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Abstract

Background: Osteoarthritis (OA) is the most common form of arthritis with multiple risk factors implicated
including female sex and obesity. Metabolic dysregulation associated with obesity leading to metabolic syndrome is
a proposed component of that association. Polycystic ovary syndrome (PCOS) commonly affects women of
reproductive age and these women are at higher risk of developing metabolic syndrome and thus likely to
represent a high-risk group for early OA development. There are no published studies exploring the epidemiology
of knee, hip and hand OA in women diagnosed with PCOS.

Study aim: To assess the prevalence and incidence of knee, hip and hand osteoarthritis (OA) in women with
polycystic ovary syndrome (PCOS) when compared with age-matched controls.

Methods: Prospective Danish national registry-based cohort study. The prevalence of OA in 2015 and incidence
rates of OA over 11.1 years were calculated and compared in more than 75,000 Danish women with either a
documented diagnosis of PCOS + hirsutism (during the period of 1995 to 2012) or age-matched females without
those diagnoses randomly drawn from the same population register.

Results: In 2015, the prevalence of hospital treated knee, hip and hand OA was 5.2% in women with PCOS
diagnosis. It was 73% higher than that seen in age-matched controls. Significantly higher incidence rates were
observed in the PCOS cohort compared with the age-matched controls during the follow-up period (up to 20
years), with the following hazard ratios (HR): 1.9 (95% ClI 1.7 to 2.1) for knee, 1.8 (95% Cl 1.3-2.4) for hand and 1.3
(95% CI 1.1 to 1.6) for hip OA. After excluding women with obesity, similar associations were observed for knee and
hand OA. However, risk of developing hip OA was no longer significant.

Conclusions: In this large prospective study, women with PCOS diagnosis had higher prevalence and accelerated
onset of OA of both weight and non-weight bearing joints, when compared with age-matched controls. Further
studies are needed to understand the relative effect of metabolic and hormonal changes linked with PCOS and
their role in promoting development of OA.
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Background

Osteoarthritis (OA) has the highest prevalence and inci-
dence rates of all forms of arthritis. It is also expected to
rise with increasing obesity and ageing population
worldwide [1]. Osteoarthritis is associated with one of
the most significant reductions of health-related quality
of life in general population, and it has a big impact on
health costs worldwide [2—4].

Several risk factors have been found to be associated
with development of OA, including female sex, manual
work and obesity [5-11]. The association between ele-
vated body mass index (BMI) and OA is more significant
for risk of developing knee and hand OA when com-
pared with hip OA [12-15]. However, considering that
obesity increases risk of OA in both non-weight-bearing
and weight-bearing joints, excessive loading is unlikely
to fully explain these associations. Presence of hand OA
has also been shown to be an independent predictor for
the future development of knee OA (KOA) even after
adjustment for body mass index (BMI) [7, 16]. The rela-
tionship between obesity, hand OA and KOA implies at
least a partial systemic or genetic component in the as-
sociation between high BMI and OA.

Metabolic dysregulation associated with obesity can
affect tissue homeostasis and has been proposed to be
important component of that association. It is often di-
agnosed using metabolic syndrome (MetS) criteria. Al-
though MetS has several specific definitions, it can be
described as a combination of hypertension, dyslipidae-
mia, insulin resistance and abdominal obesity [17]. Indi-
viduals with OA have an increased prevalence of MetS
[18] and individual components of MetS have also been
associated with symptomatic OA in prospective studies
in middle-age and elderly population [10, 19-25]. In
addition, development of both OA and MetS has been
associated not only with high BMI but also hormonal
changes [8, 21, 26, 27].

Women have an increased risk of developing OA
when compared with men, and it is particularly preva-
lent among post-menopausal women. These significant
sex-related differences in incidence after menopause
would suggest that sudden changes in sex steroid levels
play a role in OA pathogenesis [28, 29]. In younger fe-
males, increasing oestradiol levels, higher BMI and ele-
vated blood pressure are also factors associated with a
greater risk of OA, while higher levels of testosterone
potentially have a mildly protective role [30]. On the
other hand, some radiographic studies have suggested
oestrogen hormone replacement therapy (HRT) use may
also have a protective effect of on the radiographic de-
tection of OA or its progression in older population of
women [31-35].

Polycystic ovary syndrome (PCOS) is the most com-
mon endocrine disorder in women of reproductive age
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[36]. Signs of hyperandrogenism are part of the diagnos-
tic process, and the majority of women with hirsutism
are found to have PCOS [37, 38]. Women with PCOS
are at a higher risk of developing the individual compo-
nents of MetS, including central obesity, insulin resist-
ance, dyslipidaemia and hypertension [39-41] than the
general population, and these components are frequently
diagnosed earlier, at a pre-menopausal age. These meta-
bolic changes could predispose to accelerated develop-
ment of OA.

It is currently not known if women with PCOS are a
high-risk group for accelerated development of OA. Al-
though estimates of incident OA have been recorded
from other populations, there are no published studies
specifically exploring the epidemiology of knee, hip and
hand OA in women diagnosed with PCOS [7]. Contrary
to the effects of the components of MetS, the androgen
excess often observed in individuals with PCOS may be
associated with a decreased risk of developing OA.

Therefore, the main objectives of this study were to as-
sess and compare the prevalence and incidence rates of
clinically diagnosed knee, hip and hand OA among
women with and without PCOS in a large cohort from
the Danish National Patient Register (NPR).

Methods
This is a register-based study including two cohorts, one
with PCOS patients and a control population. Patients
with PCOS were identified from the Danish National Pa-
tient Register according to the International Classifica-
tion of Diseases (ICD) 10 with the diagnoses of
hirsutism (L68.0) and/or PCOS (E28.2) [39, 42]. The in-
clusion of hirsutism as an identifier of PCOS reflects the
varying PCOS defining criteria used in the register dur-
ing the study time period, particularly before the Rotter-
dam criteria were introduced in 2003 [36, 39].
Furthermore, the majority of women (>80%) with clin-
ical hyperandrogenism were found to have PCOS in
earlier studies [37-39].

The study was approved by the Data Protection
Agency and by the Statistics Denmark (project no
704175).

Study population

The study design and baseline data for this cohort have
recently been reported in detail [39]. In brief, Danish
women aged 12years to 60 years with a documented
diagnosis of PCOS and/or hirsutism during the period of
1995 to 2012 were included as cases in this study. The
index date was the first date of PCOS diagnosis. For
each PCOS case, three controls were randomly drawn
from the civil population register. Selection criteria for
the controls were female sex and same year of birth as
each PCOS case and alive on the index date of their
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respective PCOS case (Fig. 1). The distribution of demo-
graphic and clinical characteristics in PCOS patients and
controls are shown in Tables 1 and 2.

Exclusion criteria

1. For the estimation of prevalence at the end of the
study, individuals with a presence of the following
conditions were excluded: juvenile arthritis,
rheumatoid arthritis (RA), psoriatic arthritis,
spondyloarthropathy, gout, other crystal
arthropathies, lupus and osteogenesis imperfecta,
Ehlers-Danlos and symptomatic haemophilia (Fig.
1). The ICD-10 codes used to ascertain these diag-
noses are shown in supplementary Table S1.

2. For the incidence rate analyses, further criteria were
applied: women with the presence of OA at the
index date (from the first time a patient received
the PCOS diagnosis, and with an index date
assigned for the controls) were excluded (Fig. 1).

Outcome
The outcome was clinically diagnosed knee, hip and
hand OA according to the ICD-10 codes.

Clinical diagnoses of incident knee, hip and hand OA
took place during the study period from index date to
end of study (December 31, 2015). ICD-10 codes to
identify these diagnoses have been previously validated
elsewhere [7] and are shown in Supplementary Table S1.
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Comorbidities

Cardiometabolic comorbidities, the Charlson Comorbid-
ity Index and major adverse cardiac events preceding the
index date presented in this study have been previously
used elsewhere [39].

Statistical analysis

Data analysis was performed using Stata software ver-
sion 15 (Stata Corp LP., College Station, TX). De-
scriptive analysis of baseline characteristics preceding
the first diagnosis of PCOS of the overall population
and by age groups was conducted. Categorical vari-
ables were presented as relative and absolute frequen-
cies and continuous variables as the mean + SD or
median (25-75 percentile), depending on the nature
of their distribution. For the comparison of categor-
ical variables between the sexes, Pearson’s y* test was
used and Fisher’s exact test when at least 20% of the
cells had expected frequencies less than five. Preva-
lence was calculated by dividing the total numbers of
patients with OA by the number of eligible individ-
uals in the registry as the denominator representing
73,561 women in 2015.

Incidence rates of clinical OA were estimated in pa-
tients with and without PCOS (and without presence of
OA at the index date), both overall and per age categor-
ies. They were calculated as the number of new cases of
OA over the total person time at risk. The person time
at risk for each woman was estimated as the time each

PCOS

Women aged 12 - 60
with PCOS
N=19,576

Exclusion:
E221, £220, E24, E25, Q96: N=376
Death beforeindex date: N=1

Exclusion*:

Clinical OA at the index date: N=141
Other OA related diagnosis at the
index date: N=135

N=19,199 women E—-‘ year of birth, 1:3

CONTROLS

Matched controls by

N=57,597

Exclusion:
E221, E220, E24, E25, Q96: N=88
Death before index date: N=26

N=57,483

Exclusion:

Controls assigned cases that were
excluded due to pre-existing OA
related exclusions: N=827

N=18,923 women o—}—i—o N=56,656 women |

*According to the ICD10 codes below:

OA diagnosis: M17, M17.0-M17.9, M16,
M16.0-M16.9, M15.1, M15.2, M18 and M18.0-
M18.9

Other diagnosis: M08, M08.0-M08.9, M05,
M05.0-M05.9, M06, M06.0- M06.9, L40.5,
AS54.4, M45, M46.9, M10, M10.0-M10.9, M11,
M11.0-M11.9, M32, M32.0-M32.9, 193, L93.0-
193.2, Q78.0, D66 and Q79.6

Exclusion*:

Clinical OA at the index date: N=248
Other OA related diagnosis at the
index date: N=242

N=56,166 women

PCOS: Polycystic Ovary Syndrome;
OA: Osteoarthritis

Total women included in this study
N=75,089

Fig. 1 Flowchart explaining the selection of individuals listed in the Danish National Patient Register for inclusion in the study cohorts




Kluzek et al. Arthritis Research & Therapy (2021) 23:225

Table 1 Characteristics of PCOS patients and controls
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PCOS Controls

N = 18,923 N = 56,166

N % N % p value
Age (years) at first diagnosis, median (Q1-Q3) 29 (24-36) 29 (24-36) 0.523
< 30years 9592 (51%) 28,621 (51%) 0.985
30 to < 35years 3756 (20%) 11,160 (20%)
35 to <40 years 2497 (13%) 7394 (13%)
40 to <45 years 1366 (7%) 4023 (7%)
45 to <50 years 848 (4%) 2476 (4%)
50 to <55 years 515 (3%) 1496 (3%)
55 to <60 years 349 (2%) 996 (2%)
Comorbidity (Charlson index =1) 1204 6.36 2236 398 <0.001
Cardiometabolic diseases ICD-10 codes
Obesity E66 2263 11.96 759 1.35 <0.001
Diabetes E10 to E14 414 2.19 407 0.72 <0.001
Type 1 diabetes E10 159 0.84 298 0.53 <0.001
Type 2 diabetes EN 294 1.55 167 0.30 <0.001
Gestational diabetes 024, P70 285 151 211 038 <0.001
Dyslipidaemia E78 101 053 100 0.18 <0.001
Hypertension 1109 318 1.68 331 0.59 <0.001
Cardiovascular disease 120, 150 67 035 161 029 0.145
Myocardial infarction 121 to 125 34 0.18 114 0.20 0.532
Transient cerebral ischemia G45 25 0.13 46 0.08 0.052
Stroke 163, 164 45 0.24 75 023 0.002
Thrombosis, lung embolism 126, 0082, 180 to 182 121 0.64 168 030 <0.001

ICD International Classification of Diseases

woman remains free of OA during the follow-up period
(up to 20 years). Hazard ratio (HR) and 95% confident of
intervals (ClIs) were assessed to quantify the magnitude
of the association between patients with and without
PCOS and the incidence of OA. Cox proportional haz-
ard regression was used. Women who did not develop
OA during follow-up were right-censored at the earliest
of loss to follow-up, end of the study period or death.
Linearity and proportionality of the hazards were
checked.

One sensitivity analysis was conducted to overview
role of obesity as a main risk factor for weight bearing

and non-weight bearing joint OA. Therefore, women
with a hospital history of obesity (ICD-10 code E66) be-
fore the index date were excluded in this sensitivity
analysis.

Results

For the analysis of prevalence in 2015, data were avail-
able for 75,088 women: 18,844 with PCOS and 56,244
controls. The prevalence of hospital treated knee, hip
and hand OA that year was 5.2%, and it was significantly
higher in population with PCOS when compared with
age-matched controls. The most prevalent joint OA in

Table 2 Incidence rates per 1000 person year (PY) for knee, hip and hand osteoarthritis between patients with and without PCOS

PCOS Controls Unadjusted HR® p value
No. of events Incidence rate per No. of events Incidence rate per (95% Cl)
1,000 PY (95%Cl) 1000 PY (95% CI)
Knee osteoarthritis 588 28 (2.5 3.0) 951 1.5(14;1.6) 19 (1.7,2.1) <0.001
Hip osteoarthritis 173 0.8 (0.7, 0.9) 390 0.6 (0.6; 0.7) 13 (1.1, 1.6) 0.004
Hand osteoarthritis 55 0.3 (0.2, 03) 96 0.1 (0.1;0.2) 1.8 (1.3;24) 0.001

“Reference = control group
PCOS polycystic ovary syndrome, HR hazard ratio
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PCOS cohort was in the knee (3.7%), followed by the hip
(1.1%) and then the hand (0.4%) (see Supplementary
Table S2). As expected, the most constant trend of ob-
served prevalence ratios across all age groups was for
knee OA (see Supplementary Figure S1).

For the calculation of incidence, from the index day
until last follow-up, data were available in 75,089
women: 18,923 (25.2%) with PCOS and 56,166 (74.8%)
controls. The median age was 29 years at the time of
index. During the observation period (1995 to 2015),
2253 women had a clinical diagnosis of incident knee,
hand or hip OA, of whom 816 (4.3%) were patients
from the PCOS cohort and 1437 (2.6%) were from the
control group. Significantly higher incidence rates per
1000 person years were observed in the PCOS cohort
when compared with the control group in the three
different joints (2.8 vs. 1.5, 0.3 vs. 0.1 and 0.8 vs. 0.6
for knee, hand and hip, respectively). Overall, the
PCOS cohort had a higher HR for developing knee,
hand and hip OA. The risk of developing OA was 90%
higher (HR 1.9, 95% CI 1.7 to 2.1) for the knee, 80%
(HR 1.8, 95% CI 1.3-2.4) for the hand and 30% (HR
1.3, 95% CI 1.1 to 1.6) for the hip in the PCOS cohort
compared to the control (Table 2). Women at the age
of 50 to 60 were more likely to develop OA that those
who were younger than 45years old. Age stratified
analyses for KOA were significant for all age groups in
the knee analyses but not in the hand and hip analyses
(Tables S3-S5).
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After excluding women with obesity, similar results
were observed with the higher risk of knee (HR 1.6, 95%
CI 1.4 to 1.8) and hand OA (HR 1.6, 95% CI 1.1 to 2.3)
in the PCOS cohort. However, risk of developing hip
OA (HR 1.2, 95% CI 1.0 to 1.5) was no longer significant
after women diagnosed with obesity were excluded from
the analysis (Tables S3-S5). Kaplan—Meier failure curves
for incidence of knee, hip and hand OA are presented in
Fig. 2. Women with PCOS had a greater risk of all ex-
amined joints OA when compared with women without
PCOS (log-rank test p < 0.001).

As expected and previously reported, all components
of metabolic syndrome were more common in PCOS
than control cohort [39]. Furthermore, the rates of car-
diometabolic comorbidities, the Charlson Comorbidity
Index and major adverse cardiac events at the index date
were compared between PCOS cases and controls and
presented in Table 1.

Discussion

In this prospective cohort study, we found that women
with PCOS—the most common endocrine disorder in
young and middle-aged females—have both a higher
prevalence and higher risk of developing OA requiring
hospital treatment compared with age-matched controls
from the same population. The association between
PCOS and incidence of OA was particularly strong for
KOA and significant in all age groups, including women
below the age of 45. The HR was similar for the knee

A. Knee

0.10
s

Log-rank P<0.001

Estimatied Failure Probability
0.05

0.0
L

Log-rank P=0.004

0.02
L

Estimatied Failure Probability
0.01
|

0.00
N

10 15 20
Years of follow-up

| 77777 Controls PCOS - Denmark

C. Hand

0.01
|

Log-rank P=0.001

Estimatied Failure Probability

0.00
L

10 15 20
Years of follow-up

PCOS - Denmark |

| fffff Controls

hip (B) and hand (C) osteoarthritis

Fig. 2 Incidence of osteoarthritis in PCOS and control cohorts. Kaplan-Meier failure plots of osteoarthritis incidence up to 20 years for knee (A),

10 15 20
Years of follow-up

~~~~~ Controls PCOS - Denmark
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and hand OA, but significantly weaker for hip OA. No
substantial differences in the results were observed when
obese women were excluded from the analysis. Further-
more, considering that we observed an increased inci-
dence of OA in both weight-bearing and non-weight-
bearing joints, excessive loading associated with higher
body weight alone is unlikely to explain the accelerated
development of OA in women with PCOS.

The potentially protective effect of androgen excess
for OA development in premenopausal women [30],
which is characteristic for patients with PCOS, was not
observed. As expected, individuals with PCOS had a
higher prevalence of cardiometabolic diseases and obes-
ity when compared with age-matched controls from the
same population [39]. However, the risk of developing
OA for women with PCOS could be discrepant between
those who had higher BMI and those who had androgen
excess in the presence of a normal body weight.

This is the first study, to our knowledge, to de-
scribe the association between PCOS and the acceler-
ated risk of developing OA in both weight-bearing
and non-weight-bearing joints. There are number of
plausible explanations for our findings, which are not
mutually exclusive. The most biologically plausible
mechanism for the impact of PCOS on increased OA
risk is the higher BMI due to excess adipose tissue in
the PCOS population when compared with controls.
In OA, this has been attributed to excessive loading
and to the impact of metabolic dysregulation and sys-
temic inflammation on the regeneration and remodel-
ling of joint tissues. The relative contribution of
excessive adipose tissue on biomechanical and meta-
bolic changes affecting each joint is unknown. It is
difficult to disentangle the relative importance of
these intercorrelated risk factors for developing OA
[43, 44]. Metabolic and hormonal changes are likely
to influence tissue-remodelling processes accelerated
by the direct effect of excessive mechanical loading.
Visser et al. [45] found in a large population-based
cross-sectional study, with an oversampling of persons
with high BMI, that clinically diagnosed knee OA was
mainly associated with surrogate markers for mechan-
ical stress, whereas hand OA with MetS. However,
Monira Hussain et al. showed in a large prospective
cohort study that MetS was associated with increased
risk of severe knee OA (requiring knee replacement)
independent of BMI. Furthermore, that study also
showed no such relationship for severe hip OA [25].

Interestingly, for non-weight bearing joints, our study
supports the hypothesis that even young individuals with
metabolic aberrations accompanied by increased low-
grade inflammation, observed in PCOS, are at higher
risk of developing OA [46] requiring referral to Danish
hospital clinics. Accordingly, differences between knee,
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hand and hip OA in the PCOS group mimic the strength
of association between knee, hand and hip OA and in-
creased risk of early mortality [47-49].

Strengths and limitations

Participants’ selection to enter this study was not limited
to specific health centres and included all those with a
PCOS and/or hirsutism diagnosis available on the Da-
nish NPR. The comparison group was part of the same
population and both groups had no OA at baseline.

Some potential limitations of this study are worth
mentioning. Findings are derived from consults at Da-
nish hospital clinics, hence focused on more severe cases
of OA than in Primary Care. Health care seeking behav-
iour of this population, which might affect both inci-
dence rates of OA and diagnosis of PCOS and/or
hirsutism, might be different to other health care sys-
tems in other parts of the world. However, universal ac-
cess to health care is the underlying principle inscribed
in Denmark’s Health Law, with life expectancy and
health outcomes in Denmark similar to the EU average
[50]. As this is the first study describing prevalence and
incidence of OA in PCOS population, we are not able to
compare it with previous results from other countries.
However, the Danish population has similar rates of
common diseases to other European states [51-53].
Therefore, we see no reason to assume that those results
are different in other countries.

The potential bias could be associated with surveil-
lance bias, which has been shown to be higher for those
with a diagnosis of chronic illness. The greater observa-
tional intensity usually leads to healthier people being la-
belled as chronically ill and as a result of additional
diagnostic tests and treatments lead to better long-term
outcomes when compared with the sex and age matched
population. However, observational intensity bias seems
to be unlikely for the present study, where with the ex-
amined women with PCOS being shown to have sub-
stantially worse outcomes in terms of mortality when
compared with the matched population [39, 54].

PCOS incorporates symptoms related to the repro-
ductive system and systemic metabolic abnormalities as-
sociated with an increased risk for cardiovascular
disease. Previous studies have linked PCOS with MetS
and excessive cardiovascular problems. However, MetS
and OA share the same risk factor: high BMI. Despite
comprehensive baseline data regarding obesity and car-
diometabolic comorbidities, we did not adjust our ana-
lysis as those factors represent potential components of
MetS and would represent intermediate variables on a
causal path between exposure and outcome and as such
represent over-adjustment bias [55]. For the same rea-
son, we did not examine the factors associated with
PCOS, such as elevated coagulation factors or adipokine
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levels, which can contribute to increased OA and cardio-
vascular risk. The NPR does not contain accurate infor-
mation regarding BMI measurements but only codes
associated with a significant obesity. Therefore, individ-
uals with milder degrees of obesity could be potentially
misclassified as non-obese.

Conclusions

In conclusion, in 2015, prevalence of hospital treated
knee, hip and hand OA was higher in Danish population
with PCOS when compared with age-matched controls.
Furthermore, a PCOS diagnosis was associated with ac-
celerated development of OA when compared with age-
matched controls from the same population and this
was particularly strong for knee and hand OA.

The link behind this relationship is not completely
understood and further research analysing the specific
role of MetS components is required to identify poten-
tial underlying mechanisms. Assessing the effect of the
common treatments used in PCOS on the prevention of
OA could help develop new OA treatments in the near
future [56]. In the first instance, this will require an un-
derstanding of the relative risk of OA for the specific
phenotypes of PCOS. The potentially protective effect of
androgen excess in pre-menopausal women [30], which
is characteristic for patients with PCOS [37], was either
non-significant or overshadowed by the disadvantageous
effect of metabolic dysregulation in this study.
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