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Abstract
Objectives  Polycystic ovary syndrome (PCOS) represents a significant and persistent metabolic disorder, emerging 
as a leading factor contributing to infertility. Despite its profound impact, there remains an inadequate understanding 
of the global burden of PCOS-related infertility across diverse regions and countries. The aim of this study was to 
evaluate the global, regional, and national burden of PCOS-related infertility from 1990 to 2019.

Methods  The data utilized in this study were derived from the Global Burden of Disease Study 2019. The global 
burden of PCOS-related infertility was collected and subsequently categorized based on age and sociodemographic 
index (SDI) spanning the period from 1990 to 2019. Temporal trends in PCOS-related infertility over the past 
three decades were scrutinized employing joinpoint regression analysis, enabling the determination of annual 
percentage change (APC) and average annual percentage changes (AAPCs). The association between the age-
standardized prevalence rate (ASPR), age-standardized YLD rate (ASYR), and the AAPCs in ASPR and ASYR and the 
SDI was performed using linear regression analysis. Additionally, the Slope Index of Inequality (SII) and the Relative 
Concentration Index were employed to assess the inequalities in the distribution of infertility burdens related to PCOS.

Results  Globally, the number of prevalent cases and YLDs due to PCOS-related infertility increased from 
5,997,589 (95% UI: 3,772,636-8,764,813), and 35,201 (95% UI: 13,282 − 80,010) in 1990 to 12,131,849 (95% UI: 
7,625,027 − 17,945,905), and 69,694 (95% UI: 26,756 − 160,420) in 2019, respectively. The age-standardized rates of 
prevalence and YLDs consistently increased over the same period, with respective AAPCs of 2.45 (95% CI: 2.4–2.5) 
and 2.37 (95% CI: 2.32–2.43), respectively. The number of prevalent cases and rate of PCOS peaked in the 25–29 years. 
Populations with high SDI had the highest ASPRs and ASYRs of PCOS-related infertility, while populations with low 
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Introduction
Infertility not only has a negative influence on an indi-
vidual’s physical and mental well-being but also extends 
to global public health and socioeconomic development 
[1]. Infertility is acknowledged as a substantial public 
health concern by the World Health Organization, with 
an estimated global prevalence of 186  million couples 
[2]. According to a 2019 report, the age-standardized 
prevalence rates (ASPRs) of infertility showed a signifi-
cant rise of 14.96% from 1366.85 per 100,000 in 1990 to 
1571.35 per 100,000 in 2017 [3]. The decrease in fertility 
rates engenders social challenges, most notably the phe-
nomenon of demographic shift. It is anticipated that by 
the year 2100, 183 countries will have fertility rates that 
fall below replacement levels [4]. According to the global 
projection for 2100, the ratio of individuals aged 65 and 
above to those under the age of 20 will increase by 1.3 
times [4]. The aging of the population will have critical 
negative repercussions for international development. As 
a result, initiatives addressing infertility and reproductive 
health concerns and promoting fertility must be given 
top priority.

Polycystic ovary syndrome (PCOS), which affects 
5–10% of women globally, is one of the most prevalent 
endocrine disorders among women of reproductive 
age [5]. 80% of anovulatory infertility can be attributed 
to PCOS, making it the most prevalent etiology [6, 7]. 
Besides affecting ovulation, PCOS also can alter primary 
and secondary oocyte and embryo quality [8], and endo-
metrial competence [9], which increases difficulty in 
conceiving. Additionally, several research indicates that 
PCOS and its correlated symptoms may exert an adverse 
impact on mental health, manifesting as an elevated 
prevalence of anxiety and depression [5, 10–12], while 
infertility exacerbates this situation. PCOS-related infer-
tility not only imposes significant psychological stress 
on individuals but can also have far-reaching impacts 
on marital relationships, societal roles, and overall well-
being. Although PCOS-related infertility is a global 

problem affecting people around the world, few studies 
have investigated the topic. A large community-based 
cohort study showed that infertility affected 47.17% of 
women with PCOS and 16.42% of women without PCOS 
[13]. Consistently, PCOS was associated with a 15-fold 
increased risk of infertility, according to another large 
community-based cohort study which found that PCOS 
constituted a substantial proportion (40%) of all women 
who underwent infertility treatment [14]. These findings 
suggest that PCOS-related infertility bears a substantial 
treatment burden in infertility. However, accurate infor-
mation regarding the burden of PCOS-related infertility 
is sorely lacking.

To fill these gaps, we conducted an analysis of the bur-
den of PCOS-related fertility in the current study uti-
lizing the most recent data from the Global Burden of 
Disease Study 2019 (GBD 2019). In this study, we investi-
gated the changes in the global prevalence and years lived 
with disability (YLDs) of PCOS-related fertility from 
1990 to 2019 and assessed the global burden of PCOS-
related fertility by age, region, nation, and socio-demo-
graphic index (SDI). Our research attempts to afford a 
greater understanding of the current burden of PCOS-
related infertility, providing healthcare professionals, 
policymakers, and society as a whole with insightful 
information that promotes the health and well-being of 
affected women.

Materials and methods
Data sources
The GBD 2019 offers comprehensive insights into the 
incidence, prevalence, mortality, years of life lost (YLLs), 
YLDs, and disability-adjusted life-years (DALYs) associ-
ated with 369 diseases and injuries across 204 countries 
and territories from 1990 to 2019. Our data collection 
focused on extracting prevalence and YLD-related infor-
mation pertaining to PCOS-related infertility, as well as 
SDI, directly from the GBD study database accessible at 
http://​ghdx.he​althdat​a.or​g/gbd-results-tool. Given the 

SDI exhibited more pronounced upward trends. Additionally, linear regression analysis revealed that ASPRs and ASYRs 
were positively correlated with SDI (R = 0.419 and 0.433, respectively, all P < 0.0001), and the AAPCs in ASPRs and ASYRs 
were negatively correlated with SDI (R= − 0.570 and − 0.571, respectively, all P < 0.0001). The SII for prevalent cases and 
YLDs were 121.94 (95% CI: 94.66–149.23) and 0.75 (95% CI: 0.55–0.85) to 146.56 (95% CI: 110.27–182.86) and 0.91 (95% 
CI: 0.71–1.03), respectively.

Conclusion  The prevalent cases and YLDs, along with the ASPRs and ASYRs attributable to PCOS-related infertility, 
exhibited a consistent upward trajectory over the past 30 years. This escalation was closely associated with factors 
such as age, socioeconomic status, and geographic location. It is crucial to bolster healthcare management, devise 
timely and efficacious prevention and control strategies, and provide epidemiological theoretical evidence to alleviate 
the burden of PCOS-related infertility.

Keywords  Infertility, Polycystic ovary syndrome, Global burden of Disease Study 2019, Prevalence, Years lived with 
disability, Health inequality
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publicly available nature of the aforementioned data, 
obtaining informed consent or seeking ethical approval 
was deemed unnecessary.

Case definition and study variables
The Disease Modeling-Meta Regression V.2.1 was 
employed to simulate the epidemiological outcomes 
associated with PCOS-related infertility. This Bayes-
ian meta-regression framework is extensively utilized in 
GBD epidemiological modeling [15]. The study outcomes 
were presented in terms of the number of prevalent cases 
and YLDs, along with ASPRs and ASYRs attributable to 
PCOS-related infertility across the years spanning from 
1990 to 2019. Additionally, crude prevalence and YLD 
rates were delineated by age, accompanied by the 95% 
uncertainty interval (UI). The SDI functions as a compre-
hensive indicator reflecting a country’s economic devel-
opment status. Computed based on per capita income 
distribution, average years of education, and fertility 
rate among women under the age of 25, the SDI ranges 
from 0 to 1 (low to high), providing a characterization of 
a country or geographical region’s developmental level. 
The Global Burden of Disease study categorized coun-
tries and territories into five SDI levels, namely high, 
high-middle, middle, low-middle, and low. Infertility 
is defined as the inability to conceive a child, regardless 
of the cause, after one year of unprotected sex (with-
out using contraceptives) in couples who want to have a 
child. This definition encompasses both primary and sec-
ondary infertility. PCOS is defined based on NIH criteria, 
as recommended by the American College of Obstetri-
cians and Gynecologists (ACOG). PCOS is characterized 
by chronic anovulation (lack of ovulation) and hyperan-
drogenism (elevated levels of male hormones) in women 
after excluding secondary causes through hormone mea-
surements or clinical findings. Additionally, inequalities 
in the distribution of infertility burdens associated with 
PCOS were measured using the Slope Index of Inequality 
(SII) and the Relative Concentration Index [16].

Statistical analysis
The analysis of temporal trends in ASPRs and ASYRs 
related to PCOS-induced infertility was conducted using 
the Joinpoint regression software, accessible at ​h​t​t​​p​s​:​/​​/​s​
u​​r​v​​e​i​l​l​a​n​c​e​.​c​a​n​c​e​r​.​g​o​v​/​j​o​i​n​p​o​i​n​t​/​​​​​. This model employs 
segmented regression to capture patterns in the distribu-
tion of the disease over time. At each juncture point, the 
annual percentage change (APC) was computed, accom-
panied by a 95% confidence interval (CI). Furthermore, 
the calculation of the average annual percentage change 
(AAPC), derived from the weighted mean of individual 
APCs, provided a comprehensive overview of the over-
all trend during the study period. In summary, a rising 
rate was observed if both the APC and the lower 95% CI 
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bound exceeded 0, while a declining rate was indicated 
if both values fell below 0 [17]. Linear regression analy-
sis was employed to ascertain the relationship between 
ASPR, ASYR, AAPCs in ASPR and ASYR, and the SDI. 
The WHO’s Health Equity Assessment Toolkit were used 
to calculate the SII and the relative concentration index. 
All statistical analyses and data visualization were con-
ducted using R version 4.2.2 (R Foundation for Statistical 
Computing, Vienna, Austria), Joinpoint Regression Pro-
gram version 4.9.0.0 (National Cancer Institute, Rock-
ville, MD, USA), and GraphPad Prism 9.0 (GraphPad 
Software, Inc., La Jolla, CA, USA). A significance level 
of α = 0.05 was used, with P < 0.05 considered statistically 
significant.

Results
Trends of global burden due to polycystic ovarian 
syndrome-related infertility from 1990 to 2019
Globally, both the number of prevalent cases and YLDs 
attributed to PCOS-related infertility witnessed a sub-
stantial increase from 5,997,589 (95% UI: 3,772,636-
8,764,813) and 35,201 (95% UI: 13,282 − 80,010) in 1990 
to 12,131,849 (95% UI: 7,625,027 − 17,945,905) and 69,694 
(95% UI: 26,756 − 160,420) in 2019, respectively (Table 1). 
During the period from 1990 to 2019, the number of 
prevalent cases and YLDs for PCOS-related infertility 
exhibited a significant increase by 102.28% and 97.99%, 
respectively. Notably, the age-standardized rates of prev-
alence and YLDs consistently rose over the same time-
frame, demonstrating respective AAPCs of 2.45 (95% CI: 
2.4–2.5, P < 0.001) and 2.37 (95% CI: 2.32–2.43, P < 0.001), 
respectively (Fig. 1; Table 1).

Age-specific disease burden due to polycystic ovarian 
syndrome-related infertility
In the GBD 2019, women aged 15 to 49 years with PCOS-
related infertility were taken into account. Our analysis 
examined the age-specific burden, including the number 
of prevalent cases and YLDs, as well as crude prevalence 
rates and crude YLD rates of PCOS-related infertility 
across distinct age groups (Fig. 2). In the year 2019, the 
count of prevalent cases and crude prevalence rates asso-
ciated with PCOS-related infertility displayed an increase 
at 15–19 years of age, reaching a peak at 25–29 years of 
age. Subsequently, a slight decrease was observed from 
35 to 39 years of age, followed by a rapid decline in the 
45–49 years age group (Fig. 2). Similarly, the YLD count 
and crude YLD rates pertaining to PCOS-related infer-
tility exhibited an increase at 15–19 years of age, reach-
ing their peak at 25–29 years of age, and subsequently 
undergoing a rapid decline in the 45–49 years age group 
(Fig. 2).

Trends of disease burden due to polycystic ovarian 
syndrome-related infertility by region and nation
The number of prevalent cases and YLDs, and age-
standardized rates of prevalence and YLDs due to 
PCOS-related infertility in most regions, and coun-
tries increased from 1990 to 2019 (Table  1, Table S1). 
East Asia had the highest number of prevalent cases 
(2,213,790, 95% UI: 1,327,469-3,358,608) and YLDs 
(11,925, 95% UI: 4,359 − 29,486) in 2019, followed by 
South Asia and Southeast Asia. Asia Pacific had the high-
est age-standardized rates of prevalence (350.39, 95% UI: 
214.15-528.99) and YLDs (1.98, 95% UI: 0.73–4.64) in 
2019, whereas Central Europe had the lowest age-stan-
dardized rates of prevalence (21.2, 95% UI: 12.42–32.58) 
and YLDs (0.12, 95% UI: 0.04–0.28) (Table 1). Addition-
ally, the ASPRs and ASYRs of PCOS-related infertility 
showed the maximum increase in Western Sub-Saharan 
Africa with AAPC of 4.95 (95% CI: 4.91–4.99, P < 0.001) 
and 4.92 (95% CI: 4.87–4.96, P < 0.001) between 1990 
and 2019, respectively, followed by Central Sub-Saharan 
Africa and South Asia. In contrast, the largest decline 
in the ASPRs and ASYRs with AAPC of − 0.31 (95% CI: 
− 0.36 to − 0.27, P < 0.001) and − 0.34 (95% CI: − 0.4 to 
− 0.27, P < 0.001) of PCOS-related infertility was observed 
in Asia Pacific (Table 1).

In 2019, China exhibited the highest cases of PCOS-
related infertility with 2,133,197 (95% UI: 1,277,929-
3,237,032), while Tokelau had the lowest with 3 (95% UI: 
2–5) (Fig. 3, Table S1). At the national level, the ASPRs of 
PCOS-associated infertility ranged from 17.6 per 100,000 
people to 585.2 per 100,000 people, Italy exhibited the 
highest ASPR of PCOS-related infertility, while Albania 
exhibited the lowest (Fig. 3, Table S1). The ASYRs ranged 
from 0.1 per 100,000 people to 3.48 per 100,000 people, 
Italy exhibited the highest, while Albania, Bosnia and 
Herzegovina, North Macedonia, and Serbia exhibited the 
lowest. The maximum increase in ASPR was observed in 
Equatorial Guinea with AAPC of 7.81 (95% CI: 7.68–7.95, 
P < 0.001), and the largest decline was in Northern Mari-
ana Islands with AAPC of − 0.74 (95% CI: − 1.53 − 0.05, 
P < 0.001). The fastest increase in ASYR was observed in 
Equatorial Guinea with AAPC of 7.8 (95% CI: 7.66–7.95, 
P < 0.001), and the fastest decrease was in Northern Mar-
iana Islands with AAPC of − 0.78 (95% CI: − 1.61 − 0.06, 
P < 0.001) (Fig. 3, Table S1).

Trends of disease burden due to polycystic ovarian 
syndrome-related infertility by country SDI
Table  1 outlines the number of prevalent cases and 
YLDs, along with age-standardized rates of prevalence 
and YLDs attributed to PCOS-related infertility across 
all SDI regions from 1990 to 2019. In 1990 and 2019, the 
high-SDI region exhibited the highest ASPR and ASYR 
of PCOS-related infertility, while the low-SDI region had 
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the lowest rates (Table  1). Conversely, the middle-SDI 
region displayed the highest number of cases and YLDs 
associated with PCOS-related infertility in both 1990 and 
2019. Notably, the low-SDI region experienced the most 
significant increase in both ASPRs and ASYRs of PCOS-
related infertility, with AAPCs of 4.31 (95% CI: 4.26–
4.36) and 4.24 (95% CI: 4.18–4.3), respectively (Fig.  4; 
Table 1). Our analysis also shed light on the connection 
between sociodemographic changes and the prevalence, 

as well as YLDs of PCOS-related infertility (Fig. 4). Lin-
ear regression analysis demonstrated a positive corre-
lation between ASPRs and ASYRs with SDI (R = 0.419 
and 0.433, respectively, all P < 0.0001). Furthermore, 
we observed a negative correlation between AAPCs in 
ASPRs and ASYRs with SDI (R= − 0.570 and − 0.571, 
respectively, all P < 0.0001).

Fig. 1  Global number of prevalent cases and ASPRs (A), and number of YLDs and ASYRs from 1990 to 2019. Blue dashed line indicates the upper and 
lower limits of the 95% uncertainty intervals (95% UIs). ASPR = Age-standardized prevalence rate; ASYR = Age-standardized YLD rate; YLDs = years lived 
with disability; UI = uncertainty interval
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Inequalities in the distribution of polycystic ovarian 
syndrome-related infertility burdens were quantified by 
slope index of inequality and the relative concentration 
index
>Our observations revealed both absolute and rela-
tive inequalities associated with SDI, with countries of 
higher SDI bearing a disproportionately greater burden 
(Fig. 5, Table S2). From 1990 to 2021, the SII for preva-
lent cases and YLDs of PCOS-related infertility showed a 
worsening inequality trend among higher SDI countries, 
increasing from 121.94 (95% CI: 94.66–149.23) and 0.75 
(95% CI: 0.55–0.85) to 146.56 (95% CI: 110.27–182.86) 
and 0.91 (95% CI: 0.71–1.03), respectively. In contrast, 
the concentration index for prevalent cases and YLDs 

of PCOS-related infertility shifted from − 0.21 (95% CI: 
−0.32 to − 0.10) and − 0.21 (95% CI: −0.31 to − 0.09) to 
− 0.17 (95% CI: −0.28 to − 0.09) and − 0.18 (95% CI: −0.27 
to − 0.11) (Fig. 5, Table S2).

Discussion
The present study provided a comprehensive assess-
ment of the PCOS-related infertility burden across 204 
countries and territories utilizing GBD 2019 data from 
1990 to 2019. In this study, we detailed the number of 
PCOS-related infertility cases, YLDs, ASPRs, and ASYRs, 
revealing disparities by age, region, nation, and socio-
economics. Our findings revealed that the prevalence, 
and YLDs of PCOS-related infertility were increasing 

Fig. 2  Global number of prevalent cases and ASPRs (A), and number of YLDs and ASYRs by age in 2019. Blue dashed line indicates the upper and lower 
limits of the 95% uncertainty intervals (95% UIs). ASPR = Age-standardized prevalence rate; ASYR = Age-standardized YLD rate; YLDs = years lived with 
disability; UI = uncertainty interval
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globally. The number of prevalent cases and rate of PCOS 
peaked in the 25–29 years. Populations with high SDI had 
the highest ASPRs and ASYRs of PCOS-related infertil-
ity, while populations with low SDI exhibited more pro-
nounced upward trends. Despite the presence of clinical 
practice guidelines and established knowledge designed 
to ease the challenges associated with PCOS-related 
infertility, it is clear that the enduringly burdensome 
nature of this condition requires increased awareness on 
a global scale.

United Nations Department of Economic Social Affairs 
(UNDESA) stated that globally, 83 of 201 countries are 
experiencing an increase in low fertility [18]. According 
to Sobotka et al., birth rates decreased range from 5.1 to 
8.9% compared with the corresponding months of the 
previous year in seventeen countries spanning Europe, 
Asia, and the United States [19]. This situation may be 
exacerbated by infertility, resulting in ultra-low fertility, 
rapid population aging, and stagnation. A recent report 
by the World Health Organization estimates that infer-
tility affects approximately 17.5% of adults [20]. PCOS 
is the most common cause of anovulation and the lead-
ing cause of infertility [21]. In the present study, PCOS-
related infertility accounted for 12,131,849 prevalent 

cases and 69,694 YLDs in 2019. The number of cases of 
infertility associated with PCOS increased 102.28% com-
pared to 1990. This growth is noteworthy, particularly in 
light of the fact that the global population has increased 
by a mere 46% over the same period. Since 1990, the 
ASPR and ASYR rates for PCOS-related infertility have 
increased by 38.41% and 37.50%, respectively. Although 
numerous treatments are available for PCOS-related 
infertility. These include ovulation induction (Letrozole is 
the first-line agent), gonadotropin, laparoscopic ovarian 
drilling, and in-vitro fertilization (IVF) [7]. While letro-
zole has been shown to increase ovulation rates, there 
remains controversy regarding its impact on pregnancy 
outcomes and live birth rate, especially among patients 
with PCOS [22–24]. IVF as a third-line option for women 
with PCOS-related infertility has been widely applied 
globally. However, concerns regarding the health of chil-
dren born through assisted reproductive technology 
continue to persist [25]. The situation remains less than 
optimistic despite international efforts to address PCOS-
related infertility and associated issues. There is a need 
for further attention to this related health condition.

The current study discovered that the rude prevalence 
rate of PCOS-related infertility was highest in the 25–29 

Fig. 3  Global maps of ASPRs (A) and ASYRs (B) in 2019 as well as AAPC in ASPRs (C) and ASYRs (D) from 1990 to 2019. ASPR = Age-standardized preva-
lence rate; ASYR = Age-standardized YLD rate; YLDs = years lived with disability; UI = uncertainty interval
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Fig. 5  Health inequality regression curves (A, B) and concentration curves (C, D) for the prevalence and YLDs of Polycystic Ovarian Syndrome-Relat-
ed Infertility worldwide, 1990 and 2019. ASPR = Age-standardized prevalence rate; ASYR = Age-standardized YLD rate; YLDs = years lived with disability; 
SDI = socio-demographic index

 

Fig. 4  ASPRs (A) and ASYRs (B) by SDI for 204 countries and territories in 2019, and AAPC in ASPRs (C) and ASYRs (D) by SDI for 204 countries and ter-
ritories from 1990 to 2019. The black line represents the expected values based on ASPRs, ASYRs, AAPC in ASPRs and ASYRs, and SDI in all locations. 
ASPR = Age-standardized prevalence rate; ASYR = Age-standardized YLD rate; YLDs = years lived with disability; SDI = socio-demographic index
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age, highlighting the need to strengthen prevention and 
control efforts targeting this age group. Deulle M et al. 
found that the group diagnosed with PCOS is more likely 
to prepare for pregnancy and promote healthy behavior 
to alleviate PCOS than those without PCOS [26], indi-
cating the importance of visiting doctors regularly and 
increasing awareness of health beliefs and knowledge of 
PCOS to young women. Additionally, personalized life-
style guidance including dietary improvement, moderate 
exercise, and stress management would contribute posi-
tively to PCOS prevention and treatment [27]. Although 
the crude prevalence and YLD number were at a lower 
level in women 15–19 years of age, the group of people 
still deserves attention. Because of PCOS in adolescent 
females can present difficulties in diagnosis due to the 
fact that initial PCOS symptoms, such as acne, men-
strual irregularity, and polycystic ovary morphology, may 
appear to be typical developmental changes that occur 
during puberty [28]. Therefore, more attention should 
be directed towards young women of reproductive age, 
especially in the age groups of 25–29 and 15–19, encom-
passing aspects such as health check-ups and promotion 
of healthcare knowledge.

The prevalence and YLDs of PCOS-related infertility 
varied considerably between regions and countries. East 
Asia had the most prevalent cases and YLDs of PCOS-
related infertility in 2019. As China has a vast popula-
tion base, its high case number and YLDs are intimately 
related. Since the 1990s, China has seen numerous sig-
nificant social and economic transformations, as well 
as changes in people’s lives, in tandem with the rapidly 
growing incidence of obesity [29]. In China, by 2030, the 
prevalence of overweight (BMI 24.0–28.0  kg/m²) and 
obesity (BMI ≥ 28·0  kg/m²) might reach 65.3% in adults 
[29]. On the other hand, exposure to endocrine-disrupt-
ing chemicals (EDCs) may have a negative impact on the 
hormonal system [30]. Meanwhile, we found that Asia 
Pacific like Japan and the Northern Mariana Islands, have 
the fastest decrease in ASPR of PCOS-related infertility, 
owing in part to the dietary structure, given that both 
areas are situated in the Pacific Ocean, which may have 
an impact on obesity and body mass index [31]. Addi-
tionally, the particularly fast-increasing trends in West-
ern Sub-Saharan Africa. A previous study has reported 
that Africa exhibits a significantly elevated incidence of 
infertility, which presents a paradoxical situation given 
the concurrent accelerated growth of its population [2].

The highest incidence of cases and YLDs was noted 
in middle SDI regions, primarily due to the significant 
populations of China and India classified within this 
category. Furthermore, advancements in medical care 
have facilitated the widespread adoption of high-quality 
ultrasound equipment and an increasing rate of PCOS 
diagnoses in middle SDI countries over the past three 

decades. This study also demonstrates a positive cor-
relation between ASPRs and ASYRs with the SDI, indi-
cating that developed regions tend to report higher 
PCOS-related infertility. The prevalence of Western-
ized diets in developed nations, which is associated 
with increased risks of obesity, insulin resistance, and 
metabolic disorders—all of which are linked to PCOS—
likely contributes to this potentially causal relationship 
between SDI and PCOS-related infertility. Moreover, 
developed areas benefit from higher levels of medical 
technology, widespread health education, and a strong 
emphasis on women’s health, which collectively result in 
relatively higher disease rates that reflect increased atten-
tion to these health issues. In contrast, low SDI regions 
exhibit lower ASPRs and ASYRs, which may be attrib-
uted to inadequate healthcare resources and limited diag-
nostic capabilities [32]. Cultural and societal beliefs in 
some low SDI regions can also influence attitudes toward 
the diagnosis and treatment of infertility [2, 32], result-
ing in a lower patient willingness to seek medical assis-
tance. Consequently, accurate data on the disease burden 
of low-SDI regions remains elusive. However, these low-
development areas exhibit rising trends in AAPCs due to 
inadequate public health services, lower treatment levels, 
and insufficient emphasis on women’s health. This situ-
ation not only reflects the unequal distribution of medi-
cal resources but also reveals significant shortcomings in 
disease prevention and health education in these regions. 
Therefore, there is an urgent need to pay more attention 
to women in low-development areas and to invest addi-
tional resources to improve their health status, thereby 
effectively narrowing health disparities between different 
levels of development. Developing countries should learn 
from the experiences of developed nations to empha-
size the significance of PCOS in healthcare policy for-
mulation, particularly by increasing financial allocations 
aimed at reducing the societal burden of PCOS-related 
infertility.

While the presented results are accurate, they may 
not provide optimal comparability for evaluating and 
tracking inequality. Consequently, we calculated the SII 
and the concentration index based on SDI to enhance 
comparability. Between 1990 and 2019, the overall bur-
den of PCOS-related infertility has risen, with a mod-
est reduction in distributional inequality. This suggests 
that, relative to low-SDI regions, countries with higher 
SDI face a worsening inequality in burden. Neverthe-
less, the gradual decrease in the concentration index 
over time indicates a narrowing of this inequality, poten-
tially attributable to improved healthcare access, greater 
global awareness of PCOS, and advancements in repro-
ductive healthcare in lower-SDI regions. Despite these 
positive shifts, persistent disparities highlight the need 
for targeted interventions in lower-income areas, where 
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women may have restricted access to specialized care for 
PCOS-related infertility. In summary, while some prog-
ress has been achieved, substantial inequalities remain 
in the global distribution of the PCOS-related infertility 
burden. Addressing these disparities is essential to ensure 
equitable healthcare access and to mitigate the global 
impact of PCOS.

Limitations
This study has several limitations that necessitate careful 
consideration. Firstly, the availability and quality of data 
related to PCOS-induced infertility are constrained, par-
ticularly in developing countries, potentially introduc-
ing bias into the model estimates. To refine the precision 
of future evaluations, further research is imperative to 
investigate methods for mitigating data bias. Secondly, 
women experiencing PCOS-related infertility, especially 
in developing regions, may not actively seek medical care, 
resulting in their underrepresentation in our analysis and 
potentially leading to an underestimation of the global 
burden of PCOS-related infertility. Thirdly, a significant 
time gap existed between data collection and inclusion in 
the database, potentially impacting the timeliness of the 
assessments of PCOS-related infertility. As the Global 
Burden of Disease (GBD) study advances, it is vital to 
explore and compile more comprehensive information 
on PCOS-induced infertility to enhance our understand-
ing of this critical public health concern. Addressing 
these limitations is crucial for facilitating more accurate 
and current assessments, ultimately contributing to the 
improvement of preventive measures and healthcare 
planning for PCOS-related infertility.

Conclusions
In summary, our research highlights a worrisome 
increase in the prevalence and YLDs associated with 
PCOS-related infertility. Disparities across age groups, 
socio-economic status, regions, and nations under-
score the pressing need for heightened global awareness 
regarding the enduringly burdensome nature of PCOS-
related infertility. This study offers a comprehensive 
insight into the global landscape of PCOS-related infer-
tility, emphasizing the necessity for increased awareness, 
targeted interventions, and further research to address 
the multifaceted challenges posed by this impactful con-
dition. It is crucial for initiatives to extend beyond medi-
cal interventions, encompassing the promotion of healthy 
behaviors, regular healthcare visits, and personalized life-
style guidance to effectively mitigate the escalating bur-
den of PCOS-related infertility on a global scale.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​9​0​5​-​0​2​4​-​0​3​5​3​7​-​7​​​​​.​​

Supplementary Material 1

Acknowledgements
We would like to thank the Institute for Health Metrics and Evaluation staff 
and its collaborators who prepared these publicly available data.

Author contributions
Conception and design: MH, YXW, XBY, XHZ. Acquisition of data: XBY. Analysis 
and interpretation of data: XBY. Drafting the manuscript: MH and YXW. Critical 
revision of the manuscript: YY and XHZ. Final approval to be published: all 
authors.

Funding
This work was supported by the Natural Science Foundation of China 
(81960273); the Gansu Natural Science Foundation (21JR1R097); and the Intra-
Hospital Fund of the First Hospital of Lanzhou University (ldyyyn2021-82).

Data availability
The data used for these analyses are all publicly available at ​h​t​t​​p​:​/​/​​g​h​d​​x​.​​h​e​a​l​t​h​
d​a​t​a​.​o​r​g​/​g​b​d​-​r​e​s​u​l​t​s​-​t​o​o​l​​​​​.​​

Declarations

Ethics approval and consent to participate
This study was based on publicly available, de-identified data from the Global 
Burden of Disease Study 2019. No ethical approval was required, as the data 
are anonymized and do not contain any personally identifiable information.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Reproductive Medicine Center, The First Hospital of Lanzhou University, 
Lanzhou City, Gansu 730000, China
2Key Laboratory for Reproductive Medicine and Embryo, Lanzhou City, 
Gansu 730000, China
3The First people’s Hospital of Lanzhou City, Lanzhou City, Gansu  
730000, China

Received: 3 September 2024 / Accepted: 26 December 2024

References
1.	 Control CfD. Prevention. National public health action plan for the detection, 

prevention, and management of infertility. Atlanta, Georgia: Centers for 
Disease Control and Prevention; 2014. p. 1.

2.	 Inhorn MC, Patrizio P. Infertility around the globe: new thinking on gender, 
reproductive technologies and global movements in the 21st century. Hum 
Reprod Update. 2015;21:411–26. https:/​/doi.or​g/10.10​93/h​umupd/dmv016.

3.	 Sun H, Gong TT, Jiang YT, Zhang S, Zhao YH, Wu QJ. Global, regional, and 
national prevalence and disability-adjusted life-years for infertility in 195 
countries and territories, 1990–2017: results from a global burden of disease 
study, 2017. Aging. 2019;11:10952–91. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​8​6​3​2​/​a​g​i​n​g​.​1​0​2​4​9​7​​​​​
.​​​

4.	 Vollset SE, Goren E, Yuan CW, et al. Fertility, mortality, migration, and popula-
tion scenarios for 195 countries and territories from 2017 to 2100: a forecast-
ing analysis for the global burden of Disease Study. Lancet. 2020;396:1285–
306. https:/​/doi.or​g/10.10​16/S​0140-6736(20)30677-2.

5.	 Jones GL, Hall JM, Balen AH, Ledger WL. Health-related quality of life mea-
surement in women with polycystic ovary syndrome: a systematic review. 
Hum Reprod Update. 2008;14:15–25. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​9​3​/​h​u​m​u​p​d​/​d​m​m​
0​3​0​​​​​.​​​

https://doi.org/10.1186/s12905-024-03537-7
https://doi.org/10.1186/s12905-024-03537-7
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1093/humupd/dmv016
https://doi.org/10.18632/aging.102497
https://doi.org/10.1016/S0140-6736(20)30677-2
https://doi.org/10.1093/humupd/dmm030
https://doi.org/10.1093/humupd/dmm030


Page 13 of 13Huo et al. BMC Women's Health           (2025) 25:35 

6.	 Thessaloniki EA-SPCWG. Consensus on infertility treatment related to poly-
cystic ovary syndrome. Hum Reprod. 2008;23:462–77. ​h​t​t​​p​:​/​/​​d​x​.​​d​o​​i​.​o​r​g​/​1​0​.​1​0​
9​3​/​h​u​m​r​e​p​/​d​e​m​4​2​6​.​​​

7.	 Balen AH, Morley LC, Misso M, et al. The management of anovulatory infertil-
ity in women with polycystic ovary syndrome: an analysis of the evidence to 
support the development of global WHO guidance. Hum Reprod Update. 
2016;22:687–708. https:/​/doi.or​g/10.10​93/h​umupd/dmw025.

8.	 Palomba S, Daolio J, La Sala GB. Oocyte competence in women with polycys-
tic ovary syndrome. Trends Endocrinol Metab. 2017;28:186–98. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​
/​1​0​.​1​0​1​6​/​j​.​t​e​m​.​2​0​1​6​.​1​1​.​0​0​8​​​​​.​​​

9.	 Palomba S, Piltonen TT, Giudice LC. Endometrial function in women with 
polycystic ovary syndrome: a comprehensive review. Hum Reprod Update. 
2021;27:584–618. https:/​/doi.or​g/10.10​93/h​umupd/dmaa051.

10.	 Cooney LG, Dokras A. Depression and anxiety in polycystic ovary syndrome: 
etiology and treatment. Curr Psychiatry Rep. 2017. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​1​
1​9​2​0​-​0​1​7​-​0​8​3​4​-​2​​​​​.​​​

11.	 Teede HJ, Misso ML, Costello MF, et al. Recommendations from the interna-
tional evidence-based guideline for the assessment and management of 
polycystic ovary syndrome. Fertil Steril. 2018;110:364–79. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​
0​1​6​/​j​.​f​e​r​t​n​s​t​e​r​t​.​2​0​1​8​.​0​5​.​0​0​4​​​​​.​​​

12.	 Szatkowski HAL, Gibson L, Fiaschi J, Bains L. Psychosocial impacts of infertility 
among Omani women with polycystic ovarian syndrome: a qualitative study. 
Int J Fertil Steril. 2023;17:107–14. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​2​2​0​7​4​/​i​j​f​s​.​2​0​2​2​.​5​5​0​1​1​1​.​1​3​
1​0​​​​​.​​​

13.	 Tay CT, Loxton D, Bahri Khomami M, Teede H, Harrison CL, Joham AE. High 
prevalence of medical conditions and unhealthy lifestyle behaviours in 
women with PCOS during preconception: findings from the Australian 
longitudinal study on women’s Health. Hum Reprod. 2023;38:2267–76. ​h​t​t​​p​s​:​/​​
/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​9​3​/​h​u​m​r​e​p​/​d​e​a​d​1​9​0​​​​​.​​​

14.	 Joham AE, Teede HJ, Ranasinha S, Zoungas S, Boyle J. Prevalence of infertility 
and use of fertility treatment in women with polycystic ovary syndrome: data 
from a large community-based cohort study. J Womens Health (Larchmt). 
2015;24:299–307. https:/​/doi.or​g/10.10​89/j​wh.2014.5000.

15.	 Jiang B, Yao Q, Yuan X, Liu G, Lu P. Burden of blindness and vision loss in China 
over the past 30 years: findings and predictions based on the global burden 
of Disease Study 2019. Br J Ophthalmol. 2023. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​3​6​/​b​j​o​-​2​0​
2​3​-​3​2​3​5​2​7​​​​​.​​​

16.	 Hu B, Feng J, Wang Y, Hou L, Fan Y. Transnational inequities in cardiovascular 
diseases from 1990 to 2019: exploration based on the global burden of 
disease study 2019. Front Public Health. 2024;12:1322574. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​
3​3​8​9​/​f​p​u​b​h​.​2​0​2​4​.​1​3​2​2​5​7​4​​​​​.​​​

17.	 Jiang B, Wu T, Liu W, Liu G, Lu P. Changing trends in the global burden of 
Cataract over the past 30 years: Retrospective Data Analysis of the global 
burden of Disease Study 2019. JMIR Public Health Surveill. 2023;9:e47349. 
https:/​/doi.or​g/10.21​96/4​7349.

18.	 ECONOMIC UNDF AFFAIRSS. World population prospects 2022: Summary of 
results. 2022: UN.

19.	 Tomas Sobotka AJ, Ainhoa, Galarza A, Zeman K, Nemeth L, and Dmitri Jdanov. 
Baby bust in the wake of the COVID-19 pandemic? First results from the new 

STFF data series. SocArXiv 2021, March ​2​4​.​​​h​​t​t​p​​s​:​/​/​​d​o​​i​.​o​r​g​/​1​0​.​3​1​2​3​5​/​o​s​f​.​i​o​/​m​v​
y​6​2​​​​​​​

20.	 WHO. 1 in 6 people globally affected by infertility: World Health Organization. ​
2​0​2​3​.​​​​h​t​t​​p​s​:​/​​/​w​​w​w​.​​w​h​o​​.​i​n​t​​/​n​​e​w​s​​/​i​t​​e​m​/​0​​4​-​​0​4​-​2​0​2​3​-​1​-​i​n​-​6​-​p​e​o​p​l​e​-​g​l​o​b​a​l​l​y​-​a​f​f​
e​c​t​e​d​-​b​y​-​i​n​f​e​r​t​i​l​i​t​y​​​​​​​

21.	 Pasquali R, Gambineri A, Pagotto U. The impact of obesity on reproduction in 
women with polycystic ovary syndrome. BJOG. 2006;113:1148–59. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​​o​r​g​/​1​0​.​1​1​1​1​/​j​.​1​4​7​1​-​0​5​2​8​.​2​0​0​6​.​0​0​9​9​0​.​x​​​​​.​​​

22.	 Mejia RB, Summers KM, Kresowik JD, Van Voorhis BJ. A randomized controlled 
trial of combination letrozole and clomiphene citrate or letrozole alone for 
ovulation induction in women with polycystic ovary syndrome. Fertil Steril. 
2019;111:571–78. https:/​/doi.or​g/10.10​16/j​.fertnstert.2018.11.030.

23.	 Liu Z, Geng Y, Huang Y, et al. Letrozole compared with clomiphene citrate for 
polycystic ovarian syndrome: a systematic review and Meta-analysis. Obstet 
Gynecol. 2023;141:523–34. https:/​/doi.or​g/10.10​97/A​OG.0000000000005070.

24.	 Liu C, Feng G, Huang W, et al. Comparison of clomiphene citrate and letro-
zole for ovulation induction in women with polycystic ovary syndrome: a 
prospective randomized trial. Gynecol Endocrinol. 2017;33:872–76. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​​o​r​g​/​1​0​.​1​0​8​0​/​0​9​5​1​3​5​9​0​.​2​0​1​7​.​1​3​3​2​1​7​4​​​​​.​​​

25.	 Luke B, Brown MB, Wantman E, et al. The risks of birth defects and childhood 
cancer with conception by assisted reproductive technology. Hum Reprod. 
2022;37:2672–89. https:/​/doi.or​g/10.10​93/h​umrep/deac196.

26.	 Min D, Jang IS, Park S. Preventive behavior intentions for polycystic ovary 
syndrome in Young Students. Metab Syndr Relat Disord. 2022;20:273–79. ​h​t​t​​p​
s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​8​9​/​m​e​t​.​2​0​2​1​.​0​1​2​3​​​​​.​​​

27.	 Cowan S, Lim S, Alycia C, et al. Lifestyle management in polycystic ovary 
syndrome - beyond diet and physical activity. BMC Endocr Disord. 2023;23:14. 
https:/​/doi.or​g/10.11​86/s​12902-022-01208-y.

28.	 Witchel SF, Oberfield S, Rosenfield RL, et al. The diagnosis of polycystic ovary 
syndrome during adolescence. Horm Res Paediatr. 2015. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​
1​5​9​/​0​0​0​3​7​5​5​3​0​​​​​.​​​

29.	 Wang Y, Zhao L, Gao L, Pan A, Xue H. Health policy and public health implica-
tions of obesity in China. Lancet Diabetes Endocrinol. 2021;9:446–61. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​S​2​2​1​3​-​8​5​8​7​(​2​1​)​0​0​1​1​8​-​2​​​​​.​​​

30.	 Palioura E, Diamanti-Kandarakis E. Polycystic ovary syndrome (PCOS) 
and endocrine disrupting chemicals (EDCs). Rev Endocr Metab Disord. 
2015;16:365–71. https:/​/doi.or​g/10.10​07/s​11154-016-9326-7.

31.	 Tsugane S. Why has Japan become the world’s most long-lived country: 
insights from a food and nutrition perspective. Eur J Clin Nutr. 2021;75:921–
28. https:/​/doi.or​g/10.10​38/s​41430-020-0677-5.

32.	 Dyer SJ, Abrahams N, Hoffman M, van der Spuy ZM. Infertility in South Africa: 
women’s reproductive health knowledge and treatment-seeking behaviour 
for involuntary childlessness. Hum Reprod. 2002;17:1657–62. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​
1​0​.​1​0​9​3​/​h​u​m​r​e​p​/​1​7​.​6​.​1​6​5​7​​​​​.​​​

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1093/humupd/dmw025
https://doi.org/10.1016/j.tem.2016.11.008
https://doi.org/10.1016/j.tem.2016.11.008
https://doi.org/10.1093/humupd/dmaa051
https://doi.org/10.1007/s11920-017-0834-2
https://doi.org/10.1007/s11920-017-0834-2
https://doi.org/10.1016/j.fertnstert.2018.05.004
https://doi.org/10.1016/j.fertnstert.2018.05.004
https://doi.org/10.22074/ijfs.2022.550111.1310
https://doi.org/10.22074/ijfs.2022.550111.1310
https://doi.org/10.1093/humrep/dead190
https://doi.org/10.1093/humrep/dead190
https://doi.org/10.1089/jwh.2014.5000
https://doi.org/10.1136/bjo-2023-323527
https://doi.org/10.1136/bjo-2023-323527
https://doi.org/10.3389/fpubh.2024.1322574
https://doi.org/10.3389/fpubh.2024.1322574
https://doi.org/10.2196/47349
https://doi.org/10.31235/osf.io/mvy62
https://doi.org/10.31235/osf.io/mvy62
https://www.who.int/news/item/04-04-2023-1-in-6-people-globally-affected-by-infertility
https://www.who.int/news/item/04-04-2023-1-in-6-people-globally-affected-by-infertility
https://doi.org/10.1111/j.1471-0528.2006.00990.x
https://doi.org/10.1111/j.1471-0528.2006.00990.x
https://doi.org/10.1016/j.fertnstert.2018.11.030
https://doi.org/10.1097/AOG.0000000000005070
https://doi.org/10.1080/09513590.2017.1332174
https://doi.org/10.1080/09513590.2017.1332174
https://doi.org/10.1093/humrep/deac196
https://doi.org/10.1089/met.2021.0123
https://doi.org/10.1089/met.2021.0123
https://doi.org/10.1186/s12902-022-01208-y
https://doi.org/10.1159/000375530
https://doi.org/10.1159/000375530
https://doi.org/10.1016/S2213-8587(21)00118-2
https://doi.org/10.1016/S2213-8587(21)00118-2
https://doi.org/10.1007/s11154-016-9326-7
https://doi.org/10.1038/s41430-020-0677-5
https://doi.org/10.1093/humrep/17.6.1657
https://doi.org/10.1093/humrep/17.6.1657

	﻿Changing trends in the global burden of polycystic ovarian syndrome-related infertility over the past 30 years: retrospective data analysis of the global burden of disease study 2019
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data sources
	﻿Case definition and study variables
	﻿Statistical analysis

	﻿Results
	﻿Trends of global burden due to polycystic ovarian syndrome-related infertility from 1990 to 2019
	﻿Age-specific disease burden due to polycystic ovarian syndrome-related infertility
	﻿Trends of disease burden due to polycystic ovarian syndrome-related infertility by region and nation
	﻿Trends of disease burden due to polycystic ovarian syndrome-related infertility by country SDI
	﻿Inequalities in the distribution of polycystic ovarian syndrome-related infertility burdens were quantified by slope index of inequality and the relative concentration index

	﻿Discussion
	﻿Limitations

	﻿Conclusions
	﻿References


