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Purpose: Polycystic ovary syndrome (PCOS) is a prevalent endocrine disorder and the primary cause of anovulatory infertility among
women aged 1549 years. Despite its significance, it has been largely overlooked in global health discussions, with persistently high
prevalence and incidence rates. This public health challenge necessitates attention both domestically and internationally. Between 1990
and 2017, the age-standardized prevalence of female infertility and associated DALY's rose by 0.70% and 0.396%, respectively.
Economically, addressing women’s endocrine and metabolic health can bolster the overall well-being of the female population using
existing resources. For judicious utilization of available resources, data regarding the burden of PCOS is pivotal for comprehending
women’s health status and for devising and refining policies related to women’s endocrine health. Consequently, this study scrutinizes
and assesses the age-standardized PCOS incidence rate and DALY's for 1990 and 2019, traces the trends of these metrics from 1990 to
2019, examines the composition of various populations and diseases, and offers international comparisons. This aims to furnish critical
insights for future health policy development and adjustments in the realm of female endocrine and metabolic health.

Patients and Methods: This study employed the Global Health Data Exchange to obtain PCOS burden data based on GBD 2019. It
collected incidence, DALY, and age-standardized rates (ASRs) from 1990 to 2019 across global, regional, national, and SDI quintile
levels, spanning 21 regions and 204 countries. To analyze trends, ASRs and estimated annual percentage changes (EAPCs) were
calculated, with standardization crucial for comparability. EAPC was derived using a generalized linear model with a Gaussian
distribution.

Results: The global burden of PCOS increased significantly from 1990 to 2019, with estimated annual percentage change (EAPCs) of
0.56 for incidence and 0.83 for DALY's. The highest incidence rates were observed in the High-income Asia Pacific region, particularly
in Japan and New Zealand, while the lowest rates were in Central Europe. Equatorial Guinea and Qatar exhibited the most pronounced
increases in incidence and DALY, attributed to urbanization and enhanced healthcare infrastructure. The incidence and DALY's of
PCOS showed variation across SDI quintiles, with the greatest burden found in the middle-SDI quintile. Women between the ages of
20-29 years had the highest incidence and DALY, emphasizing the importance of targeted interventions during this critical period. In
contrast, regions with lower SDI levels, such as Central and Eastern Europe, reported the lowest burdens of PCOS, likely due to
underdiagnosis and limited healthcare resources.

Conclusion: From 1990 to 2019, there was a significant increase in the global burden of PCOS, with variations seen across regions
and SDI quintiles. Countries such as Italy, Japan, New Zealand, and Australia had the highest burdens, while Central and Eastern
Europe had the lowest. The age group most affected was women aged 20-29 years, emphasizing the necessity for targeted
interventions.
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Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder and a major cause of anovulatory infertility in
women aged 15 to 49 years."> Women with PCOS are at an increased risk of developing glucose intolerance and type 2
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diabetes, hepatic steatosis, metabolic syndrome, hypertension, dyslipidemia, vascular thrombosis, cerebrovascular acci-
dents, and potential cardiovascular events. Additionally, they may experience low fertility, obstetric complications,
endometrial dysplasia or cancer, and possible ovarian malignancy. Emotional and psychological disorders are also
common among women with PCOS.? The etiology of PCOS is complex, involving functional disorders of multiple
physiological systems, including ovarian and adrenal hyperandrogenism, neuroendocrine and hypothalamic pituitary
dysfunction, and peripheral insulin resistance disorders.* Due to the high heterogeneity of clinical manifestations of
PCOS, its exact pathogenesis remains unclear. It is speculated that there are complex relationships between PCOS and
genetic, metabolic, environmental, and lifestyle factors. Genetic factors may increase susceptibility to PCOS, while
metabolic abnormalities, environmental chemicals, and unhealthy lifestyle habits may exacerbate or trigger this
condition.>® Diagnosing and managing PCOS is challenging due to the variability of symptoms with age and presenta-
tion, and the use of several different diagnostic criteria. The most commonly used Rotterdam criteria (2003) require the
presence of two of the following three characteristics: hyperandrogenism and/or hyperandrogenism, oligomenorrhea/
amenorrhea, and polycystic ovary morphology.” Globally, the prevalence of PCOS is estimated to range between 5% and
15%.® Research shows that women with PCOS are at a higher risk of obesity, dyslipidemia, impaired glucose tolerance,

and long-term complications like diabetes, endometrial cancer, and cardiovascular disease.”'”

Historically, monitoring efforts for the PCOS epidemic have mainly focused on documenting disease prevalence.'' '
However, the annual incidence of PCOS, which measures the rate of new cases per year, provides a more precise
representation of the epidemiological changes associated with this disorder.'* The disability-adjusted life-years (DALYs),
a comprehensive metric that includes premature mortality and disability, serve as a useful measure for direct comparison
across various geographical regions.'”

From 1990 to 2017, the age-standardized prevalence of infertility and the corresponding DALYs among women
increased annually by 0.370% and 0.396%, respectively.'® As PCOS is the main cause of anovulatory infertility in
women,” it is essential to gain a better understanding of the current burden of PCOS for the primary prevention of
infertility. Furthermore, from an economic perspective, enhancing women’s endocrine and metabolic health can further
elevate their well-being within the existing resource constraints. In the pursuit of rational utilization of available
resources, data and information regarding the burden of PCOS are vital for grasping women’s health status and
formulating or adjusting health policies aimed at women’s endocrine health.

No comprehensive quantitative estimates of the incidence of PCOS and the associated DALYs by age and socio-
demographic index (SDI) across various countries and territories have been published to date. Therefore, the objective of
this study was to provide a detailed estimate of the age- and SDI-stratified incidence of PCOS at global, regional, and
national levels using data from 204 countries and territories collected during the Global Burden of Diseases. The report
presents the estimated PCOS incidence and DALYs for women of reproductive age, the age-standardized PCOS
incidence and DALYs for the years 1990 and 2019, and the trends observed in these variables from 1990 to 2019,
aiming to provide crucial information for the formulation and adjustment of health policies in the field of women’s
endocrine and metabolic health in the future.

Materials and Methods

Summary

The Global Burden of Disease (GBD) project, led by the Institute for Health Metrics and Evaluation (IHME), provides
a comprehensive assessment of the descriptive epidemiology of diseases across 21 regions and 204 countries and
territories from 1990 to 2019. This initiative utilizes global collaboration to leverage all available data, making it
a crucial resource for understanding the global disease burden.'” Data for the project were obtained through direct queries
and downloaded from the GBD results tool, with detailed methodological descriptions available on the database help
page and other publications.'"® GBD gathers health data from a variety of sources, including life records, registers,
censuses, health surveys, population surveillance, scientific research, administrative reports, hospital discharge records,
outpatient visits, and health insurance claims. These data are then processed using algorithms to estimate the disease
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burden. Disease estimates in GBD studies are generated by age, year, and location using the Bayesian meta-regression
tool DisMod-MR 2.1, ensuring consistency in epidemiological parameters across the conditions studied.'®

Data Source

Data on the global burden of PCOS was obtained from the Global Health Data Exchange query tool. This study collected
information on the incidence, DALY's, and Age-Standardized Rates (ASRs) of PCOS worldwide, broken down by global,
regional, national, and SDI quintiles from 1990 to 2019 using GBD 2019. The SDI, which categorizes 21 regions and 204
countries and territories into five levels (high, high-middle, middle, low-middle, and low), is determined by factors such
as total fertility rate, per capita income, and average years of education, with values ranging from 0 to 1 where higher
values indicate greater socioeconomic development. It is important to note that GBD regions are analytical groupings of
countries and not actual geopolitical units. Cases of PCOS were identified using the International Classification of
Diseases (ICD) codes, specifically ICD-10 code E28.2 and ICD-9 code E28.2. This study was approved by Ningbo
University’s Women’s and Children’s Hospital and did not involve individual participants.

Statistical Analysis

ASR and estimated annual percentage change (EAPC) were computed to measure and compare trends in the incidence
and DALYs of PCOS. Standardization is crucial in removing the impact of age distribution in the population,
guaranteeing the comparability of research metrics. The formula for calculating ASR (per 100,000 population) is:

where a; and w; represent specific age ratios and the number of people (or body weight) in the same age subgroup of the
selected reference standard population (where i represents the i-th age group), respectively, and A4 is the number of age groups.
EAPC quantifies the trend in ASR within the designation and is calculated using a generalized linear model with a Gaussian
distribution. The regression line is fitted to the natural logarithmic rate, ¥ = a + fix+ €, where x = year and y = In(ASR).
The formula for calculating EAPC is:

EAPC = 100 x (¢/ — 1)

The 95% confidence interval of EAPC was derived from the linear model. A positive EAPC along with the lower bound
of'its 95% Confidence Interval suggests an increasing trend in ASR, whereas a negative EAPC along with the upper bound of
its 95% CI indicates a decreasing trend. If neither of these conditions are met, the ASR is deemed stable over the specified
time period. The reported data includes estimates with corresponding 95% Uncertainty Intervals (Uls) where applicable.

The relationship between EAPC and ASR at the national level was investigated to determine potential influencing
factors of EAPC. Statistical analyses and graphing were conducted using R software (version 4.1.0). A p-value below
0.05 was deemed statistically significant.

Results
The PCOS Burden at the Global Level

In 2019, the total number of DALY attributed to PCOS in women of reproductive age was 28.09 million worldwide,
with an EAPC of 0.83% (95% CI: 0.78 to 0.87)) (Table 1, Figure 1A and B). Additionally, there were 63.30 million
incident cases of PCOS among women aged 15-49 globally, with a calculated EAPC of 0.56% (95% CI: 0.51 to 0.61)
(Table 1, Figure 1C and D).

The PCOS Burden at the Regional Level

In 2019, the regions with the highest age-standardized PCOS incidence rates were High-income Asia Pacific, with 343.45
(95% UI: 341.19 to 345.71) per 100,000 population, Australasia, with 231.97 (95% UI: 227.78 to 236.22) per 100,000
population, and High-income North America, with 170.75 (95% UI: 169.78 to 171.73) per 100,000 population.
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Table | Age-Standardized DALY Rate, DALYs of Polycystic Ovarian Syndrome in Women of Reproductive Age in 1990, 2019 and EAPC and Growth Proportion in DALYs Between
1990 and 2019 in Different Regions of the World

1990 2019 1990 2019
Incidence Incidence Incidence DALYs (Disability-Adjusted DALYs (Disability-Adjusted | DALYs (Disability-Adjusted
Life Years) Life Years) Life Years)
ASIR Age-Standardized DALY rate (Per 100000) No.95%UlI
location 1990 No.(95%UlI) 2019 No.(95%Ul) 1990-2019 EAPC No. 1990 No.(95%UlI) 2019 No.(95%Ul) 1990-2019 EAPC No.(95% Cl)
(95% Cl)
Global 51.82(51.71,51.94) 63.30(63.19,63.42) 0.56(0.51,0.61) 21.63(21.55,21.71) 28.09(28.01,28.16) 0.83(0.78,0.87)
Sociodemographic - - - - - -
index
High-middle SDI 45.13(44.89,45.37) 64.91(64.59,65.23) 1.27(1.26,1.29) 19.79(19.63,19.95) 28.66(28.48,28.85) 1.29(1.21,1.36)
High SDI 153.91(153.34,154.49) 171.54(170.91,172.17) —0.30(—0.55,-0.05) 50.92(50.62,51.23) 57.37(57.06,57.69) 0.01(—0.14,0.17)
Low-middle SDI 27.97(27.79,28.15) 42.77(42.59,42.95) 1.58(1.52,1.64) 10.09(9.96,10.21) 17.57(17.44,17.69) 2.05(1.99,2.11)
Low SDI 22.85(22.61,23.10) 30.20(30.02,30.38) 1.03(0.99,1.06) 7.43(7.27,7.59) 10.79(10.67,10.92) 1.34(1.30,1.38)
Middle SDI 45.73(45.55,45.91) 71.29(71.07,71.52) 1.50(1.42,1.58) 18.87(18.74,19.00) 32.72(32.58,32.87) 1.92(1.84,1.99)
Region - - - - - -
Andean Latin 70.16(68.67,71.67) 91.70(90.23,93.19) 0.90(0.82,0.98) 37.14(35.89,38.42) 52.80(51.70,53.92) 1.29(1.21,1.36)
America
Australasia 196.73(192.84,200.68) 231.97(227.78,236.22) 0.18(0.00,0.36) 65.66(63.51,67.86) 77.41(75.31,79.56) 0.37(0.25,0.49)

Caribbean 37.62(36.48,38.80) 46.04(44.81,47.30) 0.73(0.69,0.77) 18.09(17.23,18.99) 23.34(22.48,24.22) 0.88(0.81,0.95)
Central Asia 13.99(13.46,14.54) 19.36(18.77,19.96) 1.06(1.00,1.11) 5.17(4.82,5.54) 7.77(7.42,8.13) 1.35(1.25,1.45)
Central Europe 7.77(7.45,8.10) 8.72(8.29,9.16) 0.30(0.16,0.45) 2.90(2.71,3.10) 3.68(3.44,3.93) 0.82(0.78,0.87)
Central Latin 72.25(71.54,72.97) 77.51(76.83,78.18) —0.17(—0.30,-0.05) 41.17(40.55,41.81) 46.33(45.82,46.85) -0.12(-0.27,0.03)
America

Central sub-Saharan 19.57(18.88,20.28) 27.58(27.07,28.11) 1.06(0.89,1.23) 6.19(5.75,6.67) 9.68(9.32,10.04) 1.42(1.22,1.62)
Africa

East Asia 34.19(34.00,34.38) 57.99(57.67,58.30) 1.76(1.49,2.02) 12.44(12.32,12.57) 24.25(24.08,24.41) 2.36(2.12,2.59)
Eastern Europe 10.96(10.67,11.26) 14.21(13.81,14.62) 0.87(0.84,0.90) 3.05(2.90,3.20) 4.23(4.04,4.42) 1.13(1.08,1.18)
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Eastern Sub-Saharan 23.21(22.81,23.61) 28.81(28.52,29.10) 0.75(0.71,0.79) 7.31(7.05,7.59) 9.75(9.55,9.95) 0.99(0.94,1.04)
Africa

High-income Asia 282.58(281.01,284.16) 343.45(341.19,345.71) 0.47(0.34,0.60) 79.03(78.21,79.85) 87.74(86.78,88.70) 0.28(0.23,0.34)
Pacific

High-income North 147.72(146.73,148.70) 170.75(169.78,171.73) —1.13(=1.72,-0.53) 48.17(47.68,48.68) 52.46(51.97,52.96) —0.77(-1.17,-0.36)
America

North Africa and 54.71(54.26,55.16) 68.84(68.43,69.26) 0.91(0.83,0.99) 26.29(25.92,26.65) 35.75(35.46,36.05) 1.26(1.18,1.35)
Middle East

Oceania 45.89(42.91,49.08) 61.03(58.51,63.65) 0.76(0.59,0.93) 19.64(17.44,22.07) 27.98(26.21,29.85) 0.98(0.75,1.20)
South Asia 26.69(26.50,26.87) 42.82(42.64,43.00) 1.88(1.73,2.03) 10.00(9.87,10.12) 18.29(18.17,18.42) 2.36(2.20,2.52)
Southeast Asia 61.49(61.09,61.90) 102.54(102.06,103.03) 1.98(1.87,2.08) 23.21(22.93,23.49) 45.46(45.14,45.77) 2.56(2.45,2.66)
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Figure | The ASRs and EAPC of Global Burden of PCOS by region: age-standardized DALY rate and ASIR in 2019. (A) Age-Standardized DALY Rate, (B) EAPC of Age-
Standardized DALY Rate. (C) ASIR in 2019. (D) EAPC of ASIR.
Abbreviations: ASIR, age-standardized Incidence rate; DALY, disability adjusted life-year; PCOS, polycystic ovary syndrome.

Conversely, Central Europe had the lowest age-standardized incidence rate, at 8.72 (95% UI: 8.29 to 9.16) per 100,000
population (Table 1; Table S1; Table S2, Figures 1C and S1B). The most significant increases in age-standardized
incidence rates from 1990 to 2019 were observed in Southeast Asia, with an EAPC of 1.98 (95% CI: 1.87 to 2.08), East
Asia, with an EAPC of 1.76 (95% CI: 1.49 to 2.02), and South Asia, with an EAPC of 1.88 (95% CI: 1.73 to 2.03)
(Tables 1, S1 and S2; Figures 1D, SIABE and S2ABE).

In 2019, the regions with the highest age-standardized DALY rates were High-income Asia Pacific (87.74 per
100,000 population), Australasia (77.41 per 100,000 population), and Andean Latin America (52.80 per 100,000
population). On the other hand, Central Europe had the lowest rate at 3.68 per 100,000 population. (Tables 1, S1 and
S2; Figures 1A and S1D). The most significant increases in age-standardized DALY rates from 1990 to 2019 were seen
in Southeast Asia, East Asia, and South Asia. In contrast, High-income North America and Central Latin America

experienced decreasing trends in age-standardized DALY rates during the same period (Tables 1, S1 and S2; Figures 1,
S1CDF and S2CDF).
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Countries with the Highest PCOS Burdens in 2019

In 2019, Japan had the highest age-standardized incidence rate (ASIR) of PCOS at 413.50 per 100,000 people, followed
by New Zealand at 255.20 per 100,000 people, and Brunei Darussalam at 242.43 per 100,000 people. Conversely, the
lowest ASIRs were observed in Bosnia and Herzegovina (7.99 per 100,000 people), Albania (7.99 per 100,000 people),
and North Macedonia (8.15 per 100,000 people) (Tables S3 and S4; Figures 3A, S1B and S2B).

In 2019, Italy had the highest age-standardized DALY rates for PCOS at 131.63 per 100,000 people, followed by
Japan at 106.46 per 100,000 people, and New Zealand at 90.15 per 100,000 people. Conversely, the countries with the
lowest age-standardized DALY rates were Bosnia and Herzegovina (3.09 per 100,000 people), Albania (3.14 per 100,000
people), and North Macedonia (3.15 per 100,000 people) (Tables S4 and SS5; Figures 3B, S1D and S2D).

The incidence of PCOS cases showed the highest increases from 1990 to 2019 in Equatorial Guinea, recording an
EAPC of 7.43. This was followed by Angola with an EAPC of 5.05, and Benin with an EAPC of 4.94. Conversely,
countries with the smallest increases in incidence were Latvia with an EAPC of 0.67, Italy with an EAPC of 0.60, and
Poland with an EAPC of 0.57 (Tables S3 and S4; Figures SIABE and S2ABE).

From 1990 to 2019, the most significant increases in DALY cases attributed to PCOS were documented in Equatorial
Guinea, exhibiting an EAPC of 8.94. Following closely were Qatar with an EAPC of 6.85 and the United Arab Emirates
with an EAPC of 6.45. Conversely, the smallest increases were recorded in Latvia with an EAPC of 0.87, Japan with an
EAPC of 0.85, and Italy with an EAPC of 0.84 (Tables S4 and S5; Figures SICDF and S2CDF).

PCOS Burden by Age Group and Country

Incidence rates of PCOS varied across different countries, with Japan, New Zealand, and Brunei Darussalam showing the
highest rates, particularly among women aged 20—24 years and 25-29 years. Japan had a particularly high incidence rate
exceeding 400 per 100,000 population in the 2024 age group. Australia, the United States, and Saudi Arabia also had
high rates, with peaks in the 25-29 and 30-34 age groups. On the other hand, countries like Bosnia and Herzegovina,
Albania, and North Macedonia consistently reported the lowest rates, below 20 per 100,000 population. The incidence of
PCOS typically peaks in the 20-29 age range in most countries, highlighting a critical period for the onset of this
condition. Incidence rates decline in older age groups (3549 years), reflecting the diagnostic and clinical patterns of
PCOS, which often manifest during the early reproductive years (Tables S3, S4 and S6; Figures 2A and 3A).

For DALY rates, the highest were observed in Japan, Italy, and New Zealand, particularly in the 20-24 and 25-29 age
groups. Japan exhibited DALY rates exceeding 140 per 100,000 population in the 20-24 age group. Countries such as
Qatar, United Arab Emirates, and Kuwait also showed high DALY rates, indicating a substantial burden of health loss
related to PCOS. On the other hand, Bosnia and Herzegovina, Albania, and North Macedonia consistently reported the
lowest DALY rates across all age groups, with rates below 10 per 100,000 population. The peak in DALY rates aligning
with the incidence rates in the 20-29 age groups highlights the significant impact of PCOS during these reproductive
years. The decrease in DALY rates in older age groups (3549 years) suggests that the disability and health loss
associated with PCOS may diminish with age or be less acknowledged and documented in older women (Tables S4, S5
and S7; Figures 2B and 3B).

The PCOS Burden at the SDI Quintile Level
The incidence cases and DALYs of PCOS showed an upward trend globally from 1990 to 2019, across all SDI subarea
(Table S1, Figure S2). In 2019, the high-SDI quintile had the highest ASIR of 171.54 (95% UI: 170.91 to 172.17) per
100,000 population, while the low-SDI quintile had the lowest ASIR at 30.20 (95% UI: 30.02 to 30.38) per 100,000
population. Throughout the study period, there was an increase in ASIR among women of reproductive age in all SDI
quintiles. The middle-SDI quintile experienced the highest rise in ASIR, with an (EAPC of 1.50 (95% CI: 1.42 to 1.58)
from 1990 to 2019 (Tables 1 and S1, Figure 1C and D).

In 2019, the highest age-standardized DALY rate was found in the high-SDI quintile at 57.37 (95% UI: 57.06 to
57.69) per 100,000 population, while the lowest rate was observed in the low-SDI quintile at 10.79 (95% UI: 10.67 to
10.92) per 100,000 population. The age-standardized DALY rates increased across all SDI quintiles during the study
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Figure 3 The ASIR and age-standardized DALY rate of Global Burden of PCOS in 2019 by 204 countries. (A) ASIR, (B) Age-Standardized DALY Rate.
Abbreviations: ASIR, age-standardized Incidence rates; SDI, Socio-demographic Index; DALY, Disability-Adjusted Life-Year; ASRs, Age-standardized rates; PCOS, polycystic
ovary syndrome.

period, with the most significant rise seen in the low-middle SDI quintile, displaying an EAPC of 2.05 (95% CI: 1.99 to
2.11) (Tables 1 and S1, Figure 1A and B).

From 1990 to 2019, the ASIR and DALY rates of PCOS exhibited diverse trends across different SDI quintiles. The
high-SDI quintile showed fluctuations in both incidence and DALY, whereas the middle-SDI quintile consistently had
the highest ASIR and DALY rates. In contrast, the low-SDI quintile consistently maintained the lowest rates throughout
the entire period (Tables 1 and S1), Among the top five countries of incidence cases and DALYs of PCOS, there is an
increasing trend with the increase of SDI value, incidence cases correlation coefficient is 0.68 and DALYSs correlation
coefficient is 0.65, highly correlated.(Table S8, Figure 4A and B).

Discussion
This study provides a comprehensive report on the overall and age-standardized incidence rates of PCOS and the
associated DALYs among women of reproductive age globally, regionally, and nationally from 1990 to 2019. In 2019,
there were 63.30 million new cases of PCOS and 28.09 million associated DALY's worldwide. In this study, we found
that the age-standardized incidence rate and DALY rate increased slightly during the study period. The EAPCs were 0.56
and 0.83, respectively, and the increase was more pronounced in the middle SDI quintile group and women aged 20-29
years. Furthermore, the burden of PCOS varied greatly across countries and regions. Italy, Japan, New Zealand, and
Australia had the highest burden of PCOS, while Central and Eastern Europe had a lower burden of PCOS. Previous
research has not thoroughly examined the prevalence of PCOS. Various epidemiological studies have shown conflicting
results, possibly because of differences in inclusion criteria, sample sizes, ethnicities, study designs, and geographic
regions.'?

The clinical manifestations of PCOS are markedly diverse, encompassing hyperandrogenism, infrequent or absent
ovulation, and various metabolic abnormalities such as insulin resistance, obesity, type 2 diabetes, dyslipidemia, and an
elevated risk of cardiovascular disease.'®' This symptomatic heterogeneity in polycystic ovary syndrome is likely
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attributable to its multifaceted etiology and pathogenesis, which encompass genetic predispositions, epigenetic influ-
ences, and a range of environmental factors including race, diet, living conditions, lifestyle, and psychological
determinants.”* The slight rise in PCOS prevalence could be linked to population growth, aging, and changes in
diagnostic criteria over the years. The adoption of the Rotterdam criteria, a widely used diagnostic standard,*~** led
to a significant increase in PCOS cases. The escalating rates of obesity also contribute, as studies have shown a higher
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prevalence of PCOS among obese women.” It is noteworthy that a considerable number of PCOS cases go undiagnosed
despite multiple medical visits,'® suggesting that the true incidence of this condition might be underestimated.'?

Our analysis reveals significant heterogeneity of PCOS across the globe, particularly between different SDI quintile
intervals and geographic regions. The middle-SDI quintile showed the highest increase in PCOS incidence, while the
low-middle SDI quintile had the highest increase in DALYs. These findings suggest better detection rates, advanced
healthcare infrastructure, and greater availability of primary healthcare services in these regions. Conversely, the low-SDI
quintile had the lowest age-standardized rates of PCOS incidence and DALYs, indicating lower detection rates.”® For
instance, ultrasonography, a common diagnostic tool for PCOS, faces limitations in availability and affordability in
Africa.?’ It is crucial to enhance health resource allocation in resource-limited regions.

Regionally, the Asia Pacific region with high-income countries had the highest age-standardized PCOS incidence and
DALYs, with Japan and New Zealand making significant contributions. The presence of comprehensive health service
systems in these nations, coupled with the adoption of updated diagnostic criteria and extensive utilization of healthcare
services, played a key role in these elevated rates. In contrast, Central Europe recorded the lowest age-standardized
incidence and DALY, potentially attributable to limited healthcare accessibility and lower rates of detection.*®

Notably, the burden of PCOS also shows time-series heterogeneity across countries and regions. Countries like
Equatorial Guinea and Qatar experienced substantial increases in PCOS incidence and DALY's between 1990 and 2019,
driven by factors such as urbanization, lifestyle modifications, and enhanced healthcare infrastructure.”® Conversely,
countries like Latvia and Italy displayed minimal increases, likely due to the stability of their healthcare systems and less
pronounced changes in lifestyle factors.”® Urbanization often leads to lifestyle changes such as decreased physical
activity and increased consumption of calorie-dense foods, both of which are risk factors for obesity and metabolic
disorders like PCOS. Improved healthcare infrastructure and increased availability of diagnostic facilities in these
countries have likely led to higher detection rates of PCOS, reflecting a shift in disease burden recognition.
Conversely, countries like Latvia and Italy showed minimal increases. In Latvia, the stability may be due to
a combination of stable healthcare systems and less significant lifestyle changes.”® The healthcare systems in these
countries might already be adept at managing PCOS, resulting in a consistent but not rapidly increasing detection rate.
Additionally, public health initiatives aimed at managing obesity and promoting healthy lifestyles could have mitigated
potential increases in PCOS prevalence. Italy, despite its advanced healthcare system, showed minimal increases,
potentially due to effective public health policies and a well-established healthcare infrastructure that has been consis-
tently managing PCOS over the years. Additionally, Italy’s Mediterranean diet, which is high in fruits, vegetables, and
healthy fats, might contribute to lower obesity rates, thereby indirectly affecting the prevalence of PCOS.

The relationship between SDI and PCOS burden suggests that as SDI increases, the incidence cases and DALYs
initially increase, This linear correlation underscores the intricate interplay between socioeconomic factors and disease
burden. Enhanced healthcare access and improved diagnostic capabilities are likely contributing factors to the higher
detection rates of PCOS with increasing SDI.*

The stability of the global age-standardized PCOS incidence and DALY's over time suggests that the epidemiology of
PCOS has not drastically changed. However, the variability and inconsistency between different diagnostic criteria pose
significant challenges to accurately estimating PCOS incidence. As PCOS manifests differently across ethnic groups,
establishing ethnicity-specific guidelines is crucial for enhancing screening, diagnostic outcomes, management priorities,
and treatment responses.

This study represents the first comprehensive assessment of PCOS incidence and DALY globally, regionally, and
nationally using data from GBD 2019. The use of DALYs enables direct comparisons across diverse regions and
countries. Additionally, PCOS incidence and DALYs were estimated based on the SDI, which was refined in GBD
2019 to provide a more accurate reflection of each country’s development status. Exploring the heterogeneity of disease
burden across different countries and regions aids public health policymakers in more precisely allocating medical
resources and formulating prevention and control strategies, thereby mitigating the overall societal burden of PCOS.
Furthermore, through enhanced international cooperation and exchange, we can collectively address this global health
challenge.
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The GBD 2019 study aimed to collect all available data, but some regions had limited data availability, leading to
widely estimated Uls. The study also relied on increased hospital medical records, potentially introducing selection bias
towards individuals accessing healthcare services. Evaluating the PCOS phenotype is complex and involves various
procedures such as clinical and laboratory assessments, pelvic ultrasonography, and multiple clinic visits, which could
result in underestimating PCOS incidence. Detection bias may inflate PCOS incidence estimates in regions with better
healthcare access and health awareness, cautioning resource allocation in these “high-risk” areas. Furthermore, the
evolving diagnostic criteria contribute to inconsistencies in determining PCOS incidence.

Conclusion

From 1990 to 2019, the global disease burden of PCOS increased, with incident cases, DALY's, and corresponding ASRs
all showing an upward trend. This rise was particularly pronounced in the middle-SDI quintile and among women aged
20-29 years, underscoring the importance of targeted interventions during these reproductive years. Countries like Italy,
Japan, New Zealand, and Australia had the highest PCOS burdens, reflecting advanced healthcare systems and improved
diagnostic practices. In contrast, Central and Eastern Europe reported lower PCOS burdens, possibly due to under-
diagnosis and limited healthcare resources. The significant disparities in PCOS incidence and DALY's between regions
highlight the need for tailored health interventions and better resource allocation. Future research should concentrate on
regions with the most severe PCOS burdens to identify the contributing factors. Standardizing diagnostic criteria and
enhancing global healthcare access are essential steps in managing and reducing the burden of PCOS.
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