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Abstract

Background Infertility, defined as the inability to achieve pregnancy after 1 year of regular unprotected intercourse,
affects approximately 186 million people globally, with consistent prevalence across different income levels. Globally,
the rising infertility rates are impacting population growth and individual quality of life. Infertility is not just a per-
sonal issue but also a public health concern, with social and economic implications, including stigmatization, marital
discord, and mental strain. The COVID-19 pandemic has further exacerbated mental health issues among individu-
als with infertility, underscoring the need for research into the mental health impacts and access to fertility services.
Economically, infertility poses a significant financial burden, especially in regions where Assisted Reproductive Tech-
nology (ART) costs can be up to 200% of the GDP per capita. Understanding the complexities and spread of infer-
tility is essential for guiding policy decisions and program rollouts, with studies analyzing infertility issues based

on the Global Burden of Disease (GBD) database.

Methods The study leverages data from the GBD 2021, encompassing 371 conditions or injuries and 88 risk factors
across 204 nations. It examines prevalence, disability-adjusted life years (DALYs), age-standardized prevalence rate
(ASPR), and age-standardized DALYs rate (ASDR) for infertility, categorized by sex, age, regions, and nations. The Social
and Demographic Index (SDI), reflecting socio-economic levels, is used to analyze its correlation with infertility bur-
den. The study employs decomposition analysis and frontier analysis methods to assess changes in infertility preva-
lence and DALYs, and Spearman’s rank correlation coefficient to confirm relationships between age-standardized
rates (ASRs) and SDI. The estimated annual percentage change (EAPC) of rates, with 95% confidence intervals (Cls),
was calculated.

Results In 2021, it was calculated that the global ASPR for male infertility stood at 1354.76 cases per 100,000 individu-
als, with a 95% Uncertainty Interval ranging from 802.12 to 2174.77 cases per 100,000 individuals. For female infertility,
the ASPR was recorded at 2764.62 per 100,000 individuals (95% Ul: 1476.33-4862.57 per 100,000 individuals). Between
1990 and 2021, the EAPC in ASPR was observed to be 0.5% (95% Cl 0.36-0.64) for males and 0.7% (95% Cl 0.53-0.87)
for females. In that same year, the global ASDR attributed to male infertility was 7.84 per 100,000 individuals (95%

Ul: 2.85-18.56 per 100,000 individuals), while for female infertility, it amounted to 15.12 per 100,000 individuals (95%
Ul: 5.35-36.88 per 100,000 individuals). The EAPC for ASDR linked to male and female infertility from 1990 to 2021
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was assessed at 0.51% (95% Cl 0.38-0.65) and 0.71% (95% Cl 0.54-0.88), respectively. Among the 204 countries

and territories in 2021, India ranked first in both the prevalence of cases and DALYs associated with male and female
infertility, followed by China and Indonesia. Additionally, the investigation revealed a slight negative correlation
between the ASPR and ASDR of infertility and the SDI. Decomposition analysis indicated that approximately 65%

of the rise in the global burden of infertility could be attributed to population growth. Frontier analysis suggested
that the variations in efficiency frontiers across specific SDI levels diminish as the SDI increases. Looking forward,

the study projects a global rise in ASPR and ASDR for infertility between 2022 and 2036.

Conclusions The worldwide prevalence of infertility has substantially increased between 1990 and 2021, largely

as a result of population growth. This trend highlights the pressing necessity for better strategies concerning preven-
tion, diagnosis, and treatment, particularly in low and middle-income nations. Strengthening healthcare infrastruc-
tures, enhancing access to high-quality medical services, and raising awareness about infertility are vital measures

to tackle this issue. The results of the study offer essential information to help policymakers and health officials formu-
late targeted strategies for the prevention and management of infertility.
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Introduction

Infertility is defined as the failure to achieve pregnancy
after engaging in unprotected sexual intercourse regu-
larly for a year or longer [1]. Infertility impacts approxi-
mately 186 million people worldwide [2]. Around 17%
of individuals will face infertility at some stage in their
lives, with prevalence rates showing consistency across
nations, irrespective of their income levels—17.8% of
individuals in high-income nations and 16.5% of indi-
viduals in low- or middle-income nations experience
infertility, respectively [3]. The second most populous
nation, China, is also the largest emerging economy. It
has witnessed a decrease in fertility rates and is now
facing an aging demographic. Infertility is a significant
factor hindering population growth. With Social and
Demographic Index (SDI) of 0.719, China is catego-
rized as a high-middle SDI country, holding the larg-
est population in its region. In China, the incidence
of infertility has increased from 12 to 18% from 2007
to 2020, as noted in the report “70 Years of Women’s
Reproductive, Maternal, Newborn, Child, and Ado-
lescent Health in China,” published by The Lancet [4].
Similarly, the United States, as the world’s largest econ-
omy and the largest developed country, is an immi-
grant nation with cultural and racial diversity, ranking
third in global population size, and also faces the same
troubles. A study carried out by the National Survey of
Family Growth from 2006 to 2010 revealed that 6% of
married women within the age range of 15-44 in the
United States are categorized as infertile, while 12%
exhibit diminished fecundity [5]. It significantly affects
individuals’ quality of life across genders, creating dif-
ficulties not only for human fertility and birth rates,
notably in areas where the desire for children is low, but
also giving rise to various social challenges such as stig-
matization, marital discord, and mental strain [6]. The

situation is severe in African countries, where fertility
is considered to have significant social importance [7,
8]. In many of these environments, couples facing infer-
tility often experience social ostracism, with marriages
affected by this issue frequently culminating in divorce
[1, 6]. Furthermore, individuals facing infertility often
experience emotional distress, including anxiety and
depression, which can affect their relationships and
overall quality of life [9]. This emotional toll is particu-
larly pronounced during crises, such as the COVID-19
pandemic, which has exacerbated mental health issues
among individuals with infertility [9, 10]. The pandemic
has underscored the need for robust research into the
mental health impacts of infertility and the importance
of maintaining access to fertility services during public
health crises [11, 12].

Economically, a systematic review highlighted that
Assisted Reproductive Technology (ART) costs in some
regions, particularly in Africa and Southeast Asia,
can be up to 200% of the GDP per capita, indicating a
severe financial barrier to accessing necessary medical
interventions [13]. In high income countries, delay-
ing childbearing, led to a growing demand for ART
services, which, while providing solutions, also raises
questions about the sustainability of healthcare systems
in accommodating this demand [14].

In low- and middle-income countries, the lack of gov-
ernment-funded infertility treatments and insurance
coverage further limits access, leaving many couples to
pay out of pocket, which can lead to significant finan-
cial hardship [13]. Individuals may experience job loss
or reduced work capacity due to the stress and health
issues associated with infertility, further impacting
their economic stability [15, 16]. The economic bur-
den of infertility is not only a personal issue but also
a public health concern that requires attention from
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policymakers to ensure equitable access to fertility
treatments and support services.

A deep understanding of the complexities and spread
of infertility is essential for gauging progress in combat-
ing this health issue and guiding policy decisions and
program rollouts. There are studies that have analyzed
infertility issues based on the Global Burden of Disease
(GBD) database. Specifically, seven studies were based on
the GBD2019 database [17-23], while two studies were
based on the GBD2017 database [24, 25]. Among these
seven studies based on the GBD2019 database, six stud-
ies focused solely on the global burden of disease trends
for female infertility [17-22], and one study focused on
the global burden of disease trends for male infertility
[23]. Although the study based on the GBD2017 database
attempted to analyze both male and female infertility
issues, its analysis was relatively limited in depth [24, 25].
This study is the first to conduct an in-depth analysis of
infertility issues using the GBD2021 database. Not only
have we conducted a more comprehensive and in-depth
analysis, but we have also introduced decomposition
analysis and frontier analysis methods for the first time in
the study of the disease burden of infertility.

In addition, in the Forecast analysis, we mainly
observed that the varying prediction timeframes in the
GBD database are influenced by a combination of factors,
including the inherent characteristics of the diseases,
the quality and availability of data, the methodologies
used for forecasting, socio-demographic factors, and
the anticipated impact of public health interventions, all
of which contribute to the complexity of predicting dis-
ease burden across varying time horizons [26-30]. Dif-
ferent diseases’ distinct epidemiological characteristics
determine their prediction timeframes, with chronic con-
ditions like diabetes or cardiovascular diseases often pre-
dicted over longer periods, such as 30 years, due to their
long-term implications, while infectious diseases or those
with potential for rapid control or eradication may have
shorter prediction horizons, like 10 or 15 years, reflect-
ing the potential for significant changes in incidence
and management strategies within that timeframe [26,
30, 31]. Infertility patients seeking medical help experi-
ence changes, and the infertility population improves
significantly in the short term due to public health inter-
ventions, hence the prediction of the disease burden of
infertility tends to favor short-term forecasts to capture
these changes [32].

This research seeks to characterize the epidemiologi-
cal aspects of infertility in different regions, nations, and
areas from 1990 to 2021. It offers crucial foundational
data that facilitates the investigation of the epidemio-
logical traits associated with infertility. The findings high-
light the urgent need for implementing preventive and
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therapeutic interventions for infertility within the con-
text of global health and serve as a scientific foundation
for creating effective public health policies and strategies
to address the increasing prevalence of infertility cases.

Methods

Data source

The GBD 2021 Study conducted an extensive and rigor-
ous assessment of the impacts of various diseases, inju-
ries, and risk factors across different age groups and
genders worldwide. The study presented data on 371 dis-
tinct conditions or injuries and 88 risk factors, based on
information collected from 204 nations and regions over
the timeframe from 1990 to 2021 [33, 34]. We obtained
annual data regarding prevalence, Disability-Adjusted
Life Years (DALYs), age-standardized prevalence rate
(ASPR), and age-standardized DALYs rate (ASDR),
along with their corresponding 95% uncertainty interval
(UI) for infertility, categorized by sex, age, regions, and
nations during the timeframe of 1990-2021. The SDI is
a comprehensive development indicator for countries or
regions, reflecting socio-economic levels through a com-
bination of metrics such as per capita income, average
education level, and fertility rate, and is strongly corre-
lated with health outcomes [34]. Socio-economic factors,
including access to healthcare and education, play a criti-
cal role in the prevalence and management of infertility
[35]. The correlation analysis of the SDI indicators in the
burden of infertility disease reveals the complex interplay
between factors affecting reproductive health outcomes.
Understanding these correlations is crucial for develop-
ing targeted interventions and policies aimed at reducing
the burden of infertility, especially in areas with limited
access to education and healthcare [35]. Addressing these
socio-demographic factors can improve reproductive
health outcomes and reduce the prevalence of infertil-
ity across different populations. The research utilized the
Disease Modeling-Bayesian meta-regression software
(version 2.1), which aims to estimate the years of life lost
due to disability using epidemiological data [36]. The
authors affirm their compliance with the ethical stand-
ards set forth by the journal, as outlined on its author
guidelines page. Since the research relied solely on pub-
licly accessible data, no ethical approval was necessary.

Definition

Infertility is divided into primary infertility and second-
ary infertility [37]. Primary male infertility pertains to a
man who has never initiated a clinical pregnancy and is
classified as infertile, while primary female infertility per-
tains to a woman who has never been diagnosed with a
clinical pregnancy and is classified as having infertility
[37]. Secondary infertility in males refers to a man who
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cannot initiate a clinical pregnancy despite having done
so before, while in females, it refers to a woman who is
unable to establish a clinical pregnancy after having pre-
viously been diagnosed with one [37]. The stress and
emotional burden of infertility can lead to a decline in
overall health, such as increased risks of severe maternal
morbidity, cancer, and chronic diseases [11, 18, 38]. This
can potentially increase the years lived with disability
(YLDs), thereby contributing to the overall DALY met-
ric, which combines years of life lost (YLLs) due to pre-
mature mortality and YLDs [11, 18]. For the purpose of
standardizing based on population size and demographic
distribution, age-standardized rates (ASRs) were com-
puted, using rates per 100,000 individuals aligned with
the updated standard population age framework estab-
lished by GBD 2021 [39]. The SDI scores, ranging from
0.00 to 1.00, were adjusted by a factor of 100 to classify
nations and regions into quintiles of development stages:
low (below 0.46), low-middle (0.46-0.60), middle (0.61—
0.69), high-middle (0.70-0.81), and high (above 0.81)
[33, 34]. Additionally, due to their similar socioeconomic
characteristics and geographic locations, the 204 coun-
tries and territories were grouped into 21 distinct regions
defined by the GBD.

Statistical analyses

The impact of diseases associated with infertility was
evaluated by utilizing ASPR and ASDR, while also
recording the statistics for both prevalence and DALYs.
The data, which includes ASRs for every 100,000 individ-
uals across the full spectrum of age categories and spe-
cific rates for certain age brackets, was derived from the
Global Burden of Disease 2021 database, with the out-
comes displayed as 95% confidence interval-accompanied
estimates [33, 34]. To thoroughly examine the trends, the
EAPC was computed for the years from 1990 to 2021. An
EAPC estimate with a 95% CI that does not include zero
indicates a statistically significant trend. A linear regres-
sion model was employed, represented as y=o+ px+¢,
where y denotes the natural logarithm of (ASR), x stands
for the calendar year, and € represents an independent,
normally distributed error term [40]. More specifically, if
the lower bound of the 95% CI is above zero, it suggests
a significant upward trend for the specified period. In
contrast, if the upper bound of the 95% CI is below zero,
it indicates a considerable downward trend. To gain a
deeper understanding of the factors contributing to the
changes in infertility prevalence and DALYs from 1990
to 2021, we conducted a decomposition analysis based
on age structure, population size, and epidemiological
changes, and performed frontier analysis to determine
the attainable minimum prevalence and DALYs [41]. To
confirm the relationships between ASRs and the SDI,
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Spearman’s rank correlation coefficient was utilized. The
combined influences of age, period, and cohort were ana-
lyzed using the Bayesian age-period-cohort model with
conventional parameters [42, 43]: nij=p+ai+pj+yk.
Here, nij denotes the ASR, p is the baseline value, and
ai and yk signify the impacts of age and period, as well
as cohort, respectively. All additional statistical analy-
ses were performed using R software (version 4.4.1, R
Foundation for Statistical Computing, Vienna, Austria).
A p-value lower than 0.05 was considered statistically
significant.

Results

Burden of infertility at global and regional level

In the year 2021, the global ASPR for male infertil-
ity stood at 1354.76 per 100,000 individuals (95% UL
802.12-2174.77 per 100,000 individuals, Table 1). Con-
versely, for female infertility, the ASPR was recorded
at 2764.62 per 100,000 individuals (95% UI: 1476.33—
4862.57 per 100,000 individuals, Table 1). Between 1990
and 2021, the globally ASPR of infertility for both gen-
ders demonstrated a variable upward trajectory (Fig. 1).
Notably, after 2010, there has been a marked rise in this
rate (Fig. 1). Furthermore, the EAPC for male and female
infertility ASPRs from 1990 to 2021 was 0.5% (95% CI
0.36-0.64) and 0.7% (95% CI 0.53-0.87, Table 1), respec-
tively. In 2021, the total number of individuals affected
by male infertility was 55,000,818 (95%UI: 32,611,257—
88,727,953), while the number for female infertility was
110,089,459 (95% UI: 58,608,815-195,025,585, Table 1).
From 1990 to 2021, there has been an increasing trend in
infertility prevalence, with female facing infertility issues
at nearly double the rate of male (Fig. 2). The ASPR for
infertility among females exceeded that of males (Table 1
and Fig. 1). In 2021, the high-middle SDI region reported
the highest ASPR for both gender infertility, whereas the
high SDI region recorded the lowest ASPR (Table 1).

In 2021, the highest ASPR of infertility among females
and males was observed in East Asia and Eastern Europe,
respectively (Table 1). Conversely, Australasia reported
the lowest ASPR for both female and male infertility
(Table 1). When compared to 1990, regions that saw an
increase in ASPR for female infertility included Andean
Latin America, South Asia, and High-income North
America (Table 1). Conversely, a decrease in the ASPR
for female infertility was noted in Oceania and East-
ern Sub-Saharan Africa (Table 1). As for male infertility,
regions like Andean Latin America and Tropical Latin
America recorded an increase in ASPR compared to 1990
(Table 1). On the contrary, the regions where the ASPR
for male infertility fell included Eastern Sub-Saharan
Africa and Oceania (Table 1).
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Table 1 The number of prevalence cases and ASPR (per 100,000 individuals) of infertility in 2021, and percentage change of ASPR

were analyzed across the GBD regions

Location Male infertility Female infertility
Num_2021 ASPR_2021 per EAPC_CI Num_2021 ASPR_2021 per EAPC_CI 1990-
100,000 1990-2021 100,000 2021
Global 55,000,818 1354.76 (802.12— 0.5% (0.36-0.64) 110,089,459 2764.62 (1476.33—  0.7% (0.53-0.87)
(32,611,257- 2174.77) (58,608,815— 4862.57)
88,727,953) 195025585)
Andean Latin 232367 (128537-  655.75 (363.35- 2.14% (1.77-251) 180,844 (18,126— 504.63 (50.37- 8.22% (6.7-9.76)
America 402,807) 1142.51) 574,607) 1593.83)
Australasia 94,399 (53,292— 622.98 (350.36- 0.25% (0.21-0.29) 23,946 (5824~ 152.74 (37.22— 0.86% (0.71-1.01)
163,037) 1073.96) 97,727) 604.18)
Caribbean 320,709 (202,005-  1331.15 (83846~ -0.09% (-0.2-0.01) 589,496 (342,122—-  2406.71 (1390.62-  —0.11% (-0.28-0.06)
504649) 2090.09) 997,994) 4061.59)
Central Asia 482,054 (278,127-  933.06 (541.89- 0.38% (0.24-0.53) 798,112 (353395-  1540.98 (693.02-  0.89% (0.63-1.14)
809,038) 1535.07) 1,591,761) 3004.33)
Central Europe 751,761 (408846—  1371.77 (7484~ 062% (0.51-0.73) 1,334,989 (617,168— 252833 (1205.28-  0.88% (0.74-1.02)
1337049) 2424.41) 2,521,006) 4746.56)
Central Latin 1,366,956 (804,646— 1049.57 (618.04— 0.51% (0.27-0.75) 2,270,205 (933,287- 1637.03 (676.33— 1.19% (0.8-1.58)
America 2251065) 1736.39) 4,395,051) 3179.79)
Central Sub-Saha- 842,776 (472,132— 1411.72 (789.07— -0.38% (-0.79- 1,705,616 (872,692— 2865.53 (1445.2— -0.17% (-0.78-0.45)
ran Africa 1,354,804) 227146) 0.04) 3,067,605) 5372.44)
East Asia 12,167,667 1575.7 (880.94— 0% (-0.05-0.06) 30,097,127 410268 (2124.47-  0.01% (-0.04-0.05)
(6,670,101— 2675.46) (14,985,652— 7170.94)
21239731) 53,555,149)
Eastern Europe 2,041,839 2058.13 (1120.2- 0.26% (0.15-0.36) 3,640,758 3604.24 (1850.66—-  0.6% (0.48-0.73)
(1,134417- 3444.23) (1,828,022- 6527.52)
3,432,078) 6714993)
Eastern Sub-Saha- 1,481,393 (872,091- 777.87 (459.72— -1.19% (-1.41- 3,960,451 1966.79 (1124.46—-  —1.25% (-1.52-0.98)
ran Africa 2357013) 1236.42) 0.96) (2,299,441~ 3295.26)
6,526,195)
High-income Asia 797,761 (429,920-  898.57 (491.48- -0.2% (-0.29-0.11) 555,824 (51,072- 605.07 (61.02- -0.39% (-0.65-0.13)
Pacific 1382800) 1481.48) 1751423) 1892.11)
High-income North 1,752,539 (954,878- 1010.31 (546.66— 0.83% (0.19-147) 1478922 (218891- 848.73 (128- 3.01% (1.61-443)
America 2,959,535) 1701.88) 3,682,781) 2124.44)
High-middle SDI 10,194,899 1472.79 (851.46— 0.13% (0.11-0.14) 21,200,266 3180.18 (1643.03—  0.26% (0.24-0.28)
(5,795,901~ 2414.28) (10,465,956— 5750.65)
17173215) 38450758)
High SDI 5,890,821 1071.23 (617.22- 0.63% (0.51-0.75) 7,476,943 1415.8 (542.85- 1.43% (1.28-1.58)
(3,376,658- 1766.67) (2,888,374- 2854.67)
10,016,230) 14,892,481)
Low-middle SDI 14,297,089 1395.96 (813.3—- 1% (0.61-1.4) 30,053,933 294052 (1623.86—  1.24% (0.69-1.79)
(8,370,702 2252.12) (16,629,265 5103.43)
22875418) 51,679,485)
Low SDI 6,427,824 1269.37 (770.19- -0.17% (-0.45- 12,249,744 233395(1299.03-  0.1% (-0.28-0.5)
(3,885,082— 1959.84) 0.12) (6,801,478- 3969.36)
9979635) 20619052)
Middle SDI 18,151,666 1387.96 (819.52— 0.6% (0.52-0.69) 39,038,802 3027.65 (1579.65-  0.58% (0.46-0.7)
(10,796,198 2230.9) (20,324,320~ 5404.99)
29302986) 70133766)
North Africa 4,150,567 1154.32 (681.51- 0.8% (0.63-0.98) 6,357,159 192883 (931.82- 1.19% (0.89-1.49)
and Middle East (2,458,605— 1863.21) (3,075,148- 3266.23)
6611301) 10825896)
Oceania 50,725 (35,213- 71244 (498.04- -0.96% (-1.17- 75,092 (42,007- 1068.87 (593.82— -1.58% (- 1.85-1.3)
72,464) 1011.41) 0.75) 115416) 1647.74)
South Asia 15,223,186 1464.33 (835.34- 1.52% (0.96-2.09) 35,555,258 3523.38(1963.94-  1.95% (1.2-2.71)
(8,656,105- 2404.5) (19,863,521— 5994.84)
25000575) 60,335,282)
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Location Male infertility Female infertility
Num_2021 ASPR_2021 per EAPC_CI Num_2021 ASPR_2021 per EAPC_CI 1990-
100,000 1990-2021 100,000 2021
Southeast Asia 5,370,095 1399.74 (805.71- 1.59% (1.3-1.88) 11,004,744 29192 (1477.11- 1.68% (1.34-2.02)
(3,092,324- 2309.49) (5574,141- 5150.66)
8839732) 19,376,109)
Southern Latin 361,275 (206,015—- 101436 (577.04- -0.05% (-0.12- 387,109 (94,046— 1060.26 (260.27— -0.25% (-0.33-0.16)
America 615642) 1717.53) 0.03) 864584) 2339.84)
Southern Sub- 320,676 (168458- 71821 (382.24— -0.68% (-1.22- 782,508 (260,859-  1715.36 (578.85— —-0.75% (- 1.49-0)
Saharan Africa 598,876) 1327.36) 0.13) 1743635) 3827.21)
Tropical Latin 1,384,604 (780,681- 1110.32 (629.61- 1.83% (1.41-2.26) 2,215,723 (943,705- 1697 (729.23— 1.71% (1.13-2.29)
America 2299828) 1860.19) 4309763) 328891)
Western Europe 1,933,592 97243 (540.33— 0.95% (0.75-1.14) 2,492,439 (748,783~ 1224.48 (367.65— 1.48% (1.2-1.76)
(1,070,793- 1653.86) 5485,462) 2644.73)
3257464)
Western Sub-Saha- 3,873,874 191852 (119823-  -0.62% (-0.88— 4,583,137 2057.2 (894.15- -0.32% (-0.6-0.04)
ran Africa (2,374,489~ 2948.44) 0.36) (2,061,353— 4060.81)
5,892,117) 8923482)
( A) 1990-2021 Global Age-standardized Rate (Female) (B) 1990-2021 Global Age-standardized Rate (Male)
gzooo b Bhas ol §1000
E + ASPR 2 + ASPR
2 + DALYsRate 3 + DALYs Rate
é 1000 .g 500
0 0

1990

Fig. 1 Global ASRs of Infertility. a Global ASRs of female infertility; b Global ASRs of male infertility. ASRs, age-standardized rates
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Fig. 2 Burden of infertility by sex and year groups. a The number of Prevalence and ASPR by sex during 1990-2021; b The number
of Disability-adjusted life years and ASDR by sex during 1990-2021. ASPR, age-standardised prevalence rate; ASDR, age-standardised DALYs rate
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In the year 2021, the ASDR for male infertility was
reported at 7.84 per 100,000 individuals (95% UI: 2.85-
18.56 per 100,000 individuals, Table 2). Conversely,
female infertility exhibited an ASDR of 15.12 per 100,000
individuals (95% UL: 5.35-36.88 per 100,000 individuals,
Table 2). Additionally, during the time frame from 1990
to 2021, the EAPC in ASDR was recorded at 0.51% (95%
CI 0.38-0.65) for male and 0.71% (95% CI 0.54-0.88)
for female (Table 2). In the same year, the DALYs attrib-
uted to male infertility amounted to 317,614 individuals
(95% UI: 116,288-752,758), while the figure for female
infertility reached 601,134 individuals (95%UI: 213, 158—
1,468,475, Table 2). Furthermore, among the five SDI
regions in 2021, the high-middle SDI region reported the
greatest ASPR for both male and female infertility, con-
trasting with the lowest ASIR which was documented in
the high SDI region (Table 2).

In 2021, Eastern Europe reported the highest ASDR
for male infertility, while East Asia recorded the highest
ASDR for female infertility (Table 2). An analysis of data
spanning from 1990 to 2021 showed marked increases
in ASDR relating to male infertility in regions such as
Andean Latin America, Central Asia, Central Europe,
Central Latin America, High-income North America,
South Asia, North Africa and the Middle East, South-
east Asia, Tropical Latin America, and Western Europe
(Table 2). In contrast, decreases in ASDR for male infer-
tility were observed in regions like Eastern Sub-Saharan
Africa, Southern Sub-Saharan Africa, Western Sub-Saha-
ran Africa, and Oceania in 2021 (Table 2). Female infer-
tility likewise experienced rising ASDR across the
majority of the 21 regions analyzed, with particularly
notable increases occurring in Andean Latin America
and High-income North America (Table 2).

Burden of infertility at national level

In 2021, India held the top position among 204 countries
and territories for both genders infertility prevalence
cases and DALYs, with China and Indonesia following
closely (Table S1 and S2). Between 1990 and 2021, most
countries and territories experienced a rise in male infer-
tility prevalence, though some exceptions were observed
in Russia and nations within the Balkan Peninsula,
Mediterranean area, and Eastern Europe (Table S1 and
Fig. 3a). Likewise, during this same timeframe, a simi-
lar upward trend was noted for female infertility across
most countries and territories, with the aforementioned
regions being the exceptions (Table S1 and Fig. 3c).

In 2021, the ASPR for female infertility varied
between 308.22 and 5751.56 per 100,000 individu-
als (Table S1). Significantly, the highest rates were
observed in the Central African Republic (5751.56
per 100,000 individuals, 95% UI: 3585.62-9238.57),
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Djibouti (5304.56 per 100,000 individuals, 95% UI:
3029.58-8632.08), and Gabon (5072.46 per 100,000
individuals, 95% UIL: 2842.85-8423.78) (Table S1 and
Fig. 3b). In a similar fashion, the ASPR for male infertil-
ity ranged from 286.34 to 2804.1 per 100,000 individu-
als (Table S1). Noteworthy cases include Liberia (2804.1
per 100,000 individuals, 95% UI: 1612.32—-4491.78), the
Central African Republic (2803.4 per 100,000 individu-
als, 95% UI: 1618.38—4341.94), and Mauritania (2707.04
per 100,000 individuals, 95% UI: 1625.71-4341.97),
which recorded the highest ASPRs (Table S1 and
Fig. 3d). Countries such as the Central African Repub-
lic, India, China, and Indonesia urgently require the
attention of international health agencies concerning
the critical public health challenge of infertility.

Ecuador, Peru, and the Plurinational State of Bolivia
exhibited the most significant rising trends in the ASPR
for female infertility, recording increases of 9.33% (95%
UL 7.27-11.42), 7.12% (95% UL 5.52-8.74), and 6.7%
(95% UI: 3.89-9.57), respectively (Table S1 and Fig. 3e).
In contrast, the Philippines, Morocco, and Slovenia dis-
played the highest increasing trends in the ASPR for male
infertility, with rates of 5.33% (95% UI: 3.27-7.44), 2.79%
(95% UL 1.97-3.61), and 2.73% (95% UL 2.21-3.26),
respectively (Table S1 and Fig. 3f).

Between 1990 and 2021, the number of DALYs attrib-
uted to male infertility rose in the majority of nations
and regions, with the exceptions being Russia and areas
within the Balkan Peninsula, the Mediterranean, and
Eastern Europe (Table S2 and Figure Sla). Likewise,
the number of DALYs related to female infertility also
increased across most countries and territories, exclud-
ing Russia and regions in the Balkan Peninsula, the Medi-
terranean, North America, South Africa, and Eastern
Europe (Table S2 and Figure Sla).

In 2021, the highest ASDR for male infertility was
reported in Cameroon, the Central African Republic,
and Mauritania (Table S2 and Figure Sla). Conversely,
the lowest ASDR for male infertility was recorded in
Burundi, Malawi, and Uganda (Table S2 and Figure Sla).
As for female infertility, the Central African Republic,
Djibouti, and Gabon exhibited the highest ASDR in 2021
(Table S2 and Figure S1a); meanwhile, Australia, Colom-
bia, and New Zealand were observed to have the lowest
ASDR for female infertility (Table S2 and Figure Sla).
From 1990 to 2021, both Ecuador and Peru experienced
a significant increase in ASDR for female infertility, with
EAPC of 9.15% (95% CI 7.13-11.20) and 7.08% (95% CI
5.54—8.65), respectively (Table S2 and Figure Sla). Simi-
larly, substantial upward trends in ASDR for male infer-
tility were noted in the Philippines and Morocco, with
EAPC values of 5.28% (95% CI 3.29-7.30) and 2.74% (95%
CI 1.92-3.57), respectively (Table S2 and Figure S1a).
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Table 2 The number of DALY cases and ASDR (per 100,000 individuals) of infertility in 2021, and percentage change of ASDR were
analyzed across the GBD regions

Location Male infertility Female infertility
Num_2021 ASDR_2021 per EAPC_CI Num_2021 ASDR_2021per  EAPC_CI 1990-
100,000 1990-2021 100,000 2021
Global 317,614 (116,288-  7.84(2.85-18.56) 0.51% (0.38-0.65) 601,134 (213,158-  15.12(5.35-36.88)  0.71% (0.54-0.88)

Andean Latin
America

Australasia
Caribbean

Central Asia
Central Europe

Central Latin
America

Central Sub-Saha-
ran Africa

East Asia
Eastern Europe

Eastern Sub-Saha-
ran Africa

High-income Asia
Pacific

High-income North
America

High-middle SDI
High SDI
Low-middle SDI
Low SDI

Middle SDI
North Africa
and Middle East
Oceania

South Asia
Southeast Asia
Southern Latin

America

Southern Sub-
Saharan Africa

Tropical Latin
America

Western Europe

Western Sub-Saha-
ran Africa

752,758)
1308 (457-3074)

566 (208-1403)
1865 (701-4268)

2798 (1071-6651)
4209 (1490-10604)
7737 (2830-17728)

4740 (1668-11,334)

65,671 (22,295~
160,100)

11,889 (4220-
29847)

8420 (3013-19823)

4516 (1588-11,264)

10,826 (3847-
26,993)

57,219 (21,039-
141093)

34,878 (12,752-
84,167)

84,0605 (30,521-
196576)

37,248 (13,729-
85,517)

103,980 (38,249~
249,703)

25,132 (9234~
57,501)

292 (110-676)

90,312 (32,227~
209,136)

31,369 (11,255-
73,878)

2142 (776-5318)
1819 (619-4609)
8117 (2920-19585)
11,857 (4236~

29,090)

22,028 (8143-
51,657)

3.69(1.29-8.74)

3.76 (1.37-9.32)
7.74(2.89-17.77)

544 (2.08-12.78)
7.77 (2.74-19.83)
593 (2.18-13.66)

7.86 (2.75-19.15)

8.57(2.94-20.87)

12.2(4.27-30.22)

4.37(1.59-10.17)

5.17(1.8-12.84)

6.26 (2.19-15.78)

8.35(3.02-20.74)

6.4 (2.3-15.53)

8.18(2.98-19.2)

7.28(2.7-16.88)

7.98(2.9-19.24)

7.02 (2.56-16.24)

4,08 (1.55-9.43)

8.67 (3.11-20.15)

8.19(2.93-19.24)

6.02 (2.19-14.98)

4.08(1.39-10.21)

6.53 (2.37-15.72)

6.03 (2.13-14.95)

10.78 (3.94-25.15)

2.06% (1.72-2.4)

0.26% (0.22-0.3)

-0.12% (-0.21-
0.03)

0.34% (0.21-0.48)
0.58% (0.48-0.68)
0.49% (0.26-0.72)

-0.35% (-0.75-
0.05)

0.02% (-0.04-0.09)
0.26% (0.16-0.37)
-1.17% (-1.39-

0.95)
-0.19% (-0.27-

0.11)

0.76% (0.12-1.41)
0.14% (0.13-0.16)
0.6% (0.48-0.72)
0.95% (0.57-1.33)
-0.16% (- 0.44—
0.12)

0.66% (0.58-0.75)
0.73% (0.55-0.91)
~0.94% (- 1.13-
0.74)

1.43% (0.89-1.96)
1.55% (1.28-1.82)
—0.04% (-0.1-0.03)
~0.72% (- 1.26-
0.18)

1.76% (1.34-2.18)
0.93% (0.74-1.12)

-0.6% (-0.87-0.34)

1,468475)
970 (83-3433)

135 (22-593)
3230 (1194-8225)

4353 (1393-10,832)
7124 (2268-18,324)

12,076 (3458-
32,018)

9141 (2975-21,605)

157,326 (51,989-
406,568)

20,006 (6812-
52,654)

21,486 (7752—
50,131)

2963 (191-11,210)

8507 (1021-26836)

112,846 (38,219-
282,874)

41,101 (11,612—
110,625)

167,400 (58,563~
403,460)

67,696 (24,767~
161,485)

211,708 (75,088
517044)

35,930 (11,008~
89848)

416 (144-1001)

199,476 (71,920-
470290)

60,681 (21,015-
150690)

2160 (370-6141)

4197 (1096-11247)

12,166 (3807-
32977)

14,102 (3264~
39,770)

24,687 (7276—
61,455)

2.71(0.23-9.58)

0.87(0.14-3.67)
13.19 (4.88-33.64)

844 (2.67-20.74)
13.6 (4.29-34.98)
8.71(25-23.2)

15.23 (4.7-35.74)

21.55(7.4-54.1)

20.11 (7.05-51.09)

10.57 (3.79-25.04)

3.24(0.24-12.55)

49(0.58-15.3)

17.04 (5.87-41.71)

7.83(2.2-2141)

16.34 (5.7-39.57)

12.8 (4.73-31.1)

1647 (5.84-39.99)

10.93 (3.36-27.16)

5.9 (2.05-14.25)

19.74 (7.09-46.79)

16.11 (5.57-40.33)

593 (1.01-17.1)

9.21 (2.42-24.57)

9.35(3-25.33)

6.99 (1.63-19.39)

10.97 (3.17-27.28)

8.11% (6.62-9.62)

0.83% (0.69-0.97)
-0.13% (-0.28-0.03)

0.83% (0.59-1.07)
0.84% (0.71-0.98)
1.17% (0.79-1.55)

-0.13% (-0.73-0.47)

0.02% (-0.03-0.07)

0.58% (0.45-0.7)

-1.23% (- 1.49-0.97)

-0.4% (-0.65-0.15)

291% (1.51-4.33)

0.27% (0.24-0.29)

141% (1.25-1.56)

1.19% (0.65-1.73)

0.11% (-0.28-0.5)

0.62% (0.5-0.74)

1.09% (0.78-1.4)

-1.53% (- 1.8-1.26)

1.85% (1.13-2.57)

1.66% (1.33-1.98)

—-0.26% (-0.34-0.18)

-0.8% (- 1.54-0.06)

1.62% (1.05-2.21)

1.44% (1.17-1.72)

-0.3% (-0.57-0.03)
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Age distribution

In 2021, the number of DALYs increased as individu-
als aged, starting from 15 years old and reaching a
peak within the 35-39 age range, followed by a rapid
decline (Fig. 4). This reduction in ASRs after 39 years
of age may be associated with lowered fertility expec-
tations (Fig. 4). As individuals get older, the probabil-
ity of experiencing infertility grows, with a particularly
significant rise observed among women (Fig. 4). The
ASRs for infertility are notably higher in women than in
men, a pattern that is consistent across different coun-
tries and regions (Fig. 4). Furthermore, it is essential to
note that the highest ASPR for infertility among both
genders was found in areas identified as having high-
middle and middle SDI scores (Fig. 4).

Association between ASRs and SDI

In 2021, we observed a slight negative correlation
between female infertility ASPR and ASDR and the
SDI in 204 countries and regions (r=-0.2, P<0.05;
Fig. 5a, b). In the case of male infertility, inverse relation-
ships were identified between the SDI) and the ASPR
(r=-0.23, P<0.05) as well as the ASDR (r=-0.18,
P <0.05; Fig. 5¢c, d). The ASPR and ASDR rates of female
infertility in Eastern Europe, Southeast Asia, and South-
ern Latin America initially decreased rapidly with rising
SDI, experienced a swift decline as SDI increased, reach-
ing a peak before sharply rising again with additional SDI
growth (Figure S2a, b). Similarly, the rates of male infer-
tility as measured by ASPR and ASDR in Eastern Europe,
Southeast Asia, and Andean Latin America also experi-
enced a swift decline as SDI rose, achieving a peak and
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then rising again with continued increases in SDI (Figure
S2¢, d). Conversely, in the East Asia region, both male
and female infertility ASPR and ASDR initially showed a

gradual increase alongside rising SDI, and then remained
relatively stable despite further increases in SDI (Figure
S2a-d).
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Decomposition analysis

We observed a significant increase in the global burden
of infertility (Figures S3a—d; Table S3, S4, S5 and S6),
primarily due to population growth, which accounts
for about 65% of the increase (Table S3, S4, S5 and S6).
Among low-middle SDI countries, the highest preva-
lence and DALYs burden were observed, and these
countries experienced the largest increase in prevalence
and DALYs burden from 1990 to 2021 (Figure S3a—d;
Table S3, S4, S5 and S6), with population growth con-
tributing approximately 50% (Table S3, S4, S5 and S6).
In terms of growth, high-middle SDI and high SDI coun-
tries were the last two (Figures S3a—d), with aging popu-
lations showing a negative contribution, and the main
contribution still being population growth (Table S3,
S4, S5 and S6). However, the increase in Prevalence and
DALYs burden for female infertility in high SDI regions
was mainly due to epidemiological changes (Table S4 and
S6). From 1990 to 2021, in terms of GBD regions, South
Asia ranked first in both Prevalence and DALYs burden
for infertility, primarily due to population growth, which
accounted for about 55% (Table S3, S4, S5 and S6). Fol-
lowing closely were North Africa and the Middle East
and Southeast Asia, with different contribution ratios
(Table S3, S4, S5 and S6). In the North Africa and the
Middle East region, aging populations showed a negative
contribution, with the main contribution being popula-
tion growth (Table S3, S4, S5 and S6). The Southeast Asia
region was similar to the low-middle SDI region, with
population increase contributing about 50% (Table S3,
S4, S5 and S6). In the High-income Asia Pacific and
Eastern Europe regions, there were a negative growth
in Prevalence and DALYs burden for female infertility,
with the High-income Asia Pacific region mainly due to
contributions from aging populations and epidemiologi-
cal changes, and the Eastern Europe region mainly due
to contributions from aging populations and population
growth (Table S4 and S6). Similarly, a negative growth
in Prevalence and DALYs burden for male infertility was
observed in Central Europe, High-income Asia Pacific,
and Eastern Europe regions, with Central Europe and
Eastern Europe regions mainly due to contributions from
aging populations and population growth, and the High-
income Asia Pacific region mainly due to contributions
from aging populations and epidemiological changes
(Table S3 and S5).

At the national level, the countries with the most sig-
nificant positive contributions to the increased bur-
den of infertility are India, China, and Indonesia. India
and Indonesia are mainly due to population growth and
epidemiological changes, with both factors contribut-
ing roughly equally (Table S3, S4, S5 and S6). China’s
primary contribution is due to population growth, with
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the contribution from population growth far exceeding
that from epidemiological changes, while aging popula-
tions show a negative contribution (Table S3, S4, S5 and
$6). Regarding female infertility, the Russian Federation
has the most significant negative contribution, followed
by Japan, Ukraine, and Myanmar (Table S4 and S6). The
negative growth in the burden of infertility in the Russian
Federation and Japan is mainly due to aging populations,
with the contribution from aging populations far exceed-
ing that from population growth and epidemiological
changes (Table S3, S4, S5 and S6). Ukraine’s contribution
is mainly due to population growth, while Myanmar’s is
primarily due to epidemiological changes (Table S3, S4,
S5 and S6).

Frontier analysis

As the SDI increases, we observe that the efficiency fron-
tier differences for specific SDI levels decrease (Figure
S4a-h). Once the SDI exceeds approximately 0.495, the
trends in the frontier ASPR and ASDR for female infer-
tility become stable (Figure S4a—d). The top 5 countries/
regions with the highest efficiency frontier differences
for female infertility ASDR frontier are the Central Afri-
can Republic, Djibouti, Comoros, Gabon, and Indonesia
(Figure S4b). For female infertility ASPR frontier, the top
5 countries/regions with the highest efficiency frontier
differences are the Central African Republic, Djibouti,
Comoros, Gabon, and Eritrea (Figure S4d). Once the
SDI exceeds approximately 0.46, the trends in the fron-
tier ASPR and ASDR for male infertility become stable
(Figure S4e-h). The top 5 countries/regions with the
highest efficiency frontier differences for male infertility
ASDR and ASPR frontiers are Cameroon, Central Afri-
can Republic, Mauritania, Liberia, and Sudan (Figure
S4f, h). Compared to countries with similar socio-demo-
graphic conditions, these countries/regions have signifi-
cantly higher infertility ASPR and ASDR (Figure S4b-h).
Conversely, Austria, Taiwan, and Pakistan have signifi-
cantly lower female infertility ASPR and ASDR under
the same socio-demographic conditions (Figure S4b, d).
The Russian Federation, Guinea-Bissau, and Cabo Verde
have significantly lower male infertility ASPR and ASDR
under similar socio-demographic conditions (Figure S4f,
h). In high SDI regions, Sweden, Belgium, Lithuania,
Taiwan, and Austria have significantly decreased female
infertility ASPR and ASDR (Figure S4B, D). Similarly, in
high SDI regions, Sweden, Belgium, Lithuania, Norway,
and Austria have significantly decreased male infertility
ASPR and ASDR (Figure S4f, h). Countries with increas-
ing ASPR and ASDR for infertility are primarily located
in regions/countries with a SDI between 0.6 and 0.8,
while countries with decreasing rates are mainly in areas/
countries with an SDI between 0.7 and 0.9, indicating
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that there are different trends among countries with simi-
lar SDI levels and a considerable degree of heterogeneity
exists (Figure S4b-h).

Projecting disease burden

The study anticipates the ASRs for infertility gender
in both males and females from 2022 to 2036. It high-
lights that the ASPR and ASDR associated with infertil-
ity for both genders are expected to show an increase
on a global scale (Fig. 6). Notably, the United States,
which is the largest developed country, is experiencing a
downward trend in both the ASPR and ASDR concern-
ing infertility, particularly in relation to female infertil-
ity (Figure S5). Similarly, China, being one of the largest
economies in the emerging world, exhibits comparable
patterns (Figure S6). This occurrence could be attributed
to China’s rapid economic growth in recent years, height-
ened cultural awareness within its population, efficient
AIDS prevention measures, and increased public aware-
ness regarding infertility matters.

Discussion

This research offers an in-depth examination of the
worldwide epidemiology, enduring trends, and regional
variations in the prevalence of infertility, utilizing data
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derived from the GBD 2021. Our results reveal a signifi-
cant increase in the global rates of infertility from 1990
to 2021, primarily due to population growth, which
accounts for about 65% of the increase. The ASPR and
ASDR for infertility were noticeably higher in females
than in males. In 2021, the areas with the highest ASPR
for both genders experiencing infertility were identified
as the high-middle SDI and middle SDI regions, while the
lowest ASPR was observed in the high SDI area. Among
individual SDI countries, the highest prevalence and
DALYs burden were observed in low-middle SDI coun-
tries, which experienced the largest expansion in preva-
lence and DALYs burden from 1990 to 2021. Population
growth contributed approximately 50% to this expan-
sion. Regionally, the prevalence of infertility displayed
significant variation, with East Asia experiencing the
highest rates. Specifically, in 2021, East Asia and Eastern
Europe reported the peak ASPR and ASDR for infertil-
ity. But, with Eastern Europe region, there was a negative
growth in Prevalence and DALYs burden for infertil-
ity, mainly due to contributions from aging populations
and population growth. From 1990 to 2021, South Asia
ranked first in both Prevalence and DALYs burden for
infertility, primarily due to population growth, which
accounted for about 55%. Following closely were North
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Fig. 6 The global ASR of infertility was assessed from 1990 to 2021, with forecasted ASRs values projected for the period from 2022 to 2036,
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ASPR of male infertility. d: ASDR of male infertility. ASPR, age-standardised prevalence rate; ASDR, age-standardised DALYs rate)



Feng et al. Reproductive Health (2025) 22:26

Africa and the Middle East and Southeast Asia. In the
high-income Asia—Pacific, Central and Eastern Europe
regions, the prevalence of infertility and the burden of
DALYs are negatively increasing, with population ageing
being the common leading cause. Andean Latin Amer-
ica exhibited the highest EAPC of ASPR and ASDR for
infertility. In 2021, India held the top position among 204
countries and territories for infertility prevalence cases
and DALYs, with China and Indonesia following closely.
India and Indonesia are mainly due to population growth
and epidemiological changes, with both factors contrib-
uting roughly equally. China’s primary contribution is
due to population growth, with the contribution from
population growth far exceeding that from epidemio-
logical changes, while aging populations show a nega-
tive contribution. The three countries and regions with
the highest infertility ASPR and ASDR are all located in
Africa, and these countries have increased the burden of
infertility disease to varying degrees, and the increase in
their disease burden is mainly due to population growth,
although the increase in infertility disease burden in
these countries is not the highest. Infertility continues to
pose a serious and ongoing challenge in populous coun-
tries as well as in economically underdeveloped regions.

In 2021, we observed a slight negative correlation
between infertility ASPR and ASDR and the SDI in 204
countries and regions. As the SDI increases, we observe
that the efficiency frontier differences for specific SDI
levels decrease. Once the SDI exceeds approximately
0.495, the trends in the frontier ASPR and ASDR for
female infertility become stable. Once the SDI exceeds
approximately 0.46, the trends in the frontier ASPR and
ASDR for male infertility become stable. Countries with
increasing ASPR and ASDR for infertility are primarily
located in regions/countries with a SDI between 0.6 and
0.8, while countries with decreasing rates are mainly in
areas/countries with an SDI between 0.7 and 0.9, indicat-
ing that there are different trends among countries with
similar SDI levels and a considerable degree of heteroge-
neity exists.

China, as the second most populous country and the
largest emerging economy, has seen a decline in fertility
rates in recent years, gradually entering an era of aging
population. Infertility significantly affects its popula-
tion growth. Additionally, China’s SDI is 0.719, classify-
ing it as a High-middle SDI nation. China has the largest
population in the High-middle SDI region, and predict-
ing the trend of infertility in China could be highly rep-
resentative for the disease burden in this region, playing
a certain role in curbing global infertility diseases. The
United States, as the world’s largest economy and the
largest developed country, is a nation of immigrants with
cultural and racial diversity, and it ranks third in global
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population size. Predicting the outcomes of infertility
in the United States could be strongly representative for
developed countries. Although infertility is also a promi-
nent issue in African countries, the EAPC for infertil-
ity ASPR and ASDR in the top three African populous
nations—Nigeria, the Democratic Republic of the Congo,
and Ethiopia—are all experiencing negative growth.
Moreover, the main countries contributing to infertil-
ity ASPR and ASDR are in the Middle SDI and High-
middle SDI regions, while most African countries are
in the Low SDI and Low-middle SDI regions. To ensure
the completeness and comprehensiveness of our predic-
tions, we have also included disease forecasts for India.
As the world’s most populous country, India accounts
for approximately 17.99% of the global population and
has the highest number of infertility cases globally. With
an SDI of 0.578, India is classified as a Low-middle SDI
nation, and its prediction results could be representative
for the Low and Low-middle regions. Predictions indi-
cate that from 2022 to 2036, a worldwide increase in the
ASPR and ASDR related to infertility among both gen-
ders is anticipated. This research provides essential data
to assist policymakers and health authorities in devel-
oping focused approaches for preventing and managing
infertility.

The study showed that the probability of experiencing
infertility increases with age for both genders. The age
of women is an unalterable risk factor, associated with
the gradual reduction in the number of oocytes within
the ovaries and the continuous decline in their chro-
mosomal and structural integrity [44]. Moreover, fac-
tors such as the age at which individuals marry and the
age of initial sexual activity may exert a more significant
influence on primary infertility than age itself [45]. Fur-
thermore, various studies have suggested that unhealthy
lifestyle choices can also lead to infertility. These risk fac-
tors linked to lifestyle encompass: being overweight and
engaging in excessive physical activity [46, 47]; experienc-
ing physical, social, or psychological stress [48]; tobacco
smoking [49]; alcohol intake [50]; use of illicit drugs [51];
and improper timing of sexual intercourse intended for
reproduction [52]. There is accumulating evidence con-
cerning the impact of infectious agents on fertility. In
women, these agents may cause pelvic inflammatory dis-
ease and blockages in the fallopian tubes [53, 54], while in
men, they could result in organ damage, create blockages,
or provoke cell damage through inflammatory media-
tors or by attaching to sperm [55]. Sub-Saharan Africa
has a high prevalence of HIV and urogenital infections,
with prior studies reporting that nearly 30% of infertile
women in the region experience tubal factors [56]. The
‘Global Health Sector Strategy on sexually transmitted
infections, 2016-2021" was created by the WHO, with
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the objective of eradicating sexually transmitted infec-
tion epidemics as a significant public health concern
by the year 2030 [57]. Developing nations experience a
higher infertility rate, primarily due to sexually transmit-
ted infections and insufficient access to modern medical
services [58]. A lack of awareness among participants
regarding the natural decline in female fertility with age
could potentially heighten infertility risks [27]. There is a
necessity for greater dissemination of information about
the risk factors associated with secondary infertility and
for establishing more diagnostic facilities for infertility
at rural health centers [59]. Public health organizations
and reproductive health experts must advocate for age-
appropriate practices regarding marriage and childbirth,
conduct timely medical evaluations for cases of sus-
pected infertility, and promote a healthy lifestyle as the
next steps [45].

In addition The availability and quality of infertil-
ity services vary widely, often influenced by socioeco-
nomic factors, cultural norms, and healthcare policies
[60, 61]. In Iran, the significant geographic disparity in
the number of infertility centers, with Tehran having
21 and other provinces having none to two, means that
residents in less populated areas may have limited or no
access to necessary treatments, potentially leading to
delays in seeking care and increased stress for infertile
couples [62]. Addition, the absence of a national registry
and auditing system for infertility services, coupled with
the lack of a structured referral system, hinders effec-
tive resource allocation and policy implementation, as it
makes it difficult to gather comprehensive data on service
success rates and availability, and can lead to an overes-
timation of service utilization by counting patients mul-
tiple times across different centers, thereby masking the
true demand for infertility care [62].

Financial barriers significantly contribute to the ineq-
uitable distribution of infertility services, as healthcare
systems, already burdened by competing priorities like
infectious diseases and maternal health, tend to sideline
infertility care [63, 64]. This lack of prioritization leads to
limited financial resources allocated for infertility treat-
ments, making them prohibitively expensive for many
couples [61]. In the United States, infertility is not clas-
sified as a disease by the government, which results in
inadequate support and coverage for those seeking treat-
ment [65]. Consequently, many individuals face high
out-of-pocket costs, which can deter them from pursu-
ing necessary medical interventions [61]. While only 18
US states have enacted mandates requiring insurance
coverage for fertility treatments, a significant portion of
the population remains uninsured or underinsured, com-
plicating their access to care [62]. Integrating infertility
services into primary healthcare can help ensure that
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individuals receive the support they need without facing
overwhelming financial barriers [61, 66].

Several limitations of this research must be recognized.
Firstly, the methodological restrictions present in the
GBD 2021 investigation could influence the precision and
the overall scope of the model’s assessments. The absence
of infertility data from specific countries and regions
has a significant effect on these outcomes. Furthermore,
discrepancies in data quality, precision, and compara-
bility may lead to biases [46, 47]. Secondly, rather than
relying on actual data from the real world, the GBD
2021 database utilizes model fitting, which may result in
either an overestimation or underestimation of the rates.
Thirdly, infertility rates in 204 countries and regions were
appraised with the aid of a globally consistent population
standard to boost comparability; however, these stand-
ardized metrics may not accurately depict the actual
disease burden of infertility in each nation. Fourthly, the
EAPC identifies the typical progression observed in the
last 30 years, leaving aside any doubts connected with
these rates. Although the EAPC is suitable for detecting
linear trends, it could provide incorrect insights when
dealing with non-linear rate changes, such as U-shaped,
V-shaped, or L-shaped curves. Lastly, an all-encompass-
ing examination of the disease’s burden necessitates the
inclusion of a broader spectrum of economic, family-cen-
tric, and societal impacts. This research did not conduct
an in-depth analysis of all potential elements influencing
the infertility burden.

Conclusion

This comprehensive study utilizing data from the GBD
2021 provides a detailed overview of the global epide-
miological landscape of infertility, highlighting significant
increases in prevalence and burden from 1990 to 2021.
The findings underscore the critical role of population
growth as a primary driver of the observed increases,
accounting for approximately 65% of the rise in infertility
rates globally. Notably, the ASPR and ASDR for infertil-
ity are consistently higher in females compared to males,
reflecting the complex interplay of biological and soci-
odemographic factors influencing reproductive health
outcomes. The decomposition analysis highlights the
substantial impact of population growth on the global
burden of infertility, with epidemiological changes and
aging populations also playing significant roles in certain
regions and countries. Frontier analysis further elucidates
the disparities in infertility burden among countries with
similar socio-demographic conditions, emphasizing the
need for tailored interventions and policies to address
these variations. In conclusion, infertility poses a signifi-
cant global health challenge, with substantial implica-
tions for individuals, families, and societies. Addressing
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this issue requires a multifaceted approach, encompass-
ing improved access to fertility treatments, enhanced
public awareness campaigns, and targeted public health
policies. By understanding the complex dynamics influ-
encing infertility prevalence and burden, policymak-
ers and healthcare providers can develop more effective
strategies to mitigate this growing health concern and
improve reproductive health outcomes worldwide.
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