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Abstract

Introduction: The aim was to examine data from the Global Burden of Dis-
ease Study (GBD) 2019 to determine the global burden of osteoarthritis (OA)
from 1990 to 2019 that is attributable to high body mass index (BMI).
Material and methods: Disability-adjusted life years (DALYs) and age-stan-
dardized DALY rates, and their corresponding estimated annual percentage
changes (EAPCs), were used to compare estimated OA burdens between
countries and regions. Moreover, a comparative risk assessment framework
was used to estimate the risks attributable to high BMI in terms of DALYs.
Results: From 1990 to 2019, the age-standardized DALY rate for OA attrib-
utable to high BMI increased significantly (EAPC = 1.45, 95% Cl: 1.44-1.47).
Moreover, from 1990 to 2019, the age-standardized DALY rate and number
of DALYs for OA attributable to high BMI increased less in women than in
men. From 1990 to 2019, the age-standardized DALY rate for OA attributable
to high BMI increased the most in South Asia (EAPC = 3.94). From 1990 to
2019, among 204 countries worldwide, the age-standardized DALY rate for
OA attributable to high BMI increased the most in Equatorial Guinea (EAPC
= 7.42). Also, the burden was higher in high-sociodemographic index (SDI)
regions than in low-SDI regions.

Conclusions: The global burden of OA attributable to high BMI increased
significantly from 1990 to 2019. In particular, this burden was higher in
women than in men; primarily affected middle-aged and older adults; and
was generally greater in high-SDI regions than in low-SDI regions.

Key words: global disease burden, osteoarthritis, high body mass index,
age-standardized DALY rate, annual estimated percentage change.

Introduction

Osteoarthritis (OA) is the most common joint disease worldwide and
severely affects the health and quality of life of the global population, es-
pecially middle-aged and older adults. There were over 25 million people
with OA worldwide in 2020, and the number of people with OA is contin-
ually increasing. Consequently, OA places an enormous burden on public
health systems worldwide [1]. It is therefore important to determine the
pathogenesis of and risk factors for OA and to develop effective preven-
tive and treatment methods for this disease.

A high body mass index (BMI) is considered to be a controllable risk
factor for OA that may account for its high incidence rate [2]. In recent
years, multiple studies have found that there is a close relationship be-
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tween high BMI and the occurrence of OA [1-3].
For example, an excessively high BMI may increase
the risk of OA, especially in the knee joint [2, 4].
However, few studies have assessed and com-
pared the burden of OA attributable to high BMI at
the global and national levels. Moreover, the global
OA burden attributable to high BMI and its tem-
poral changes must be determined to allow global
priorities for OA prevention to be formulated.

Accordingly, we extracted and analyzed data
from the Global Burden of Disease Study 2019
(GBD 2019) to determine the burden of OA at-
tributable to high BMI from 1990 to 2019 and the
change trends in the global number of DALYs and
age-standardized DALY rate for OA attributable
to high BMI from 1990 to 2019. In addition, we
analyzed our results in terms of age, gender, and
the sociodemographic index (SDI). Our findings
enhance our understanding of global trends in the
OA burden, and our data provide strong support
for public health decision-making [1].

Material and methods
Research data

The GBD 2019 examined published literature,
survey, and epidemiological data, which were col-
lected and sorted by more than 3,600 researchers
in more than 145 countries worldwide. In particu-
lar, the GBD 2019 analyzed epidemiological data
on more than 350 diseases in 204 countries and re-
gions and then calculated parameters such as the
incidence rate, morbidity, mortality, and DALYs. In
the current study, we obtained data from the GBD
2019 database and analyzed these data to identi-
fy their change trends —i.e, calculated the global
total of age-standardized DALYs, the age-standard-
ized DALY rate, and their EAPCs — to determine the
global burden of OA attributable to high BMI from
1990 to 2019. This study was approved by the eth-
ics committee of Nanping First Hospital Affiliated
to Fujian Medical University, China.

The SDI is a comprehensive index composed of
three indicators: per capita income, education lev-
el, and total fertility rate. Consequently, the SDI of
a region or country reflects its level of social devel-
opment and is therefore an important variable for
assessing its disease burden and level of health.
This study analyzed the SDIs of 204 countries
worldwide, as the GBD study uses SDIs to clas-
sify 204 countries and regions into five quintiles,
i.e., low-, low-middle-, middle-, high-middle-, and
high-SDI regions.

Case definition

OA is the most common form of arthritis and
is characterized by chronic inflammation of, struc-
tural changes in, and breakdown of whole joints.

For the purposes of this study, the occurrence of
OA in the hip, knee, hand (the common sites of
OA), and other sites was reviewed. The Interna-
tional Statistical Classification of Diseases and
Related Health Problems 10" Revision (ICD-10)
codes for OA of the hip, knee, hand, and other
sites are M16, M17, M18, and M19, respective-
ly. The ICD-9 code for OA is 715, without specific
codes for different sites.

Attribution analysis

We used comparative risk assessment (CRA)
in inverse factual analysis. The proportion of
the risk of a disease that would be reduced by
a risk factor at the theoretical minimum level
of exposure in the population is calculated as
the population attributable fraction (PAF) of the
risk factor, assuming that the exposure to other
risk factors remains constant, and the product
of the PAF and the disease DALY is the attrib-
utable DALY of the risk factor [5]. It is used to
study the effect of high BMI on the global bur-
den of OA. This framework provides a compre-
hensive method for quantifying risk factors and
thereby effectively obtaining evidence on cor-
relations between a risk and its outcomes. The
CRA framework was thus used to estimate the
levels and trends of high BMI and the number of
DALYs for OA attributable to high BMI for each
age group, gender, year, and location. Statisti-
cal models were used to aggregate data, adjust
for bias, and incorporate covariates. In addition,
the theoretical minimum risk exposure level was
used as a counterfactual scenario to estimate
the impact of high BMI (as an exposure) on
DALYs for OA attributable to high BMI.

Statistical analysis

Age-standardized rates of OA were calculated
to determine the global burden of OA attributable
to high BMI, and EAPCs in the age-standardized
rates of OA were used to describe their change
trends with respect to high BMI. If the lower lim-
it of an EAPC in the age-standardized rate of OA
attributable to high BMI and its 95% confidence
interval (CI) were both greater than 0, this was
regarded as indicating that a high BMI had led to
an increase in this rate. Conversely, if the upper
limit of an EAPC in the age-standardized rate of
OA attributable to high BMI and its 95% Cl were
both less than 0, this was regarded as indicating
that a high BMI had led to a decrease in this
rate. If neither of the aforementioned conditions
was met, it was considered that the age-stan-
dardized rate of OA attributable to high BMI had
been relatively stable (i.e., had not significantly
changed).
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298,050.76-1,904,099.38) to 2,668,329.84 (95% Ul:
1,039,759.44-5,746,329.50; Table 1), and the
age-standardized DALY rate increased from 21.24
(95% Ul: 7.42-47.45) to 31.90 (95% Ul: 12.40-
68.75; Table I). Moreover, globally from 1990 to
2019, the EAPC in the age-standardized DALY rate
for OA attributable to high BMI was 1.45 (95% Cl:

Results

Trends in the global burden of OA
attributable to high BMI from 1990 to 2019

From 1990 to 2019, the global number of
DALYs for OA attributable to high BMI increased
from 855,232.12 (95% uncertainty interval [Ul]:

Table I. Number and rate of global osteoarthritis disease-adjusted DALYs attributable to high BMI in 1990 and
2019, and EAPC from 1990 to 2019

Characteristic 1990 2019 EAPC
(1990-2019)
DALYs Age-standard- DALYs Age-standard- Age-standard-
ized DALY rate ized DALY rate ized DALY rate
per 10,000 per 10,000
No. (95% Ul) No. (95% Ul) No. (95% Ul) No. (95% Ul) No. (95% Ul)
Global 855232.12 21.24 2668329.84 31.90 1.45
(298050.76— (7.42-47.45) (1039759.44— (12.40-68.75) (1.44-1.47)
1904099.38) 5746329.50)
Sex - - - - -
Female 575866.58 27.00 1715478.01 39.32 1.35
(201485.22— (9.46-61.40) (647529.66— (14.84-86.04) (1.33-1.37)
1309899.06) 3755348.50)
Male 279365.54 14.55 952851.82 23.74 1.74
(86646.17— (4.53-33.59) (333582.22- (8.35-52.23) (1.72-1.77)
644516.62) 2088145.45)
SDI - - - - -
Low SDI 21647.37 8.43 93844.04 16.50 2.48
(5540.11- (2.15-21.27) (31644.97- (5.48-37.72) (2.37-2.59)
54752.98) 213835.21)
Low-middle SDI 58112.89 9.05 317240.17 21.93 3.29
(15331.92— (2.39-22.67) (113369.76— (7.82-48.44) (3.23-3.36)
144788.03) 698830.86)
Middle SDI 164198.40 14.88 793156.09 29.71 2.57
(50385.92— (4.56-34.27) (297676.76— (11.10-63.64) (2.50-2.64)
379358.72) 1716089.47)
High-middle SDI 268344.21 24.68 718373.12 35.03 1.26
(98844.71— (9.05-54.37) (284258.43— (13.84-75.69) (1.22-1.29)
592539.27) 1551416.52)
High SDI 342409.19 33.81 744139.23 43.67 0.82
(129267.65- (12.77-74.78) (296478.79- (17.41-96.19) (0.76-0.87)
755159.72) 1631379.34)
Region - - - - -
Andean Latin 6554.98 30.43 28516.78 49.77 1.73
America (2377.19- (11.07-67.69) (11304.69- (19.73-111.73) (1.69-1.77)
14753.36) 63875.15)
Australasia 8958.03 39.02 26025.04 57.49 1.34
(3530.65- (15.33-87.85) (10686.60— (23.62-125.38) (1.23-1.44)
20163.65) 56944.52)
Caribbean 7902.78 30.07 22880.95 43.88 1.51
(2928.12- (11.12-66.75) (9237.93- (17.68-97.08) (1.43-1.60)
17491.54) 50578.50)
Central Asia 10969.31 23.02 24429.04 30.70 1.02
(4223.79- (8.86-50.97) (9903.36- (12.47-67.10) (0.92-1.13)
24385.95) 53715.71)
Central Europe 46076.01 30.91 81037.08 40.20 0.92
(18297.05— (12.30-67.97) (33447.84— (16.57-88.85) (0.90-0.94)
101403.75) 176302.16)
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Table I. Cont

Characteristic

1990

2019

EAPC
(1990-2019)

DALYs

Age-standard-
ized DALY rate

DALYs

Age-standard-
ized DALY rate

Age-standard-
ized DALY rate

per 10,000 per 10,000
No. (95% UI) No. (95% UI) No. (95% UI) No. (95% UI) No. (95% UI)
Central Latin 28506.46 32.35 111097.58 45.77 1.19
America (10642.02— (12.01-72.30) (43667.80- (18.04-102.40) (1.13-1.26)
63753.41) 247438.87)
Central Sub- 3213.53 12.78 10135.29 16.81 0.55
Saharan Africa (999.22— (3.92-29.85) (3403.09- (5.58-37.92) (0.15-0.95)
7551.44) 22917.87)
East Asia 104387.32 11.09 574409.70 25.88 3.32
(18116.36- (1.91-30.99) (169912.83- (7.64-62.38) (3.18-3.47)
293104.70) 1383940.49)
Eastern Europe 89096.53 31.54 143473.08 42.21 1.13
(34667.52- (12.36-70.23) (59456.63- (17.62-93.34) (1.05-1.20)
197443.11) 316062.87)
Eastern Sub- 6940.87 8.52 33225.96 18.34 2.96
Saharan Africa (1730.19- (2.10-22.21) (11459.83- (6.30-41.51) (2.76-3.16)
17753.04) 75692.18)
High—-income 43101.76 20.83 96831.51 25.48 0.65
Asia Pacific (10593.60- (5.11-54.66) (26527.21- (7.05-62.65) (0.62-0.69)
112476.54) 237982.00)
High—-income 148471.21 44.95 327744.22 56.20 0.60
North America (58453.11- (17.76-100.28) (136676.27- (23.32-121.97) (0.46-0.74)
331181.05) 710714.95)
North Africa and 50793.27 27.75 205645.17 43.73 1.54
Middle East (19620.67- (10.70-61.67) (84526.19- (18.03-96.01) (1.52-1.56)
113701.37) 451208.99)
Oceania 743.53 21.48 2235.22 26.56 0.49
(242.49- (6.83-50.05) (782.06— (9.04-61.36) (0.26-0.73)
1738.88) 5088.99)
South Asia 41360.82 6.53 286064.20 19.10 3.94
(9965.23— (1.56-16.85) (98569.27- (6.56-42.30) (3.80-4.09)
104999.36) 632372.88)
Southeast Asia 19343.05 6.78 127637.50 18.78 3.79
(4722.10- (1.62-17.67) (44634.17- (6.48-41.68) (3.71-3.86)
49861.41) 282633.78)
Southern Latin 13652.57 29.28 38445.11 47.26 1.59
America (4759.11- (10.23-67.34) (15193.62— (18.61-105.81) (1.39-1.78)
31341.33) 85905.78)
Southern Sub- 9309.45 32.67 26782.62 45.20 1.22
Saharan Africa (3833.43- (13.19-72.50) (11493.85- (19.51-97.76) (1.19-1.25)
20608.80) 57721.83)
Tropical Latin 26371.70 27.41 115593.02 46.48 1.92
America (9214.41- (9.59-62.54) (46562.96— (18.76-102.25) (1.82-2.03)
60296.84) 254135.24)
Western Europe 176194.92 31.84 327900.65 40.75 0.82
(65689.02— (11.90-70.48) (129981.89— (16.25-89.74) (0.73-0.91)
388889.06) 733502.27)
Western Sub- 13284.02 14.01 58220.10 27.58 2.33
Saharan Africa (3998.04- (4.21-33.39) (21730.24- (10.29-61.39) (2.22-2.44)
31279.33) 129270.67)

SDI - sociodemographic index, DALYs — disability-adjusted life years.
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Figure 1. Global osteoarthritis disease burden attributable to high BMI for estimated annual percentage change
(EAPC) of age-standardized disability adjusted life-year (DALY) rate from 1990 to 2019 (A); age-standardized DALY

rate in 2019 (B)

1.44-1.47), and over this period, this rate contin-
ually increased (Table I, Figure 1 A). In addition,
globally from 1990 to 2019, the number of DALYs
for OA attributable to high BMI increased. Thus,
from 1990 to 2019, the global burden of OA attrib-
utable to high BMI increased.

Age distribution of the burden of OA
attributable to high BMI in 2019

In 2019, in terms of DALYs, the burden of OA
attributable to high BMI increased with age, al-

though it decreased in the very old age group.
Specifically, it peaked in those aged 70-74, and
gradually decreased after the age of 79 (Supple-
mentary Table SI, Figure 2). In 2019, the same
trend in DALY rates for OA attributable to high BMI
was largely maintained across regions with vari-
ous SDIs, i.e., these rates significantly increased
with age but decreased in the elderly. People in
low-, low-middle-, and middle-SDI regions had
maximum DALY rates in the youngest age groups.
In addition, the average DALY rate peaked in those
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Figure 2. Age-standardized disability adjusted life-
year (DALY) rate of global osteoarthritis disease
burden attributable to high BMI, by region and age

aged 65-69 and then decreased. Moreover, the
maximum DALY rate occurred in those aged 75—
79 in middle-high-SDI regions and in those aged
70-74 in high-SDI regions. That is, the maximum
DALY rate occurred in middle-high-SDI regions in
those who were an average of 5 years older than
those in which it occurred in high-SDI regions.
Overall, in higher-SDI regions, the maximum DALY
rate occurred in older people than it did in low-
er-SDI regions (Supplementary Table S, Figure 2).
Furthermore, the global burden of OA attributable
to high BMI was low in those aged 30-49 and was
mainly concentrated in those aged 60-89.
Regarding the age distribution of the OA bur-
den attributable to high BMI in various regions,

Global —— N
High-middle SDI —— G
High SDI ——
Low-middle SDI —— G
Low SDI ——
Middle SDI ——
Andean Latin America —— [
Australasia —— NG
Caribbean —— NG
Central Asia — NG
Central Europe —— NG
Central Latin America —— NN
Central Sub-Saharan Africa —— |
East Asia —— NG
Eastern Europe —— G
Eastern Sub-Saharan Africa —— N
High-income Asia Pacific —— G
High-income North America —— [ EEEEG_N
North Africa and Middle East — EG_—
Oceania —— NG
South Asia —— NG
Southeast Asia —— [IIEEGE
Southern Latin America —— |G
Southern Sub-Saharan Africa ——
Tropical Latin America —— NGNS
Western Europe —— [N
Western Sub-Saharan Africa —— | S
0 0.25

the DALY rate in people aged over 90 in Oceania,
High-income North America, and Eastern Europe
was higher than the average DALY rate across all
age groups globally. Conversely, the DALY rate in
people aged over 90 in Central Sub-Saharan Af-
rica, Eastern Sub-Saharan Africa, and South Asia
was lower than the average DALY rate across all
age groups globally (Supplementary Table SI, Fig-
ure 3).

Gender distribution of the burden of OA
attributable to high BMI from 1990 to 2019

From 1990 to 2019, the number of DALYs for
OA attributable to high BMI increased in both
men and women: from 575,866.58 (95% Ul:
21,485.22-1,309,899.06) t0 1,715,478.01 (95% Ul:
647,529.66-3,755,348.50) in women, and from
279,365.54 (95% Ul: 86,646.17-644,516.62) to
952,851.82 (95% Ul: 333,582.22-2,088,145.45) in
men (Table I). Similarly, from 1990 to 2019, the
age-standardized DALY rate for OA attributable to
high BMI increased in both men and women: from
27.00 (95% Ul: 9.46-61.40) to 39.32 (95% Ul:
14.84-86.04) in women, and from 14.55 (95% Ul:
4.53-33.59) to 23.74 (95% UI: 8.35-52.23) in men.
Moreover, from 1990 to 2019, the EAPC in the
age-standardized DALY rate for OA attributable to
high BMI trended upward in both men and wom-
en, being 1.74 (95% Cl: 1.72-1.77) in men and
1.35 (95% Cl: 1.33-1.37) in women.

Overall, from 1990 to 2019, the upward trend
in the age-standardized DALY rate for OA attribut-
able to high BMI was less pronounced in women
than in men, and the increases in this rate and

Age group
30-49
W 50-59
W 60-74
75-89
W90+

o
wn

o
~
v
—
o
o

Rate

Figure 3. Composition of age-standardized disability adjusted life-year (DALY) rates in different age groups of the
global osteoarthritis disease burden attributable to high BMI, by region
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number of DALYs for OA attributable to high BMI
were not as substantial in women as they were
in men.

In addition, the number of DALYs and age-stan-
dardized DALY rate for OA attributable to high BMI
in both 1990 and 2019 were lower in men than in
women (Table 1).

Geographic distribution of the burden of
OA attributable to high BMI from 1990 to
2019

Among the 21 geographical regions worldwide
(which encompass 195 countries), in 2019, West-
ern Europe (184.94) had the highest age-stan-
dardized DALY rate attributable to high BMI,
followed by Australasia (181.71) and High-in-
come North America (141.32), whereas West-
ern sub-Saharan Africa (17.25) had the lowest
age-standardized DALY rate attributable to high
BMI (16.81), followed by Eastern Sub-Saharan
Africa (27.96) South Asia (33.23) (Table I, Sup-
plementary Table SllI). From 1990 to 2019, the
age-standardized DALY rate attributable to high
BMI increased the most in South Asia (3.94),
Southeast Asia (3.79), and East Asia (3.32),
whereas it increased the least in Oceania (0.49),
Central Sub-Saharan Africa (0.55), and High-in-
come North America (0.60) (Table I, Supplemen-
tary Table SlI).

Among the countries worldwide, in 2019, Puer-
to Rico had the highest age-standardized DALY rate
for OA attributable to high BMI (66.34), followed by
the United States Virgin Islands (64.55) and Amer-
ican Samoa (63.60), whereas Somalia had the
lowest age-standardized DALY rate attributable to
OA (6.39), followed by Timor-Leste (7.04), and the
Democratic People’s Republic of Korea (9.95). From
1990 to 2019, the age-standardized DALY rate for
OA attributable to high BMI increased the most in
Equatorial Guinea (EAPC = 7.42), followed by Ne-
pal (EAPC = 5.30) and Bangladesh (EAPC = 5.48),
whereas it decreased the most in the Demographic
Republic of the Congo (EAPC = -0.67) (Table I, Sup-
plementary Table SllI, Figure 4).

In addition, from 1990 to 2019, among 204
countries in the world, there were marked differ-
ences by gender in the EAPCs of age-standard-
ized DALY rates for OA attributable to high BMI.
In women, Equatorial Guinea (EAPC = 6.87), Nepal
(EAPC = 5.49) and Bangladesh (EAPC = 5.19) had
the largest increases in the burden of OA for OA
attributable to high BMI, with this ranking being
the same in the group with both genders. How-
ever, in men, there was only a small difference
between Nepal and Bangladesh in terms of the
increase in the burden for OA attributable to high
BMI (EAPC = 5.33 vs. 5.32) (Table I, Supplementary
Table SlII, Figure 4).

Relationship between the burden of OA
attributable to high BMI and SDI from 1990
to 2019

In 1990 and 2019, high-SDI regions showed
high numbers of DALYs and high age-stan-
dardized DALY rates for OA attributable to high
BMI. Specifically, in 1990, the number of DALYs
in high-SDI regions was 342,409.19 (95% Cl:
129,267.65-755,159.72), whereas in low-SDI re-
gions, it was much lower at 21,647.37 (95% Cl:
5,540.115-4,752.98). Similarly, in 2019, the num-
ber of DALYs in high-SDI regions was 744,139.23
(95% Cl: 296,478.79-1,631,379.34), whereas in
low-SDI regions it was lower at 93,844.04 (95% Cl:
31,644.97-213,835.21) (Supplementary Table SllI).
Furthermore, in high-SDI regions in 1990, the
age-standardized DALY rate was 33.81 (95% Cl:
12.77-74.78), whereas in low-SDI regions, it was
only 8.43 (95% Cl: 2.15-21.27). Similarly, in 2019,
the age-standardized DALY rate was 43.67 (95% Cl:
17.41-96.19) in high-SDI regions, whereas it was
much lower at 16.50 (95% Cl: 5.48-37.72) in low-
SDI regions. Thus, as the SDI of a region increased,
so did its burden of OA attributable to high BMI
(Table I, Supplementary Table SIV).

However, from 1990 to 2019, the growth trends
in the age-standardized DALY rates for OA attrib-
utable to high BMI varied with regions’ SDIs. The
highest EAPC in the age-standardized DALY rate
occurred in low-middle SDI regions (EAPC = 3.29,
95% Cl: 3.23-3.36), whereas the lowest EAPC in
the age-standardized DALY rate occurred in high-
SDI regions (EAPC = 0.82, 95% Cl: 0.76-0.87).
Thus, the growth trend in the burden of OA attrib-
utable to high BMI from 1990 and 2019 did not
correspond to the burdens in 1990 and 2019, but
the global burden generally increased from 1990
to 2019.

As the SDI increased, the global age-standard-
ized DALY rate for OA attributable to high BMI first
decreased, then increased, then decreased again,
and then finally increased again. In regions with
an SDI that was initially less than 0.60, as the SDI
increased, the age-standardized DALY rate first de-
creased and then increased, and then decreased
to a minimum at an SDI of approximately 0.37,
and finally increased until an SDI of 0.60. In re-
gions with an SDI that was initially greater than
0.60, as the SDI increased, the age-standardized
DALY rate first decreased and then increased, but
generally remained unchanged. This indicates
that the burdens of OA attributable to high BMI
were almost identical across high-SDI regions,
whereas they were significantly different across
low-SDlI regions (Table I, Supplementary Table SIV,
Supplementary Figure S1).

The overall global growth in the burden of OA
attributable to high BMI exhibited a slow down-
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Figure 4. Estimated annual percentage change (EAPC) of age-standardized disability adjusted life-year (DALY) rate
for global osteoarthritis disease burden attributable to high BMI in 204 countries in 2019: A —total group, B—male

group, C — female group
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ward trend as the SDI increased. In regions with
an SDI that was initially less than 0.30, the growth
in the burden increased slightly as the SDI in-
creased, whereas in regions with an SDI that was
initially greater than 0.30, the growth in the bur-
den decreased rapidly as the SDI increased, and fi-
nally increased slightly in the highest-SDI regions.
This indicates that the growth in this burden will
continue decreasing in the near future, as regions’
SDIs increase (Table I, Supplementary Tables Slil,
SIV, Supplementary Figure S2).

Factors influencing EAPCs in the global
burden of OA attributable to high BMI

We found that the SDI of a country or region
in 2019 significantly correlated with the EAPC in
its age-standardized DALY rate for the OA burden
attributable to high BMI from 1990 to 2019 and
the age-standardized DALY rate for this burden in
1990. The latter represents the baseline health
burden, and the SDI in 2019 is a measure of the
level of healthcare and development in a country
or region in that year.

Specifically, first, we found that there was
a significant negative correlation (f = -14.651,
r=-0.7177588; p < 2.2e-16) between the EAPC
in the age-standardized DALY rate from 1990 to
2019 and the DALY rate in 1990 with respect to
the burden of OA in a region or country attribut-
able to high BMI. This shows that compared with
countries or regions with a lower baseline burden
of OA attributable to high BMI, those with a high-
er baseline burden of OA attributable to high BMI
had a slower rate of growth in this burden from
1990 to 2019 (Supplementary Figure S 3A).

Second, we found that there was a significant
moderatelynegativecorrelationbetweenthe EAPC
in the age-standardized DALY rate of the global
burden of OA attributable to high BMI from 1990
to 2019 and SDIs (t = =7.7957, r = —0.5294821;
p < 2.2e-16). Specifically, the graph shows that
in regions with SDIs less than 0.5, there was
a slight positive correlation between SDIs and
the EAPC in the age-standardized DALY rate of
the global burden of OA attributable to high
BMI. This indicates that from 1990 to 2019, as
SDIs increased, there was faster growth in this
burden in regions that initially had lower SDIs
than in those that initially had higher SDIs. Con-
versely, in this period in regions with SDIs of 0.5
to 1, there was a significant negative correlation
between SDIs and the EAPC in this rate. This
indicates that in this period, as SDIs increased,
there was a slower increase in the OA burden
attributable to high BMI in regions that initially
had higher SDIs than in those that initially had
lower SDIs (Supplementary Figure S 3B, Supple-
mentary Tables SV, SVI).

Discussion

This study analyzed data on the global burden
of OA attributable to high BMI that were obtained
from the GBD 2019. The results show that the
distribution of this burden differed substantially
between countries and regions.

From 1990 to 2019, the number of DALYs and
age-standardized DALY rates for the global OA
burden attributable to high BMI increased, which
may be attributable to the significant increase in
obesity rates worldwide in the past few decades.
The result is the same as in previous studies [6,
7]. A high BMI is typically associated with obesity,
which may be an important factor contributing to
increases in the burden of OA [8-10]. For example,
obesity may increase pressure on joints, especially
the knee and hip joints, thus increasing the risk
of OA. Another possible reason for the increase
in this burden is population aging: as this occurs
globally, the incidence rate of OA may increase,
as the elderly are more likely to suffer from OA
than younger people, because the wear and tear
of joints increases with age [11]. A further pos-
sible reason for the increase in this burden is the
adoption of modern lifestyles, which can feature
unhealthy eating habits and a lack of exercise,
which may lead to an increase in BMI and thereby
increase the risk of developing OA. A final possi-
ble reason is that advances in medical technology
have resulted in increases in the number of diag-
noses of OA [10].

In 2019, the global burden of OA attributable
to high BMI increased with age and peaked in
those aged 70-74. The age at which this maxi-
mum occurred varied with regions’ SDIs, but the
overall burden across regions of the world was
concentrated in those aged 60-89 [11, 12]. This
may be because OA is an age-related disease,
as described above. However, in the very old age
group, a decrease in this burden was observed;
this may be because compared with other age
groups, this age group is smaller and has other,
more serious health problems. In low-, low-mid-
dle-, and middle-SDI regions, the burden peaked
in the young age group, which may because peo-
ple in these regions have poor living conditions
and malnutrition, and lack necessary medical care,
which can lead to early onset of OA. In contrast, in
middle-high- and high-SDI regions, the burden of
OA peaked in the older age group, which may be
because people in these regions have better living
conditions and medical care, which can delay the
age of onset of OA. Regarding the between-region
differences in the age distribution of the burden
of OA attributable to high BMI, the proportion
of the burden in those aged over 90 was high in
High-income North America, Oceania, and Eastern
Europe, which may be due to the long lifespans of
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populations in these regions [13-15]. In contrast,
the proportion of the burden in those aged over
90 was low in Central Sub-Saharan Africa, Eastern
Sub-Saharan Africa, and Southeast Asia, which
may be due to the short lifespans of populations
in these regions [8, 9, 16].

From 1990 to 2019, the burden of OA attribut-
able to high BMl increased in both men and wom-
en, but increased more in women than in men. In
addition, although the growth rate of the age-stan-
dardized DALY rate of the burden increased more
slowly in women than in men, the baseline rate
was higher in women than in men [11]. This is
likely attributable to the relationship between
gender and OA. For example, studies have shown
that women are more likely to develop OA than
men, especially post-menopausal women. This
may be because estrogen supports bone health,
and thus post-menopausal decreases in women’s
estrogen concentrations may increase their risk
of OA [14]. There is also a relationship between
gender and BMI. In many communities, women
have a higher BMI than men, which may be due to
socio-cultural, biological, or lifestyle factors, and
a high BMI is a risk factor for OA [14]. Gender dif-
ferences also play a role in the growth trends in OA
burden; although this growth trend was found to
be slower in women than in men, this might have
been because more women than men had OA at
baseline, which ultimately led to the numbers of
DALYs for OA attributable to high BMI being higher
in women than in men [11, 13, 17].

In 2019, among 21 geographical regions in the
world, the highest age-standardized DALY rate for
OA attributable to high BMI occurred in Oceania,
followed by High-income North America and An-
dean Latin America, whereas the lowest occurred
in Central Sub-Saharan Africa. From 1990 to 2019,
the rate increased the most in South Asia, South-
east Asia, and East Asia, whereas it increased
the least in Oceania, Central Sub-Saharan Afri-
ca, and High-income North America. Among all
of the countries of the world, in 2019, the rate
was highest in Puerto Rico and lowest in Somalia.
From 1990 to 2019, the rate increased the most in
Equatorial Guinea and decreased only in the Dem-
ocratic Republic of the Congo.

The burden of OA attributable to high BMI
might have varied between geographical regions
due to region-specific factors. For example, the
fact that the burden was highest in Oceania,
High-income North America, and Andean Latin
America might have been because people in these
regions have lifestyles and dietary habits that lead
to an increase in BMI [11, 18], e.g., a high intake
of calories and a low level of physical activity,
which in turn increases the risk of OA. In contrast,
the fact that the burden was lowest in Central

Sub-Saharan Africa, Eastern Sub-Saharan Africa,
and South Asia might have been because people
in these regions have poor living conditions and
malnutrition, which leads to a decrease in BMI
and thus reduces the risk of OA [11]. Similarly,
the burden might have varied between countries
due to country-specific factors. For example, the
burden was highest in Puerto Rico, the United
States Virgin Islands, and American Samoa, which
may be because people in these countries have
lifestyles and dietary habits that lead to high
BMIs. In contrast, the burden was lowest in So-
malia, Timor Leste, and the Democratic People’s
Republic of Korea, which may be because people
in these countries have poor living conditions and
malnutrition, which lead to a decrease in BMI. Fur-
thermore, in 204 countries worldwide, the burden
increased faster in women than in men, which is
probably because women are more likely to devel-
op OA than men due to post-menopausal decreas-
es in the concentration of estrogen, as mentioned
above [4, 11, 18].

We also found that from 1990 to 2019, the
burden of OA attributable to high BMI was high-
er in high-SDI regions than in low-SDI regions
[19]. However, as the SDI increased, the growth
trend in the burden first decreased and then in-
creased, which indicates that there is a complex
relationship between the SDI and the burden of
OA attributable to high BMI[11, 18]. Several types
of factors may account for this relationship. The
first type of factors comprises lifestyle and envi-
ronmental factors. Compared with people living in
low-SDI countries, those living in high-SDI coun-
tries may have lifestyles, such as those featuring
a high intake of high-calorie foods and a lack
of exercise, that make them more likely to have
a high BMI [20]. In addition, compared with envi-
ronments in low-SDI countries, those in high-SDI
countries may tend to be more contributory to
the development of a high BMI; e.g., convenient
transportation facilities may lead people to favor
their use over walking or cycling. The second type
of factors comprises medical resource factors. In
high-SDI countries, medical resources are usual-
ly abundant, so it may be easy to detect and di-
agnose diseases such as OA, thereby leading to
a high burden of OA being identified. Aging is
also an important factor; that is, compared with
low-SDI countries, high-SDI countries have better
healthcare systems and higher living standards,
and thus their residents may have longer aver-
age lifespans [21]. Therefore, as the occurrence of
OA is closely associated with increased age, the
burden of OA may be higher in high-SDI countries
than in low-SDI countries. In contrast, in low-SDI
countries, as the SDI increases, the corresponding
increase in the burden of OA attributable to high

1850

Arch Med Sci 6, December / 2024



Global burden of osteoarthritis from 1990 to 2019 attributable to high body mass index

BMI may be most related to rapid urbanization
and lifestyle changes. For example, the transfor-
mation from a traditional agrarian economy to an
industrial or service-industry economy may sig-
nificantly reduce people’s level of activity and alter
their dietary habits, thereby leading to an increase
in BMI [22].

Finally, we found that from 1990 to 2019, the
global growth rate of (i.e., EAPC in) the age-stan-
dardized DALY rate for OA attributable to high BMI
was significantly negatively correlated with the
burden in 1990 and the SDI in 2019. That is, the
growth rate of the burden slowed as the baseline
burden and SDI increased [23]. There are two pos-
sible reasons why an increase in the baseline bur-
den had this effect. First, as the baseline burden
increases, more public health interventions and
strategies may be implemented to mitigate its
effects [24], such as interventions and strategies
to improve diets and lifestyles, provide improved
medical services, and increase public awareness
of the relationship between a high BMI and OA.
Second, over time, more effective treatments for
and methods of managing OA (e.g., drugs, surgi-
cal techniques, or pain management strategies)
may be developed and implemented. Similarly, an
increase in the SDI might have had this effect be-
cause compared with low-SDI countries, high-SDI
countries might have better healthcare systems
and more resources (e.g., better medical facilities,
more doctors and nurses, and better public health
strategies) to prevent and manage OA. In addition,
compared with residents of low-SDI countries,
residents of high-SDI countries may have better
health knowledge and behaviors (e.g., healthier
diets and higher levels of physical activity), which
may help to maintain healthy BMIs [25].

In general, the above-described analysis of our
findings shows that a high BMI is an important
factor affecting the global burden of OA. Efforts
to prevent and control OA worldwide should focus
on achieving the following five goals. First, health
education and publicity should be strengthened,
and public awareness of BMI, OA, and their rela-
tionship should be increased. The public should be
educated on the importance of having a healthy
diet and performing a moderate level of exercise
for maintaining a healthy BMI, and how this can
reduce the risk of OA. Second, diet and exercise
interventions should be used to promote healthy
lifestyles, such as by providing nutritional guid-
ance, encouraging regular exercise, and providing
healthy food choices. These measures can help
people to reduce their BMI and thereby their risk
of OA. Third, early screening and interventions
should be implemented in high-risk populations
(such as those with high BMI or a family histo-
ry of OA) [26], as this can reduce the risk of OA

[27]. Fourth, medical services should be improved
such that high-quality pain management, physi-
cal therapy, and surgical treatments are available
for those with OA to help them to manage symp-
toms, improve their quality of life, and reduce the
burden of OA. Fifth, policy interventions should be
devised by governments to reduce the risk of de-
veloping a high BMI. These could include restrict-
ing advertising of high-sugar and high-fat foods,
providing tax incentives for healthy foods, and
building additional public sports facilities.

Our study has some distinct strengths. This
study included OA in the hip, knee, hand (the com-
mon sites of OA), and other sites; the types of OA
were more comprehensive than in previous studies.
This study used the standardized GBD methodol-
ogy for comparison across geographies and years,
and reported the OA disease burden trend over the
last three decades in all of the world. In data scar-
city, the GBD study uses covariates and other tech-
niques that borrow strength over space and time to
generate the best possible estimates [28].

There were some limitations in this study: The
major limitation of the GBD analysis of the bur-
den of diseases and injuries is the availability of
primary data [29]. This study was based on the
GBD 2019 study; since OA measurement is het-
erogeneous, it is difficult to compare estimates
across populations, and it can lead to errors [30].
Nonetheless, efforts are required to develop pop-
ulation-level registries and disease surveillance
systems to monitor OA burden trends and their
risk factors worldwide.

In conclusion, this study found that the dis-
tribution of the global burden of OA attributable
to high BMI varied substantially between coun-
tries and regions. From 1990 to 2019, the global
number of DALYs and age-standardized DALY rate
for OA attributable to high BMI increased. More-
over, in this period, the number of DALYS and the
age-standardized DALY rate increased in both men
and women. In 2019, the age-standardized DALY
rate increased with age, but decreased in the very
old age group. In regions with different SDIs, the
age trends in the DALY rate remained largely the
same: there was a significant increase with age
and a decrease in the elderly. From 1990 to 2019,
among the 21 geographical regions worldwide,
the age-standardized DALY rate in South Asia
(EAPC = 3.94) increased the most, while that in
Oceania (EAPC = 0.49) increased the least. From
1990 to 2019, among the 204 countries world-
wide, Equatorial Guinea had the largest increase
in the age-standardized DALY rate (EAPC = 7.42),
whereas the Democratic Republic of the Congo
had the largest decrease (EAPC = -0.67). In gener-
al, the burden was higher in high-SDI regions than
in low-SDI regions.

Arch Med Sci 6, December / 2024

1851



Shiming Yang, Licheng Zhou, Wanchen Gong, Bin Guo, Linfeng Wang

The correlation analysis revealed that the glob-
al growth rate of the age-standardized DALY rate
for OA attributable to high BMI was significantly
negatively correlated with the age-standardized
DALY rate in 1990 and with the SDI in 2019. As
the baseline burden and SDI increased, the growth
rate of the age-standardized DALY rate slowed.

The above conclusions indicate that high BMI
is an important factor affecting the global burden
of OA, which increases with age and is higher in
some regions and populations than in others.
This highlights the importance of preventing and
managing high BMI to reduce the burden of OA
worldwide.

Acknowledgments

We thank all the study participants.

Funding

This work was supported by Fujian Provincial
Natural Science Foundation of China (grant num-
ber 2020J011307).

Ethical approval

This study was approved by the ethics commit-
tee of Nanping First Hospital Affiliated to Fujian
Medical University, China. All of the participants
or their legal representatives provided written in-
formed consent during recruitment.

Conflict of interest

The authors declare no conflict of interest.

References

1. Wan J, Qian X, He Z, et al. Epidemiological trends of
hand osteoarthritis from 1990 to 2019: estimates from
the 2019 Global Burden of Disease study. Front Med
(Lausanne) 2022; 9: 922321.

2. Bosy-Westphal A, Muller MJ. Identification of skeletal
muscle mass depletion across age and BMI groups in
health and disease: there is need for a unified defini-
tion. Int ) Obes (Lond) 2015; 39: 379-86.

3. Xie J, Wang M, Long Z, et al. Global burden of type 2
diabetes in adolescents and young adults, 1990-2019:
systematic analysis of the Global Burden of Disease
Study 2019. BMJ 2022; 379: e072385.

4. Ackerman IN, Buchbinder R, March L. Global Burden of
Disease Study 2019: an opportunity to understand the
growing prevalence and impact of hip, knee, hand and
other osteoarthritis in Australia. Intern Med J 2023; 53:
1875-82.

5. Zhang MN, Li MT, Zhi XY, Zhu H, Zhang X, Xie J. Trends of
a burden on atherosclerotic cardiovascular disease and
its related risk factors in China, 1990 to 2019. Chinese
J Epidemiol 2021; 42: 1797-803.

6. Vina ER, Kwoh CK. Epidemiology of osteoarthritis: litera-
ture update. Curr Opin Rheumatol 2018; 30: 160-7.

7. Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL,
Protheroe J, Jordan KP. Current evidence on risk factors

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

for knee osteoarthritis in older adults: a systematic re-
view and meta-analysis. Osteoarthritis Cartilage 2015;
23:507-15.

. Neogi T. The epidemiology and impact of pain in osteo-

arthritis. Osteoarthritis Cartilage 2013; 21: 1145-53.

. Fatoye F, Gebrye T, Mbada C, Useh U. Economic evalua-

tions of digital health interventions for the management
of musculoskeletal disorders: systematic review and me-
ta-analysis. ] Med Internet Res 2023; 25: e41113.
Heidari B. Knee osteoarthritis prevalence, risk factors,
pathogenesis and features: Part |. Caspian J Intern Med
2011; 2: 205-12.

Liu M, Jin F, Yao X, Zhu Z. Disease burden of osteoarthri-
tis of the knee and hip due to a high body mass index in
China and the USA: 1990-2019 findings from the global
burden of disease study 2019. BMC Musculoskelet Dis-
ord 2022; 23: 63.

Xue 'Y, Zhou J, Wang P, et al. Burden of tuberculosis and
its association with socio-economic development sta-
tus in 204 countries and territories, 1990-2019. Front
Med (Lausanne) 2022; 9: 905245.

Pelletier JB Dorais M, Paiement B Raynauld JB Mar-
tel-Pelletier ). Risk factors associated with the occur-
rence of total knee arthroplasty in patients with knee
osteoarthritis: a nested case-control study. Ther Adv
Musculoskelet Dis 2022; 14: 1759720x221091359.
Callhoff J, Albrecht K, Redeker I, et al. THU0429 dis-
ease burden of persons with osteoarthritis: results of
a cross-sectional analysis from a survey linked to claims
data in the Proclair project. Ann Rheum Dis 2019; 78
(Suppl 2): 502-3.

Kusumaningtyas M, Tamtomo D, Murti B. Factors associ-
ated with the occurrence of osteoarthritis: a path anal-
ysis evidence from Surakarta, Central Java. J Epidemiol
Public Health 2019; 4: 9-19.

Li N, Deng Y, Zhou L, et al. Global burden of breast can-
cer and attributable risk factors in 195 countries and
territories, from 1990 to 2017: results from the Global
Burden of Disease Study 2017. ) Hematol Oncol 2019;
12: 140.

Sirman AE, Schmidt JE, Clark ME, Kittilson JD, Reed WL,
Heidinger BJ. Compensatory growth is accompanied by
changes in insulin-like growth factor 1 but not markers
of cellular aging in a long-lived seabird. Am Nat 2023;
202: 78-91.

Zhi X, Kuang ZH, Liu K, Li J. The global burden and tem-
poral trend of cancer attributable to high body mass in-
dex: estimates from the Global Burden of Disease Study
2019. Front Nutr 2022; 9: 918330.

Zhang X, Wang X, wang M, et al. The global burden of
type 2 diabetes attributable to high body mass index in
204 countries and territories, 1990-2019: an analysis of
the Global Burden of Disease Study. Front Public Health
2022; 10: 966093.

Rogatkina T, Korolik O, Polyakov V, Kravtsov G, Polyako-
va Y. AB0875-HPR Non-pharmacological and pharma-
cological approaches to the management of patients
with osteoarthritis and lipid metabolism disorders. Ann
Rheum Dis 2021; 80 Suppl 1: 1461.

Hoveidaei AH, Nakhostin-Ansari A, Chalian M, et al. Bur-
den of knee osteoarthritis in the Middle East and North
Africa (MENA): an epidemiological analysis from 1990
to 2019. Arch Orthop Trauma Surg 2023; 143: 6323-33.
Shamekh A, Alizadeh M, Nejadghaderi SA, et al. The
burden of osteoarthritis in the Middle East and North
Africa region from 1990 to 2019. Front Med 2022; 9:
881391.

1852

Arch Med Sci 6, December / 2024



Global burden of osteoarthritis from 1990 to 2019 attributable to high body mass index

23. Safiri S, Kolahi AA, Smith E, et al. Global, regional and
national burden of osteoarthritis 1990-2017: a sys-
tematic analysis of the Global Burden of Disease Study
2017. Ann Rheum Dis 2020; 79: 819-28.

24. Driban JB, Davis JE, Lu B, et al. Accelerated knee osteo-
arthritis is characterized by destabilizing meniscal tears
and preradiographic structural disease burden. Arthritis
Rheumatol 2019; 71: 1089-100.

25. Fu M, Zhou H, Li Y, Jin H, Liu X. Global, regional, and na-
tional burdens of hip osteoarthritis from 1990 to 2019:
estimates from the 2019 Global Burden of Disease
Study. Arthritis Res Ther 2022; 24: 8.

26. Posner SF. PCD recognizes outstanding student re-
search: Patel et al on emergency medical services ca-
pacity for prehospital stroke care in North Carolina. Prev
Chronic Dis 2013; 10: E150.

27. Dean HD, Fenton KA. Addressing social determinants of
health in the prevention and control of HIV/AIDS, viral
hepatitis, sexually transmitted infections, and tubercu-
losis. Public Health Rep 2010; 125 (Suppl 4): 1-5.

28.Singh A, Das S, Chopra A, et al. Burden of osteoarthri-
tis in India and its states, 1990-2019: findings from the
Global Burden of disease study 2019. Osteoarthritis
Cartilage 2022; 30: 1070-8.

29. GBD 2019 Diseases and Injuries Collaborators. Global
burden of 369 diseases and injuries in 204 countries
and territories, 1990-2019: a systematic analysis for
the Global Burden of Disease Study 2019. Lancet 2020;
396: 1204-22.

30. Chen X, Tang H, Lin J, Zeng R. Temporal trends in the
disease burden of osteoarthritis from 1990 to 2019, and
projections until 2030. PLoS One 2023; 18: e0288561.

Arch Med Sci 6, December / 2024 1853



	OLE_LINK9

