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Objective: To assess the risk of type 2 diabetes (T2D) in women with polycystic ovary syndrome (PCOS) in relation to body mass index
(BMI) and the hyperandrogenic (HA) PCOS phenotype.
Design: Population-based cohort study.
Setting: Data from six Swedish national registers, with participants being followed for a maximum of 19 years.
Patient(s): All women with an International Statistical Classification of Diseases and Related Health Problems, version 10, diagnosis of
PCOS, androgen excess, or anovulatory infertility born between 1950 and 1999 (n¼ 52,535) were identified in the Patient Register. The
HA PCOS phenotype was defined by two filled prescriptions for anti-androgenic drugs. For each woman with PCOS, five control women
(n ¼ 254,624) were randomly chosen from the Total Population Register, matched for age and geographic area.
Intervention(s): No interventions were performed.
Main Outcome Measure(s): International Statistical Classification of Diseases and Related Health Problems, version 10, diagnosis of
T2D or prescription of antidiabetic treatment other than metformin.
Result(s): The cumulative incidence rates of T2D were 1.3%, 4.4%, and 14.2% in controls (non-PCOS women) and women with nor-
moandrogenic (NA) and HA PCOS, respectively. After adjustment for BMI, women with PCOS had a twofold higher rate of T2D than
non-PCOS women (adjusted hazard ratio, 2.52 [95% confidence interval, 2.15–2.96]). Women with HA PCOS had a higher rate of
T2D than those with NA PCOS (adjusted hazard ratio, 3.86 [95% confidence interval, 3.16–4.72]).
Conclusion(s): Polycystic ovary syndrome is an independent risk factor for T2D, even after adjustment for BMI. Women with the HA
PCOS phenotype face an even higher risk of T2D than those with the NA PCOS phenotype. (Fertil Steril� 2021;116:862-71. �2021 by
American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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P olycystic ovary syndrome
(PCOS) is the most common
endocrine disorder among

reproductive-aged women, with a prev-
alence ranging between 8% and 13%
(1). The disorder is characterized by
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hyperandrogenism (HA), anovulation,
and ultrasonographic findings of poly-
cystic ovaries (2, 3). Four different phe-
notypes have been identified on the
basis of current criteria; three of these
include HA, while one is normoandro-
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genic (NA) (4). Moreover, 60% to
100% of women with PCOS present
with HA, identified either biochemi-
cally on the basis of elevated testos-
terone levels or as hirsutism (5, 6). In
addition to the immediate conse-
quences of PCOS, such as hirsutism
and infertility, PCOS is associated
with obesity, insulin resistance, type 2
diabetes (T2D), and metabolic syn-
drome (7–10).

It is unclear, however, whether all
women with PCOS are at increased
risk of T2D or only those with concom-
itant overweight or obesity. A large
Australian study suggested a threefold
higher incidence of T2D among women
with PCOS, irrespectively of BMI class,
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with the highest incidence rate ratio among normal-weight
women with PCOS (11). In contrast, two Nordic studies re-
ported that normal-weight women with PCOS were not at
increased risk of developing T2D, suggesting that the higher
risk of T2D in women with PCOS is because of overweight
and obesity (12, 13).

In the general female population, higher testosterone and
lower sex hormone-binding globulin are risk factors for insu-
lin resistance and T2D development (14). In women with
PCOS, the presence of HA is associated with an increased
prevalence of cardiometabolic derangements (but not in
women of Northern European origin) (15). Women with
PCOS tend to develop metabolic syndrome at a younger age
when compared with women without PCOS (16). Further,
women with PCOS who have both HA and oligomenorrhea
appear to be at higher metabolic risk than women with NA
PCOS (17).

The primary aim of this study was to investigate the long-
term adverse health consequences of PCOS, with special refer-
ence to T2D. While the relationship between PCOS and T2D is
well established (7–10), no previous population-based study
has addressed the risk of T2D in relation to BMI and the HA
phenotype in women with PCOS.

On the basis of previous findings from the Nordic coun-
tries (12, 13), we hypothesized that the increased risk of T2D
among women with PCOS is limited to those with overweight
or obesity. On the basis of previous metabolic studies (17, 18),
we further hypothesized that women with HA PCOS are at
higher risk of T2D than those with NA PCOS.
MATERIALS AND METHODS
Swedish Registers

We linked six Swedish national registers. The Swedish Na-
tional Board of Health and Welfare provided data from the
Swedish National Patient Register, Swedish Prescribed Drug
Register (SPDR), Medical Birth Register (MBR), and Register
on Causes of Death. Statistics Sweden provided data from
the Education Register and Total Population Register (TPR).
All individuals in Sweden are assigned a unique personal
identification number, which enables linkage between regis-
ters (19).

The Swedish National Patient Register includes nation-
wide information on visiting dates and given diagnoses for
in-patient hospital visits since 1964; the information is
considered complete since 1987 (20). Since 1997, diagnoses
are classified according to the International Statistical Classi-
fication of Diseases and Related Health Problems, version 10
(ICD-10) (20). From 2001 and onward, outpatient hospital
visits and visits to specialized healthcare (i.e., private gyne-
cologists) are additionally included in the register. The MBR
contains data on 98% of all births in Sweden since 1973
and includes prospectively collected demographic and clinical
data, including information on maternal BMI and smoking,
complications during pregnancy, delivery, and the neonatal
period (21, 22). The SPDR contains, since 2005, information
on Anatomic Therapeutic Chemical (ATC) classification codes
for prescribed drugs, dosage, date of prescription, and date of
purchase of the drug (23).
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The Register on Causes of Death provides information on
the date and cause of death. The Education Register contains
information on education of the population. The TPR started
in 1968 and provides with information on the country of birth
and living municipality (24).
Ethics

This study was approved by the Regional Ethical Review Au-
thority in Uppsala, August 9, 2017, diary number 2017/309.
Study Population

All women born between 1950 and 1999with an ICD-10 diag-
nosis of PCOS (E282) and/or androgen excess (E281) or
anovulatory infertility (N970) in the Patient Register between
January 1, 1997, and December 31, 2016, were included in the
study population (Fig. 1). Anovulatory infertility was
included in the definition of PCOS as PCOS is the main cause
of anovulatory infertility (80%–90% of cases) (25–28).

Women diagnosed with PCOS before 12 years of age or
after 50 years of age were excluded, owing to the risk of incor-
rect diagnosis. Further exclusion criteria were diagnoses of
hyperprolactinemia (E221), congenital adrenal hyperplasia
(E25), premature ovarian insufficiency (E283), or Turner syn-
drome (Q96). In addition, we excluded women diagnosed with
type 1 diabetes or T2D before the index year, that is, the year
when they were diagnosed with PCOS. A flowchart of the
study population is shown in Figure 1.

For each woman with PCOS, five control women, born
during the same month and living in the same municipality
as the woman in the exposed group, were randomly drawn
from the TPR. We excluded controls with a PCOS diagnosis,
anovulatory infertility diagnosis, pregnancy achieved by
ovarian stimulation, or preexisting diagnosis of type 1 dia-
betes or T2D before the index year (Fig. 1). Excluded controls
could not be replaced.

A total of 52,535 women with PCOS and 254,624 control
women (non-PCOS) were eligible. Follow-up started at the
time of PCOS diagnosis. The participants were followed for
a maximum of 19 years, to an age of 17–66 years. Censoring
occurred when follow-up ended on December 31, 2016;
women were diagnosed by T2D; or death occurred.

Both the 1990 US National Institutes of Health (NIH)
criteria and the 2003 Rotterdam criteria for PCOS were used
in Sweden during the study period. Although most women
were diagnosed according to the Rotterdam criteria after its
introduction in 2003, the NIH criteria were still in practice.
The NIH criteria defines PCOS as the presence of both chronic
anovulation and clinical and/or biochemical signs of HA,
with the exclusion of other etiologies (e.g., congenital adrenal
hyperplasia, androgen-secreting tumors, and Cushing’s syn-
drome) (29). The revised Rotterdam criteria (2003) require
two of the following three features: I) oligo-ovulation or an-
ovulation, II) clinical and/or biochemical HA, or III) polycystic
ovarian morphology, together with the exclusion of other eti-
ologies (2, 5).

The introduction of the Rotterdam criteria led to a broad-
ening of phenotypes (4). The current consensus is to use four
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FIGURE 1

Flowchart over study population. Diagnoses are selected according to the International Statistical Classification of Diseases and Related Health
Problems, version 10, coding system; women with E282 (polycystic ovary syndrome), E281 (androgen excess), and N970 (anovulatory infertility)
were included in the polycystic ovary syndrome group and excluded from the control group. Women with E221 (hyperprolactinemia), E25
(congenital adrenal hyperplasia), E283 (premature ovarian insufficiency), or Q96 (Turner syndrome) were excluded from both groups.
Persson. Hyperandrogenic PCOS; risk for T2D. Fertil Steril 2021.
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phenotypic classes of PCOS, defined as phenotype A, HA þ
ovulatory dysfunction (OD) þ polycystic ovary morphology
(PCOM); phenotype B, HA þ OD; phenotype C, HA þ
PCOM; and phenotype D, OD þ PCOM (4). Women with
phenotype A are at higher risk of adverse metabolic and car-
diovascular outcomes, while phenotype D is considered the
least severe (30). The HA phenotypes (phenotypes A and C)
are the most common (31).

Because the registers did not provide information on the
PCOS phenotype, we categorized women with PCOS as NA
or HA using information from the SPDR. We used three
different levels of specificity for the classification of HA:
broad, intermediate, and specific. The broad HA phenotype
comprised women with at least two filled prescriptions for
anti-androgenic combined oral contraceptives (COCs) and/
or anti-androgenic drugs. These included combined contra-
ceptive pills with ethinyl estradiol (EE) and drospirenone
(ATC code G03AA12), EE and desogestrel (ATC code
G03AA09), EE and dienogest (ATC code G03AA16), or EE
and cyproterone acetate (ATC code G03HB01) and the anti-
androgenic drugs finasteride and eflornithine (ATC code
D11AX), finasteride/dutasteride (ATC code G04CB), fluta-
mide/bicalutamide (ATC code L02BB), or spironolactone
(ATC code C03DA01). We used anti-androgenic COCs as a
864
broad phenotypic marker for HA in PCOS women, as they
are recommended treatment for HA (32), and cyproterone ac-
etate and drospirenone are the most effective treatments for
hirsutism in women with PCOS (33, 34). These broad drug ex-
posures are likely to overestimate the prevalence of HA, as
some women with PCOS were probably prescribed the afore-
mentioned contraceptives for birth control. However, in Swe-
den, the recommended first-line COC in the general
population is a pill containing either levonorgestrel, norgesti-
mate, or norethisterone, that is, none of the anti-androgenic
COCs included in the broad drug exposure (32).

The intermediate HA phenotype comprised women who
filled at least two prescriptions for a cyproterone acetate-
containing COC and/or the aforementioned anti-androgenic
drugs. We included COCs with cyproterone acetate in the in-
termediate phenotype exposure because this preparation is
indicated only for the treatment of acne in Sweden. Further,
all other hormonal contraceptives can be prescribed by mid-
wives, whereas cyproterone acetate-containing pills can be
prescribed only by physicians.

Finally, the specific HA phenotype comprised women
who filled at least two prescriptions for spironolactone. The
remaining women with PCOS not included in each of the
HA phenotypes were considered as NA.
VOL. 116 NO. 3 / SEPTEMBER 2021
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Outcome

The primary outcome was T2D, defined as at least one of the
following: I) T2D diagnosis in the Patient Register according
to ICD-10 (E11) or unspecified diabetes mellitus (E14) or II)
prescription of treatment for diabetes according to the
SPDR: antidiabetics (ATC code A10B), excluding metformin
(ATC code A10BA02). Prescription of metformin, which is
commonly used for treating PCOS, was excluded from the
definition of T2D. Previous studies suggest that there are no
differences in the prevalence of gestational diabetes among
the different PCOS phenotypes (35), and it was, thus, not
selected as an outcome in this study.
Confounding Variables

We collected data on BMI, smoking, and parity from theMBR.
If more than one pregnancy was registered, we used only the
information from the first pregnancy. Information on height
and weight was collected at the first-trimester antenatal
booking. Approximately half of the women had given birth
during the follow-up, with information on BMI available in
53.4% of women with PCOS and 48.8% of controls. We cate-
gorized BMI as normal weight (<25.0 kg/m2), overweight
(25.0–29.9 kg/m2), or obese (R30.0 kg/m2). Because several
women lacked information on BMI, we conducted separate
analyses where we instead adjusted for diagnosis of obesity
(E66), derived from the Patient Register.

Information on education and country of birth was
collected from the Education Register and TPR, respectively.
We categorized the highest obtained education at the end of
the study period as >12, 9–12, or <9 years and country of
birth as Nordic countries (Sweden, Finland, Denmark, Nor-
way, Iceland), other European countries, Middle Eastern,
South Asian (India, Bangladesh, and Pakistan), African, or re-
maining countries. Information on year of birth was collected
from the TPR and categorized into four groups: 1950–1969,
1970–1979, 1980–1989, or 1990–1999.
Statistical Analyses

Demographic and clinical variables in womenwith PCOSwith
and without the broad HA phenotype and controls were
compared using the chi-square tests. The Kaplan–Maier
curves were used to calculate the cumulative probability of
T2D diagnosis and time to diagnosis, with comparisons be-
tween PCOS phenotypes and controls tested using the log-
rank test.

We estimated the adjusted hazard ratios (aHRs) and 95%
confidence intervals (CIs) for time to T2D diagnosis using
clustered Cox regression with a robust variance to account
for the matching of unexposed to exposed, with adjustment
for birth period, country of birth, and education. Because in-
formation on BMI was not present in all women, BMI and
obesity diagnosis were entered as confounders in two separate
models: models 1 and 2, respectively. In model 1, adjusted for
BMI, the total number of included women was 148,799; and
in model 2, adjusted for obesity, the number of women
included was 307,159. To compare the validity of our PCOS
HA phenotype definitions, these twomodels were tested sepa-
VOL. 116 NO. 3 / SEPTEMBER 2021
rately in women with the broad, intermediate, and specific HA
phenotypes.

Using both Cox regression models, we conducted a sensi-
tivity analysis on the relationship between PCOS HA pheno-
types (using the broad definition) and T2D, separately in
women diagnosed with PCOS (E282) and women diagnosed
with anovulatory infertility (N970). As these results were
similar to the results combining the two diagnostic codes
(Supplemental Table 1, available online), we included both di-
agnoses in our main analyses. Lastly, as it has been suggested
that combined hormonal contraceptives increase the risk of
T2D (36, 37), we used Cox regression to investigate the influ-
ence of anti-androgenic COC use on T2D risk in the healthy
controls only, adjusting for the same confounders as in
model 1.

We used the Statistical Package for the Social Sciences
(SPSS) version 25 (SPSS Inc., Chicago, IL, USA) or the main
statistical analysis and R version 3.6.2 packages Survival
and Coxme for the clustered Cox regression.
RESULTS
Description of Study Groups

Demographic and clinical characteristics of unexposed
women and women with NA and HA PCOS are shown in
Table 1. Women with NA PCOS had more often been diag-
nosed with obesity than women with HA PCOS, who in turn
were more often diagnosed than non-PCOS women: 16.6%,
12.7%, and 4.5%, respectively. When comparing BMI, 4.9%
of controls, 11.9% of women with NA PCOS, and 7.0% of
women with HA PCOS were considered obese with BMI
R30.0 kg/m2. Missing data on BMI was more common in
women with HA PCOS.

Among women without PCOS, the cumulative incidence
of T2D during the follow-up was 1.3 � 0.1%, and their me-
dian age at T2D diagnosis was 40.0 � 0.3 years. Women
with NA PCOS had a 4.4 � 0.5% cumulative incidence and
were diagnosed at a median age of 38.0 � 0.5 years, whereas
women with HA PCOS (broad definition) had a 14.2 � 4.2%
cumulative incidence and a median age of 37.0 � 0.7 years
(Fig. 2). Using the intermediate and specific HA phenotypes,
corresponding figures were 20.8 � 8.0% (Supplemental
Fig. 1, available online) and 25.4 � 7.7% (Supplemental
Fig. 2, available online), respectively. The median age at
T2D diagnosis was 38.0 � 1.0 years in PCOS women with in-
termediate HA and 41.0 � 0.6 years in those with strict HA.
PCOS and Risk for T2D

As shown in Table 2 (model 1, adjusting for BMI), NA PCOS
was an independent risk factor for T2D. The rate of T2D in
women with NA PCOS was twofold higher than in non-
PCOS women (aHR, 2.52 [95% CI, 2.15–2.96]), whereas
women with PCOS with the broad HA phenotype had an
even higher rate (aHR, 3.86 [95% CI, 3.16–4.72]). Women
with the intermediate HA phenotype had an aHR of 4.30
(95% CI, 3.28–5.65) for T2D; the corresponding aHR estimate
in women with the specific HA phenotype was 6.34 (95% CI,
4.25–9.45).
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TABLE 1

Demographic and clinical variables in the study population.

Non-PCOS women Women with normoandrogenic PCOS Women with hyperandrogenic PCOSa

n [ 254,624 n [ 31,383 n [ 21,152

n % n % n %

Born
1950–1969 22,171 8.7 3,720 11.9 805 3.8
1970–1979 75,646 29.7 11,115 35.4 4,602 21.8
1980–1989 110,165 43.3 12,181 38.8 10,606 50.1
1990–1999 46,642 18.3 4,367 13.9 5,139 24.3

Parity
No child 125,714 49.4 14,470 46.1 12,541 59.3
1 child or more 128,910 50.6 16,913 53.9 8,611 40.7

Country of birth
Nordic countries 202,326 79.5 23,071 73.5 16,270 76.9
Europe 19,437 7.6 2,600 8.3 1,487 7.0
Middle East 11,194 4.4 2,635 8.4 1,998 9.4
India, Pakistan, or Bangladesh 2,124 0.8 587 1.9 231 1.1
Africa 6,591 2.6 839 2.7 231 1.1
Remaining countries 12,952 5.1 1,651 5.3 935 4.4

Education
>12 years 132,830 52.2 15,745 50.2 12,157 57.5
10–12 years 96,137 37.8 12,100 38.6 7,236 34.2
%9 years 21,313 8.4 3,143 10.0 1,607 7.6
Missing data 4,344 1.7 395 1.3 152 0.7

BMI
<25.0 kg/m2 83,120 32.6 7,846 25.0 4,516 21.4
25.0–29.99 kg/m2 28,759 11.3 4,612 14.7 2,266 10.7
R30.0 kg/m2 12,460 4.9 3,740 11.9 1,480 7.0
Missing data 130,285 51.2 15,185 48.4 12,890 60.9

Type 2 diabetes
No 253,740 99.7 30,725 97.9 20,788 98.3
Yes 884 0.3 658 2.1 364 1.7

Obesity diagnosis
No 243,147 95.5 26,185 83.4 18,465 87.3
Yes 11,477 4.5 5,198 16.6 2,687 12.7

Note: aHyperandrogenism according to the broad definition, that is, women with at least two filled prescriptions for anti-androgenic combined oral contraceptives (COCs) and/or anti-androgenic
drugs. These included combined contraceptive pills with ethinyl estradiol (EE) and drospirenone (G03AA12), EE and desogestrel (G03AA09), EE and dienogest (G03AA16), or EE and cyproterone
acetate (G03HB01) and the anti-androgenic drugs finasteride and eflornithine (D11AX), finasteride/dutasteride (G04CB), flutamide/bicalutamide (L02BB), or spironolactone (C03DA01).

Persson. Hyperandrogenic PCOS; risk for T2D. Fertil Steril 2021.
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In model 2, adjusting for obesity diagnosis (Supplemental
Table 2, available online), women with NA PCOS had a higher
rate of developing T2D than non-PCOS women (aHR, 3.06
[95% CI, 2.75–3.41]). The rate of T2D was higher in women
with PCOS with the broad HA phenotype (aHR, 4.53 [95%
CI, 3.98–5.15]). When we estimated the rate of T2D in women
with the more specific HA phenotypes, we found even higher
estimates. Women with the intermediate HA phenotype had
an aHR of 5.38 (95% CI, 4.60–6.30) for T2D; the correspond-
ing estimate in women with the strict HA phenotype was an
aHR of 6.75 (95% CI, 5.44–8.36).

Women born later during the study period, those born in
the Nordic countries, and those with a higher level of educa-
tion had lower rates of T2D. The rate of T2D was highest
among women born in South Asia. The rate of T2D showed
a marked dose–response relation with increasing BMI.
Sensitivity Analyses

As shown in Supplemental Table 1, sensitivity analyses in
which PCOS was defined only by ICD-10 code E282 yielded
somewhat higher rate estimates for T2D: the aHRs were 3.03
866
(95% CI, 2.51–3.66) in NA PCOS and 4.26 (95% CI, 3.42–
5.30) in PCOS with the broad HA phenotype. In women
with anovulatory infertility, we observed somewhat lower
rate estimates in women with NA PCOS (aHR, 1.77 [95% CI,
1.26–2.47]) and those with the broad HA phenotype (aHR,
2.29 [95% CI, 1.23–4.27]).

No increased rate of T2D was noted in non-PCOS women
treated with anti-androgenic COCs; the aHRs were 0.83 (95%
CI, 0.65–1.06) with adjustment for obesity diagnosis and 1.26
(95% CI, 0.93–1.70) with adjustment for BMI.
DISCUSSION
Our main finding is that PCOS is an independent risk factor
for T2D, even when adjusted for BMI or obesity. In addition,
we observed that even normal-weight women with PCOS
have an increased risk of T2D. In addition, we demonstrated
at the population level that the HA PCOS phenotype is an in-
dependent risk factor for T2D, in whom T2D develops at a
faster rate than in women with NA PCOS.

The strengths of this study are the large population, inclu-
sion of women of different nationalities and age groups, and
VOL. 116 NO. 3 / SEPTEMBER 2021



FIGURE 2

Cumulative probability of diabetes. Kaplan–Maier survival curve, controls (non-polycystic ovary syndrome [PCOS] women) compared with
normoandrogenic PCOS and hyperandrogenic PCOS (stratified according to the broad PCOS phenotype). Time from PCOS diagnosis posed to
end of follow-up, in years.
Persson. Hyperandrogenic PCOS; risk for T2D. Fertil Steril 2021.
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ability to adjust for BMI in women who had given birth to at
least one child. In addition, we were able to follow women for
up to 19 years and up to 66 years of age, an advantage over
other studies in which younger women were included (11,
13, 38).

The study limitations are related to the registers we relied
on for data and linkage. We, therefore, lack information on
known risk factors for diabetes like physical activity, alcohol
consumption, psychosocial stress, and family history of T2D.
For women who did not give birth during the follow-up, we
additionally lacked data on BMI and were forced to rely on
the reported ICD diagnosis of obesity. With the use of the
ICD code of obesity, we cannot rule out that a proportion of
obese women in the group were considered as nonobese,
because it is unlikely that all womenwith obesity had received
an ICD-10 diagnosis. This misclassification would weaken our
findings, but it is unlikely that it introduced bias. In addition,
women with obesity diagnosis are very likely to have health
issues linked to their obesity. We did not adjust for smoking.
Data on smoking were retrieved from the MBR and was only
available for 37.6% of all women. Further, smoking habits in a
pregnant population may not reflect the true prevalence of
smoking, because pregnant women are not supposed to
smoke. Further, the oldest non-PCOS women in our study
VOL. 116 NO. 3 / SEPTEMBER 2021
may have had undiagnosed PCOS, because most women are
diagnosed during their reproductive period, which preceded
our data sources. In contrast, younger women (birth cohort
1990–1999) in our study may not have received the PCOS
diagnosis yet during their follow-up. Because the incidence
of diabetes increases with age (39), however, we suspect this
had a negligible impact on our results. Because the informa-
tion on PCOS diagnosis derived from registers, we had no ac-
cess to detailed information regarding which diagnostic
criterion a woman fulfilled, neither if the diagnosis relied
on the NIH or Rotterdam criteria. When categorizing women
with PCOS as NA or HA, we relied on information concerning
filled drug prescription with no knowledge of their compli-
ance to the treatment. Therefore, to mitigate this problem,
we only categorized a woman as HA if the anti-androgenic
drug was dispensed at least twice. This approach, on the other
hand, could risk misclassifying HA women as NA instead.

Higher BMI and higher amount of visceral fat are known
risk factors for T2D in the general population (14, 40), and in-
sulin resistance is a common feature in both lean and obese
women with PCOS (41, 42). Previous Nordic studies suggest
that the increased risk of T2D in women with PCOS is primar-
ily because of obesity (12, 13), which was not supported by
our results. On the other hand, a Danish study with
867



TABLE 2

Adjusted hazard ratios (aHR) for type 2 diabetes, stratified by polycystic ovary syndrome hyperandrogenic phenotype, adjusted for body mass
index (N [ 148,121, missing values n [ 678).

Broad HA phenotype a Intermediate HA phenotypeb Specific HA phenotype c

aHR 95% CI aHR 95% CI aHR 95% CI

Group
Non-PCOS (ref) (ref) (ref)
PCOS normoandrogenic 2.52 2.15–2.96 2.70 2.32–3.13 2.76 2.38–3.19
PCOS hyperandrogenic 3.86 3.16–4.72 4.30 3.28–5.65 6.34 4.25–9.45
Country of birth

Nordic countries (ref) (ref) (ref)
Europe 1.43 1.09–1.88 1.43 1.09–1.88 1.44 1.10–1.89
Middle East 1.94 1.53–2.46 1.94 1.53–2.46 1.97 1.56–2.50
India, Pakistan, or Bangladesh 6.33 4.29–9.33 6.38 4.33–9.41 6.54 4.43–9.64
Africa 1.96 1.36–2.84 1.94 1.34–2.81 1.94 1.34–2.81
Remaining countries 2.32 1.76–3.06 2.32 1.76–3.06 2.35 1.78–3.10

Education
>12 years (ref) (ref) (ref)
10–12 years 1.66 1.42–1.95 1.65 1.41–1.94 1.65 1.41–1.93
%9 years 2.24 1.79–2.81 2.21 1.77–2.76 2.20 1.76–2.75

BMI
<25.0 kg/m2 (ref) (ref) (ref)
25.0–29.99 kg/m2 3.10 2.52–3.82 3.10 2.52–3.82 3.09 2.51–3.81
R30.0 kg/m2 9.96 8.21–12.08 9.87 8.13–11.98 9.83 8.10–11.93

Note: aHR ¼ adjusted hazard ratio; CI ¼ confidence interval; HA ¼ hyperandrogenism; BMI ¼ body mass index; PCOS ¼ polycystic ovary syndrome.
a Women with at least two filled prescriptions for anti-androgenic combined oral contraceptives (COCs) and/or anti-androgenic drugs. These included combined contraceptive pills with ethinyl
estradiol (EE) and drospirenone (G03AA12), EE and desogestrel (G03AA09), EE and dienogest (G03AA16), or EE and cyproterone acetate (G03HB01) and the anti-androgenic drugs finasteride
and eflornithine (D11AX), finasteride/dutasteride (G04CB), flutamide/bicalutamide (L02BB), or spironolactone (C03DA01).
b Women with at least two filled prescriptions for EE and cyproterone acetate (G03HB01) or the anti-androgenic drugs finasteride and eflornithine (D11AX), finasteride/dutasteride (G04CB),
flutamide/bicalutamide (L02BB), or spironolactone (C03DA01).
c Women with at least two filled prescriptions for spironolactone (C03DA01).

Persson. Hyperandrogenic PCOS; risk for T2D. Fertil Steril 2021.
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comparable methodology to our study showed similar inci-
dence rates for T2D in all PCOS phenotypes; that study, how-
ever, included gestational diabetes among study outcomes
(38). We found that normal-weight women with PCOS with
the metabolically less harmful NA phenotype had a twofold
increased rate of T2D. Further, even when analyses were
restricted to women who had been diagnosed with anovula-
tory infertility, normal-weight women with PCOS still had
an almost twofold increased rate of T2D. Differences in results
from those of previous studies may be explained by our larger
population of women with PCOS, their wider age span, and
our follow-up to an older age than previous studies (12, 13).
Further, while the cumulative probability of T2D was similar
in our population to that reported in an Australian population
of women with PCOS (11), our incidence of T2D was lower
among both non-PCOS women and women with PCOS than
in a Finnish study (13). Finally, by relying on ICD-codes
E14 and E11 to measure the outcome of T2D, we were limited
to women who, at some point, had their diagnosis registered
at a hospital clinic. Therefore, we chose to include informa-
tion even on prescribed antidiabetic drugs as a proxy of
T2D, used in previous studies as well (38).

In addition, we found that women with HA PCOS develop
T2D more quickly than women with NA PCOS or non-PCOS
women. This finding was consistent across the different HA
phenotypes that we used to define the HA PCOS phenotype,
although we recognize the potential for misclassifying sub-
types. The finding that women with HA PCOS have a higher
risk of T2D development is additionally supported by a Danish
868
study of relatively lean women with PCOS, in whom more
than 90% had clinical and/or biochemical HA and who had
a fourfold increased risk of T2D (38).

One mechanism underlying the increased risk of T2D
in women with HA PCOS could be increased levels of
circulating insulin, which may contribute to HA in women
with PCOS by stimulating ovarian androgen production
and inhibiting sex hormone-binding globulin production
(43, 44). Another mechanism may involve increased free
androgen levels, which may additionally aggravate insulin
resistance (43).

The present international evidence-based guideline for
PCOS recommends the assessment of glycemic status at diag-
nosis of PCOS in all women, using fasting plasma glucose,
glycated haemoglobin, or an oral glucose tolerance test. In
women with PCOS who are assessed with a high risk of
T2D, an oral glucose tolerance test is recommended (5). The
present guideline does not identify HA as a risk factor that
calls for regular glycemic screening. With a cumulative prob-
ability of developing T2D ranging between 14% and 25%, de-
pending on how we defined the HA phenotype exposure, we
recommend that women in need of anti-androgenic treatment
are considered at high risk for T2D.

In conclusion, we found that women with PCOS carry an
increased risk of T2D that is independent of BMI. Womenwith
HA PCOS developed T2D more rapidly than women with NA
PCOS. If our results are replicated, guidelines for glycemic
screening in women with PCOS should include the use of
anti-androgenic treatment as a risk factor for T2D.
VOL. 116 NO. 3 / SEPTEMBER 2021
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Fertility and Sterility®
Mayor riesgo de Diabetes tipo 2 en mujeres con síndrome de ovarios poliquísticos hiperandrog�enico.

Objetivo: Evaluar el riesgo de diabetes tipo 2 (DM2) en mujeres con síndrome de ovario poliquístico (SOP) en relaci�on con el índice de
masa corporal (IMC) y el fenotipo SOP hiperandrog�enico (HA).

Dise~no: Estudio de cohorte poblacional.

Entorno: Datos de seis registros nacionales suecos, con seguimiento de los participantes durante un m�aximo de 19 a~nos.

Paciente(s): Todas las mujeres con una Clasificaci�on Estadística Internacional de Enfermedades y Problemas de Salud Relacionados,
versi�on 10, diagn�ostico de SOP, exceso de andr�ogenos o infertilidad anovulatoria nacidas entre 1950 y 1999 (n¼52,535) fueron iden-
tificadas en el Registro de Pacientes. El fenotipo HA SOP se defini�o por dos recetas de f�armacos antiandrog�enicos. Para cada mujer con
SOP, se eligieron al azar cinco mujeres de control (n¼254.624) del Registro de Poblaci�on Total, emparejadas por edad y �area geogr�afica.

Intervenci�on(es): No se realizaron intervenciones.

Principales medidas de resultado: Clasificaci�on Estadística Internacional de Enfermedades y Problemas de Salud Relacionados,
versi�on 10, diagn�ostico de DM2 o prescripci�on de un tratamiento antidiab�etico distinto de metformina.

Resultado(s): Las tasas de incidencia acumulada de DM2 fueron 1.3%, 4.4% y 14.2% en controles (mujeres sin SOP) y mujeres con SOP
normoandrog�enico (NA) e HA, respectivamente. Despu�es del ajuste por IMC, las mujeres con SOP tuvieron una tasa dos veces mayor de
DM2 que las mujeres sin SOP (raz�on de riesgo ajustada, 2.52 [intervalo de confianza del 95%, 2.15–2.96]). Las mujeres con HA SOP
tenían una tasa m�as alta de DM2 que aquellas con HA SOP (índice de riesgo ajustado, 3,86 [intervalo de confianza del 95%, 3,16–4,72]).

Conclusi�on(es): El síndrome de ovario poliquístico es un factor de riesgo independiente para la diabetes tipo 2, incluso despu�es del
ajuste por IMC. Las mujeres con el fenotipo HA SOP se enfrentan a un riesgo a�un mayor de DM2 que aquellas con el fenotipo NA SOP.
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