined based on the BP treat-

ment thresholds proposed in the report from the Eighth Joint National Committee as

SBP� 140 mmHg or DBP� 90 mmHg or treatment with antihypertensive medication [15].

Dyslipidaemia is defined by TC� 5.2 mmol/l, TG� 1.7 mmol/l, HDL-C <1.3 mmol/l,

LDL-C� 3.4 mmol/l, or treatment with lipid-lowering drugs. Hyperandrogenism was defined

by the presence of biochemical hyperandrogenism (defined as elevated total testosterone� 3

nmol/l measured by electro-chemiluminescent immunoassay, the latter being the upper limit

of our laboratory range for healthy women) and/or clinical hyperandrogenism (defined as

mild/moderate/severe hirsutism and/or mild/moderate/severe acne). Free androgen index

(FAI) was calculated by 100 × (total testosterone [nmol/l]/SHBG [nmol/l]). Homeostatic

model assessment of IR (HOMA-IR) was calculated by (FG [mmol/l] × fasting insulin [mIU/

ml])/22.5. HOMA-β was calculated by (20 × fasting insulin [mIU/ml])/(FG [mmol/l] − 3.5).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics Version 24. The distribution of

variables was examined using the skewness and kurtosis test. Data with skewness between −1
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and 1 were considered as normally distributed. Covariates were categorised or log transformed

if needed. Differences between groups were evaluated using independent-sample t test for nor-

mal distributed data or Mann-Whitney U test for skewed data as appropriate for continuous

variables. When comparing baseline characteristics between women with or without PCOS, all

analyses were adjusted for the differences in age by using either a general linear model for con-

tinuous data or multinomial logistic regression for categorical data. To examine differences in

frequencies between groups, chi-squared (X2) or Fisher’s exact tests were used as appropriate

for categorical variables. The paired t test or the Wilcoxon signed rank test was used to com-

pare continuous variables between the baseline and follow-up visit. The crude incidence rate

of T2DM in women with PCOS was computed and expressed as the number of cases of T2DM

per 1,000 person-years. Annual incidence rate was adjusted for age by direct standardisation

using the Hong Kong mid-year population in 2014 as the standard population. We then com-

pared the crude and age-standardised incidence rate of diabetes against the background popu-

lation incidence rate of diabetes in Hong Kong, estimated from the health records of 6.4

million Hong Kong residents from 2006 to 2014 [16]. A baseline univariable comparison

between DM converters and non-DM converters among women with PCOS was conducted in

order to select a group of potential predictors for diabetes in these women, and these subsets of

variables were included into the multivariable logistic regression analyses with the aim of iden-

tifying independent predictors for T2DM in women with PCOS. In addition, we surveyed

some well-known literature to identify other important risk factors for the progression of

T2DM in women with PCOS, which were also included serially into our regression models in

order to explore their mediating effects on the risk of T2DM. Therefore, the multivariable

regression models used in our study were based on prior knowledge and literature, as well as

supported by our own data. Covariates were categorised or log transformed for skewed data.

Waist-to-hip ratio (WHR) itself resulted in a larger coefficient in logistic regression; therefore,

in order to ensure it is on a comparable scale, WHR z-score was computed. Other continuous

variables were transformed into z-scores in order to make direct comparisons. Statistical sig-

nificance was defined as a two-sided p-value< 0.05.

Results

Baseline characteristics of recruited participants

Between 3 January 2016 and 4 December 2017, a total of 199 out of 295 (67.5%) women were

successfully contacted and recruited for this prospective follow-up study, whereas 96 women

were not included in the follow-up because of death (n = 1), refusal (n = 91), or failure to be

contacted (n = 4). A total of 166 out of 199 (83.4%) completed an OGTT, whereas 33 (16.6%)

did not because of refusal (n = 1) or preexisting T2DM (n = 32). A total of 242 out of 292

women without PCOS were evaluated using the same follow-up assessment as women with

PCOS. A total of 50 healthy women without PCOS who participated in the baseline assessment

were excluded because of failure to be contacted, were>55 years old, or had an unknown gly-

caemic status. For women without PCOS, 185 out of 242 (76.4%) completed an OGTT.

Comparison of baseline characteristics between women with PCOS (mean follow-up time:

10.6 ± 1.3 years) and control participants (mean follow-up time: 11.5 ± 0.6 years) was summa-

rised in Table 1. Compared with women without PCOS, women with PCOS were younger and

more obese. Women with PCOS had significantly worse metabolic profiles including higher

FG, fasting insulin, HOMA-IR, and fasting TG. Of note, 11.8% of women with PCOS had total

testosterone� 3 nmol/l, the upper limit of the reference range. Women with PCOS have sig-

nificantly higher levels of AMH compared with women without PCOS. All results were

adjusted for age at baseline.
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Table 1. Comparison of baseline and follow-up clinical, anthropometric, and biochemical characteristics in women with or without PCOS.

PCOS

n = 199

Control

n = 242

Characteristics (A) Baseline (B) Follow-

up

Mean change ± SD

(follow-up

− baseline)

(C) Baseline (D) Follow-

up

Mean change ± SD

(follow-up

− baseline)

p-Value

A versus

C

p-Value

A versus

B

p-Value

C versus

D

β coefficient (95% CI)

between PCOS and

control#, adjusted by

agef

Follow-up duration

(years)

10.6 ± 1.3 11.5 ± 0.6 <0.001a

Age (years) 30.6 ± 6.5 41.2 ± 6.4 10.7 ± 1.3 42.6 ± 7.0 54.1 ± 6.8 11.5 ± 1.5 <0.001a <0.001b <0.001b −0.79 (−1.07 to −0.52

BMI (kg/m2) 25.9 ± 5.6 26.9 ± 5.8 1.1 ± 2.8 23.2 ± 3.8 23.9 ± 4.1 0.9 ± 2.2 <0.001� <0.001b <0.001b 0.14 (−0.38 to 0.67)

Waist circumference

(cm)

82.6 ± 12.7 84.0 ± 13.9 1.1 ± 7.3 74.8 ± 8.8 80.8 ± 9.7 7.0 ± 6.4 <0.001� 0.05b <0.001b −5.66 (−7.15 to

−4.17)

Waist-to-hip ratio 0.8 ± 0.1 0.8 ± 0.1 0.03 ± 0.10 0.8 ± 0.1 0.9 ± 0.1 0.1 ± 0.1 <0.001� <0.001b <0.001b −0.03 (−0.05 to

−0.01)

Systolic BP (mmHg) 116.9 ± 17.0 120.1 ± 14.8 3.1 ± 14.2 112.4 ± 15.8 121.8 ± 15.0 11.8 ± 13.7 <0.001� <0.001b <0.001b −9.04 (−11.96 to

−6.12)

Diastolic BP

(mmHg)

71.4 ± 10.8 78.5 ± 12.0 7.0 ± 11.26 72.4 ± 10.0 74.6 ± 9.8 3.6 ± 9.2 0.565� <0.001b <0.001b 3.80 (1.65–5.95)

Fasting glucose

(mmol/L)

5.2 ± 1.1 5.6 ± 2.1 0.4 ± 1.8 4.9 ± 0.6 5.0 ± 0.5 0.2 ± 0.5 <0.001� <0.001b <0.001b 0.25 (−0.03 to 0.53)

2-hour glucose

(mmol/L)

7.2± 2.7 7.6 ± 3.3 1.1 ± 2.8 6.0 ± 1.7 6.4 ± 1.9 0.4 ± 1.7 0.018� <0.001b 0.003b 0.70 (0.15–1.24)

Fasting insulin (μU/

mL)

11.4 (6.2–

23.2)

8.8 (5.1–13.6) −2.9 ± 11.5 7.6 (5.0–11.1) 6.69 (4.8–

10.8)

−0.4 ± 10.7 <0.001�† <0.001d† 0.278d† −2.45 (−5.06 to 0.16)

HOMA-IR 2.8 (1.4–5.5) 2.1 (1.0–3.6) −0.4 ± 3.5 1.6 (1.0–2.5) 1.5 (1.0–2.3) −0.02 ± 2.46 <0.001�† 0.009d† 0.802d† −0.39 (−1.08 to 0.31)

HOMA-β 143.6 (93.8–

276.0)

114.4 (73.1–

173.2)

−51.0 ± 133.56 125.3 (77.4–

192.4)

92.3 (66.3–

145.3)

−41.8 ± 171.6 0.535�† <0.001d† <0.001d† −9.71 (−46.79 to

27.37)

Total cholesterol

(mmol/L)

4.9 ± 1.0 5.0 ± 0.9 0.1 ± 0.9 5.1 ± 0.9 5.4 ± 0.8 0.4 ± 0.8 0.973� 0.12b <0.001b −0.32 (−0.49 to

−0.14)

HDL-C (mmol/L) 1.6 ± 0.5 1.5 ± 0.5 −0.1 ± 0.5 1.7 ± 0.5 1.8 ± 0.4 0.02 ± 0.40 0.224� 0.06b 0.750b −0.09 (−0.19 to 0.01)

Triglyceride (mmol/

L)

1.0 (0.7–1.7) 1.1 (0.8–1.7) −0.03 ± 1.10 0.8 (0.6–1.2) 1.0 (0.7–1.4) 0.2 ± 0.5 <0.001�† 0.165d† <0.001d† −0.26 (−0.44 to

−0.08)

LDL-C (mmol/L) 2.8 ± 2.0 2.8 ± 0.8 0.02 ± 1.97 2.9 ± 0.9 3.1 ± 0.8 0.3 ± 0.7 0.739� 0.87b <0.001b −0.33 (−0.65 to

−0.02)

FSH (IU/L) 5.8 ± 1.9 8.5 ± 8.2 2.7 ± 8.0 - - - - <0.001b - -

LH (IU/L) 9.0 ± 6.6 8.9 ± 8.9 −0.1 ± 11.3 - - - - 0.89b - -

Oestrogen (pmol/L) 138.0 (109.0–

208.0)

140.5 (86.3–

280.5)

48.2 ± 427.2 - - - - 0.92b† - -

Testosterone (nmol/

L)

1.4 (1.1–1.9) 0.8 (0.6–1.2) −0.5 ± 0.7 - 0.6 (0.4–0.8) - - <0.001d† - -

FAI 4.3 (2.4–7.1) 2.2 (1.5–3.7) −3.0 ± 6.5 - - - - <0.001d† - -

Androstenedione

(nmol/l)

- 3.7 ± 2.0 - - - - - - - -

17-OH progesterone

(nmol/l)

- 1.6 ± 1.7 - - - - - - - -

AMH (pmol/L) 27.1 (19.1–

44.8)

12.6 (4.7–

29.7)

−13.5 ± 27.9 1.8 (0.1–7.6) - - <0.001e§ <0.001d§ - -

Family history of

T2DM^

- 51.8%

(44.8%–

58.7%)

- - 40.5%

(34.3%–

46.7%)

- - - - -

Use of metformin 12.6% (8.0%–

17.2%)

30.2%

(23.8%–

36.5%)

17.6% 0.4% (−0.4 to

1.2)

- - <0.001c <0.001c - -

Use of

antihypertensive

medications

3.5% (1.0%–

6.1%)

21.1%

(15.4%–

26.8%)

17.6% 2.5% (0.5%–

4.4%)

- - 0.521c <0.001c - -

Use of lipid-lowering

drugs

0.5% (−0.5%

to 1.5%)

17.6%

(12.3%–

22.9%)

17.1% - - - - <0.001c - -

(Continued)
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In order to evaluate any potential selection bias, baseline characteristics of participants and

nonparticipants were compared (S1 Table). Baseline characteristics of women with PCOS who

participated in the follow-up visit (n = 199) were similar to those who did not attend follow-up

(n = 96), apart from higher age and lower total testosterone at baseline, whereas FG and other

metabolic measurements were comparable.

High rate of DM progression in PCOS

After a follow-up period of 10.6 ± 1.3 years, women with PCOS have become significantly

more overweight, and the metabolic measurements in general have worsened, with increased

use of medications (Table 1).

Table 1. (Continued)

PCOS

n = 199

Control

n = 242

Characteristics (A) Baseline (B) Follow-

up

Mean change ± SD

(follow-up

− baseline)

(C) Baseline (D) Follow-

up

Mean change ± SD

(follow-up

− baseline)

p-Value

A versus

C

p-Value

A versus

B

p-Value

C versus

D

β coefficient (95% CI)

between PCOS and

control#, adjusted by

agef

IGR 31.7%

(25.2%–

38.1%)

47.2%

(40.3%–

54.2%)

15.5% 23.6%

(18.2%–

28.9%)

33.5%

(27.5%–

39.4%)

9.9% 0.004c 0.002c 0.02c -

DM 9.5% (5.5%–

13.6%)

26.1%

(20.0%–

32.2%)

16.6% 7.0% (3.8%–

10.2%)

17.1%

(12.2%–

22.0%)

10.1 0.028c <0.001c <0.001c -

DM among women

with BMI < 23

0% 9.2% (2.7%–

15.7%)

9.2% 4.5% (1.0%–

8.0%)

10.8% (5.1%–

15.9%)

6.3% - - 0.067c -

DM among women

with BMI � 23

15.4% (9.1%–

21.8%)

36.6%

(28.1%–

45.1%)

21.2% 10.1% (4.4%–

15.7%)

25% (16.7%–

33.3%)

14.9% 0.037c <0.001c 0.004c -

HT 16.1%

(11.0%–

21.2%)

34.7%

(28.1%–

41.3%)

18.6% 10.3% (6.5%–

14.2%)

4.3% (1.4%–

7.2%)

−6% 0.026c <0.001c 0.02c -

Dyslipidaemia 52.3%

(45.3%–

59.2%)

64.3%

(57.7%–

71.0%)

12% 69.8%

(64.1%–

75.6%)

65.4%

(58.6%–

72.2%)

−4.4% 0.254c 0.015c 0.33c -

Data were presented as means ± SD, proportion in % (95% CI), or median (interquartile range) and analysed by the following, as appropriate:
aIndependent-sample t test.
bPaired-samples t test.
cX2/Fisher’s exact tests.
dWilcoxon signed rank test.
eMann-Whitney U test.
fLinear regression.

�Adjusted for the differences in age by using either a general linear model for continuous data or multinomial logistic regression for categorical data.

#Control cohort was used as the reference group.

†Log transformation was used when being analysed.

§Inverse normal transformation was used when being analysed.

^Family history of T2DM was defined as either parent having a diagnosis of T2DM. HOMA-IR was calculated by (fasting glucose [mmol/l] × fasting insulin [mIU/ml])/

22.5. HOMA-β was calculated by (20 × fasting insulin [mIU/ml])/(fasting glucose [mmol/l] − 3.5). FAI was calculated by 100 × (total testosterone [nmol/L]/sex

hormone–binding globulin [nmol/L]). IGR includes IFG, IGT, IFG/IGT, and DM.

Abbreviations: AMH, anti-Müllerian hormone; BP, blood pressure; DM, diabetes mellitus; FAI, free androgen index; FSH, follicle-stimulating hormone; HDL-C, high-

density lipoprotein cholesterol; HOMA-β, homeostasis model assessment of beta cell function; HOMA-IR, homeostasis model assessment of insulin resistance; HT,

hypertension; IFG, impaired fasting glucose; IGR, impaired glucose regulation; IGT, impaired glucose tolerance; LDL-C, low-density lipoprotein cholesterol; LH,

luteinizing hormone; PCOS, polycystic ovary syndrome; T2DM, type 2 DM

https://doi.org/10.1371/journal.pmed.1002953.t001
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Over the follow-up period, the progression of impaired glucose regulation of women

with PCOS was shown in Fig 1. Including both prevalent and incident cases, the frequency

of impaired glucose regulation (IFG, IGT, IFG/IGT, or T2DM), T2DM, hypertension, and

hyperlipidaemia of women with PCOS at follow-up has increased from 31.7% (95% CI

25.2%–38.1%) to 47.2% (95% CI 40.3%–54.2%), 9.5% (95% CI 5.5%–13.6%) to 26.1% (95%

CI 20.0%–32.2%), 16.1% (95% CI 11.0%–21.2%) to 34.7% (95% CI 28.1%–41.3%), and

52.3% (95% CI 45.3%–59.2%) to 64.3% (95% CI 57.7%–71.0%), respectively. The mean age

Fig 1. Progression of glycaemic status from baseline to follow-up with a mean duration of 10.6 ± 1.3 years in

Chinese women with PCOS. Glycaemic status was defined according to the ADA 2009 guidelines. ADA, American

Diabetes Association; IFG, impaired fasting glucose; IFG/IGT, combined impaired fasting glucose and impaired

glucose tolerance; IGT, impaired glucose tolerance; NGT, normal glucose tolerance; T2DM, type 2 diabetes mellitus.

https://doi.org/10.1371/journal.pmed.1002953.g001
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of T2DM onset was significantly lower in women with PCOS compared with women with-

out PCOS (37.6 ± 6.2 versus 47.9 ± 8.4 years old, p < 0.001).

When we subcategorised women without PCOS into those with or without family history

of T2DM, we found the cumulative incidence of T2DM at follow-up in women with PCOS

was more or less similar to the data of women without PCOS but with a positive family history

of diabetes (26.1% versus 25.0%, p> 0.05). Nevertheless, the cumulative incidence of T2DM at

follow-up in women with PCOS was 2.5 times that of those without PCOS and without family

history of T2DM (26.1% versus 10.6%, p< 0.05).

Markedly higher incidence of T2DM among women with PCOS

A total of 19 out of 199 women with PCOS had T2DM at baseline (9.5%, 95% CI 5.5%–13.6%).

Among women with PCOS free of T2DM at baseline, 36 out of 180 developed T2DM during

follow-up (cumulative incidence of T2DM: 20% versus 9.8% in control) (S2 Table).

The crude and age-standardised incidence rates of T2DM among women with PCOS were

20.07 (95% CI 14.27–27.48) and 22.12 (95% CI 10.86–33.37) per 1,000 person-years, respec-

tively (Table 2 and S1 Fig). Incidence rates of T2DM stratified by age at baseline increased

steadily with age. Based on the available medical records, including information of women

with PCOS who declined the follow-up visit but have a known diagnosis of T2DM at the time

of follow-up would further increase the incidence rate to 24.37 per 1,000 person-years (95% CI

17.99–32.33).

The age-standardised population incidence rate of T2DM among women in Hong Kong

was 8.76 per 1,000 person-years (95% CI 8.72–8.80). Similarly, among 225 healthy women, the

age-standardised incidence rate of T2DM was 10.09 per 1,000 person-years (95% CI 4.92–

15.26). Among women aged 30–39 years, the age-stratified incidence rate of women with

PCOS was 20.56 per 1,000 person-years (95% CI 12.57–31.87), which was approximately

10-fold higher than the age-stratified incidence rate of 1.88 per 1,000 person-years (95% CI

1.85–1.92) for women of that age range in the general Hong Kong population.

Major determinants of the risk of progression to T2DM in PCOS

Based on WHO definition for obesity in Asians [17], women with PCOS were stratified into

subgroups of normal weight (BMI< 23 kg/m2) or overweight/obese (BMI� 23 kg/m2). At fol-

low-up, overweight/obese women with PCOS had approximately 4-fold higher risk of T2DM

compared with normal-weight women with PCOS (36.6% versus 9.2%, p< 0.05).

Incidence rates of T2DM stratified by BMI at baseline revealed overweight/obese women

with PCOS had an approximately 3-fold higher risk of incident T2DM than normal-weight

women with PCOS (28.64 [95% CI 19.55–40.60] versus 8.96 per 1,000 person-years [95% CI

3.92–17.72], p< 0.05) (Table 2). When compared with the corresponding BMI-matched

women without PCOS, the incidence rate of T2DM of both normal-weight and overweight/

obese women with PCOS was approximately double that of the respective control groups (nor-

mal weight: 8.96 [95% CI 3.92–17.72] versus 4.86 per 1,000 person-years [95% CI 2.13–9.62],

p> 0.05; overweight/obese: 28.64 [95% CI 19.55–40.60] versus 14.1 per 1,000 person-years

[95% CI 8.20–22.76], p< 0.05). The comparison between the normal-weight women with or

without PCOS was not statistically significant, partly related to the small sample size with wide

CIs and comparatively lower incidence rate in these subgroups with normal weight.

Impact of different PCOS subphenotypes on progression to diabetes

Women with PCOS were categorized into phenotype A (all three Rotterdam criteria), pheno-

type B (hyperandrogenism and oligo- or anovulation), phenotype C (hyperandrogenism and
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polycystic ovarian morphology [PCOM]), and phenotype D (oligo- or anovulation and

PCOM).

Incidence rate of T2DM based on the different PCOS subphenotypes was 24.88 (95% CI

14.61–35.15), 22.24 (95% CI 2.96–41.51), 0, and 13.77 per 1,000 person-years (95% CI 4.84–

22.71), respectively (Table 3). Further stratification revealed incidence rate of T2DM among

women with PCOS with hyperandrogenism was 1.7 times that of those without hyperandro-

genism (23.67 [95% CI 14.85–32.50] versus 13.77 per 1,000 person-years [95% CI 4.84–22.71],

p< 0.05).

Multivariable logistic regression was performed combining data from Chinese women with

PCOS and those of women without PCOS to examine the independent predictors for T2DM pro-

gression (Table 4). A diagnosis of PCOS was associated with 5.8-fold (95% CI 2.38–13.97,

p< 0.001) higher risk of developing incident T2DM at follow-up, with adjustment for age at

baseline and follow-up duration. In models 2 and 3, a diagnosis of PCOS remains an independent

risk factor for incident T2DM after further adjustment for central obesity and elevated TG. How-

ever, in model 4, additional inclusion of FG rendered the association with PCOS nonsignificant.

Table 2. Comparison of incidence rate (95% CI) of type 2 diabetes mellitus per 1,000 person-years between Chinese women with PCOS, women without PCOS, and

the Hong Kong general female population according to age and BMI category of participants.

PCOS Control General female population^ Rate ratio (95% CI) between PCOS and control

Sample size† 180 225 Approximately 3 million

Crude incidence rate 20.07 (14.27–27.48) 8.79 (5.65–13.10) - 2.28 (1.34–3.88)��

Age-standardised incidence rate§ 22.12 (10.86–33.37) 10.09 (4.92–15.26) 8.76 (8.72–8.80) 2.46 (2.44–2.48)���

According to age groups (years):

10–19 13.13 (2.20–43.38) - - -

20–29 19.50 (10.85–32.52) 6.62 (0.33–32.65) 0.58 (0.56–0.61) 2.95 (0.39–22.52)

30–39 20.56 (12.57–31.87) 6.81 (2.16–16.43) 1.88 (1.85–1.92) 3.02 (1.02–8.92)�

40–49 30.05 (7.64–81.79) 10.24 (5.70–17.07) 4.32 (4.27–4.38) 2.93 (0.84–10.30)

50–59 - 11.06 (3.51–26.67) 11.87 (11.77–11.97) -

According to BMI categories:

BMI < 23 8.96 (3.92–17.72) 4.86 (2.13–9.62) - 1.84 (0.65–5.25)

BMI� 23 28.64 (19.55–40.60) 14.1 (8.20–22.76) - 2.03 (1.09–2.72)�

�p< 0.05.

��p< 0.01.

���p< 0.001.

Abbreviation: PCOS, polycystic ovary syndrome,

https://doi.org/10.1371/journal.pmed.1002953.t002

Table 3. Comparison of incidence rate (95% CI) of type 2 diabetes mellitus per 1,000 person-years in Chinese

women with PCOS according to different subphenotypes.

Phenotype Total N Period average (2003–2017), per 1,000 person-years 95% CI

A 89 24.88 14.61 35.15

B 23 22.24 2.96 41.51

C 3 0 - -

D 65 13.77 4.84 22.71

Phenotype A, all three Rotterdam criteria present; phenotype B, hyperandrogenism and oligo- or anovulation;

phenotype C, hyperandrogenism and polycystic ovarian morphology; phenotype D, oligo- or anovulation and

polycystic ovarian morphology.

Abbreviation: PCOS, polycystic ovary syndrome.

https://doi.org/10.1371/journal.pmed.1002953.t003
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Among women with PCOS, with adjustment for age at baseline and follow-up duration, a

multivariable model identified that increased central obesity, reflected by z-score of WHR

(OR = 1.71; 95% CI 1.08–2.69, p< 0.05), and elevated TGs (OR = 6.63; 95% CI 1.23–35.69,

p< 0.05) are associated with progression to T2DM during follow-up (Table 5). We repeated

the analysis in participants who have a full set of data (n = 168), and the results were essentially

the same. Hyperandrogenism at baseline, with adjustment of age at baseline and follow-up

duration, was associated with increased risk of T2DM progression. However, this association

was rendered nonsignificant after further adjustment of either z-score WHR or BMI (S3 Table).

Discussion

We completed a long-term study with detailed metabolic characterisation of Chinese women

with PCOS by using OGTT for comprehensive glycaemic status screening. Despite the limita-

tions in study design, including the difference in age at baseline between women with and

without PCOS, our long-term follow-up study has highlighted the high risk of progression to

diabetes among women with PCOS. We found that the age-standardised incidence rate of

T2DM among women with PCOS was around 2.5-fold higher compared with that of the con-

trol cohort and that of the local female population incidence rate. Diabetes onset was, on aver-

age, 10 years earlier among women with PCOS than in women without PCOS. Chinese

women with PCOS were at 6-fold higher risk of developing T2DM compared with those with-

out PCOS. High WHR, elevated TG, and presence of hyperandrogenism are associated with

the progression to T2DM in PCOS.

There are only very few long-term prospective studies on the prevalence of T2DM in

women with PCOS. A long-term prospective study on the prevalence of T2DM in an Italian

PCOS population showed a rapid increase of 2.2% to 39.3% after a mean follow-up of 19 years

[18]. Our study in Chinese women with PCOS noted a T2DM prevalence of 26.1% at the end

of follow-up, which is comparable with the Italian study. This highlights the very significant

lifetime risk of diabetes among women with PCOS. Nevertheless, another 10-year observa-

tional Australian study based on self-reported survey noted prevalence of T2DM increased

from 2.0% to 5.1% in PCOS, which was much lower than that in the data shown in our current

study [19]. The differences in T2DM prevalence among various studies might be due to the

limitation of conducting a community/nationwide-based study, in which it would be difficult

to perform OGTT in all participants [20], potentially leading to an underestimation of the dia-

betes risk among PCOS [21]. Moreover, studied populations and ethnicity of participants dif-

fered among the studies, which greatly affects reported phenotypic characteristics such as

obesity [22–24] and thus contributes to the heterogeneity in the cardiometabolic risk in the

different studies [20]. A recent systematic review regarding ethnicity, obesity, and the preva-

lence of IGT and T2DM has further highlighted that women with PCOS had an increased

prevalence of IGT, with the Asian women having a 5.2-fold higher risk, the US women having

a 4.4-fold higher risk, and European women having a 2.6-fold higher risk, and the prevalence

was higher with obesity [8]. This suggested the risk for abnormal glucose tolerance might

depend on the differential genetic underpinning [8], with Asian women expressing a higher

metabolic risk [25].

Onset of T2DM at a young age imposes an early exposure to chronic hyperglycaemia and

increases the susceptibility of progression to overt diabetes complications, including both

microvascular and macrovascular [26]. Compared with the age- and sex-matched women

without PCOS, patients with early onset of T2DM are associated with approximately 30-fold

and 14-fold increased risk of developing cerebrovascular disease and myocardial infraction,
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respectively [27]. This evidence sheds some light on the potential burden of young-onset dia-

betes associated with PCOS.

In a recent review, the authors have summarised all the major longitudinal studies on cardi-

ometabolic risk in women with PCOS searched from 1992 to 2018 on the PubMed electronic

database [20]. Only investigations with follow-up observation were taken into consideration.

The authors took care to select observational research, excluding those that focused on the

impact of medications or lifestyle interventions on clinical picture of PCOS. Moreover, all dis-

orders relevant to pregnancy, delivery, and postpartum period in PCOS women, as well as

reproductive and psychological problems and the occurrence of malignant diseases, were

beyond the scope of this research and were not analysed. The review has summarised that a

substantially higher incidence rate of developing T2DM in women with PCOS was noted in a

long-term prospective study in Italy (PCOS versus general female population: 10.5 versus 0.4

per 1,000 person-years) [18]; a population, database-based study in the United Kingdom

(PCOS versus women without PCOS: 5.7 versus 1.7 per 1,000 person-years) [28]; a

Table 4. Logistic regression models for the risk of progression to diabetes in women with and without PCOS.

Model 1 Model 2 Model 3 Model 4

Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
Constant 0.0002 <0.001 0.001 0.002 0.002 0.006 0.000002 <0.001

Age 1.05 (1.00–1.10) 0.04 1.03 (0.98–1.08) 0.274 1.03 (0.98–1.08) 0.328 1.00 (0.95–1.06) 0.934

Follow-up duration 1.46 (1.12–1.91) 0.01 1.35 (0.98–1.85) 0.067 1.30 (0.93–1.81) 0.119 1.11 (0.77–1.60) 0.594

PCOS status 5.77 (2.38–13.97) <0.001 4.10 (1.62–10.35) 0.003 3.47 (1.34–8.95) 0.010 1.78 (0.63–5.03) 0.277

WHR 1.68 (1.25–2.25) 0.001 1.45 (1.06–2.00) 0.022 1.21 (0.84–1.75) 0.298

Triglyceride§ 5.77 (1.52–31.95) 0.010 4.19 (0.98–17.96) 0.054

Fasting glucose 6.94 (3.44–14.00) <0.001

Logistic regression model based on upon 180 observations from Chinese women with PCOS and 225 observations from women without PCOS: 19 out of 199 women

with PCOS with T2DM and 17 out of 242 women without PCOS with T2DM at baseline were excluded. All variables that were not included in the model were not

significant (even after transformation or categorisation when possible).

�WHR was expressed in its z-score, i.e., z-score = (WHR − mean)/SD.

§Triglyceride was log transformed because of a skewed distribution.

Abbreviations: OR, odds ratio; PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus; WHR, waist-hip ratio.

https://doi.org/10.1371/journal.pmed.1002953.t004

Table 5. Serial logistic regression models for risk of developing diabetes among Chinese women with PCOS.

Model 1 Model 2 Model 3 Model 4 Model 5

Variables N OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
Constant 0.08 0.007 0.001 0.001 0.009 0.039 0.00003 0.001 0.01 0.049

Age 180 1.04 (0.98–1.10) 0.201 1.05 (0.99–1.12) 0.088 1.02 (0.96–1.09) 0.526 1 (0.93–1.07) 0.980 1.03 (0.96–1.10) 0.438

Follow-up duration 180 1.41 (1.06–1.88) 0.018 1.26 (0.89–1.79) 0.195 1.05 (0.72–1.54) 0.793 1.23 (0.85–1.77) 0.276

WHR� 170 2.03 (1.32–3.11) 0.001 1.46 (0.91–2.33) 0.119 1.71 (1.08–2.69) 0.022

Fasting glucose 180 5.12 (1.99–13.15) 0.001

Triglyceride§ 168 6.63 (1.23–35.69) 0.028

Logistic regression model based on upon 180 observations: 19 out of 199 participants with type 2 diabetes at baseline were excluded. All variables that were not included

in the model were not significant (even after transformation or categorisation when possible).

�WHR was expressed in its z-score, i.e., z-score = (WHR − mean)/SD.

§Triglyceride was log transformed because of a relevantly skewed distribution.

Abbreviations: OR, odds ratio; PCOS, polycystic ovary syndrome; WHR, waist-hip ratio.

https://doi.org/10.1371/journal.pmed.1002953.t005
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retrospective cohort study in the UK (PCOS: 3.6 per 1,000 person-years) [29]; a population-

based prospective cohort study in Iran (PCOS versus women without PCOS: 13.0 versus 4.0

per 1,000 person-years) [30]; and a national patient register-based study in Denmark (PCOS

versus women without PCOS: 5.4 versus 1.6 per 1,000 person-years) [31] (S2 Fig). However,

most of these studies did not include screening for T2DM in cases and women without PCOS

using OGTT and thus would most likely have provided underestimates, especially among

women without PCOS. Therefore, further research with the use of OGTT for comprehensive

glycaemic status screening is indeed needed. In our current study, among women aged 30–39

years, the age-standardised incidence rate of T2DM among women with PCOS was approxi-

mately 3-fold compared to women without PCOS that were screened using OGTT but was

10-fold compared to the female population-based incidence rate (20.56 versus 6.81 versus

1.88). Of note, the population incidence rate was based on health records from the local public

hospitals, often without OGTT screening. As a result, this figure would likely underestimate

the true incidence rate, especially among the younger age groups. Ascertainment based on rou-

tine data capture from health records is highly dependent on people who attended public med-

ical sectors and might have been influenced by case mix, patient demographics, and health-

seeking behaviour [16]. In comparison, despite the relatively small sample size, our cohort of

Chinese women with or without PCOS underwent screening for diabetes using standard 75-g

OGTT during both the baseline and follow-up visit and therefore provided relatively reliable

data on diabetes incidence. In agreement with a previous meta-analysis that highlighted that

the OR for T2DM was 4.4 in women with PCOS compared with those without PCOS [4], we

found that Chinese women with PCOS were at 5.8-fold risk of developing T2DM compared

with women without PCOS in this study.

Previous studies have also revealed the association of obesity and the risk of abnormal glu-

cose tolerance in women with PCOS. A recent prospective, population-based follow-up Finn-

ish study suggested the high risk of T2DM in women with PCOS is mainly attributed to

obesity, whereas normal-weight women with PCOS are not at increased risk for prediabetes or

T2DM, and hence highlighted the synergistic effects of obesity and PCOS on T2DM [32]. This

is in line with our BMI-stratified incidence data, whereby normal-weight women with PCOS

have an incidence rate of T2DM similar to the overall incidence rate of our control cohort,

whereas overweight/obese women with PCOS have a 3-fold higher incidence rate than nor-

mal-weight PCOS women have. In addition, our multivariable logistic regression model also

suggested PCOS and central obesity were independently associated with progression to T2DM

in our study. A recent Nordic cross-sectional study highlighted the prevalence of T2DM was

not increased in normal-weight women with PCOS who have a BMI< 25 kg/m2 or waist < 88

cm [33]. This study, using a relatively young Nordic PCOS cohort (mean age: 29 years), sug-

gested that routine OGTT screening may not be required in normal-weight PCOS women.

However, our long-term prospective study with an older cohort of Chinese women with PCOS

(mean age at follow-up: 41.2 years) found the cumulative incidence case of T2DM for lean

PCOS has increased from 0% to 9.2% during the decade-long follow-up. In a recent interna-

tional evidence-based guideline for the assessment and management of PCOS, published in

the year 2018 [34], it is recommended that screening for T2DM should be considered in all

adults with PCOS and in adolescents who are either overweight or from a high-risk ethnic

group.

In our multivariable logistic regression model, an increase in z-score WHR and z-score

BMI is associated with 1.9- and 1.8-fold risk of T2DM progression, respectively. This high-

lights that abdominal obesity, compared to general obesity, is of utmost importance in predict-

ing the progression to T2DM [35], including in women with PCOS. This is in line with

previous findings that suggested Asian women have a lower BMI in general compared with
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women of European descent, with abdominal obesity rather than BMI being the contributory

role for the metabolic disturbances seen among Asian women [36]. Because of obesity and IR,

hyperinsulinemia in women with PCOS would further elevate the bioavailable androgen levels

through lowering SHBG level [37]. The significantly elevated bioavailable androgen levels are

thought to contribute to the metabolic abnormalities in women with PCOS [38]. Yet, to date,

it is still debatable whether women with PCOS with hyperandrogenism have worse clinical

and metabolic profile than those without [39]. Our data suggested hyperandrogenism was

associated with approximately 3-fold risk of incident T2DM. However, the effect of hyperan-

drogenism on the risk of incident T2DM was rendered nonsignificant after adjusting for

abdominal obesity, suggesting that some of the adverse metabolic effects of hyperandrogenism

in PCOS may be mediated by central obesity [37,40]. However, since we are unable to study

the effect of IR on the progression of diabetes in women with PCOS in this model, we could

not address whether the impact of androgens is independent of IR or not. Therefore, further

research is clearly warranted.

Our study has several limitations. Our sample size was moderate, with a limited number of

incident diabetes during the follow-up period. Women with PCOS were recruited from the

medical, endocrine, and gynaecology clinics of a tertiary referral centre. This may introduce

some potential selection bias with overrepresentation of women with PCOS with medical

problems or at risk of metabolic disorders. In this study, baseline data of fasting insulin were

not available in a number of participants, which hindered the possibility of exploring the effect

of fasting insulin and HOMA-IR in the regression models. Immunoassay was used to measure

total testosterone of women with PCOS at baseline, whereas LC-MS/MS was used at the fol-

low-up assessment. Notably, experts have suggested radioimmunoassay (RIA) for total testos-

terone is comparable to LC-MS assays; yet significant variability is present at low testosterone

levels between LC-MS assays and poor precision with all assays [41]. In addition to the fact

that total testosterone levels will be lowered as women with PCOS age, using a higher-sensitiv-

ity and higher-specificity LC-MS/MS assay at our follow-up assessment might further lower

the total testosterone level measured compared with the baseline data. Therefore, a conversion

calculation was performed in order to provide comparisons between the baseline and follow-

up total testosterone results. Hirsutism is a key clinical sign for hyperandrogenism [42]. How-

ever, a significant proportion of our women with PCOS have undergone semipermanent hair-

removal laser treatment, which hindered the Ferriman-Gallwey scoring [42]. Although FAI

was measured in this study and is being considered, it was not used to define hyperandrogen-

ism, because there was no universal guideline regarding FAI and because a standard cutoff for

defining hirsutism according to FAI is not readily available. The current international guide-

lines note that FAI cutoffs from reference laboratories are recommended as the cutoff values.

Therefore, the failure to include FAI as a measure of hyperandrogenism is indeed a limitation

in this study. Of note, our control cohort was significantly older than the cohort of women

with PCOS. Nevertheless, a sensitivity analysis restricting cases and controls to the overlapping

age range of 20–43 years yielded similar findings (S4 Table). Moreover, we believe that the par-

ticipants included as controls are an appropriate comparison group because they were

recruited from a population-based study of healthy women and have undergone the same

assessment at similar times at both baseline and follow-up as the PCOS cohort. Furthermore,

given the significant differences in age at recruitment for participants with PCOS versus con-

trols, this difference in age at baseline might have contributed to the observed differences dur-

ing follow-up in the proportion with young-onset diabetes noted in women with PCOS. Based

on the available electronic medical records, some of the women with PCOS have progressed to

T2DM during the follow-up period yet have declined to return for a complete follow-up

assessment at the research centre. Therefore, the frequency and incidence rate of T2DM have
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been underestimated. The progression of prediabetes and T2DM is also highly dependent on

ethnicity [24]; thus, the findings in our study might not be applicable to other populations.

To conclude, we investigated the progression of glycaemic status among Chinese women

with PCOS (mean age: 41.2 ± 6.4 years) and compared those data with those from women

without PCOS (mean age: 54.1 ± 6.7 years), by using OGTT for comprehensive evaluation of

glycaemic status. Despite the limitations (including a modest sample size and potential selec-

tion bias of women with PCOS), to the best of our knowledge, this is one of the first long-term

follow-up studies in Asia that highlighted the high age-standardised incidence rate of T2DM

among PCOS women (22.12 per 1,000 person-years; 95% CI 10.86–33.37), which was further

compared with the incidence rate in the local female population (8.76 per 1,000 person-years;

95% CI 8.72–8.80). We have also highlighted that Chinese women with PCOS were at 6-fold

increased risk of developing T2DM compared with those without PCOS. Our data suggested

WHR, elevated TG, and hyperandrogenism are associated with the progression to T2DM in

PCOS, although we were unable to explore relationships with IR. Given the progression of car-

diometabolic risk across the life span of Chinese women with PCOS, we highlighted their

long-term healthcare risks. Prior abstract presentation of our data had been considered and

incorporated into the recent international guidelines, suggesting the clinical relevance of this

work. We believe our data provide useful guidance towards formulating metabolic screening

recommendations, as well as highlighting the need for development of a multidisciplinary

approach to the management of these high-risk participants.
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women without PCOS (n = 225, baseline mean age = 42.6 ± 7.1 years), and the Hong Kong

general female population (n = approximately 3 million), as well as the incidence rate

according to age category of participants were shown. Glycaemic status was captured

through 75-g OGTT in Chinese women with PCOS and women without PCOS, whereas

that was ascertained through public sector electronic health records in the Hong Kong

general female population. OGTT, oral glucose tolerance test; PCOS, polycystic ovary syn-

drome; T2DM, type 2 diabetes mellitus.

(TIF)

S2 Fig. Comparison of crude incidence rate (95% CI) of T2DM per 1,000 person-years in

different accessible studies. T2DM, type 2 diabetes mellitus.

(TIF)
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