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Abstract

Objective: Several recent observational studies have linked metabolic comorbidities to an increased risk from COVID-
19. Here we investigated whether women with PCOS are at an increased risk of COVID-19 infection.
Design: Population-based closed cohort study between 31 January 2020 and 22 July 2020 in the setting of a UK primary 
care database (The Health Improvement Network, THIN).
Methods: The main outcome was the incidence of COVID-19 coded as suspected or confirmed by the primary care 
provider. We used Cox proportional hazards regression model with stepwise inclusion of explanatory variables 
(age, BMI, impaired glucose regulation, androgen excess, anovulation, vitamin D deficiency, hypertension, and 
cardiovascular disease) to provide unadjusted and adjusted hazard risks (HR) of COVID-19 infection among women 
with PCOS compared to women without PCOS.
Results: We identified 21 292 women with a coded diagnosis of PCO/PCOS and randomly selected 78 310 aged and 
general practice matched control women. The crude COVID-19 incidence was 18.1 and 11.9 per 1000 person-years 
among women with and without PCOS, respectively. Age-adjusted Cox regression analysis suggested a 51% higher risk 
of COVID-19 among women with PCOS compared to women without PCOS (HR: 1.51 (95% CI: 1.27–1.80), P < 0.001). 
After adjusting for age and BMI, HR reduced to 1.36 (1.14–1.63)], P = 0.001. In the fully adjusted model, women with 
PCOS had a 28% increased risk of COVID-19 (aHR: 1.28 (1.05–1.56), P = 0.015).
Conclusion: Women with PCOS are at an increased risk of COVID-19 infection and should be specifically encouraged to 
adhere to infection control measures during the COVID-19 pandemic.
Significance statement: Women with polycystic ovary syndrome (PCOS) have an increased risk of cardio-metabolic 
disease, which have been identified as a risk factor for COVID-19. To investigate whether the increased metabolic 
risk in PCOS translates into an increased risk of COVID-19 infection, we carried out a population-based closed cohort 
study in the UK during its first wave of the SARS-CoV-2 pandemic (January to July 2020), including 21 292 women with 
PCOS and 78 310 controls matched for sex, age and general practice location. Results revealed a 52% increased risk of 
COVID-19 infection in women with PCOS, which remained increased at 28% above controls after adjustment for age, 
BMI, impaired glucose regulation and other explanatory variables.
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Introduction

The novel severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) reached a pandemic status in March 
2020 with a consequent severe impact on international 
healthcare systems and the global economy (1). The 
resulting coronavirus disease 2019 (COVID-19) causes 
mild symptoms in most cases but the incidence of severe 
illness, respiratory failure and mortality in high-risk 
groups has led to mandated quarantine measures and 
economic shutdown across the globe in order to protect 
capacity within health systems and intensive care units 
(2, 3). Multiple large observational studies have shown 
that those with metabolic risk factors such as diabetes, 
obesity and cardiovascular disease are at higher risk of 
severe COVID-19 infection (2, 3, 4, 5). Shielding strategies 
are recommended for older patients and for those with 
significant comorbidities that place them in a high-risk 
bracket for severe COVID-19 infection, including being 
immunocompromised or pregnant or for those with health 
conditions such as diabetes, heart, liver and lung disease.

Women with polycystic ovary syndrome (PCOS) have 
recently been highlighted as an overlooked and potentially 
high-risk population for COVID-19 complications (6). 
PCOS is a lifelong metabolic condition of women, 
typically associated in most cases with androgen excess, 
anovulatory infertility and polycystic ovarian morphology 
on ultrasound (7, 8, 9). PCOS has an estimated population 
prevalence between 8–16% of all women, depending on 
the population studied (10, 11). Women with PCOS are 
at significantly increased risk of type 2 diabetes mellitus 
(T2DM) (12, 13, 14), non-alcoholic fatty liver disease 
(NAFLD) (15) and cardiovascular disease (16). PCOS 
prevalence is also notably higher in black and South Asian 
women than in white women (17), the former appears 
to have a higher risk of severe COVID-19 (18, 19, 20, 
21, 22). Whilst younger age and female sex are typically 
associated with a lower overall risk of severe COVID-19 
infection and mortality (2, 4), patients with PCOS may 
represent a distinct subgroup of women at higher than 
average risk of adverse COVID-19-related outcomes. It 
is, therefore, imperative to determine whether PCOS is 
linked to COVID-19 susceptibility.

We hypothesized that women with PCOS are at a 
higher risk of development of COVID-19 compared to an 
age-matched control population. Our aim was to examine 
the incident risk of reported suspected/confirmed 
COVID-19 in women with PCOS in the UK utilizing a 
large primary care database, in comparison to matched 
population controls.

Methods

Study design and data source

A population-based retrospective closed cohort study to 
determine the incident risk of COVID-19 infection in 
women with PCOS in comparison to women without 
PCOS was conducted in The Health Improvement 
Network (THIN) database. THIN is an anonymized 
longitudinal primary care electronic medical records 
database from 365 active general practices in the UK. The 
records include patient demographics data, symptoms, 
diagnoses, drug prescriptions, physical measurements 
and laboratory test results. Symptoms and diagnoses are 
recorded using Read codes, a hierarchical coding system 
(23). We have previously conducted studies examining 
long-term outcomes of women with PCOS using the THIN 
database (15, 24).

Study population

Women aged 18 and above were included if they had a 
minimum registration period of 1 year with an eligible 
general practice to maximize completeness of baseline 
records. Patient age at study entry (31 January 2020) was 
not restricted to reproductive age considering the lifelong 
metabolic disturbances associated with this condition. 
Women with a coded diagnosis of PCOS or polycystic 
ovaries (PCO) before study entry were included in the 
PCOS cohort. For the purpose of this study, women with 
a coded diagnosis of PCO were considered as women with 
PCOS as previous studies have highlighted that these 
codes have been interchangeably recorded in the primary 
care electronic medical records in the UK (25). Read codes 
for both PCOS and PCO are listed in Supplementary Table 
1A (see section on supplementary materials given at the 
end of this article). Women who are pregnant at study 
entry were excluded from cohort selection as they are 
more likely to be tested for COVID-19, due to systematic 
screening during admission for delivery (26), which could 
affect the primary outcome.

For every woman with PCOS, we randomly selected 
four women without a diagnostic code for PCOS/PCO and 
matched for age (±1 year) and general practice location. 

Outcome and follow-up

The primary outcome was a composite of suspected or 
confirmed diagnosis of COVID-19 in primary care; Read 
codes are listed in Supplementary Table 1B. According 
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to NHS Guidance and Standard Operating Procedures 
for Primary Care, and UK Faculty of Clinical Informatics 
guidelines, confirmed COVID-19 codes represent a 
positive RT-PCR test, while a suspected COVID-19 code 
represents a symptomatic presentation of COVID-19 
and/or contact history with a confirmed patient (27). 
Considering the wide unavailability of RT-PCR tests 
outside of the hospital setting until relatively later in the 
initial wave of COVID-19 pandemic in the UK, most cases 
of COVID-19 in primary care are coded as ‘suspected’. All 
women included in the study were followed up from 30 
January 2020 (index date) until patient exit date: a patient 
was considered to exit the study at the earliest of the 
suspected/confirmed COVID-19 infection documentation 
date or the patient being lost to follow-up (i.e. patient 
deregistration from the practice or patient death) or study 
end date (22 July 2020, last date of data provided by 
Cegedim, the THIN data provider).

Explanatory variables

We considered PCOS features that overlap with COVID-
19 infection risk as explanatory variables, which included 
age, BMI, impaired glucose regulation, androgen excess, 
anovulation (lack of regular ovulation or symptomatic 
sequelae of anovulation) , vitamin D deficiency at 
baseline and concurrent diagnosis of hypertension and 
cardiovascular diseases, informed by previously identified 
COVID-19 risk factors (6). Age was categorized into 10-year 
age bands: 18–30, 30–40, 40–50, 50–60 and 60+ years. 
BMI was considered as a continuous variable. Multiple 
imputation using chained equations and predictive mean 
matching were performed to replace missing BMI values. 
Impaired glucose regulation was categorized as either 
(i) absence of diabetes, (ii) pre-diabetes or (iii) diabetes 
(identified by either Read code records or the HbA1c 
measurement at baseline (42 to 47 mmol/mol (6.0–6.4%) 
for pre-diabetes and ≥48 mmol/mol (≥6.5%) for diabetes). 
Androgen excess was defined as the latest serum testosterone 
measurement ≥2.0 nmol/L at baseline and/or the presence 
of hirsutism. Vitamin D deficiency was identified by Read 
codes. Cardiovascular disease was defined as a composite 
of ischaemic heart disease, heart failure, stroke, transient 
ischaemic attack and peripheral vascular disease.

Statistical analysis

Description of baseline variables is provided using 
appropriate summary statistics stratified by PCOS vs non-

PCOS mean with standard deviation (s.d.) and median with 
interquartile range (IQR) were provided for continuous 
variables as appropriate. Frequency and percentage were 
provided for categorical variables. T-test and chi-square 
test were used to test for statistically significant differences 
in the baseline variables between PCOS and non-PCOS.

A Cox proportional hazards regression model was 
used to provide unadjusted and adjusted hazard ratios 
(HRs) of the primary outcome among women with 
PCOS compared to women without PCOS after stepwise 
inclusion of the explanatory variables in the Cox model, 
culminating with a fully adjusted model.

We performed two sets of sensitivity analyses to 
assess the robustness of our findings. First, we restricted 
the exposed cohort to patients with a coded diagnosis 
of PCOS only (instead of PCOS/PCO) and performed 
the Cox regression analysis along with their matched 
controls. Secondly, we restricted the analyses to patients 
of reproductive age (18–50) at study entry and through 
the study period.

All analyses were performed in Stata IC version 15. 
Two-sided P values were obtained for all tests, and a P 
value <0.05 was considered as statistically significant. 
Selection of Read code lists was performed using methods 
used in our previous publications (28).

Ethics

The THIN data collection scheme and research carried 
out using THIN data were approved by the NHS South–
East Multicentre Research Ethics Committee in 2003. 
Under the terms of the approval, studies must undergo 
independent scientific review. Approval for this study was 
obtained from the THIN Scientific Review Committee in 
September 2020 (SRC protocol reference 20-010).

Results

Characteristics of the cohort of women with PCOS 
and their age-matched controls

As of 31 January 2020, 326 practices out of 365 practices 
qualified for inclusion with 1 012 944 registered women 
aged 18 and above. We identified 8103 women with a 
coded diagnosis of PCOS and 13 189 additionally with a 
coded diagnosis of PCO. From a pool of 969 162 women 
eligible to be in the control population, a total of 78 310 
women were randomly selected as controls, matched for 
age and GP surgery location.
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The mean (s.d.) age at study entry of the women 
with and without PCOS was 39.3 (11.1) and 39.5 (11.3), 
respectively (Table 1). Among the women with PCOS, 
the mean (s.d.) age at diagnosis of PCOS and mean (s.d.) 
duration after the diagnosis of PCOS at study entry were 
27.0 (7.0) and 12.4 (8.9) years, respectively.

As anticipated, there were significantly higher levels 
of all characteristic features of PCOS among the women 
with PCOS than in the matched controls (Table 1).  
Out of the women with a record of BMI at baseline 
(91.9% and 86.3% among women with and without 
PCOS), women with PCOS had significantly higher BMI 
compared to women without PCOS (mean (s.d.): 31.0 
(8.4) vs 27.1 (6.7), P < 0.001). Androgen excess, defined as 

a coded diagnosis of hirsutism and/or the latest recorded 
serum testosterone measurement ≥2.0 nmol/L prior to 
study entry, was recorded between 22.8% and 1.8% of 
women with and without PCOS, respectively (P < 0.001). 
A coded diagnosis of anovulation at baseline was recorded 
between 27.6% and 7.4% of the women with and without 
PCOS, respectively (P < 0.001). At baseline, approximately 
7.8% and 4.1% of the women with PCOS had diabetes 
and pre-diabetes, respectively, while only 2.6% and 2.1% 
of the control women had records of these conditions 
(P < 0.001). Women with PCOS were more likely to be 
vitamin D deficient (3.0% vs 1.8%, P < 0.001), hypertensive 
(9.5% vs 5.6%, P < 0.001) or have cardiovascular disease at 
baseline (1.6% vs 1.3%, P < 0.001).

Table 1 Baseline characteristics of women with PCOS and age-matched controls.

Exposed (PCO/PCOS) Unexposed P-value

n 21 292 78 310
Age
 Mean ± s.d. 39.3 ± 11.1 39.5 ± 11.3 0.030¥

 Median (IQR) 38.5 (30.5–46.5) 38.5 (30.5–47.5)
 Categories, years 0.009§

  18–30 4697 (22.1) 17 403 (22.2)
  30–40 7170 (33.7) 25 591 (32.7)
  40–50 5658 (26.6) 20 736 (26.5)
  50–60 2951 (13.9) 11 358 (14.5)
  >60 816 (3.8) 3222 (4.1)
BMI
 Mean ± s.d. 31.0 ± 8.4 27.1 ± 6.7 <0.001¥

 Median (IQR) 29.7 (24.4–36.2) 25.50 (22.3–30.4)
 Categories <0.001§

  Normal/underweight (<25 Kg/m2) 5530 (26.0) 31 671 (40.4)
  Overweight (25–30 Kg/m2) 4494 (21.1) 18 112 (23.1)
  Obese (>30Kg/m2) 9538 (44.8) 17 837 (22.8)
  Missing 1730 (8.1) 10 690 (13.7)
Androgen excess* 4849 (22.8) 1399 (1.8) <0.001§

 Testosterone ≥ 2.0 nmol/L 2552 (12.0) 665 (0.9) <0.001§

 Hirsutism 2838 (13.3) 786 (1.0) <0.001§

Anovulation 5867 (27.6) 5770 (7.4) <0.001§

IGR categories <0.001§

 Absence of IGR 18 767 (88.14) 74 590 (95.25)
 Pre-diabetes 873 (4.10) 1673 (2.14)
 Diabetes 1652 (7.76) 2047 (2.61)
Vitamin D deficiency 627 (3.0) 1398 (1.8) <0.001§

Hypertension 2023 (9.5) 4404 (5.6) <0.001§

Composite CVD¬ 45 (1.6) 984 (1.3) <0.001§

 Ischaemic heart disease 175 (0.8) 484 (0.6) 0.001§

 Stroke/TIA 128 (0.6) 381 (0.5) 0.038§

 Heart failure 51 (0.2) 139 (0.2) 0.066§

 Peripheral vascular disease 31 (0.2) 91 (0.1) 0.277§

*Hirsutism/testosterone ≥ 2.0 nmol/L; ¬Ischaemic heart disease/stroke/TIA/heart failure/peripheral vascular disease; ¥P-value obtained from t-test 
comparing means of the variable between the two groups; §P-value obtained from chi-square test comparing the percentage of women in each category 
between the two groups.
IGR, impaired glucose regulation; TIA,transient ischaemic attack.
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Risk of COVID-19 among women with PCOS 
compared to their age-matched controls, after 
adjustment for PCOS features

Among the women with and without PCOS, 0.9% 
(n = 180) and 0.6% (n = 438), respectively, had a record 
of suspected/confirmed COVID-19 in their primary care 
records during a cumulative follow-up of 9967 and 36 727 
person-years, respectively (Table 2). Confirmed COVID-
19 codes were only present in 0.1% (n = 14) and 0.1% 
(n = 70) of women with and without PCOS, respectively. 
This provided a crude COVID-19 incidence rate of 18.1 
and 11.9 per 1000 person-years among the women 
with and without PCOS, respectively. An age-adjusted 
Cox regression analysis suggested a 51% higher risk of 
suspected/confirmed COVID-19 among women with 
PCOS compared to women without PCOS (1.51 (95% CI: 
1.27–1.80), P < 0.001) (Fig. 1).

After adjusting for BMI and age, the hazard ratio 
reduced to 1.36 (95% CI: 1.14–1.63), P = 0.001 (Fig. 1).  
When additionally adjusting for impaired glucose 
regulation, the hazard ratio was marginally further reduced 
to 1.33 (95% CI: 1.11–1.60), P = 0.002. Following this, 
in a series of further stepwise adjustments for androgen 
excess and anovulation, the hazard ratios were reduced 
to 1.30 (95% CI: 1.07–1.57), P = 0.008 and 1.28 (95% CI: 
1.05–1.56), P = 0.014 P = 0.018, respectively. Additional 
adjustment for vitamin D deficiency, hypertension and 
cardiovascular disease made no difference to the effect 
estimate. In the fully adjusted model, women with PCOS 
had a 28% increased risk of suspected/confirmed COVID-

19 compared to women without PCOS (aHR: 1.28 (95% 
CI: 1.05–1.56), P = 0.015).

When restricting the exposure ascertainment to codes 
specific to PCOS only, that is excluding PCO codes, a 37% 
increased risk of suspected/confirmed COVID-19 was 
observed among women with PCOS (n = 8103) compared 
to their matched controls (n = 29 711); although, the 
results did not reach statistical significance (aHR: 1.38 
(95% CI: 0.99–1.92), P = 0.056).

In the sensitivity analysis restricting to reproductive-
aged women, the results suggest that women with PCOS 
between the age of 18 and 50 years (n = 17 525) have a 
30% increased risk of suspected/confirmed COVID-19 
compared to women without PCOS matched for age and 
general practice (n = 63 775) (aHR: 1.30 (95% CI: 1.05–
1.62), P = 0.018) (Table 2).

Risk factors for COVID-19 among all women

In the fully adjusted model, there was lower risk of 
reported suspected/confirmed COVID-19 among women 
aged ≥60 years compared to women aged 18-30 (aHR: 
0.41 (95% CI: 0.23–0.74), P = 0.001) and 2% higher risk 
with every unit (kg/m2) increase in BMI (aHR: 1.02 (95% 
CI: 1.01–1.03), P < 0.003) (Table 3). Furthermore, there 
was a higher risk of suspected/confirmed COVID among 
women who had vitamin D deficiency (aHR: 1.61 (95% 
CI: 1.05–2.47), P = 0.029) or cardiovascular disease (1.88 
(95% CI: 1.12–3.17), P = 0.017) at baseline. Risk was also 
higher in the presence of pre-diabetes and diabetes but 
this did not reach statistical significance (aHR: 1.31 (95% 

Table 2 Risk of suspected/confirmed COVID-19 among women with PCOS compared to women without PCOS.

Exposed Unexposed
HR (95% CI) P-value

Unadjusted Adjusted* Unadjusted Adjusted*

Primary analysis, n 21 292 78 310 1.52 (1.27–1.80) 1.28 (1.05–1.56) <0.001 0.015
 Outcome events, n (%) 180 (0.85) 438 (0.56)
 Person-years 9967 36 727
 CIR/1000 PY 18.06 11.93
Sensitivity analysis
 Restriction of exposure to 

PCOS codes only, n
8103 29 711 1.59 (1.20–2.10) 1.38 (0.99–1.92) 0.001 0.056

  Outcome events, n (%) 69 (0.85) 160 (0.54)
  Person-years 3788 13 926
  CIR/1000 PY 18.21 11.49
 Restriction of cohort to 

women of reproductive 
age (18–50), n

17 525 63 775 1.56 (1.29–2.88) 1.30 (1.05–1.62) <0.001 0.018

  Outcome events, n (%) 152 (0.87) 353 (0.55)
  Person-years 8180 29 546
  CIR/1000 PY 18.58 11.95

*Adjustment for age category, BMI, impaired glucose regulation, androgen excess, anovulation, vitamin D deficiency, hypertension and cardiovascular diseases.
CIR, crude incidence rate.
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CI: 0.86–2.00), P = 0.215 and 1.36 (95% CI: 0.96–1.93), 
P = 0.085, respectively).

Discussion

In this retrospective cohort study spanning the first 
wave period of the COVID-19 pandemic in the UK, we 
found that a diagnosis of PCOS confers a 51% increased 
risk of development of confirmed or suspected COVID-
19 infection compared to the background age-matched 
female population. A higher observed susceptibility to 

COVID-19 infection (26%) in the PCOS cohort persisted 
even after adjustment for individual cardio-metabolic 
risk factors known to cluster within PCOS, which have 
recently been directly linked to increased COVID-
19 susceptibility including obesity, impaired glucose 
regulation and androgen excess (2, 6, 29). These data 
support an independent relationship between a diagnosis 
of PCOS and risk of COVID-19 infection; however, the 
precise pathophysiological mechanisms underpinning 
this association are not clear.

PCOS is a lifelong condition associated with severe 
health consequences in women, including a significantly 
increased risk of T2DM, NAFLD and cardiovascular disease 
(15, 16). To our knowledge, this is the first publication 
since the pandemic outbreak that has demonstrated 
an increased susceptibility to COVID-19 infection in 
women with PCOS. Given the high prevalence of PCOS 
in the population, these findings need to be considered 
when designing public health policy and advice as our 
understanding of COVID-19 evolves. Before the onset 
of the COVID-19 pandemic, women with PCOS had 
low rates of satisfaction with access to and provision of 
healthcare services in relation to their condition (30). 
Women with PCOS consistently report fragmented care, 
delayed diagnosis and a perception of poor clinician 
understanding of their condition as major factors 
contributing to this dissatisfaction (31). Women suffering 
from this condition may fear, with some degree of 
justification, that an enhanced risk of COVID-19 infection 
will further compromise timely access to healthcare 
and serve to increase the sense of disenfranchisement, 
currently experienced by many patients. The pandemic 
has already dramatically altered our current healthcare 
delivery models, and although the increased roll-out of 
virtual consultations and methods of delivering remote 
healthcare have been commendable, for many patients 
with PCOS these will not be an appropriate substitute for 
the traditional clinician–patient live consultation. The 
risk of mental health problems including low self-esteem, 
anxiety and depression is significantly higher in women 
with PCOS than the background female population, and 
advice on strict adherence to social distancing needs to 
be tempered by the associated risk of exacerbating these 
underlying problems.

PCOS is a pro-inflammatory state, and it has been 
hypothesized that inflammation may underpin many 
of the cardio-metabolic abnormalities in this disorder 
(32). Increased circulating levels of pro-inflammatory 
mediators, including highly sensitive C-reactive protein 
(hsCRP), tumour necrosis factor (TNF)-alpha, procalcitonin 

Figure 1
Risk of confirmed/suspected COVID-19 among women with 
PCOS after serial adjustment for PCOS features. A full colour 
version of this figure is available at https://doi.org/10.1530/
EJE-20-1163.

Table 3 Risk factors for confirmed/suspected COVID-19 from 
the fully adjusted model.

Risk factors Adjusted hazard ratio P-values

PCOS 1.28 (1.05–1.56) 0.015
Age category, years
 18–30 RS RS
 30–40 0.89 (0.71–1.06) 0.286
 40–50 1.03 (0.82–1.29) 0.785
 50–60 0.89 (0.68–1.18) 0.428
 ≥60 0.41 (0.23–0.74) 0.003
BMI 1.02 (1.01–1.03) <0.001
Androgen excess 1.11 (0.83–1.50) 0.478
Anovulation 1.06 (0.84–1.35) 0.594
Impaired glucose 

regulation
 Absence of IGR RS RS
 Pre-diabetes 1.31 (0.86–2.00) 0.215
 Diabetes 1.36 (0.96–1.93) 0.085
Vitamin D deficiency 1.61 (1.05–2.47) 0.029
Hypertension 1.19 (0.88–1.62) 0.258
Cardiovascular disease 1.88 (1.12–3.17) 0.017

RS, reference standard.
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and interleukin-18 (IL-18), have been reported in women 
with PCOS (33, 34), and although more pronounced in 
the context of obesity, these associations persist even 
after correction for total fat mass. Pro-inflammatory 
cytokines are implicated in adipose tissue dysfunction 
and inflammation (35) and have been implicated in the 
pathophysiology of insulin resistance and diabetes (36). 
Severe COVID-19 infection, with associated respiratory 
failure requiring oxygen therapy or admission to intensive 
care for intubation and ventilation, has also been linked 
with an exaggerated systemic inflammatory response, 
which can trigger catastrophic acute respiratory distress 
syndrome (ARDS) with associated multi-organ failure 
and high mortality. It is conceivable that women with 
PCOS, who have been demonstrated to have low-grade 
inflammation beyond that observed in simple obesity 
, are potentially at increased risk of severe COVID-19 
infection because of this underlying pro-inflammatory 
predisposition (37, 38).

The link between COVID-19 infection and androgens 
merits further discussion. Androgen excess is a cardinal 
feature of PCOS and identified as a primary driver of 
increased risk of T2DM and NAFLD in affected women 
(15, 39). Significant gender differences have been 
observed in COVID-19 outcomes with a higher likelihood 
of hospitalization and death in men reported in multiple 
studies (37). Intriguingly, androgen deprivation therapy 
in men treated for prostate cancer was associated with 
a significantly reduced risk of SARS-COV-2 infection 
compared to those treated with alternative disease 
regimens in a recent study (38); a preliminary report 
from Spain has linked more severe infection with 
androgenic alopecia in male patients (40). Conversely, 
a limited number of small studies have also linked low 
serum testosterone at baseline in hospitalized men to an 
increased risk of ICU admission and death (41, 42); indeed, 
it is intriguing that the metabolic complications associate 
with male hypogonadism mirror those of women with 
androgen excess (43). Early in vitro studies suggest that 
the transmembrane serine protease 2 (TMPRSS2), which 
is highly regulated by androgens, is a critical enzyme 
mediating the entry of the SARS-CoV-2 into cells (44). 
It is reasonable to speculate that women with PCOS and 
androgen excess are at increased susceptibility of infection 
through this mechanism. Whilst androgen excess was 
not identified as a major contributor to COVID-19 
susceptibility in our PCOS cohort, it is likely to be the 
subject of increased clinical research interest in the months 
and years ahead. In addition, it is a limitation of our study 
that we had to base the diagnosis of androgen excess on 

surrogate parameters, hirsutism and serum testosterone 
concentrations. Testosterone has not been systematically 
measured in our PCOS cohort with no data available on 
11-oxygenated androgens, the predominant circulating 
androgens in PCOS (45). Androgens are important 
modulators of immune function (46), and very recent 
observations have highlighted that peripheral blood 
mononuclear cells preferentially activate 11-oxygenated 
androgens and that natural killer cells, the prime innate 
defence against viral infection, represent the major site of 
this intracrine androgen activation (47).

Strengths of our study included a large sample size 
from a dataset generalizable to the UK population and 
the study period covers the majority of the COVID-19 
pandemic duration in the UK to date. The proportion of 
missing information was low, and we adjusted for a range 
of potential confounders, in a stepwise series of regression 
models; however, there are several important limitations. 
The data quality is dependent on accurate coding by 
general practitioners and primary care administrative 
staff; there is a possibility of miscoding of the PCOS/
PCO diagnosis, and recording of suspected or confirmed 
COVID-19 may be incomplete.

A considerable limitation in this study was the 
restriction of PCOS ascertainment using clinical codes 
recorded by a general practitioner. Endocrinological 
evaluation is more likely to be performed by a specialist 
in secondary care, while the GP may limit to the coding 
of a confirmed diagnosis. Therefore, the prevalence of 
PCOS observed in primary care setting is usually under 
recorded rather than over diagnosed. Importantly, it 
was not possible to explore or adjust for the effect of 
patient ethnicity or socioeconomic status, as this data 
were unavailable. While we have adjusted for a number 
of important confounders, there remains a possibility 
of unmeasured confounding. Also, confounders such as 
androgen excess and impaired glucose regulation were 
restricted to clinical coding and available measurements 
such as serum testosterone and HbA1c, which may 
not have captured the complete picture of metabolic 
disturbances. Finally, during the first wave of COVID-19 
in the UK there was no widespread testing in primary care 
with a COVID-19 test generally only being performed if 
a patient was admitted to hospital; we have, therefore, 
presented a combination of confirmed and clinically 
suspected COVID-19 infections.

In conclusion, our study shows that women with PCOS 
are at an increased risk of COVID-19 infection, and except 
for obesity the adjustment for potentially confounding 
factors did not mitigate this risk, pointing at inherent 
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PCOS-specific factors. Future studies should explore the 
potentially critical role of androgens in conveying this 
risk and assess in more detail the contribution of ethnicity 
and socio-economic deprivation. Based on our results, 
women with PCOS should be specifically encouraged to 
adhere to the recommended infection control measures 
for the duration of the COVID-19 pandemic.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EJE-20-1163.

Declaration of interest
Wiebke Arlt is on the editorial board of EJE. Wiebke Arlt was not involved 
in the review or editorial process for this paper on which he/she is listed 
as an author.

Funding
This study was funded by Health Data Research UK and supported by the 
Wellcome Trust (Investigator Grant WT209492/Z/17/Z, to W A) and the Health 
Research Board (HRB; Emerging Clinician Scientist Award ECSA-2020-001, to M 
W O’R). WA receives support from the NIHR Birmingham Biomedical Research 
Centre at the University Hospitals Birmingham NHS Foundation Trust and the 
University of Birmingham (Grant Reference Number BRC-1215-20009). The 
views expressed are those of the authors and not necessarily those of the 
NIHR UK or the Department of Health and Social Care UK.

References
	 1	WHO. Director-General’s opening remarks at the media briefing on 

COVID-19 – 11 March 2020 [press release], 2020.
	 2	Deng G, Yin M, Chen X & Zeng F. Clinical determinants for fatality 

of 44,672 patients with COVID-19. Critical Care 2020 24 179. 
(https://doi.org/10.1186/s13054-020-02902-w)

	 3	Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, 
Norman L, Holden KA, Read JM, Dondelinger F, Carson G et al. 
Features of 20 133 UK patients in hospital with covid-19 using 
the ISARIC WHO Clinical Characterisation Protocol: prospective 
observational cohort study. BMJ 2020 369 m1985. (https://doi.
org/10.1136/bmj.m1985)

	 4	Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, 
Curtis HJ, Mehrkar A, Evans D, Inglesby P et al. Factors associated 
with COVID-19-related death using OpenSAFELY. Nature 2020 584 
430–436. (https://doi.org/10.1038/s41586-020-2521-4)

	 5	Randeva HS, Tan BK, Weickert MO, Lois K, Nestler JE, Sattar N 
& Lehnert H. Cardiometabolic Aspects of the Polycystic Ovary 
Syndrome. Endocrine Reviews 2012 33 812–841. (https://doi.
org/10.1210/er.2012-1003)

	 6	Kyrou I, Karteris E, Robbins T, Chatha K, Drenos F & Randeva HS. 
Polycystic ovary syndrome (PCOS) and COVID-19: an overlooked 
female patient population at potentially higher risk during the 
COVID-19 pandemic. BMC Medicine 2020 18 220. (https://doi.
org/10.1186/s12916-020-01697-5)

	 7	Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, 
Piltonen T, Norman RJ & International PCOS Network. 
Recommendations from the international evidence-based guideline 
for the assessment and management of polycystic ovary syndrome. 
Human Reproduction 2018 33 1602–1618. (https://doi.org/10.1093/
humrep/dey256)

	 8	Asuncion M, Calvo RM, San Millan JL, Sancho J, Avila S & Escobar-
Morreale HF. A prospective study of the prevalence of the polycystic 
ovary syndrome in unselected Caucasian women from Spain. Journal 
of Clinical Endocrinology and Metabolism 2000 85 2434–2438. (https://
doi.org/10.1210/jcem.85.7.6682)

	 9	Knochenhauer ES, Key TJ, Kahsar-Miller M, Waggoner W, Boots LR & 
Azziz R. Prevalence of the polycystic ovary syndrome in unselected 
black and white women of the Southeastern United States: a 
prospective study. Journal of Clinical Endocrinology and Metabolism 
1998 83 3078–3082. (https://doi.org/10.1210/jcem.83.9.5090)

	 10	Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, Lizneva D, 
Natterson-Horowtiz B, Teede HJ & Yildiz BO. Polycystic ovary 
syndrome. Nature Reviews: Disease Primers 2016 2 16057. (https://doi.
org/10.1038/nrdp.2016.57)

	 11	Bozdag G, Mumusoglu S, Zengin D, Karabulut E & Yildiz BO. The 
prevalence and phenotypic features of polycystic ovary syndrome: 
a systematic review and meta-analysis. Human Reproduction 2016 31 
2841–2855. (https://doi.org/10.1093/humrep/dew218)

	 12	Rubin KH, Glintborg D, Nybo M, Abrahamsen B & Andersen M. 
Development and risk factors of Type 2 diabetes in a nationwide 
population of women with polycystic ovary syndrome. Journal of 
Clinical Endocrinology and Metabolism 2017 102 3848–3857. (https://
doi.org/10.1210/jc.2017-01354)

	 13	Moran LJ, Misso ML, Wild RA & Norman RJ. Impaired glucose 
tolerance, type 2 diabetes and metabolic syndrome in polycystic ovary 
syndrome: a systematic review and meta-analysis. Human Reproduction 
Update 2010 16 347–363. (https://doi.org/10.1093/humupd/dmq001)

	 14	Diamanti-Kandarakis E & Dunaif A. Insulin resistance and the 
polycystic ovary syndrome revisited: an update on mechanisms 
and implications. Endocrine Reviews 2012 33 981–1030. (https://doi.
org/10.1210/er.2011-1034)

	 15	Kumarendran B, O’Reilly MW, Manolopoulos KN, Toulis KA, 
Gokhale KM, Sitch AJ, Wijeyaratne CN, Coomarasamy A, Arlt 
W & Nirantharakumar K. Polycystic ovary syndrome, androgen 
excess, and the risk of nonalcoholic fatty liver disease in women: 
a longitudinal study based on a United Kingdom primary care 
database. PLoS Medicine 2018 15 e1002542. (https://doi.org/10.1371/
journal.pmed.1002542)

	 16	Mani H, Levy MJ, Davies MJ, Morris DH, Gray LJ, Bankart J, 
Blackledge H, Khunti K & Howlett TA. Diabetes and cardiovascular 
events in women with polycystic ovary syndrome: a 20-year 
retrospective cohort study. Clinical Endocrinology 2013 78 926–934. 
(https://doi.org/10.1111/cen.12068)

	 17	Ding T, Hardiman PJ, Petersen I, Wang FF, Qu F & Baio G. The 
prevalence of polycystic ovary syndrome in reproductive-aged women 
of different ethnicity: a systematic review and meta-analysis. Oncotarget 
2017 8 96351–96358. (https://doi.org/10.18632/oncotarget.19180)

	 18	Niedzwiedz CL, O’Donnell CA, Jani BD, Demou E, Ho FK, Celis-
Morales C, Nicholl BI, Mair FS, Welsh P, Sattar N et al. Ethnic and 
socioeconomic differences in SARS-CoV-2 infection: prospective 
cohort study using UK Biobank. BMC Medicine 2020 18 160. (https://
doi.org/10.1186/s12916-020-01640-8)

	 19	DiMaggio C, Klein M, Berry C & Frangos S. Black/African American 
Communities are at highest risk of COVID-19: spatial modeling of 
New York City ZIP Code–level testing results. Annals of Epidemiology 
2020 51 7–13. (https://doi.org/10.1016/j.annepidem.2020.08.012)

	 20	Martin CA, Jenkins DR, Minhas JS, Gray LJ, Tang J, Williams C, Sze S, 
Pan D, Jones W, Verma R et al. Socio-demographic heterogeneity 
in the prevalence of COVID-19 during lockdown is associated with 
ethnicity and household size: results from an observational cohort 
study. EClinicalmedicine 2020 25 100466. (https://doi.org/10.1016/j.
eclinm.2020.100466)

	 21	Sapey E, Gallier S, Mainey C, Nightingale P, McNulty D, Crothers H, 
Evison F, Reeves K, Pagano D, Denniston AK et al. Ethnicity and risk 
of death in patients hospitalised for COVID-19 infection in the UK: 
an observational cohort study in an urban catchment area. BMJ Open 

Downloaded from Bioscientifica.com at 06/17/2021 11:37:32AM
via free access

https://eje.bioscientifica.com
https://doi.org/10.1530/EJE-20-1163
https://doi.org/10.1530/EJE-20-1163
https://doi.org/10.1186/s13054-020-02902-w
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1210/er.2012-1003
https://doi.org/10.1210/er.2012-1003
https://doi.org/10.1186/s12916-020-01697-5
https://doi.org/10.1186/s12916-020-01697-5
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1210/jcem.85.7.6682
https://doi.org/10.1210/jcem.85.7.6682
https://doi.org/10.1210/jcem.83.9.5090
https://doi.org/10.1038/nrdp.2016.57
https://doi.org/10.1038/nrdp.2016.57
https://doi.org/10.1093/humrep/dew218
https://doi.org/10.1210/jc.2017-01354
https://doi.org/10.1210/jc.2017-01354
https://doi.org/10.1093/humupd/dmq001
https://doi.org/10.1210/er.2011-1034
https://doi.org/10.1210/er.2011-1034
https://doi.org/10.1371/journal.pmed.1002542
https://doi.org/10.1371/journal.pmed.1002542
https://doi.org/10.1111/cen.12068
https://doi.org/10.18632/oncotarget.19180
https://doi.org/10.1186/s12916-020-01640-8
https://doi.org/10.1186/s12916-020-01640-8
https://doi.org/10.1016/j.annepidem.2020.08.012
https://doi.org/10.1016/j.eclinm.2020.100466
https://doi.org/10.1016/j.eclinm.2020.100466


Eu
ro

pe
an

 Jo
ur

na
l o

f E
nd

oc
ri

no
lo

gy
184:5 645Clinical Study A Subramanian, A Anand 

and others
PCOS and COVID-19 risk

https://eje.bioscientifica.com

Respiratory Research 2020 7 e000644. (http://dx.doi.org/10.1136/
bmjresp-2020-000644)

	 22	Hull SA, Williams C, Ashworth M, Carvalho C & Boomla K. 
Prevalence of suspected COVID-19 infection in patients from ethnic 
minority populations: a cross-sectional study in primary care. 
British Journal of General Practice 2020 70 e696–e704. (https://doi.
org/10.3399/bjgp20X712601)

	 23	Springate DA, Kontopantelis E, Ashcroft DM, Olier I, Parisi R, 
Chamapiwa E & Reeves D. ClinicalCodes: an online clinical codes 
repository to improve the validity and reproducibility of research 
using electronic medical records. PLoS ONE 2014 9 e99825. (https://
doi.org/10.1371/journal.pone.0099825)

	 24	Kumarendran B, Sumilo D, O’Reilly MW, Toulis KA, Gokhale KM, 
Wijeyaratne CN, Coomarasamy A, Arlt W, Tahrani AA & 
Nirantharakumar K. Increased risk of obstructive sleep apnoea in 
women with polycystic ovary syndrome: a population-based cohort 
study. European Journal of Endocrinology 2019 180 265–272. (https://
doi.org/10.1530/EJE-18-0693)

	 25	Ding T, Baio G, Hardiman PJ, Petersen I & Sammon C. Diagnosis and 
management of polycystic ovary syndrome in the UK (2004–2014): 
a retrospective cohort study. BMJ Open 2016 6 e012461. (https://doi.
org/10.1136/bmjopen-2016-012461)

	 26	Vintzileos WS, Muscat J, Hoffmann E, John NS, Vertichio R, 
Vintzileos AM & Vo D. Screening all pregnant women admitted 
to labor and delivery for the virus responsible for coronavirus 
disease 2019. American Journal of Obstetrics and Gynecology 2020 223 
284–286. (https://doi.org/10.1016/j.ajog.2020.04.024)

	 27	Lusignan SD. COVID-19: next steps in primary care surveillance, 
2020. (available at: https://www.rcgp.org.uk/clinical-and-research/
about/clinical-news/2020/march/covid-19-next-steps-in-primary-
care-surveillance.aspx)

	 28	Krishna MT, Subramanian A, Adderley NJ, Zemedikun D, Gkoutos 
GV & Nirantharakumar K Allergic diseases and long term risk 
of autoimmune disorders: longitudinal cohort study and cluster 
analysis. European Respiratory Journal 2019 54 1900476. (https://
doi.org/10.1183/13993003.00476-2019)

	 29	Holman N, Knighton P, Kar P, O’Keefe J, Curley M, Weaver A, 
Barron E, Bakhai C, Khunti K, Wareham NJ et al. Risk factors for 
COVID-19-related mortality in people with type 1 and type 2 
diabetes in England: a population-based cohort study. Lancet: 
Diabetes and Endocrinology 2020 8 823–833. (https://doi.org/10.1016/
S2213-8587(20)30271-0)

	 30	Gibson-Helm ME, Lucas IM, Boyle JA & Teede HJ. Women’s 
experiences of polycystic ovary syndrome diagnosis. Family Practice 
2014 31 545–549. (https://doi.org/10.1093/fampra/cmu028)

	 31	Gibson-Helm M, Teede H, Dunaif A & Dokras A. Delayed diagnosis 
and a lack of information associated With dissatisfaction in women 
with polycystic ovary syndrome. Journal of Clinical Endocrinology and 
Metabolism 2017 102 604–612. (https://doi.org/10.1210/jc.2016-2963)

	 32	Liu M, Gao J, Zhang Y, Li P, Wang H, Ren X & Li C. Serum levels of 
TSP-1, NF-kappaB and TGF-beta1 in polycystic ovarian syndrome 
(PCOS) patients in northern China suggest PCOS is associated with 
chronic inflammation. Clinical Endocrinology 2015 83 913–922. 
(https://doi.org/10.1111/cen.12951)

	 33	Puder JJ, Varga S, Kraenzlin M, De Geyter C, Keller U & Muller B. 
Central fat excess in polycystic ovary syndrome: relation to 
low-grade inflammation and insulin resistance. Journal of Clinical 
Endocrinology and Metabolism 2005 90 6014–6021. (https://doi.
org/10.1210/jc.2005-1002)

	 34	Escobar-Morreale HF, Botella-Carretero JI, Villuendas G, Sancho J & 
San Millan JL. Serum interleukin-18 concentrations are increased in 

the polycystic ovary syndrome: relationship to insulin resistance and 
to obesity. Journal of Clinical Endocrinology and Metabolism 2004 89 
806–811. (https://doi.org/10.1210/jc.2003-031365)

	 35	Han MS, White A, Perry RJ, Camporez JP, Hidalgo J, Shulman GI & 
Davis RJ. Regulation of adipose tissue inflammation by interleukin 6. 
PNAS 2020 117 2751–2760. (https://doi.org/10.1073/pnas.1920004117)

	 36	Sbierski-Kind J, Mai K, Kath J, Jurisch A, Streitz M, Kuchenbecker L, 
Babel N, Nienen M, Jurchott K, Spranger L et al. Association between 
subcutaneous adipose tissue inflammation, insulin resistance, and 
calorie restriction in obese females. Journal of Immunology 2020 205 
45–55. (https://doi.org/10.4049/jimmunol.2000108)

	 37	Ortolan A, Lorenzin M, Felicetti M, Doria A & Ramonda R. Does gender 
influence clinical expression and disease outcomes in COVID-19? A 
systematic review and meta-analysis. International Journal of Infectious 
Diseases 2020 99 496–504. (https://doi.org/10.1016/j.ijid.2020.07.076)

	 38	Montopoli M, Zumerle S, Vettor R, Rugge M, Zorzi M, Catapano CV, 
Carbone GM, Cavalli A, Pagano F, Ragazzi E et al. Androgen-
deprivation therapies for prostate cancer and risk of infection by 
SARS-CoV-2: a population-based study (N = 4532). Annals of Oncology 
2020 31 1040–1045. (https://doi.org/10.1016/j.annonc.2020.04.479)

	 39	O’Reilly MW, Glisic M, Kumarendran B, Subramanian A, 
Manolopoulos KN, Tahrani AA, Keerthy D, Muka T, Toulis KA, 
Hanif W et al. Serum testosterone, sex hormone-binding globulin 
and sex-specific risk of incident type 2 diabetes in a retrospective 
primary care cohort. Clinical Endocrinology 2019 90 145–154. (https://
doi.org/10.1111/cen.13862)

	 40	Wambier CG, Vano-Galvan S, McCoy J, Pai S, Dhurat R & Goren A. 
Androgenetic alopecia in COVID-19: compared to age-matched 
epidemiologic studies and hospital outcomes with or without the 
Gabrin sign. Journal of the American Academy of Dermatology 2020 83 
e453–e454. (https://doi.org/10.1016/j.jaad.2020.07.099)

	 41	Rastrelli G, Di Stasi V, Inglese F, Beccaria M, Garuti M, Di Costanzo D, 
Spreafico F, Greco GF, Cervi G, Pecoriello A et al. Low testosterone 
levels predict clinical adverse outcomes in SARS-CoV-2 pneumonia 
patients. Andrology 2021 9 88–98. (https://doi.org/10.1111/andr.12821)
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