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ABSTRACT

Objectives Our study aimed to provide global burden

and temporal trends in the incidence, prevalence, and
disability-adjusted life-years (DALYS) of osteoarthritis (OA)
among postmenopausal women from 1990 to 2021.
Methods The study employed data from the Global
Burden of Disease (GBD) Study 2021. Four subtypes of

0A affecting the hip, knee, hand, and other joints among
postmenopausal women were included. Age-standardised
rates (ASRs) were derived with reference to the global age
standard, and temporal patterns were scrutinised through
estimated annual percentage change (EAPC) assessments.
The impact of age, body mass index (BMI), and Socio-
demographic Index (SDI) were all considered.

Results From 1990 to 2021, there were more than 1.3-
fold increases in OA incidence, prevalence, and DALYs
among postmenopausal women globally, with EAPCs of
0.211, 0.356, and 0.395, respectively. Knee OA carried the
heaviest burden, while hip OA bore the least. Higher SDI
regions had higher burden, and inequalities linked to SDI
among countries had intensified over time. East Asia and
high-income Asia Pacific experienced the most substantial
increments in OA burden. High BMI significantly influences
the burden of OA, especially in countries within high, high-
middle, and middle SDI, where DALYs attributed to high
BMI exceed 20%.

Conclusions The burden of 0A among postmenopausal
women continues to escalate, highlighting its significant
impact on the global health of postmenopausal women.
Necessarily, effective monitoring and management of risk
factors, targeted lifestyle adjustments for BMI, and policy
interventions accounting for demographic disparities are
required to ease OA in postmenopausal women.

INTRODUCTION

With the acceleration of the ageing demo-
graphic shift globally, non-communicable
chronic diseases pose an increasingly prom-
inent threat to public health. Osteoarthritis
(OA), one of the most common chronic joint
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Osteoarthritis (0A) is a prevalent, progressively de-
veloping joint disorder that notably affects middle-
aged and older individuals, substantially impacting
their quality of life and ability to perform daily ac-
tivities. Postmenopausal women are considered a
high-risk group for OA due to physiological chang-
es associated with menopause, including hormon-
al fluctuations, as well as other factors such as
age-related joint degeneration and heightened pain
sensitivity. This study addressed a critical gap by
providing a comprehensive global analysis of the
epidemiological characteristics and disease burden
of OA in postmenopausal women, an area that has
been underexplored to date.

diseases, is primarily characterised by the
deterioration and damage of joint cartilage,
accompanied by bony remodelling, joint
dysfunction, and chronic pain.'™” Affected
individuals commonly grapple with joint
discomfort and functional restrictions, which
can progressively lead to disability.** In 2020,
an estimated 595 million people worldwide
were afflicted with OA, comprising 7.6% of
the global population.® It ranked among the
top 10 causes of years lived with disability
(YLD) in adults aged 70 and older, affecting
approximately one-third of the adult popula-
tion in that age bracket, and ranked 14th in
terms of age-standardised YLDs across all age
groups.6 " Moreover, OA typically imposes a
considerable strain on healthcare systems
and financial resources. Research indicated
that the societal costs of OA account for 1%
to 2.5% of the gross national product (GDP)
in the countries surveyed.® OA resulted in
wage losses amounting to $65billion and
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WHAT THIS STUDY ADDS

= Globally, the postmenopausal women exhibited 14,258,581 in-
cident cases, 278,568,950 prevalent cases, and 9,944,716
disability-adjusted life-years (DALYs) attributed to osteoarthritis
(OA), representing substantial increases of 133.1%, 139.8%, and
141.9% since 1990, respectively.

= The temporal trends of age-standardized rates of incidence, prev-
alence, and DALYs among postmenopausal women have shown
a worldwide rise across all Socio-demographic Index (SDI) cate-
gories and most regions (except Central Asia). Higher SDI regions
witnessed a greater burden of OA among postmenopausal women,
with inequalities related to SDI across countries intensifying over
time, particularly as East Asia and high-income Asia Pacific un-
derwent the most significant increases in OA burden among post-
menopausal women.

= In nations grouped under the high, high-middle, and middle SDI
quintiles, over 20% of DALYs for A among postmenopausal wom-
en are attributed to elevated body mass index (BMI).

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= The burden of OA among postmenopausal women continues to
escalate, highlighting its significant impact on the global health
of postmenopausal women. There is an urgent need for proactive
measures to rigorously monitor and manage risk factors, with a
particular emphasis on promoting lifestyle adjustments aimed at
controlling BMI. Additionally, policies should be implemented that
take into account socio-demographic disparities, to effectively alle-
viate the burden of OA in postmenopausal women.

direct medical costs exceeded $100 billion in the United
States.”

The incidence of OA increased with age, and the prev-
alence of OA was higher in women compared with men.’
OA incidence rises in women during the menopausal
transition,” '’ making it a highly prevalent condition
among postmenopausal women, with 44% of participants
in the Women’s Health Initiative (WHI) aged 50 to 79
reporting OA."" Thus, postmenopausal women consti-
tute a unique population with a heightened risk for OA.
Among the modifiable risk factors, high body mass index
(BMI) is particularly notable, as it contributes to mechan-
ical stress on weight-bearing joints and systemic inflam-
mation, thereby accelerating OA plrogression.12

Despite these concerns, there remains a dearth of
research specifically addressing OA in this particular
demographic, especially on a global scale. The Global
Burden of Disease (GBD) 2021 study collected and anal-
ysed data from 204 countries and territories, compre-
hensively assessing health conditions globally, covering
mortality to various health states."” '* Among its analyt-
ical tools, the GBD framework incorporates the Socio-
Demographic Index (SDI), a composite measure that
evaluates levels of development based on income per
capita, average years of schooling, and fertility rates for
those under 25 years old."” SDI values, ranging from 0
to 1 with higher values indicating more advanced devel-
opment,'” may provide critical insights into the varying

burden of diseases like OA across regions and income
levels.

The GBD 2021 incorporates four particular subtypes of
OA, including those affecting the hip, knee, hand, and
other joints. The GBD 2021 utilised the disability-adjusted
life years (DALYSs) as a measure, which quantifies the gap
between the current health status and the hypothetical
ideal of full health over a lifespan.'® This research frame-
work offers an unprecedented opportunity to deepen the
understanding of the distribution patterns, trends, and
impacts of OA among postmenopausal women at a global
level. Therefore, this study comprehensively evaluated the
disease burden of OA among postmenopausal women in
204 countries and territories globally. Our study specifi-
cally planned to: (1) comprehensively gather and analyse
the global impact of OA on postmenopausal women; (2)
discern population groups facing augmented risk, differ-
entiated by OA classifications, varying age groups, and
SDI tiers; and (3) assess the attributable proportion of
high BMI for the development of OA.

METHODS

Data sources

All data analysed in this study stemmed from the GBD
2021, which supplied the latest epidemiological esti-
mates for health loss due to 371 diseases from 1990 to
2021 across 204 countries and territories, inclusive of
prevalence, disease severity, and mortality rates. These
metrics collectively form a holistic assessment of the
disease burden. All such data is freely accessible via the
Global Health Data website, with detailed information
on data, methodologies, and statistical models available
in prior publications."* Against this backdrop, this study
outlined the methodologies employed in estimating the
health burden of OA among postmenopausal women.
Post-menopausal status was approximated using an age
cut-off of 55 years and older, consistent with prior epide-
miological studies utilising similar data sources.'®™"® This
approach offers a pragmatic solution in the absence of
direct data on menopausal status in GBD but may under-
represent individuals who experience earlier meno-
pause. When conducting age-specific analyses, this study
used men of the same age as postmenopausal women and
younger women aged 35-54 years as control groups.

Case definition

The reference definition for OA cases in the GBD
framework is based on symptomatic OA radiologically
confirmed as meeting Kellgren-Lawrence grading criteria
of 2 to 4. In the GBD 2021 study, the main sources of
input data for the hip and knee OA models were cross-
sectional, population-based surveys conducted worldwide
and state-level US insurance claims data. These claims
used International Classification of Diseases (ICD)-10
codes M16 (hip) and M17 (knee). GBD 2019 introduced
two additional OA sites: the hand (M18) and other joints
(M19), retaining these classifications in GBD 2021."
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Global/regional socio-demographic profiles

The SDI and regional classifications from GBD 2021 were
used to analyse variations in OA burden. SDI categorises
204 countries and territories into five quintiles—high,
high-middle, middle, low-middle, and low SDI—based
on socioeconomic and demographic factors, providing a
standardised framework for comparing health outcomes.
For regional analyses, GBD 2021 further divided these
countries and territories into 21 regions based on
geographic proximity and cultural similarities. This
combination of SDI and regional classifications provided
a nuanced framework for analysing and interpreting the
global distribution of OA burden, highlighting differ-
ences attributable to socioeconomic and geographic
factors. Additional details regarding SDI and regional
definitions can be found in prior publications.ls_15

Risk factors for OA

High BMI is the sole risk factor for OA investigated in the
GBD dataset. In the GBD 2021, high BMI is defined as a
measurement exceeding 20 to 23kg/m? for adults aged
20 and older, which reflects the theoretical minimum
risk exposure level (TMREL) as determined by the GBD
system.15 The inclusion of high BMI as an OA risk factor is
supported by a rigorous systematic review of longitudinal
cohort studies and the application of stringent causal
criteria to establish its association with OA. To estimate
the relationship between high BMI and OA risk, GBD
2021 employed Mendelian Randomization-Bayesian
Regression Trees (MR-BRT), a statistical modelling
approach designed to analyse non-linear dose-response
associations. Details of this approach are provided in
prior GBD publications." "

Statistical analysis

Each DALY represents the loss of one full year of healthy
life, calculated by combining years of life lost (YLL) and
YLD within a population in the GBD dataset.”” Based on
the global population age standard delineated within the
GBD 2021 report, age-standardised rates (ASRs) for inci-
dence, prevalence, and DALYs of OA among postmen-
opausal women, along with their corresponding 95%
uncertainty intervals (Uls), were calculated using the
formula: ASR= %, where I represents the propor-
tion of the population in a specific age group, and T,
represents the quantity or weighting of the comparator
standard population within the identical age group."” *
This approach ensures comparability across regions and
over time, mitigating biases due to differing age struc-
tures.

The dynamic trends in OA prevalence, incidence, and
DALYs from 1990 to 2021 were assessed using the esti-
mated annual percentage change (EAPC) alongside its
95% confidence interval (CI), which were calculated
according to the following formula: y = o0 + Bx + € and
EAPC=100 x (eB - 1), where y and x were In (ASR) and
calendar year, respectively.”’ ** An EAPC>0 indicates an
increasing trend in ASRs over the past years, whereas an

EAPC<0 suggests a declining trend. Furthermore, if the
95% CI of the EAPC includes 0, no significant change
is inferred.” We investigated the relationships between
the SDI of the 204 countries and territories and ASRs
as well as the proportions of DALYs attributed to high
BMI according to the methods described in previous
studies.” ¥ In terms of age strata, we categorised post-
menopausal women into specific age groups (55-59,
60-64, 65-69, 70-74, 75-79, 80-84, 85-89, 90-94, and
95+years) to better understand how OA burden varies
with age within this demographic. SDI was categorised
into five quintiles: high, high-middle, middle, low-
middle, and low SDI. We performed stratified analyses to
assess the interaction between BMI and SDI on OA risk,
allowing us to explore how the relationship between BMI
and OA burden differs across regions and income levels.

All ASRs in this study were calculated per 100000 popu-
lation. Data cleaning, computations, and graphical repre-
sentations were performed utilising R programming
(v4.4.1).

RESULTS
Global burden of 0A among postmenopausal women
This study showed that in postmenopausal women, there
were approximately 14258581 (95% UL 12,226,984
16,599,583) incident cases of hip, knee, hand and other
OA, with an ASR of 1812.99 (95% UI: 1554.67-2110.65)
per 100000 population in 2021, and the EAPC illustrated
an increasing trend from 1990 to 2021 (EAPC=0.211,
95% CI: 0.196 to 0.226) (table 1). Globally, OA preva-
lence in postmenopausal women was 278568950 (95%
UL 246,376,337-309,958,505), with an ASR of 35420.24
(95% UL 31326.92-39411.44) per 100000 population,
and an EAPC of 0.356 (95% CI: 0.331 to 0.381) from
1990 to 2021. The estimated DALYs attributed to OA
were 9944716 (95% UI: 4,810,253-20,101,408), with an
ASR of 1264.48 (95% UI: 611.63-2555.91) DALYs per
100000 population, showing an upward trend over time
(EAPC=0.395, 95% CI: 0.362 to 0.429) since 1990.
Among the different types of OA in postmeno-
pausal women, knee OA had the highest ASRs for inci-
dence (1192.48, 95% UIL: 976.96-1452.71), prevalence
(35,420.24, 95% UI: 31326.92-39411.44), and DALYs
(1264.48, 95% UI: 611.63-2555.91) per 100000 popula-
tion (figure 1, online supplemental figure S1, S2), and
(online supplemental table S1). In contrast, hip OA
had the lowest ASRs for these measures, with incidence
(70.19, 95% UL 50.78-98.09), prevalence (1889.27, 95%
UL 1428.43-2409.34), and DALYs (58.78, 95% UI: 28.01-
119.27) per 100000 population (figure 1, online supple-
mental figure S1, S2), and (online supplemental table
S2). The hand OA and other OA followed as the second
and third highest in terms of these rates (figure 1, online
supplemental figure S1, S2), and (online supplemental
table S3, S4). The EAPC showed a positive association
with the age-standardised DALYs for other types of OA
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Osteoarthritis knee 2021 DALYs Rate

700+
NA

463+
NA

ASR(/105)
340-510
510-570
570-700

ASR(/105)
180-330
330-415
415-463

Osteoarthritis hip 2021 DALYs Rate

ASR(/10"5;
24-38
38-57
57-66
66+
NA

ASR(/105;
78-91
91-99
99-108
108+
NA

Figure 1 Age-standardised DALY rates for osteoarthritis among postmenopausal women in 204 countries and territories in

2021.

among postmenopausal women (online supplemental
figure S3).

Burden of OA in postmenopausal women at the regional and
national level

Among the 21 GBD regions, high-income Asia Pacific
exhibited the highest age-standardised incidence,
prevalence and DALY rates for knee OA of 1572.63
(95% UL 1325.51-1837.27), 339449 (95% UL
29400.83-38894.33), 1076.45 (95% UI: 525.94-2165.08)
per 100000 population, respectively. Conversely, Central
Asia reported the lowest ASRs for incidence (858.74,
95% UI: 699.28-1056.55), prevalence (12,284.43, 95%
UL 10425.75-14335.17), and DALYs (390.09, 95% UL
191.77-768.41) per 100000 population (figure 1, online
supplemental figure S1, S2), and (online supplemental
table S1). Southeast Asia saw the fastest increase in the
incidence ASR (EAPC=0.374, 95% CI: 0.358 to 0.390),
while East Asia had the most rapid rise in prevalence
(EAPC=0.505, 95% CI: 0.416 to 0.595) and DALY rates
(EAPC=0.494, 95%CI: 0.403 to 0.586) for knee OA.
Among 204 countries and territories, the Maldives, Thai-
land, and Equatorial Guinea had the fastest growing
age-standardised prevalence and DALY rates for knee
OA from 1990 to 2021, while the United Arab Emir-
ates, Oman, and Saudi Arabia had the most substantial
increases in incidence ASRs (online supplemental table
S5).

Regarding hip OA in postmenopausal women, East Asia
documented the lowest ASRs for incidence (41.82, 95%
UL 30.01-59.39), prevalence (984.29, 95% UI: 744.17-
1276.81), and DALYs (30.93, 95% UL 14.23-62.01)
per 100000 population. High-income North America
presented the highest ASRs for incidence (146.48, 95%

UI: 98.18-212.86), prevalence (4497.12,95% UI: 3363.85—
5759.40), and DALYs (138.5, 95% UI: 66.84-278.70)
per 100000 population (figure 1, online supplemental
figure S1, S2), and (online supplemental table S2). East
Asia underwent the swiftest rise in age-standardised
incidence (EAPC=1.289, 95% CIL: 1.178 to 1.399), prev-
alence (EAPC=1.187, 95%CI: 1.09 to 1.284) and DALY
(EAPC=1.163, 95% CI: 1.067 to 1.259) rates between 1990
and 2021. Across 204 countries and territories, Sweden,
Equatorial Guinea, and Greece experienced the biggest
rises in knee OA prevalence and DALY rates from 1990 to
2021; and Sweden, China, and Equatorial Guinea experi-
enced the most substantial rises in the age-standardised
incidence rates (online supplemental table S6).

For hand OA in postmenopausal women, Central
Asia displayed the highest ASRs for incidence (726.66,
95% UI: 489.51-1063.36), prevalence (25,958.61, 95%
UL 19250.75-33016.73), and DALYs (823.91, 95% UTI:
363.23-1694.17) per 100000 population, while Oceania
presented the lowest ASRs for incidence (308.93, 95%
UL 209.48-454.00), prevalence (7975.52, 95% UL
5833.17-10511.51), and DALYs (250.99, 95% UI: 114.07—
514.39) per 100000 population (figure 1, online supple-
mental figure S1,52),and (online supplemental table S3).
The fastest increases in incidence (EAPC=2.044, 95% CI:
1.676 to 2.412), prevalence (EAPC=2.454, 95% CI: 2.132
to 2.776), and DALYs (EAPC=2.441, 95%CI: 2.118 to
2.764) were observed in East Asia from 1990 to 2021.
Among 204 countries and territories, Equatorial Guinea,
China, and Timor-Leste showed the largest increases in
prevalence and DALYs, while China, Equatorial Guinea,
and Mongolia experienced the largest rises in incidence
(online supplemental table S7).
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For other OA in postmenopausal women, Central
Sub-Saharan Africa demonstrated the lowest ASRs
for incidence (124.25, 95% UL 89.95-165.37), preva-
lence (2645.44, 95% UI: 2020.14-3550.01), and DALYs
(83.28, 95% UI: 37.31-177.49) per 100000 population.
In contrast, North Africa and Middle East presented
the highest age-standardised incidence rate of 134.96
(95% UT: 98.85-178.79) per 100000 population, while
Australasia recorded the highest ASRs for prevalence
3821.87 (95% UI: 2948.1-4941.86) and DALYs 119.54
(95% UI: 55.99-254.80) per 100000 population, respec-
tively (figure 1, online supplemental figure S1, S2), and
(online supplemental table S4). Moreover, Australasia
showed the fastest rise in age-standardised incidence
rates (EAPC=0.14, 95% CI: 0.121 to 0.158), while high-
income Asia Pacific presented the fastest increases in age-
standardised prevalence (EAPC=0.630, 95% CI: 0.614 to
0.646) and DALY (EAPC=0.581, 95% CI: 0.565 to 0.597)
rates. Across 204 countries and territories, Maldives,
Japan, and Lebanon demonstrated the most rapid
increases in age-standardised prevalence and DALY rates
from 1990 to 2021, while Oman, United Arab Emirates,
and Saudi Arabia presented the fastest increases in age-
standardised incidence (online supplemental table S8).

Burden of 0A in postmenopausal women by age

Comparisons with younger women aged 35-54 years
revealed that, for all four OA subtypes (knee, hip, hand,
and other), DALYs in postmenopausal women were
consistently higher (figure 2). The global ASRs of OA
prevalence and DALYs increased with age (ie, from 55 to
95+years) in postmenopausal women in 2021, except for
knee OA (figure 2, online supplemental figure S4). For
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knee OA, DALYs peaked at 80—-84 years before declining
in older age groups. In contrast, for hip, hand, and other
OA, ASRs for prevalence and DALYs showed steady
increases across age groups, with the highest burden
observed in the oldest group. The age-standardised inci-
dence rates for both OA knee and other decreased with
age, while hip and hand OA showed peak patterns, with
OA hip reaching its highest incidence in the 60-64 age
group, and hand OA peaking in the 55-59 age group,
before both declining in older age groups (75-79 years)
among postmenopausal women in 2021 (online supple-
mental figure S5). The b5-64 age group demonstrated
relatively higher incidence for hand OA compared with
other subtypes, potentially reflecting earlier onset in this
population segment.

Additionally, ASRs of DALYs, incidence, and preva-
lence were compared between postmenopausal women
and age-matched men. The results revealed that for hip
and other OA, all ASRs were relatively similar between
the two groups, with minimal differences. However, for
hand and knee OA, postmenopausal women exhibited
significantly higher values across all ASRs compared with
men of the same age. Specifically, for hand OA in the
55-59 age group, DALYs among postmenopausal women
were 1.8 times higher than those of age-matched men.

Generally, global ASRs of incidence, prevalence, and
DALYs for all types of OA steadily increased in post-
menopausal women across all age groups from 1990 to
2021 (figure 3, online supplemental figure S6, S7 and).
Notably, hand and other OA showed the fastest growth
among women aged 55-59 and 60-64 years in the past
decade (online supplemental figure S6).
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Figure 2 Global age-standardised DALY rates for osteoarthritis between postmenopausal women and age-matched men, as
well as younger women (35-54 years), across age groups in 2021.
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Figure 3 Temporal change in age-standardised DALY of osteoarthritis among postmenopausal women across age groups

from 1990 to 2021.

Burden of OA in postmenopausal women by SDI

There were roughly positive associations of SDI with
the ASRs of hip, knee, hand and other OA in postmen-
opausal women (figure 4, online supplemental figure
S8, S9). Regional variations around expected incidence
rates increased progressively with increasing SDI. Age-
standardised prevalence and DALY rates for high SDI
locations clustered tightly around the expected rates
based on SDI, suggesting a close association of SDI
with prevalence and DALY rates of OA in postmeno-
pausal women. There was some variation in the associa-
tions between the ASRs of other OA in postmenopausal
women and SDI, with the ASRs of other OA beginning to
decrease or maintain stability after the SDI reached 0.65
(figure 4, online supplemental figure S8, S9).

DALYs in OA attributable to high BMI
High BMI is the only risk factor for OA included in GBD,
while other factors like age, sex, and socioeconomic

Osteoarthritis hip Prevalence rate
1000- =

J“ff.
A
7z

Location

. Contral s
- Gentral Eurcpe
Centrl Lain America

= Central Sub-Saharan Afica  +
* Eastasa

 Eastern Euncpe

© Eastem Sub-Saharan Afica po
o Global Western Sub-Saharan Africa

> Location
- Andoan Latin America 5 High-income Asia Paciic

= High-income North America

000~

Austalasi
Caribean 5 North Africa and Micde East
. Contral Asa = Oceania

& . Sounasa

Contal Eurcpe

&
2 Central Latin America “ SouncastAsa

= Contrl Sub-Saharan Afica +  Souihor Latin America

2000- * Easthsia . Southern Sub-Saharan Afica

& Eastem Europe + TopicalLatn America
Western Europe
= ol Woster Sus-Saharan Afica

© Eastern Sub-Saharan Afica

1000-

status, although known to influence OA risk, were not
incorporated as risk factors in GBD. Over the last three
decades, DALYs attributable to high BMI among post-
menopausal women showed a significant upward trend
globally, across SDI gradients, and in most regions, with
the exception of Central Asia (figure 5). Globally, DALYs
attributed to high BMI among postmenopausal women
increased by 1.23-fold globally, rising from 16.86% in
1990 to 20.76% in 2021. Regions with high, high-middle,
and middle SDI quintiles had the highest proportions of
BMI-related DALYs, exceeding 20%. Middle SDI nations
saw the greatest increase in attributable DALYs (from
14.45% to 20.39%), while low-middle SDI nations had
the largest percentage change (from 11.22% to 16.24%).
By region, East Asia showed the most notable rise in
BMI-attributable DALYs (from 14.04% to 22.87%). We
further compared BMI-attributable OA DALYs between
postmenopausal women and age-matched men. Globally,
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Figure 4 Age-standardised DALY rates for osteoarthritis among postmenopausal women for 21GBD regions by SDI in 2021.
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Figure 5 Proportions of DALY attributable to high BMI for osteoarthritis among postmenopausal women for global, 5 SDI

categories and 21 regions in 1990 and 2021.

across all SDI levels, and in most regions, women consist-
ently exhibited higher BMI-related OA burdens than
men (online supplemental figure S10).

DISCUSSION

Our study was the first to systematically assess the global
burden of OA in postmenopausal women across 204
countries and territories from 1990 to 2021. Our findings
revealed a significant increase in the global OA burden
among the postmenopausal population, with 14258581
incident cases, 278 568 950 prevalent cases, and 9944716
DALYs attributed to OA in 2021, marking increases of
133.1%, 139.8%, and 141.9% since 1990, respectively.
These findings align with trends observed in the GBD
2021, which reported a rise in OA incidence and preva-
lence across the entire population.’ The observed global
increase in OA burden underscored the importance of
addressing this issue in public health efforts. This study
also pioneered the burden of four OA subtypes, finding
upward trends in ASRs across SDI regions. Notably, high
SDI areas exhibited significantly greater incidence, prev-
alence, and DALY rates compared with other regions,
with the exception of the age-standardised incidence rate
of other OA.

As women age through menopause, there is a notable
increase in both YLDs and the prevalence of OA, a trend
consistently observed globally in the general population.’®
In the current study, the aggregate global DALY count
for various forms of OA and the DALY rates spanning
all ages showed a considerable rise when contrasted with
relatively stable ASRs from 1990 to 2021, implying that
the mounting OA burden owes significantly to popula-
tion expansion and ageing. Menopause marks a pivotal

period of physiological transition for women, character-
ised by a significant decline in oestrogen levels, which not
only impacts skeletal health but is also directly linked to
the function and stability of the joint system.** Although
hormonal changes have been shown to be associated with
the development of OA, the exact role of sex hormones
remains unclear, and other factors, such as heightened
pain sensitivity, may also contribute to the increased risk
of OA in postmenopausal women. Other studies also
showed higher joint pain and stiffness around meno-
pause, doubling the risk compared with premenopausal
women.” ** However, limited research has quantified OA
burden specifically in menopausal populations, under-
scoring the need for further studies.

Meanwhile, our study revealed distinct patterns of OA
burden across specific age groups in postmenopausal
women. Basically, OA burden increases with age for all
subtypes, likely due to cumulative joint degeneration
and aging-related factors. OA knee and hand subtypes
showed a disproportionately higher burden in postmeno-
pausal women compared with age-matched men. On the
other hand, this study showed a higher incidence of OA,
particularly in knee OA, in younger postmenopausal
women compared with older postmenopausal women.
These relatively younger postmenopausal women, who
are exposed to greater joint strain in their daily activities,
seem more susceptible to OA symptoms. However, more
evidence is needed to confirm their increased suscepti-
bility compared with older cohorts. Interestingly, a peak
in hand OA incidence was observed among postmeno-
pausal women, with a notable spike around the age of 55,
followed bya decline in later decades, which was consistent
with prior research showing that hand OA risk peaks after
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the typical menopausal age (55-60 years), stabilises, and
then declines in older age groups.”” Additionally, women
aged 50-60 are 3.5 times more likely to develop hand OA
compared with men of the same age in a country specific
study,”” highlighting a significant gender disparity. These
findings suggest that interventions should be tailored to
address the specific needs of different age groups within
the postmenopausal population.

BMI is a leading risk factor for OA,*®* and our study
highlighted its significant role in postmenopausal women.
High BMI is the only modifiable risk factor for OA included
in the GBD analysis.’ Over the past three decades, there has
been a consistent rise worldwide and each of the five SDI
categories in DALYs attributed to high BMI among post-
menopausal women with OA. In numerous regions, the
DALYs resulting from high BMI exceed 20%, paralleling
the global surge in obesity over the same period, particu-
larly among women and their rising BMIs, which may partly
account for the escalating OA burden."” * Geograph-
ically, regions with high or high-middle SDI status, such
as Latin America, Australia, Northern Africa, and the
Middle East, had observed relatively higher DALYs from
OA in postmenopausal women attributable to high BMI,
consistent with higher obesity prevalence among women
aged 55 and over in these locales.” Thus, weight manage-
ment programmes tailored for postmenopausal women,
such as community-based lifestyle interventions or clin-
ical obesity management services, should be prioritised.
Promoting regular physical activity can help reduce joint
stress and improve overall health. These screenings could
be complemented by educational initiatives to raise aware-
ness among postmenopausal women about maintaining
joint health, particularly through diet, exercise, and
regular health check-ups. National health programmes
should integrate these strategies to address the growing
OA burden and improve quality of life in this vulnerable
population. Meanwhile, low-middle SDI countries saw the
fastest growth in BMI-related OA burden,” especially in
East Asia,”*** due to rapid obesity increases. Some of these
regions also face malnutrition challenges,* reflecting the
multifaceted health issues present.

In this study, across 204 countries and territories, ASRs
for OA among postmenopausal women were positively
correlated with the SDI, aligning with earlier observa-
tions in the general population in 2020.° Across all SDI
quintiles, with the exception of the incidence rate for
other OA, ASRs for all OA subtypes increased with rising
SDI. In high-income countries, postmenopausal women
predominantly experienced the highest age-standardised
incidence, prevalence, and DALY rates for various OA
types, including knee OA in high-income Asia Pacific, hip
OA in North America and Western Europe, and other
OA in Australia. This may be attributed to the presence
of ageing populations and robust healthcare infrastruc-
ture in these developed regions.'* ** Positive EAPC-ASR
correlations for other OA suggested faster ASR growth
in some high-income nations, highlighting the need for
targeted interventions.

Emphasis should not be limited to regions currently
enduring the heaviest OA burden but also extended to
those that have seen the most substantial increases over
recent decades. Regions like East Asia and Asia-Pacific
experienced the steepest OA burden increases from
1990 to 2021. Specifically, the analysis revealed that ASRs
for hand OA in East Asia more than doubled, while hip
OA rates surpassed a doubling, and ASRs of prevalence
and DALYs for knee OA rose approximately by half.
This trend in East Asia may be linked to rapid popula-
tion ageing, increased workforce participation, and a
surge in obesity rates due to urbanisation and changing
lifestyles.”® *” Conversely, the high burden observed in
high-income Asia Pacific could be attributed to advanced
healthcare systems with better diagnostic capabilities,”
facilitating comprehensive identification and reporting
of OA cases. Cultural differences, such as varying levels
of physical activity and traditional dietary patterns, may
also influence regional OA prevalence and progression.
Nationally, in the context of large, middle-SDI countries,
China has emerged as the nation with the highest OA
incidence, particularly with hand OA increasing 2.5-fold
over the past three decades. This escalation is potentially
linked to population ageing, workforce participation,
and imbalanced healthcare resources as a representative
of East Asian countries.”*

Our study was subject to several limitations. First, there
were regional variations in data quality, and data from
low-income countries were often scarce, which affected
the precision of global OA burden estimates. Underre-
porting of OA cases, particularly in regions with limited
healthcare infrastructure, may lead to underestimation
of the true disease burden. The reliance on ICD-10 codes
to identify OA cases primarily captured diagnosed, severe
cases and will miss milder or undiagnosed cases. Further-
more, the use of a 55 year cut-off to define menopause will
reduce sensitivity, particularly for women who experience
menopause at younger ages, and will not fully account for
variations in menopausal timing across different popula-
tions and ethnic groups. By using a 55 year threshold, this
definition will miss a significant number of postmeno-
pausal women, including those in the 45-54 age group,
many of whom are already postmenopausal. Additionally,
while this study provided valuable insights into the global
burden of OA, the observed trends may reflect the ability
of healthcare system to diagnose and report OA, which
varies across countries. Finally, the GBD methodology
relies on statistical modelling and data synthesis, which,
despite improvements, may introduce uncertainties due
to variability in healthcare access, diagnostic practices,
and study designs. These factors might affect the inter-
pretation and generalisability of the results across diverse
populations.

CONCLUSIONS
In summary, this study provided a comprehensive anal-
ysis of global OA incidence, prevalence, and DALYs in
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postmenopausal women, revealing substantial increases
in incidence, prevalence, and DALYs from 1990 to 2021.
An interesting pattern observed in this study was the
higher incidence of hand OA in younger postmenopausal
women, particularly around the age of 55, which empha-
sised the need for targeted interventions during early
menopause to address this unique trend. In addition, our
findings highlight the significant role of BMI as a modi-
fiable risk factor, with rising obesity rates contributing
to the increased OA burden. High SDI countries face a
disproportionate OA burden, with widening SDI-related
inequalities among nations over time. This underscores
the urgent need for targeted interventions and rigorous
health strategies to control and manage OA, focusing on
modifiable risk factor reduction.
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