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Abstract

Objective: This study aimed to investigate the risk of Graves’ disease in Polycystic ovary syndrome (PCOS) patients. Design:
Population-based retrospective cohort study. Setting: We utilized the medical records randomly selected from the Taiwan
National Health Insurance Research Database (NHIRD) during period between 2000 and 2013. Population: We included
women aged between 20 and 50 who have no previous Graves’ disease diagnosis records. Methods: We matched the baseline
characteristics and the index date of the PCOS-free cohort to the PCOS cohort at a ratio of 4:1 by propensity score matching
method. Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). Main
outcome measure: To analyze the cumulative incidence and the hazard ratio of Graves’ disease events in both PCOS group and
PCOS-free cohort. Results: We identified 5927 patients as the PCOS cohort, and included 23708 patients as the PCOS-free
cohort. The PCOS group had a significant increased risk of Graves’ disease with an adjusted hazard ratio (aHR) of 1.34
(95% CI= 1.00-1.81). The p-value was 0.03 in log-rank test. PCOS patients without anxiety, chronic obstructive pulmonary
disease, hypertension or hyperlipidemia had a higher risk of Graves’ disease in the stratification analysis. Conclusions: This
study revealed a significant association between PCOS and subsequent risk of developing Graves’ disease. Funding: Nil.
Tweetable abstract: PCOS increase the risk of Graves’ disease. Keywords: Polycystic ovary syndrome, PCOS, Graves’ disease,
GD, hyperthyroidism, autoimmune thyroiditis, cohort, hazard ratio, epidemiology, Taiwan National Health Insurance Research
Database

Introduction

Polycystic ovary syndrome (PCOS) is recognized as one of the most common endocrine disorders in women,
causing ovulatory and menstrual irregularity, infertility, hyperandrogenism, and metabolic dysfunction. The
association of PCOS and autoimmune diseases, especially autoimmune thyroiditis, is increasingly being rec-
ognized. Graves’ disease is an autoimmune thyroiditis affecting mostly young women, and causes symptoms
such as hyperthyroidism, sweating, heat intolerance, weight loss, increased appetite, and tremor.(1, 2) Char-
acterized by lymphocytic infiltration of the thyroid parenchyma, Graves’ disease is found to be regulated by
T helper 1 (Thl) lymphocytes, several cytokines, and chemokines.(3) Thyrotropin receptor autoantibodies
(TRAD) act as the important indicator of the development of Graves’ disease, which is often used in clinical
assessment.(4, 5) Although the exact pathogenic mechanism is not fully clear to date, an individual’s genetic
predisposition, interactions between endogenous and environmental factors, and immune system dysregula-
tion greatly contribute to the onset of Graves’ disease.(6, 7)

Previous studies showed that patients with PCOS run an elevated risk of autoimmune thyroiditis compared
with those without PCOS.(8, 9) A previous clinical trial proved a positive relationship between ovary func-



tion, thyroid function, and insulin resistance in women.(10) A previous systematic review also revealed a
higher prevalence of autoimmune thyroid diseases in patients with PCOS compared with those without.(11)
A Danish cohort study further indicated that patients with PCOS had a higher risk to develop thyroid
diseases.(12) However, only few pieces of research exclusively explored the association between PCOS and
Graves’s disease. A previous case series of 6 patients indicated a positive relationship of PCOS and Graves’
disease.(13) A higher prevalence of serological indicator of Graves’ disease has also been found in PCOS
patients.(14) Since the epidemiology of the relationship of PCOS and new-onset Graves’ disease hasn’t been
well disclosed, we conducted this original longitudinal nationwide cohort study to explore this issue.

Methods
Data source

The data form the Taiwan National Health Insurance Research Database (NHIRD) was analyzed in this
study. The Taiwan National Health Insurance (NHI) program launched in 1995 and covered 99% of Taiwan
residents. The comprehensive claims data form NHI program was collected into NHIRD. We utilized the
outpatients and in-patient records of one million beneficiaries, the Longitudinal Health Insurance Database
(LHID). The database used the International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes to define the corresponding diseases. Due to safety and privacy concerns, the identification
information was encrypted. This study was approved by the International Review Board (IRB) of China
Medical University and Hospital (IRB permit number: CMUH-104-REC2-115).

Study population

This cohort study was conducted retrospectively from 2000 to 2013. Female with newly diagnosed with
polycystic ovary syndrome (PCOS), with at least two outpatient visits or once admission record, were
enrolled as PCOS cohort. The inclusion criteria were female aged from 20 to 50 years old, and have never
been diagnosed with Graves’ disease before. We exclude patients with a history of thyroid diseases or
comorbidities that might have caused Graves’ disease: congenital hypothyroidism (ICD-9-CM code 243),
postsurgical hypothyroidism (ICD-9-CM code 244.0), other postablative hypothyroidism (ICD-9-CM code
244.1), iodine hypothyroidism (ICD-9-CM code 244.2), other iatrogenic hypothyroidism (ICD-9-CM code
244.3), iatrogenic thyroiditis (ICD-9-CM code 245.4), and thyroid dysfunction (ICD-9-CM code 648.1). The
PCOS-free female was recruited as the PCOS-free cohort. We matched one PCOS patient to four PCOS-free
patients according to age and index year. The index date was designed to be the first date of PCOS diagnosis
for PCOS cohort, and a random date between 2000 and 2012 for the PCOS-free cohort. We observed the
participant until they started a Graves’ disease event, loss of follow-up, or the end of the study, whichever
came first.

Main outcome and comorbidities

Graves’ disease was the primary end point in this study. We defined Graves’ disease patients as patients
with two or more outpatient visit, or one in-patient records of ICD code 242.0. The following comorbidities
developed before the index date were considered as confounders: anxiety (ICD-9-CM 309.2-309.4), asthma
(ICD-9-CM 493), coronary artery disease (CAD) (ICD-9-CM 410-413, 414.01-414.05, 414.8, and 414.9),
cancer (ICD-9-CM 140-208), chronic obstructive pulmonary disease (COPD) (ICD-9-CM 490-496), conges-
tive heart failure (CHF) (ICD-9-CM 398.91, 402.01, 402.11, 402.91, and 428), chronic liver diseases (CLD)
(ICD-9-CM 571.4), diabetes mellitus (DM) (ICD-9-CM 250), depression (ICD-9-CM 296.2, 296.3, 296.5,
296.82, 300.4, 309.0-309.1 and 311), hypertension (ICD-9-CM 401-405), hyperlipidemia (ICD-9-CM 272),
stroke (ICD-9-CM 430-438) and sleep apnea (ICD-9-CM 327.2, 780.51, 780.53, 780.57).

Statistical analysis

The variables were presented as percentages for categorical variables, and as mean for continuous variables.
We examined the baseline variables of the PCOS cohort and non-PCOS cohort by chi-square tests and
student’s t-tests. The Kaplan-Meier method was used to acquire the cumulative incidence curve for the
two cohorts. Log-rank test was also performed. The univariate Cox proportional hazard (PH) model was



applied to estimate the hazard ratio and then adjusted the hazard ratio by multivariate Cox PH model. All
statistical analyses were conducted with SAS 9.4 software (SAS Institute, Cary, NC, USA). P-value of less
than 0.05 was regarded as significant.

Results

As shown in Table 1, we included 5927 patients with PCOS from 2000 to 2012 and 23708 patients without
PCOS. The mean follow-up time of the case cohort was 6.80 (+3.56) years. The participants in our study
were mainly aged from 20-30 years old (60%). The mean age was about 29 years old. The proportion of
patients with comorbidities was similar in both cohorts.

The incidence rate of Graves’ diseases for PCOS patients was 1.46 per 1000 person-years and that of non-
PCOS patients was 1.06 per 1000 person-years (Table 2.). Figure 1 presented the cumulative incidence curve
of Graves’ diseases in patients with PCOS was significantly higher than that in the patient without PCOS
(Log-rank test: p-value=0.03). The adjusted hazard ratio (aHR) of Graves’ disease for the PCOS cohort
relative to the non-PCOS cohort was 1.34 (95% CI=1.00-1.81). Patients with CAD and DM increased the
risk of Graves’ disease by 2.66 (95% CI = 1.08-6.56) and 2.17 (95% CI = 1.06, 4.44) folds, respectively.

Table 3 presents the stratification analysis of the association of PCOS and Graves’ disease in each age group
and comorbidities. PCOS patients aged 31-40 had a higher risk of Graves’ disease (aHR=2.31, 95%CI=1.48-
3.61). The independent association of PCOS with Graves’ disease was significant in patients without anxiety,
COPD, or hypertension. For patients with hyperlipidemia, PCOS raises the risk of Graves’ disease by 10.2
(95% CI=1.21, 85.1) times.

Structured Discussion
Principal Findings

This 13-year retrospective cohort study revealed an increased incidence of Graves’ diseases in PCOS patients
with an aHR of 1.34 (95%C.I. 1.00-1.81) after adjusting for age and confounders listed in table 1. In stratifi-
cation analysis, the independent association of PCOS with Graves’ disease was especially significant in group
aged 31 to 40 (aHR=2.31, 95%C.I. 1.48-3.61). The cluster of PCOS and Graves’ disease at this age may
due to the nature of PCOS, a common endocrinopathy of reproductive age-group women. Several comorbi-
dities were found influential in our Cox regression model, such as CAD (aHR=2.66, 95%C.I. 1.08-6.56) and
DM (aHR=2.17, 95%C.I. 1.06-4.44). In our stratification study investigating into the association of PCOS
and Graves’ diseases in different subgroups, we found that in patients with hypertension, the independent
association of PCOS with Graves’ disease became insignificant, which may be explainable due to probable
effect of other coexisting comorbidities and relatively small numbers of events. However, in patients with
hyperlipidemia, PCOS increases the risk of Graves’ diseases by 10 folds, higher than PCOS acting alone.
In general, after adjusting for confounders in our study, the overall independent association of PCOS with
Graves’ disease remains strong, which may supports the hypothesis of PCOS as a possible risk factor to the
development of Graves’ diseases.

Results

Previous studies highlight the association of Graves’ diseases and PCOS was presented, although comparably
rare to hypothyroidism events.(12, 13, 15, 16) In previous case series, the clinical observation of coexisting of
definite PCOS and active form of Graves’ disease emphasized the role of autoimmunity in the development of
PCOS, suggesting a common pathogenic linkage between these two diseases.(13) The risk of Graves’ disease
in PCOS was reported more than two times higher than controls in a previous epidemiology study.(12)
Higher prevalence of TRAbD, which is crucial in the evaluation of Graves’ disease,(17) has also been described
in PCOS patients.(14)

Research Implications

One theoretical mechanism is hyperestrogenic state in PCOS. Hyperestrogenism increased autoimmune di-
seases by having a proliferative action on B-lymphocytes, T-cell and macrophages.(18, 19) The positive



result of our study serves as a retrospective population-based evidence to sustain previous observations of
the interplay between the two clinical conditions. The relationship between PCOS and Graves’ diseases
might be more than a mere coincident finding in coexistence.

Clinical Implications

Metabolic comorbidities are also note-worthy in interpreting the risk of Graves’ diseases in PCOS. In our
study, patients with DM and CAD have more risk to develop Graves’ diseases. Adverse metabolic out-
comes in PCOS have been widely discussed in previous studies, such as impaired glucose tolerance, insulin
resistance, DM, cardiovascular disease, and metabolic syndrome.(20) Obesity exacerbates many of these
subsequent outcomes such as DM.(21) Higher metabolic inflexibility was observed to be associated with
hyperandrogenemia and insulin resistance in PCOS patients,(22) as a result of an inflammation status trig-
gered by saturated fat ingestion, may be a separate and distinct contributor independent from obesity.(23)
Obesity increases leptin and TRH level, which further raise TSH and induce proliferation of adipocytes again
via TSH receptors. Leptin also lead to autoimmunity by up-regulating effector T-cells and down-regulating
regulator T-cells.(24)

Additionally, in our study, patients with depression were prone to develop Graves’ diseases with a subtle
but insignificant aHR of 1.57 (95%C.1. 0.92-2.67). Little but consistent evidence for psychological issues in
PCOS patients was presented in previous studies.(25-28) Objective measurements such as obesity, insulin
resistance, and elevated serum androgens might partly contribute to the association of depression and PCOS,
but the conclusion remains controversial.(27, 28) Since comorbidities sustained in our study were proven to
reduce the quality of life for patients with PCOS, physicians are suggested to closely monitor the progression
of high-risk comorbidities in PCOS patients.

Strengths and Limitations

The main strength of the study was the sizable long-term population-based patient group included in our
study. The advantages of using the NHIRD such as long-term comprehensive follow-up and universal cov-
erage has been described in a previous study.(29) We excluded patients with previous thyroid diseases due
to possible interplay of a history of thyroid diseases that might have caused Graves’ diseases. We also qual-
ified the definition of PCOS events in our study to more than twice outpatient or one hospitalized record.
Generally, our database size ensures similar distributions due to well-balanced matching, and reduces the
heterogeneity and selection bias.

There are some limitations to our study. Since PCOS and autoimmune thyroid diseases, including Graves’
diseases, have a familial clustering phenomenon, an alternative explanation may be suggested to a common
genetic pathway.(30) However, the genetic background of individuals was not available in our NHIRD scheme.
The development of Graves’ diseases may depend on different ethnic groups. Lab data such as hormone level
was also not available in NHIRD, posing limitations in further addressing the association of the role of
hormones in the association of PCOS and Graves’ diseases. Although the Bureau of NHI uses strict auditing
mechanisms to reimburse insurance claims, the ICD-9 codes claimed from the NHIRD might be inaccurate
due to diagnostic uncertainty and misclassification in reality. The symptoms of PCOS and Graves’ diseases
may sometimes be too mild to be recognized by patients. Thus, the underrepresentation of the identified
population may occur and eclipse the accuracy of prevalence.

Conclusion

Our study revealed a positive finding of the association between PCOS and Graves’ diseases. Beside from
known importance of screening for common comorbidities in PCOS patients, our findings stress the need for
monitoring for thyroid diseases during follow-up.
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Figure 1. The cumulative incidence of Graves’s diseases in patients with and without PCOS.

Table 1. Baseline characteristics of non-PCOS cohort and PCOS cohort.

Variables

Age, year
20-30

31-40

41-50

mean, (SD)
Comorbidities
asthma
anxiety

CAD

cancer

COPD

CHF

CLD

diabetes
depression
hypertension
hyperlipidemia
stroke



sleep apnea
CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; CHF': congestive heart failure; CLD: chronic

Table 2. Incidence rate and hazard ratio of Graves’s diseases.

Variables
All
non-PCOS
PCOS
Age, year
14-20
21-50

>50
Comorbidities
asthma
No

Yes
anxiety
No

Yes

CAD

No

Yes

cancer

No

Yes

COPD

No

Yes

CHF

No

Yes

CLD

No

Yes
diabetes
No

Yes
depression
No

Yes
hypertension
No

Yes
hyperlipidemia
No

Yes

stroke



No

Yes

sleep apnea

No

Yes

: p-value<0.05; **: p-value<0.01; ***: p-value<0.001; PY: person-years; IR: incidence rate (per 1000 person-years); cHR: ¢

Table 3. Incidence rate and hazard ratio of Graves’s diseases stratified by age and comorbidities.

Variables
Age, year
20-30
31-40
41-50
Comorbidities
asthma
No

Yes
anxiety
No

Yes

CAD

No

Yes

cancer

No

Yes
COPD

No

Yes

CHF

No

Yes

CLD

No

Yes
diabetes
No

Yes
depression
No

Yes
hypertension
No

Yes
hyperlipidemia
No

Yes



stroke

No

Yes

sleep apnea

No

Yes

: p-value<0.05; **: p-value<0.01; ***: p-value<0.001; PY: person-years; IR: incidence rate (per 1000 person-years); cHR: ¢
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