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Objective. To estimate systematic and anatomic site–specific age-standardized prevalence rates (ASRs) and ana-
lyze the secular trends of osteoarthritis (OA) at global, regional, and national levels.

Methods. Data were derived from the Global Burden of Disease Study 2019. ASRs and their estimated annual per-
centage changes (EAPCs) were used to describe the secular trends of OA according to age group, sex, region, country,
and territory, as well as the joints involved.

Results. Globally, prevalent cases of OA increased by 113.25%, from 247.51 million in 1990 to 527.81 million in
2019. ASRs were 6,173.38 per 100,000 in 1990 and 6,348.25 per 100,000 in 2019, with an average annual increase
of 0.12% (95% confidence interval [95% CI] 0.11%, 0.14%). The ASR of OA increased for the knee, hip, and other
joints, but decreased for the hand, with EAPCs of 0.32 (95% CI 0.29, 0.34), 0.28 (95% CI 0.26, 0.31), 0.18 (95% CI
0.18, 0.19), and −0.36 (95%CI −0.38, −0.33), respectively. OA prevalence increased with age and revealed female pre-
ponderance, geographic diversity, and disparity with regard to anatomic site. OA of the knee contributed the most to
the overall burden, while OA of the hip had the highest EAPC in most regions.

Conclusion. OA has remained a major public health concern worldwide over the past decades. The prevalence of
OA has increased and diversified by geographic location and affected joint. Prevention and early treatment are pivotal
to mitigating the growing burden of OA.

INTRODUCTION

Osteoarthritis (OA) is a worldwide highly prevalent chronic

joint disease that causes pain, disability, and loss of function

(1,2). Global trends showed a 114.5% increase in years lived with

disability due to OA from 1990 to 2019 (3,4). However, there is no

nonsurgical intervention that can prevent, halt, or even delay OA

progression. Moreover, available medications, such as nonsteroi-

dal antiinflammatory drugs, have been associated with a clinically

relevant 50–100% increase in the risk of myocardial infarction or

death from cardiovascular causes (5). Therefore, the public,

health care providers, and policymakers should be aware of the

heavy burden of OA.

OA prevalence varies with the joints involved. The knee is

the most frequently affected joint, followed by the hand and

the hip (1,6). Knee, hip, and hand OA each have a distinct effect

on overall health. For instance, knee and hip OA, but not hand

OA, are associated with an increased risk of cardiovascular

and all-cause premature mortality (7). In addition, OA has been

shown to have different pathologic mechanisms in different

joints. OA of the hand has been associated with systemic

inflammation, while OA of the knee and OA of the hip have been

correlated with excessive joint load and injury (1,8). Taken

together, these findings indicate a need for documentation

regarding the burden of site-specific OA, which remains scarce

in the literature.
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Although various studies have demonstrated the burden of OA
in specific regions or territories, several new insights have been
made. Findings on the prevalence of OA have differed between
studies due to the definition used, age categories included, and
sex distribution of the study population (1,9,10). For instance, Cross
et al reported the age-standardized prevalence rate (ASR) of OA at
the hip and knee joints but examined Global Burden of Disease
(GBD) Study geographic regions only (11). Safiri et al systematically
analyzed the burden of OA at the global, regional, and national levels
using data derived from the GBD Study 2017; however, only the hip
and knee joints were included as sites of OA (12). Therefore, we
aimed to provide a systematic, comparable, and up-to-date preva-
lence as well as secular trend analysis of OA at 4 anatomic sites at
the global, regional, and national levels, taking advantage of the
new data sources, higher standardization, and improved methodol-
ogy, as well as 2 new anatomic sites of OA (i.e., OA of the hand
and OA of other joints except the spine), included in the GBD Study
2019 (3). In addition, we analyzed trends in countries and territories
grouped according to the Socio-demographic Index (SDI).

PATIENTS AND METHODS

Overview. The GBD Study aimed to provide reliable and
up-to-date global, regional, and national results on the burden of
diseases, injures, and risk factors. The study integrated all avail-
able data, including published data, grey literature data, survey
data, and hospital and clinical data (13). A detailed description of
the methodology for collecting and processing these data, and
informing the results in the GBD Study 2019, as well as the main
developments compared with earlier series, has been published
elsewhere (3,14,15). Briefly, after data collection, the risk of bias
was assessed for each data source and corrected for standardized
estimation using a Bayesian meta-regression tool (DisMod-MR
2.1). As a result, the GBD Study 2019 provides comprehensive
and systematic assessments of age- and sex-specific incidence,
prevalence, mortality, years of life lost, years lived with disability,
and disability-adjusted life years for 369 diseases and injuries in
204 countries and territories from 1990 to 2019. The reference def-
inition of OA in the GBD Study 2019was symptomatic OA that was
radiologically confirmed as Kellgren/Lawrence grade 2–4 and pain-
ful for at least 1 month of the past 12 months (3,16). The details of
input data and a methodologic summary for OA (including input
data, age and sex splitting, data adjustment, modeling strategy,
and corresponding severity and disability) are available in Supple-
mentary Appendix 1 of the GBD Study 2019 (3).

Data source. Data on prevalent cases and ASRs of OA
from 1990 to 2019, according to age group, sex, region, and
country or territory, and the 4 anatomic sites (knee, hip, hand,
and other joints except for the spine), were collected using the
Global Health Data Exchange (GHDx) query tool (http://ghdx.
healthdata.org/gbd-results-tool) (4). A total of 204 countries and

territories were categorized into 5 groups (i.e., low, low-middle,
middle, high-middle, and high) according to the SDI, a com-
pound indicator based on fertility, income, and educational
attainment; and into 21 regions (e.g., East Asia) according to
geographic location. Supplementary Tables 1–4, available on
the Arthritis & Rheumatology website at http://onlinelibrary.
wiley.com/doi/10.1002/art.42089, show results for knee OA,
hip OA, hand OA, and OA at other sites, respectively, according
to sex, SDI, and geographic region. Table 1 and Supplementary
Table 5 (available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.42089) contain
summary data for the 5 SDI categories, the 21 geographic
regions, and 204 countries and territories. Information on SDI
at the national level was obtained from GHDx (http://ghdx.
healthdata.org/record/ihme-data/gbd-2019-socio-demographic-
index-sdi-1950-2019).

Statistical analysis. We used ASRs and the correspond-
ing estimated annual percentage changes (EAPCs) to calculate
secular trends of OA (17). An age-standardized method was
used when comparing OA prevalence among different popula-
tions. The ASR was generated by summing each product of
the age-specific rate (βi, where i represents the ith age group)
and the corresponding number of cases (or weight; ωi) in the
same age subgroup i of the selected reference standard popula-
tion (the GBD world population age standard, which is available
in Supplementary Appendix 1 of the GBD Study 2019 [3]), and
then dividing by the sum of the standard population
weights, i.e.,

ASR=
Pn

i = 1βiωi
Pn

i =1ωi
:

Trends in ASR can show the shifting patterns of OA, while EAPC
is a commonly used and quantitative means of evaluating the sec-
ular trend of ASR over a specified period. Specifically, to calculate
EAPCs and obtain 95% confidence intervals (95% CIs), the
regression line was fitted to the natural logarithm of the ASR,
i.e., y = α + βx + ε, where y = ln(ASR) and x = calendar year, and
EAPC = 100 × (eβ – 1) (17,18). EAPC values >0 indicate an
increase over time, and EAPC values <0 indicate a decrease over
time. An EAPC value with a 95% CI that includes 0 indicates stabil-
ity, or no change during the indicated time period.

Pearson’s or Spearman’s correlation coefficients were used
to assess correlations between the ASR and the SDI in the corre-
sponding years (1990 and 2019) at the national level for OA over-
all and for OA at each of the 4 anatomic sites to identify potentially
related factors. Hierarchical cluster analysis was conducted to
categorize all 204 countries and territories according to their
EAPCs and 95% CIs. All data were analyzed using R software
version 4.0.2 (R core team). P values less than 0.05 were consid-
ered significant.
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RESULTS

Prevalent cases of OA. Globally, prevalent cases of OA
increased by 113.25%, from 247.51 million in 1990 to 527.81

million in 2019 (Table 1). The highest numbers of prevalent cases
in 2019 were observed in China (132.81 million), followed by India
(62.36 million) and the US (51.87 million), with corresponding per-
centage changes from 1990 of 156.58%, 165.75%, and 79.63%,

Figure 1. Total number of prevalent osteoarthritis (OA) cases and number of prevalent OA cases according to the affected joint, globally, by
Socio-demographic Index (SDI) category (low, low-middle, middle, high-middle, and high) and by geographic region, for both sexes combined.
A, Number of prevalent OA cases for each year from 1990 to 2019, globally and by SDI category. Insets show the same data at a magnified scale.
B, Number of prevalent OA cases in 1990 and 2019 in the 21 indicated geographic regions. For each region, the left column shows data for 1990
and the right column shows data for 2019. Inset shows data for some regions at a magnified scale. Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42089/abstract.
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Figure 2. Prevalence of osteoarthritis (OA) for both sexes combined in 204 countries and territories. A, Age-standardized prevalence rate (ASR)
of OA in 2019. B, Percentage change in prevalent cases of OA between 1990 and 2019. C, Estimated annual percentage change (EAPC) of OA
from 1990 to 2019.
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respectively. Prevalent cases increased in all 5 SDI categories from
1990 to 2019, with the largest increase detected in the middle SDI
category (161.69%) (Table 1 and Figure 1A). For GBD geographic
regions, themost significant increase in prevalent caseswas in Cen-
tral Latin America (203.56%), followed by Andean Latin America

(199.56%) and Tropical Latin America (185.43%) (Table 1 and
Figure 1B). At the national level, the greatest increase in OA cases
was in the United Arab Emirates (1,069.81%), and the only
decrease was in Georgia (–5.90%) (Supplementary Table 5 and
Figure 2B). Prevalent cases of OA increased particularly in the those

Figure 3. Global total number of prevalent osteoarthritis (OA) cases and number of prevalent OA cases according to the affected joint, by sex and
age group. A, Global number of prevalent OA cases and age-standardized prevalence rate (ASR) by sex and age group. For each age group, the left
column shows data for prevalent cases in 1990 and the right column shows data for prevalent cases in 2019. Broken lines indicate the global ASR of
OA in 1990, and solid lines indicate the global ASR of OA in 2019. B, Sex differences in global prevalent OA cases by age group in 2019. Color figure
can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42089/abstract.
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ages≥95 years,with the absolute number increasing almost 3.8 fold
(Supplementary Table 6, available on the Arthritis & Rheumatology
website at http://onlinelibrary.wiley.com/doi/10.1002/art.42089),
and the peak remained stable at 60–64 years in both 1990 and
2019 (Figure 3A). There were more OA cases in women (317.44
million in 2019) than in men (210.37 million in 2019) (Table 1 and
Figure 3B).

ASR of OA. The ASR of OA also varied significantly world-
wide. The global ASR of OA was 6,173.38 per 100,000 in
1990, while it was 6,348.25 per 100,000 in 2019, with an aver-
age annual increase of 0.12% (95% CI 0.11%, 0.14%)
(Table 1). The ASR of OA varied more than 2.64-fold across
countries, with the highest level observed in the US (9,960.88
per 100,000 in 2019) and the lowest in Timor-Leste (3,768.44

Figure 4. A, Estimated annual percentage change (EAPC) in total osteoarthritis (OA) and according to the affected joint from 1990 to 2019, glob-
ally, by Socio-demographic Index (SDI) category and by geographic region, for both sexes combined. Data for OA overall and for the affected sites
with absolute maximum of EAPC are presented for each category. B and C, Correlation between age-standardized prevalence rate (ASR) of OA
and SDI in 1990 (B) and 2019 (C). Circles represent the number of prevalent OA cases in individual countries or territories. 95% CI = 95% confi-
dence interval. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42089/abstract.
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per 100,000 in 2019) (Supplementary Table 5 and Figure 2A).
Except for a stable trend in the high-middle SDI category
(EAPC 0.01 [95% CI −0.01, 0.04]), SDI categories had
increases in ASR, with the highest level observed in the low-
middle category (EAPC 0.32 [95% CI 0.30, 0.33]) (Table 1 and
Figure 4A).

With regard to GBD geographic regions, Eastern Europe had
a decrease in ASR (EAPC −0.25 [95% CI −0.36, −0.14]), while the
ASR in high-income North America remained stable (EAPC 0.06
[95% CI −0.07, 0.19]). The remaining regions had increases in
ASR, which were highest in high-income Asia Pacific (EAPC
0.48 [95% CI 0.38, 0.57]) (Table 1 and Figure 4A). At the national
level, the largest increase in ASR was observed in Spain (EAPC
0.63 [95% CI 0.53, 0.73]), followed by the Maldives and
Thailand. Only Russia reported a decrease in the ASR of OA from
1990 to 2019 (EAPC −0.46 [95% CI −0.61, −0.30])
(Supplementary Table 5 and Figure 2C).

The global ASR of OA was higher in women and increased
with age, peaking in those ages ≥95 years for both women and

men in 1990 and 2019 (Table 1 and Figure 3A). EAPCs for men
and women were 0.07 (95% CI 0.05, 0.09) and 0.17 (95% CI
0.14, 0.20), respectively (Table 1). Hierarchical cluster analysis of
EAPCs and their 95%CIs divided the 204 countries and territories
into 5 categories, namely “high decrease,” “stable or minor
increase,” “low increase,” “middle increase,” and “high
increase.” Detailed results are shown in Supplementary Figure 1,
available on the Arthritis & Rheumatology website at http://
onlinelibrary.wiley.com/doi/10.1002/art.42089.

Prevalence of OA at different anatomic sites. Results
for ASRs, change in absolute number, and EAPCs for knee, hip,
and hand OA and OA at other sites are shown in Supplementary
Figures 2–13, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.42089. Figure 5
depicts the proportions of site-specific OA at the global and
regional levels in 1990 and 2019. Globally, the knee was the lead-
ing OA site, followed by the hand, other sites, and the hip,
accounting for ~60.6%, 23.7%, 10.2%, and 5.5%, respectively,

Figure 5. Percentage of total prevalent osteoarthritis (OA) cases accounted for by OA at each site (knee, hip, hand, or other) in 1990 and 2019,
globally, by Socio-demographic Index (SDI) category and by geographic region, for both sexes combined. Color figure can be viewed in the online
issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42089/abstract.
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of the total prevalent cases in 2019. For most SDI categories and
GBD geographic regions, the knee also ranked first among the
4 OA anatomic sites, while the hand superseded it in Eastern
Europe and high-income North America in both 1990 and 2019.
In most regions, the proportions of knee OA and hip OA
increased, while the proportions of hand OA and OA at other sites
decreased, between 1990 and 2019.

From 1990 to 2019, global prevalent cases of OA at all 4 ana-
tomic sites increased, by between 91.84% for hand OA and
127.51% for hip OA (Table 1). Prevalent cases of OA at the 4 sites
increased in all 5 SDI categories and 21 GBD geographic regions
(Table 1 and Figure 1). At the national level, most countries and
territories experienced an increase in cases, while a decrease
was observed in only a few countries: in Georgia for knee OA
(−3.99%), hip OA (−1.32%), hand OA (−7.59%), and OA at other
sites (−1.96%); and in Niue (−2.32%) and Tokelau (−2.70%), both
for hand OA (Supplementary Table 5 and Supplementary
Figures 3, 6, 9, and 12). The highest ASR for knee OA was
observed in the Republic of Korea (6,211.13 per 100,000 in
2019); the other 3 countries with the highest ASRs were the US
for hip OA (1,031.12 per 100,000 in 2019), the US for hand OA
(5,721.76 per 100,000 in 2019), and Qatar for OA at other sites
(946.17 per 100,000 in 2019) (Supplementary Table 5 and Sup-
plementary Figures 2, 5, 8, and 11).

Global ASRs for the 4 anatomic sites showed different trends,
with EAPCs for knee OA, hip OA, hand OA, andOA at other sites of
0.32 (95% CI 0.29, 0.34), 0.28 (95% CI 0.26, 0.31), −0.36 (95% CI
−0.38, −0.33) and 0.18 (95% CI 0.18, 0.19), respectively (Table 1).
The anatomic site with the highest EAPC differed by geographic
region and SDI category, with knee OA having the highest EAPC
in Western Sub-Saharan Africa; hip OA having the highest EAPC
in the low, low-middle, and middle SDI categories, and in 17 GBD
geographic regions; and hand OA having the highest EAPC at the
global level, in the high-middle and high SDI categories, and in
3 GBD geographic regions (Figure 4A and Supplementary
Figure 14, available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.42089).

Factors related to OA prevalence. As illustrated in
Figures 4B and C, significant positive correlations between the
ASR and the SDI were observed for OA in 1990 (r = 0.40,
P < 0.0001) and 2019 (r = 0.41, P < 0.0001). Site-specific corre-
lations between the ASR and the SDI in 1990 and 2019 are
depicted in Supplementary Figures 15–18, available on the Arthri-
tis & Rheumatology website at http://onlinelibrary.wiley.com/doi/
10.1002/art.42089.

DISCUSSION

Using data derived from the GBD Study 2019, we provided
updated results for the prevalence of site-specific OA in 204 coun-
tries and territories from 1990 to 2019, and analyzed the secular

trends of prevalence for the first time. Prevalent cases and the
ASR of OA increased over time globally and in most regions and
countries. Prevalence increased with age and revealed female
preponderance, geographic diversity, and anatomic site disparity.
The knee was the joint most commonly affected by OA, followed
by the hand. There were positive associations between the ASR
and the SDI for OA overall and at each anatomic site in both
1990 and 2019.

The ASR and years lived with disability associated with hip
and knee OA for GBD geographic regions were previously
reported using data from the GBD Study 2010 (11). After the
release of the GBD Study 2017, Safiri et al first reported the inci-
dence, ASR, and years lived with disability due to OA at the
national level (12). They also demonstrated age and sex patterns
of OA and assessed the association between years lived with dis-
ability and the SDI. Due to updated data sources and the
improvement of methodologies used in the GBD Study series,
our study has advantages over the 2 previous studies. In addition,
Safiri et al reported only the combined burden of OA and the
trends in percentage change of OA in absolute number.

We found that prevalent cases and the ASR of OA increased
from 1990 to 2019, consistent with the findings of previous stud-
ies (11,12). Globally, of the 369 diseases and injuries in the GBD
Study 2019, OA ranked 17th highest in terms of prevalent cases
and 19th in terms of ASR in 2019 (3,19), indicating a substantial
disease burden. It was estimated that ~1–2.5% of national gross
domestic product was attributed to the medical costs of OA,
while the indirect costs, including work loss and premature retire-
ment, were not taken into consideration (1,20).

Consistent with the findings of previous studies (11,12), our
study showed that prevalence of OA increased with age and was
more common in women than in men. As indicated in Supple-
mentary Table 6, there were varying degrees of change in the
numbers of OA cases in different age groups between 1990 and
2019. One possible explanation for such a result may be ascribed
to the different data sources of the GBD Study. For instance, Tang
et al reported that the prevalence of symptomatic knee OA
peaked at ages 60–69 years and then leveled off (21); Dillon et al
reported that the prevalence of symptomatic knee OA peaked at
ages 70–79 years in men and then leveled off but increased
monotonically with age in women (22). OA predominantly affects
women, and women tend to have more severe disease
(i.e., structural lesions and clinical symptoms) than men. Estrogen
has been postulated to play a role in OA development; however,
results from both observational studies and clinical trials have
been inconclusive (23–25). Women had nearly 3-fold higher risk
of developing lateral tibiofemoral radiographic OA than men; nev-
ertheless, no such sex difference was observed for medial tibiofe-
moral radiographic OA (26,27). In general, women have a wider
pelvis, larger Q angle, and greater knee valgus than men, which
places more load on the lateral knee compartment, resulting in a
higher risk of lateral disease (26).
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Since higher body mass index (e.g., overweight/obesity)
is a substantial risk factor for OA, geographic diversity in OA
prevalence may be related to the distribution of adult obesity
(1,28–30). Moreover, epidemiologic and genetic investigations
have established that OA is a disease with multifactorial compo-
nents based on both ecology and genetics (31–33), contributing
to the geographic diversity.

Secular trends of OA prevalence differed by anatomic site.
Except for a 0.36% annual decrease in hand OA, the other 3 ana-
tomic sites all experienced increasing trends, with an annual
change of 0.32% for the knee, 0.28% for the hip, and 0.18% for
the other joints. OA in large joints, such as the knee and the hip,
causes the most severe disability, and end-stage disease may
require joint replacement if available, thus indicating that OA in large
joints should comprise a significant proportion of the disease bur-
den. However, globally as well as in most regions and countries,
the joints that accounted for the main disease burden were the
knee, followed by the hand and other joints except the spine, while
hip OA contributed the least. Relatively low prevalence and con-
versely more serious severity distribution and sequelae of the hip
compared to other larger joints may result in such findings (1,34).

As demonstrated here and in a previous study (12), a positive
association was observed between OA prevalence and the devel-
opment level of GBD regions and countries. A high prevalence of
OA was observed in countries with a high SDI, such as the
Republic of Korea and the US, and an increasing life expectancy
is a non-negligible explanation for this result. As a complex indica-
tor based on fertility, income, and educational attainment, the SDI
represents the development level of GBD regions and countries,
and indicates the quality and availability of health care. Changes
in numerous risk factors for OA (20,35), including social and occu-
pational risk factors, and epidemiologic and demographic transi-
tion, may also have contributed to the correlation.

Population expansion, aging, and the obesity epidemic have
increased the number of prevalent cases and ASR of OA, thus
aggravating the disease burden (1,9,30,36). According to the United
Nations Department of Economic and Social Affairs, the total global
population increased by 45%, from 5.32 billion in 1990 to 7.71 billion
in 2019, and the proportion of people ages ≥60 years increased
from 9.2% in 1990 to ~13.5% in 2019 (37). With regard to obesity,
the prevalence has nearly tripled since 1975, while >1.9 billion adults
and >340 million children and adolescents were overweight or
obese in 2016 (28,30). Joint injuries involving ligaments, which could
be responsible for joint degeneration, and better awareness and
diagnosis of OA, might also have contributed to the increase in prev-
alence (1,33).

Considering the formidable and increasing disease burden of
OA, primary and secondary prevention and early treatment might
be more effective in alleviating the burden (38,39). Along with
these previously emphasized aspects aimed at modifiable risk
factors, such as preventing being overweight or obese, prevent-
ing knee injury, and avoiding heavy repeated joint-loading

activities, we appeal for education programs on disease progres-
sion, sequelae, early treatment methods, and rehabilitation of
OA. For instance, exercise therapy effectively delays functional
loss and has been recommended as core treatment for knee OA
in many guidelines (2,38). In most countries and territories in the
low, low-middle, and middle SDI categories, although the main
causes of death are heart diseases, stroke, and chronic lung dis-
eases (40), the burden of OA on society is likely to increase, and
governments and policymakers should recognize the societal
impact of OA.

Our study has several strengths. First, results from the GBD
model fill a gap where actual relevant data for a given disease bur-
den are scarce or unavailable, thus allowing comparisons across
regions and over time periods. Second, we examined the site-
specific secular trends of OA and the correlation between ASR
and the SDI, providing policymakers data to inform disease pre-
vention and treatment.

Several limitations of our study should be noted, including
those previously acknowledged regarding the methodology of the
GBD studies (3,14,15). In particular, data from individual studies
included in the GBD modeling were adjusted with covariates in
terms of reference definitions, implying that the quality and quantity
of data included were responsible for the accuracy and validity of
the results. Moreover, the definition of OA in the GBD Study 2019
excluded symptoms and disabilities associated with the spine,
which were captured in the categories “low back pain” or “neck
pain”, thus underestimating the burden of OA. Additionally, we
considered the SDI to be an indicator of the quality and availability
of health care in investigating ASR-related factors, while the effect
of health systems was not assessed. This could weaken the
robustness even for countries with the same SDI, as there are con-
sequential variations in the returns of health systems (3,41).

OA is prevalent worldwide and remains a major public health
concern. Although prevalent cases and the ASR of OA are
increasing in most countries, especially among older people and
women, trends are diverse with regard to geographic location
and anatomic site. The secular trends are expected to continually
increase, mainly due to population aging and the obesity epi-
demic. Public awareness of the modifiable risk factors, and edu-
cation programs addressing disease prevention, are essential to
alleviate the enormous burden of OA.
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Clinical Images: Voriconazole-induced synovitis, enthesitis, and periostitis

The patient, a 30-year-old White woman, presented with de novo pain and tenderness affecting hand, elbow, shoulder, knee, and ankle
joints. She had been receiving voriconazole for invasive pulmonary and cerebral aspergillosis during the 3 months before presentation.
At clinical examination she had discrete synovitis. Laboratory testing revealed normal levels of acute-phase reactants and no rheumatoid
factor, anti–citrullinated protein antibodies, or antinuclear antibodies. Radiography of the hands revealed marked osteoproliferation
(arrows in A), magnetic resonance imaging showed severe carpal synovitis (arrows in B), and power Doppler ultrasonography detected
severe synovitis and enthesitis at the elbows, wrists, and knees. The osteoproliferation zone was also visible by ultrasonography (arrow
in C). To quantify the extent of osteoproliferation, we performed high-resolution computed tomography of the wrist, combined with cine-
matic rendering (a new visualization technique), and detected areas of periosteal proliferation at the distal radius, the distal ulna, and the
carpal bones (arrows and box in D). Voriconazole is a triazole antifungal agent recommended as first-line therapy for acute invasive asper-
gillosis. Toxicities occur in association with supratherapeutic plasma levels of the drug; high plasma fluoride concentrations (1) and alkaline
phosphatase levels (2) have also been detected. Because of the high level of inflammatory activity in our patient, we initiated prednisolone
therapy, and voriconazole was switched to isavuconazole. Rapid improvement occurred after 2 weeks, prednisolone was suspended
after 6 weeks, and the plasma fluoride concentration and alkaline phosphatase level gradually returned to normal. Radiologic and ultraso-
nography findings were unremarkable within 5 months. In summary, diagnostic images along with clinical findings showed periostitis (3,4),
synovitis, and enthesitis, indicating that voriconazole can trigger the full spectrum of symptoms associated with inflammatory joint disease.
In the differential diagnosis of inflammatory joint disease, voriconazole should therefore be considered a trigger of drug-induced arthritis.
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