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Increasing global burden of rheumatoid arthritis:  
an epidemiological analysis from 1990 to 2019

Wei Zou1, Yefei Fang2, Dan Xu2, Yingjun Zhu1

A b s t r a c t

Introduction: To examine the burden of rheumatoid arthritis (RA) at the 
global, regional, and national levels in terms of sex, age, geographic distri-
bution, and the Socio-demographic Index (SDI).
Material and methods: Using Global Burden of Disease study data, the glob-
al incidence, disability-adjusted life years (DALYs), and estimated annual 
percentage change (EAPC) of RA from 1990 to 2019 were analysed. 
Results: From 1990 to 2019, the global RA incidence and DALYs increased by 
6.47% and 1.15%, respectively. Moreover, both the global age-standardized 
incidence rate (EAPC = 0.30; 95% confidence interval (CI): 0.25–0.34) and 
DALYs (EAPC = 0.12; 95% CI: 0.08–0.17) increased. The age-standardized 
RA incidence was substantially higher in the high-SDI regions than in the 
other regions. By geographical region, the largest increases in the age-stan-
dardized RA incidence and DALYs were observed in Andean Latin America. 
By country, the largest increase in RA incidence was observed in Equatorial 
Guinea (EAPC = 1.78), followed by Bhutan (EAPC = 1.54) and Peru (EAPC = 
1.53). The age-standardized RA incidence was lower in men than in women. 
Positive correlations were found between the EAPC of the age-standardized 
RA incidence and the SDI. 
Conclusions: Increasing trends in the age-standardized RA incidence and 
DALYs worldwide were shown. Future strategies for RA prevention should 
focus on women and older adults, as well as individuals from Andean Latin 
America, southern Latin America, central Asia, western sub-Saharan Africa, 
and other high-risk regions. 

Key words: rheumatoid arthritis, global burden of disease, incidence, 
disability-adjusted life-years, estimated annual percentage change.

Introduction 

Rheumatoid arthritis (RA) is a systemic autoimmune disease charac-
terized by erosive polyarthritis [1]. The typical clinical manifestations of 
RA include joint swelling, pain, and morning stiffness. These frequently 
recurring symptoms often lead to chronic disease progression, resulting 
in joint deformity and functional impairment, disability, and loss of abil-
ity to work [1]. In addition, RA can cause life-threatening complications 
and diseases of the extra-articular organs, such as the heart, nervous 
system, and respiratory system [2].

The Global Burden of Disease (GBD) database, which provides a sys-
tematic scientific assessment of the global burden of 369 diseases and 
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injuries in 204 countries and territories, is current-
ly one of the most widely used data sources for 
assessing disease burden [3]. It is important to 
understand the current burden of RA and the re-
lated differential trends worldwide for developing 
effective prevention strategies and reducing the 
global burden of RA. 

Thus, we analysed the global incidence, disabil-
ity-adjusted life-years (DALYs), and estimated an-
nual percentage change (EAPC) of RA from 1990 to 
2019 using the GBD 2019 data.

Material and methods

Data sources

The burden of RA was stratified by geographi-
cal region, SDI region, sex, and age. This study in-
cluded data from the GBD 2019 study, which was 
performed by the Institute for Health Metrics and 
Evaluation at the University of Washington. It pro-
vides a  scientific estimate of the global disease 
burden of 369 diseases and injuries in 204 coun-
tries or regions [3]. The Institutional Review Board 
of Yuyao People’s Hospital, China, reviewed and 
approved this study (2022). 

The Global Health Data Exchange (http://ghdx.
healthdata.org) is a  data catalogue. The GBD 
2019 study used the DisMod-MR 2.1 system to 
estimate the incidence of RA with internal con-
sistency. This system is an epidemiological anal-
ysis tool developed by the GBD Research Group 
using a Bayesian meta-regression method, and it 
ensures consistency in epidemiological indicators 
(incidence, prevalence, etc.); even when the data 
are sparse, this tool provides good performance. 
Details about the estimation strategy and model-
ling process can be found in the literature [3].

The 95% uncertainty intervals (UIs) for the inci-
dence and DALYs of RA according to sex, country, 
and territory were obtained from the GBD 1990–
2019 data for 204 countries and territories; the UI 
is a series of values that reflect the certainty of an 
estimate. In the GBD database, every estimate is 
calculated 1000 times, each time sampling from 
the distributions rather than point estimates for 
data inputs. The 95th UI is determined by the 25th 
and 975th values out of 1000 values after ordering 
them from the smallest to largest.

The following data were extracted from the 
GBD 2019 study: sex, age, socio-demographic in-
dex (SDI) region, geographic region, and country. 
The SDI is a composite indicator that assesses the 
level of socio-demographic development in asso-
ciation with health status [4]. In short, the SDI is 
the geometric mean of the total fertility rate of 
those aged less than 25 years, the average educa-
tion level of those aged 15 years and over, and the 
lagged per-capita income distribution, and its val-

ue ranges from 0 to 1 [4]. The 204 countries and 
territories included in the GBD study are divided 
into 5 regions based on the SDI: low, low-middle, 
middle, high-middle, and high.

Estimation framework 

Using GBD 2019 study data, the present study 
mainly assessed the incidence rate and DALYs 
as indicators to evaluate the disease burden of 
RA. DALYs, as a comprehensive index, refer to all 
healthy life-years lost from disease onset until 
death; in short, DALYs are constituted by the years 
of life lost due to disease (years of life lost) and 
those lost due to disability due to disease (years 
lived with disability) and can be calculated using 
the following formula: DALYs = years of life lost + 
years lived with disability.

Statistical analysis

When calculating the EAPC based on the 
age-standardized rate, the calendar year is set 
as an independent variable, and a  linear regres-
sion fit analysis is performed with the natural 
logarithm of the age-standardized rate using the 
following formula: y = a  + bx + e [where y = ln 
(age-standardized rate); x = calendar year; and 
EAPC = l 00 × (exp(D) − 1), where D is the esti-
mated value of the slope b]. We then calculated 
the 95% confidence interval (CI), obtaining the 
standard error from the fitted regression line. If 
both the EAPC estimate and the lower level of its  
95% CI are > 0, the age-standardized rate is con-
sidered to be increasing. By contrast, if both the 
EAPC estimate and the upper level of its 95% CI 
are < 0, the age-standardized rate is considered to 
be decreasing [5]. All calculations were performed 
using R software (version 3.5.1). 

Results 

Incidence of RA

From 1990 to 2019, the global age-standard-
ized RA incidence increased by 6.47% from 12.21 
to 13 (Table I); a consistently increasing trend was 
observed, with an EAPC of 0.30 (95% CI: 0.25–
0.34) (Table I, Figure 1 A, Supplementary Figure 
S1 A). The global age-standardized RA incidence 
in both sexes increased between 1990 and 2019 
(EAPC for men = 0.30; EAPC for women = 0.28) 
(Table I, Figure 1 A, Supplementary Figure S1 A); 
the age-standardized RA incidence was lower in 
men than in women (Table I). 

The male-to-female ratio of RA incidence peak-
ed in the 65–69 years age group globally; the ratio 
also peaked in the same age group in the high- 
and low-middle-SDI regions. Moreover, the ratio 
peaked in the 55–59 years age group in the high-
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Table I. The age-standardized incidence rate (ASIR) of rheumatoid arthritis in 1990 and 2019 and its temporal 
trends

Characteristics 1990 2019 1990–2019

ASIR (per 100,000) ASIR (per 100000) Change in  
Number No. (%)

EAPC
No. (95% CI)No. (95% UI) Male/female 

ratio
No. (95% UI) Male/female 

ratio

Global 12.21
(11.13, 13.38)

0.452246609 13.00
(11.83, 14.27)

0.456834068 0.89
(0.86, 0.93)

0.30
(0.25, 0.34)

Sex:

Male 7.59
(6.90, 8.34)

#N/A 8.13
(7.38, 8.94)

#N/A 0.93
(0.89, 0.97)

0.30
(0.27, 0.34)

Female 16.79
(15.35, 18.34)

#N/A 17.80
(16.22, 19.52)

#N/A 0.88
(0.84, 0.92)

0.28
(0.23, 0.34)

Sociodemographic index:

Low SDI 12.01
(10.85, 13.21)

0.67900673 13.27
(12.06, 14.56)

0.67686727 1.34
(1.31, 1.37)

0.41
(0.39, 0.44)

Low-middle SDI 13.89
(12.63, 15.29)

0.494562104 15.31
(13.90, 16.84)

0.49379633 1.21
(1.17, 1.25)

0.36
(0.34, 0.38)

Middle SDI 10.65
(9.63, 11.76)

0.441055698 11.48
(10.41, 12.69)

0.440175849 0.96
(0.89, 1.02)

0.31
(0.27, 0.36)

High-middle SDI 10.17
(9.26, 11.23)

0.39917024 11.24
(10.24, 12.38)

0.390297735 0.68
(0.64, 0.73)

0.45
(0.40, 0.51)

High SDI 15.95
(14.73, 17.25)

0.409379239 17.13
(15.77, 18.61)

0.402407933 0.56
(0.53, 0.58)

0.38
(0.31, 0.45)

Region:

Andean Latin America 10.01
(8.93, 11.31)

0.369877417 14.74
(13.16, 16.62)

0.353338703 2.03
(1.84, 2.22)

1.39
(1.32, 1.45)

Australasia 19.12
(17.25, 21.24)

0.401272095 20.89
(18.75, 23.34)

0.415319271 0.88
(0.76, 1.01)

0.43
(0.31, 0.55)

Caribbean 8.84
(7.78, 10.03)

0.367117865 10.77
(9.55, 12.17)

0.36498545 0.82
(0.72, 0.93)

0.72
(0.67, 0.77)

Central Asia 13.57
(12.47, 14.89)

0.509466962 17.33
(15.91, 18.97)

0.49638297 1.03
(0.94, 1.12)

1.00
(0.90, 1.10)

Central Europe 10.82
(9.73, 11.99)

0.397097741 11.44
(10.20, 12.72)

0.396015309 0.10
(0.08, 0.13)

0.35
(0.25, 0.45)

Central Latin America 20.35
(18.54, 22.23)

0.354218057 21.12
(19.29, 23.07)

0.396479785 1.21
(1.15, 1.28)

0.08
(0.05, 0.11)

Central sub-Saharan 
Africa

9.18
(8.12, 10.32)

0.805363524 10.57
(9.39, 11.92)

0.794644637 1.90
(1.80, 2.00)

0.57
(0.51, 0.62)

East Asia 11.41
(10.31, 12.65)

0.402895658 11.68
(10.56, 12.89)

0.397220022 0.77
(0.69, 0.86)

0.21
(0.12, 0.30)

Eastern Europe 7.19
(6.45, 8.00)

0.336353027 7.61
(6.83, 8.47)

0.336271037 0.02
(0.00, 0.04)

0.24
(0.23, 0.26)

Eastern sub-Saharan 
Africa

15.05
(13.60, 16.61)

1.18140858 17.02
(15.40, 18.77)

1.180358536 1.63
(1.58, 1.68)

0.52
(0.48, 0.56)

High-income Asia 
Pacific

14.50
(13.05, 15.99)

0.426506963 14.19
(12.75, 15.65)

0.418795693 0.26
(0.23, 0.30)

0.11
(0.02, 0.20)

High-income North 
America

18.12
(16.98, 19.40)

0.434755331 21.46
(20.02, 23.09)

0.421625026 0.84
(0.80, 0.88)

0.72
(0.65, 0.79)

North Africa and 
middle East

4.68
(4.15, 5.30)

0.397950612 5.86
(5.18, 6.63)

0.400154322 1.71
(1.56, 1.84)

0.85
(0.82, 0.88)

Oceania 3.69
(3.20, 4.26)

0.484873161 3.92
(3.40, 4.51)

0.466147277 1.28
(1.18, 1.39)

0.13
(0.10, 0.17)

South Asia 16.66
(15.08, 18.36)

0.457612084 18.09
(16.35, 19.94)

0.450521851 1.40
(1.36, 1.44)

0.29
(0.28, 0.30)
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Characteristics 1990 2019 1990–2019

ASIR (per 100,000) ASIR (per 100000) Change in  
Number No. (%)

EAPC
No. (95% CI)No. (95% UI) Male/female 

ratio
No. (95% UI) Male/female 

ratio

Southeast Asia 5.05
(4.47, 5.68)

0.539259503 5.54
(4.92, 6.24)

0.502100025 1.00
(0.91, 1.10)

0.42
(0.38, 0.46)

Southern Latin 
America

10.93
(9.78, 12.24)

0.351174024 14.51
(13.16, 16.09)

0.307034541 1.05
(0.95, 1.16)

1.01
(0.92, 1.10)

Southern sub-Saharan 
Africa

17.51
(15.69, 19.48)

0.803331694 17.16
(15.35, 19.11)

0.831737397 0.80
(0.75, 0.85)

0.03
(–0.01, 0.08)

Tropical Latin America 11.25
(10.07, 12.59)

0.431032297 12.00
(10.74, 13.41)

0.438588534 0.71
(0.64, 0.78)

0.23
(0.20, 0.25)

Western Europe 14.94
(13.64, 16.35)

0.394450077 15.76
(14.35, 17.32)

0.40077144 0.34
(0.30, 0.36)

0.28
(0.22, 0.35)

Western sub-Saharan 
Africa

3.90
(3.45, 4.40)

1.01199091 4.63
(4.09, 5.23)

1.09353242 1.81
(1.75, 1.86)

0.54
(0.49, 0.59)

ASIR – age-standardized incidence rate, EAPC – estimated annual percentage change, NA – not available, UI – uncertainty interval.

Table I. Cont.

middle-SDI regions, in the 60–64 years age group 
in the middle-SDI regions, and in the 15–19 years 
age group in the low-SDI regions (Supplementa-
ry Figure S2). The global incidence of RA peaked 
at ages 60–64 in all SDI regions (Supplementary 
Figure S3).

As shown in Table I and Supplementary Figure 
S1 A, the age-standardized RA incidence was sub-
stantially higher in the high-SDI regions than in the 
other regions. In 2019, the high-SDI regions (17.13 
per 100,000 population; 95% UI: 15.77–18.61) re-
corded the highest age-standardized RA incidence, 
followed by the low-middle-SDI regions (15.31 
per 100,000 population; 95% UI: 13.90–16.84). 
The greatest increase in the age-standardized 
RA incidence was noted in the high-middle-SDI 
regions, where the EAPC peaked at 0.45 (Ta- 
ble I, Figure 1 A). 

The EAPC of the age-standardized RA incidence 
was positively associated with both the age-stan-
dardized RA incidence (ρ = 0.090, p = 0.198) (Sup-
plementary Figure S4 A) and the SDI (ρ = 0.011,  
p = 0.870) (Supplementary Figure S4 B). In 2019, 
the low-middle-SDI regions reported the highest 
RA incidence among adults (i.e. the 50–69 years 
age group), as did regions wherein the SDI in-
creased between 1990 and 2019 (Supplementary 
Figures S5 A and S5 B). The annual RA incidence 
increased among younger people but decreased 
among older adults (Supplementary Figure S6 A). 

In 2019, the highest regional age-standard-
ized RA incidence was observed in North America 
(a  high-income country; 21.46 per 100,000 pop-
ulation; 95% UI: 20.02–23.09), followed by cen-
tral Latin America (21.12 per 100,000 population; 
95% UI: 19.29–23.07) and Australasia (20.89 per 
100,000 population; 95% UI: 18.75–23.34); the 
lowest regional age-standardized RA incidence 

was observed in Oceania (3.92 per 100,000 pop-
ulation; 95% UI: 3.40–4.51), followed by western 
sub-Saharan Africa (4.63 per 100,000 population; 
95% UI: 4.09–5.23) and southeast Asia (5.54 per 
100,000 population; 95% UI: 4.92–6.24) (Table I, 
Supplementary Table SI). From 1990 to 2019, the 
greatest increase in the age-standardized RA inci-
dence was noted in Andean Latin America (EAPC 
= 1.39; 95% CI: 1.32–1.45), southern Latin Amer-
ica (EAPC = 1.01; 95% CI: 0.92–1.10), and central 
Asia (EAPC = 1.00; 95% CI: 0.90–1.10), whereas 
the lowest increase was reported in southern 
sub-Saharan Africa (EAPC = 0.03; 95% CI: –0.01 
to 0.08), central Latin America (EAPC = 0.08;  
95% CI: 0.05–0.11), and Asia Pacific (a  high-in-
come region; EAPC = 0.11; 95% CI: 0.02–0.20) (Ta-
ble I, Figure 1 A, Supplementary Table SI).

In terms of countries, in 2019, the highest 
age-standardized RA incidence was observed 
in Ireland (30.03 per 100,000 population; 95% 
UI: 26.97–33.31), followed by Finland (27.89 per 
100,000 population; 95% UI: 25.50–30.76) and 
Kazakhstan (25.50 per 100,000 population; 95% 
UI: 23.45–28.01). The lowest age-standardized 
RA incidence was observed in Kiribati (3.47 per 
100,000 population; 95% UI: 2.96–4.10), fol-
lowed by Yemen (3.75 per 100,000 population; 
95% UI: 3.23–4.37) and Papua New Guinea (3.76 
per 100,000 population; 95% UI: 3.26–4.34) 
(Supplementary Tables SII and SIII). From 1990 
to 2019, the age-standardized RA incidence de-
creased the most in the Democratic People’s 
Republic of Korea (overall EAPC = –0.40; EAPC 
for men = −0.24; EAPC for women = –0.24) and 
increased the most in Equatorial Guinea (over-
all EAPC = 1.78; EAPC for men = 1.80; EAPC for 
women = 1.88) (Figure 2 A, Supplementary Ta-
bles SII and SIII).
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Table II. The age-standardized DALY rate of rheumatoid arthritis in 1990 and 2019 and its temporal trends

Characteristics 1990 2019 1990–2019

Age- 
standardized 

DALY rate 
(per 100,000)

Male/ 
female 
ratio

Age- 
standardized 

DALY rate 
(per 100,000)

Male/ 
female ratio

Change in 
Number No. 

(%)

EAPC

Global 39.12
(30.13, 48.56)

0.47100009 39.57
(30.51, 49.53)

0.468234215 0.96
(0.87, 1.04)

0.12
(0.08, 0.17)

Sex:

Male 24.67
(19.47, 30.57)

#N/A 24.94
(19.42, 31.31)

#N/A 0.99
(0.89, 1.08)

0.16
(0.10, 0.22)

Female 52.37
(39.43, 65.39)

#N/A 53.26
(40.20, 67.08)

#N/A 0.95
(0.82, 1.07)

0.12
(0.08, 0.16)

Sociodemographic index:

Low SDI 35.20
(27.49, 44.42)

0.690981646 38.07
(29.29, 47.88)

0.61227752 1.38
(1.21, 1.53)

0.29
(0.26, 0.32)

Low-middle SDI 43.47
(34.07, 53.54)

0.547354867 48.38
(37.95, 59.54)

0.510917829 1.42
(1.25, 1.60)

0.41
(0.38, 0.44)

Middle SDI 35.69
(27.56, 44.59)

0.487898815 37.61
(29.11, 47.14)

0.474398996 1.26
(1.10, 1.37)

0.31
(0.22, 0.39)

High-middle SDI 34.02
(25.74, 42.78)

0.417728346 35.01
(26.33, 44.52)

0.425564359 0.78
(0.68, 0.85)

0.18
(0.13, 0.24)

High SDI 47.62
(36.29, 59.68)

0.410043618 45.02
(33.28, 57.74)

0.404630466 0.49
(0.42, 0.57)

–0.12
(–0.15, 
–0.09)

Region:

Andean Latin America 35.29
(27.27, 44.28)

0.403849701 46.17
(34.27, 59.10)

0.34193417 2.14
(1.86, 2.40)

0.94
(0.83, 1.04)

Australasia 56.49
(42.91, 71.42)

0.41411512 52.75
(38.71, 68.08)

0.428230584 0.75
(0.58, 0.90)

–0.15
(–0.19, 
–0.11)

Caribbean 31.67
(23.54, 40.11)

0.352552321 36.11
(26.56, 46.29)

0.340212234 1.02
(0.88, 1.17)

0.50
(0.48, 0.52)

Central Asia 41.29
(30.03, 52.86)

0.503162845 51.16
(37.60, 65.30)

0.467023706 1.02
(0.86, 1.20)

0.69
(0.61, 0.77)

Central Europe 36.09
(26.96, 45.67)

0.377010852 34.08
(25.02, 44.13)

0.382380577 0.15
(0.07, 0.26)

–0.11
(–0.18, 
–0.03)

Central Latin America 72.37
(56.77, 90.73)

0.37803147 68.69
(52.71, 86.70)

0.372676549 1.37
(1.21, 1.50)

–0.17
(–0.23, 
–0.11)

Central sub-Saharan 
Africa

37.13
(27.50, 47.02)

0.894399227 36.53
(26.88, 47.19)

0.787929457 1.40
(1.02, 1.76)

–0.11
(–0.17, 
–0.05)

East Asia 38.92
(29.85, 49.62)

0.491785692 39.30
(30.11, 49.71)

0.517219841 1.08
(0.88, 1.23)

0.31
(0.13, 0.48)

Eastern Europe 28.97
(22.03, 36.32)

0.355500279 29.00
(22.08, 36.95)

0.35290721 0.10
(0.03, 0.16)

–0.09
(–0.15, 
–0.03)

Eastern sub-Saharan 
Africa

42.38
(31.27, 56.17)

1.182540117 43.79
(32.22, 57.93)

1.106227804 1.29
(1.10, 1.44)

0.14
(0.11, 0.16)

High-income Asia 
Pacific

46.61
(35.04, 58.57)

0.432580868 38.31
(28.14, 49.80)

0.432962775 0.38
(0.27, 0.53)

–0.63
(–0.71, 
–0.56)

High-income North 
America

47.73
(35.95, 60.34)

0.419758144 53.53
(39.82, 68.25)

0.401333516 0.83
(0.78, 0.88)

0.47
(0.38, 0.56)
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Characteristics 1990 2019 1990–2019

Age- 
standardized 

DALY rate 
(per 100,000)

Male/ 
female 
ratio

Age- 
standardized 

DALY rate 
(per 100,000)

Male/ 
female ratio

Change in 
Number No. 

(%)

EAPC

North Africa and 
middle East

16.05
(11.65, 20.91)

0.393783993 19.04
(13.91, 24.87)

0.376507403 1.84
(1.58, 2.05)

0.66
(0.62, 0.70)

Oceania 12.36
(8.80, 16.43)

0.501952026 13.77
(9.89, 18.40)

0.508095394 1.54
(1.31, 1.82)

0.37
(0.34, 0.39)

South Asia 49.99
(39.16, 61.89)

0.497680089 53.36
(41.81, 65.99)

0.451135385 1.62
(1.41, 1.87)

0.18
(0.14, 0.22)

Southeast Asia 16.17
(11.99, 20.98)

0.545446663 18.48
(13.76, 23.64)

0.513944343 1.35
(1.08, 1.56)

0.54
(0.50, 0.58)

Southern Latin America 37.35
(27.96, 47.10)

0.418146386 45.77
(34.05, 58.57)

0.297156662 1.10
(0.95, 1.26)

0.78
(0.72, 0.84)

Southern sub-Saharan 
Africa

66.91
(51.84, 82.86)

0.773181806 56.76
(43.29, 71.95)

0.784761477 0.64
(0.49, 0.84)

–0.75
(–0.98, 
–0.53)

Tropical Latin America 40.03
(29.04, 51.63)

0.4270601 42.82
(31.44, 55.05)

0.433006748 1.21
(1.07, 1.31)

0.28
(0.26, 0.31)

Western Europe 46.37
(35.10, 58.69)

0.399088801 42.22
(30.83, 54.67)

0.410163451 0.23
(0.15, 0.31)

–0.27
(–0.30, 
–0.24)

Western sub-Saharan 
Africa

10.56
(7.97, 13.59)

0.620456593 13.29
(9.80, 17.09)

0.64274246 1.84
(1.53, 2.18)

0.80
(0.77, 0.84)

DALY – disability adjusted life-years, EAPC – estimated annual percentage change, NA – not available, UI – uncertainty interval.

Table II. Cont.

RA-associated DALYs worldwide

From 1990 to 2019, the global age-standard-
ized RA-related DALYs increased by 1.15% from 
39.12 to 39.57 (Table II). By contrast, the age-stan-
dardized DALYs showed an increasing trend, with 
an EAPC of 0.12 (95% CI: 0.08–0.17) (Table II, Fig-
ure 1 B, Supplementary Figure S1 B). The age-stan-
dardized number of DALYs increased in both men 
and women from 1990 to 2019 (EAPC for men = 
0.16; EAPC for women = 0.12) (Table II). 

From 1990 to 2019, the age-standardized 
RA-related DALYs were lower in men than in wom-
en, as reflected by the male-to-female ratios of 
0.47 in both 1990 and 2019 (Table II). The male-to-
female ratio of DALYs peaked in the 75–79 years 
age group across the world; the ratio also peaked 
in the same age group in the high-, high-middle-, 
and low-SDI regions. Moreover, the ratio peaked 
in the 85–89 years age group in the middle-SDI 
regions and in the 80–84 years age group in the 
low-middle-SDI regions (Supplementary Figure 
S7). The incidence of age-standardized RA-related 
DALYs peaked at ages 80-84 globally and in low-
SDI regions (Supplementary Figure S8).

As shown in Table II and Supplementary Figure 
S1 B, the age-standardized RA-related DALYs were 
substantially higher in the low-middle-SDI re-
gions than in the other regions in 2019. Moreover, 
in 2019, the highest regional age-standardized  

DALYs were observed in the low-middle-SDI re-
gions (48.38 per 100,000 population; 95% UI: 
37.95–59.54), followed by the high-SDI regions 
(45.02 per 100,000 population; 95% UI: 33.28–
57.74). The age-standardized RA-related DALYs 
increased the most in the low-middle-SDI regions, 
where the values of EAPC peaked at 0.41 (95% CI: 
0.38–0.44) (Table II, Figure 1 B).

The EAPC of the age-standardized RA-relat-
ed DALYs was negatively associated with the 
age-standardized DALYs (ρ = –0.341, p < 0.001) 
(Supplementary Figure S4 C) and the SDI (ρ = 
–0.173, p = 0.013) (Supplementary Figure S4 D). 
In 2019, the highest incidence of age-standard-
ized RA-related DALYs across all regions was ob-
served among older adults (i.e. individuals aged 
> 70 years); moreover, regions in which the SDI 
increased from 1990 to 2019 witnessed higher 
rates of DALYs among older adults (Supplementa-
ry Figure S5 C and S5 D). Overall, the annual rate 
of DALYs increased among younger people but de-
creased among older adults (Supplementary Fig-
ure S6 C). 

Across regions, the highest age-standardized 
RA-related DALYs in 2019 were observed in cen-
tral Latin America (68.69 per 100,000 population;  
95% UI: 52.71–86.70), followed by southern 
sub-Saharan Africa (56.76 per 100,000 popula-
tion; 95% UI: 43.29–71.95) and North America 
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Figure 1. The EAPC of rheumatoid arthritis ASRs from 1990 to 2019, by regions. A – The EAPC of ASIR. B – The EAPC 
of age-standardized DALY rate

EAPC – estimated annual percentage change, ASRs – age-standardized rates, ASIR – age standardized incidence rate,  
DALY – disability adjusted life-year.
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Figure 2. The EAPC of ASIR

EAPC – estimated annual percentage change, ASIR – age standardized incidence rate.

The EAPC of age-standardized incidence rate

The EAPC of age-standardized incidence rate

The EAPC of age-standardized incidence rate

Both
–0.17–0.03

0.04–0.14

0.15–0.22

0.23–0.35

0.36–0.50

Male
–0.18–0.06

0.07–0.16

0.17–0.22

0.23–0.33

0.34–0.47

Female
–0.15–0.02

0.03–0.15

0.16–0.25

0.26–0.37

0.38–0.55
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Figure 3. The EAPC of age-standardized DALY rate

EAPC – estimated annual percentage change, DALY – disability-adjusted life-years.

The EAPC of age-standardized DALY rate

The EAPC of age-standardized DALY rate

The EAPC of age-standardized DALY rate

Both
–0.29 – –0.11

–0.10–0.06

0.07–0.18

0.19–0.35

0.36–0.92

Male
–0.30 – –0.11

–0.10–0.05

0.06–0.19

0.20–0.40

0.41–0.98

Female
–0.27 –  –0.08

–0.07–0.10

0.11–0.24

0.25–0.44

0.45–0.89
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(a high-income region; 53.53 per 100,000 popula-
tion; 95% UI: 39.82–68.25). The lowest rates were 
observed in western sub-Saharan Africa (13.29 
per 100,000 population; 95% UI: 9.80–17.09), fol-
lowed by Oceania (13.77 per 100,000 population; 
95% UI: 9.89–18.40) and southeast Asia (18.48 per 
100,000 population; 95% UI: 13.76–23.64) (Table II,  
Supplementary Table SI). From 1990 to 2019, the 
age-standardized rates of RA-related DALYs in-
creased the most in Andean Latin America (EAPC = 
0.94; 95% CI: 0.83–1.04), western sub-Saharan Af-
rica (EAPC = 0.80; 95% CI: 0.77–0.84), and south-
ern Latin America (EAPC = 0.78; 95% CI: 0.72–0.84) 
and decreased the most in southern sub-Saharan 
Africa (EAPC = –0.75; 95% CI: –0.98 to –0.53), 
Asia Pacific (a high-income region; EAPC = –0.63; 
95% CI: –0.71 to –0.56), and western Europe 
(EAPC = –0.27; 95% CI: –0.30 to –0.24) (Table II,  
Figure 1 B, Supplementary Table SI).

Across countries, the highest age-standard-
ized RA-related DALYs in 2019 were observed in 
Honduras (90.15 per 100,000 population; 95% 
UI: 66.48–114.15), followed by Mexico (83.46 per 
100,000 population; 95% UI: 64.55–106.40) and 
Ireland (74.84 per 100,000 population; 95% UI: 
55.16–96.37), whereas the lowest age-standard-
ized RA-related DALYs were observed in Yemen 
(12.50 per 100,000 population; 95% UI: 8.86–
16.44), followed by Cabo Verde (12.52 per 100,000 
population; 95% UI: 8.51–16.78) and Fiji (12.56 
per 100,000 population; 95% UI; 8.74–17.24) 
(Supplementary Tables SII and SIV). Between 
1990 and 2019, the age-standardized RA-related 
DALYs decreased the most in Poland (overall EAPC 
= –1.07; EAPC for men = –1.10; EAPC for women = 
–0.96) and increased the most in Paraguay (over-
all EAPC = 2.61; EAPC for men = 2.77; EAPC for  
women = 2.54) (Figures 2 B, 3, Supplementary Ta-
bles SII, SIV–SVI). 

Discussion

The present study analysed the global RA bur-
den from 1990 to 2019 using data from the GBD 
2019 study. The major findings are as follows. 
Globally, the age-standardized incidence and  
DALYs of RA increased from 1990 to 2019. During 
this period, the age-standardized RA incidence in-
creased the most in the high-middle-SDI regions. 
Regionally, the age-standardized RA incidence in-
creased the most in Andean Latin America, south-
ern Latin America, and central Asia. The age-stan-
dardized RA incidence was lower among men than 
among women. Finally, positive correlations were 
found between the EAPC of the age-standardized 
RA incidence and the SDI.

The incidence of RA is increasing, perhaps due 
to the increased survival of patients with RA [6]. 
Our study findings show that the age-standard-

ized RA incidence was significantly higher in the 
high-SDI regions than in the other regions. More-
over, the age-standardized RA incidence increased 
the most in the high-middle-SDI regions, perhaps 
due to the availability of more human and finan-
cial resources in developed countries, which helps 
to increase the rates of early detection of RA and 
improve treatment efficacy; this phenomenon 
may also be related to the more advanced med-
ical practices and greater access to care in these 
regions. This lower RA incidence may be partly at-
tributable to the lower RA incidence in developing 
countries; however, it may also reflect differences 
in the age distribution between the study popula-
tions. Moreover, depending on the access to med-
ical care, patients with mild RA may be less likely 
to be diagnosed. 

From 1990 to 2019, the age-standardized RA 
incidence increased the most in Andean Latin 
America, southern Latin America, and central 
Asia. These geographical differences in the risk of 
RA are attributable to regional differences in the 
behavioural factors, climate, environmental expo-
sure, RA diagnosis, and genetic factors [7]. In addi-
tion, the incidence of RA differs with temporal and 
geographic differences, which may be influenced 
by genetic and environmental factors. A  study 
conducted in southern European countries also 
reported a  relatively low RA incidence as com-
pared with those conducted in northern and North 
American countries [8]. Dietary factors, such as 
the consumption of olive oil and fish and a Med-
iterranean diet, may provide protection against 
disease development and the disease itself [9].

A typical symptom of RA is the subjective feel-
ing of poor joint mobility when getting up in the 
morning; this symptom is a nonspecific reaction 
to joint inflammation and an indicator for RA di-
agnosis. Although the aetiology of RA is current-
ly unknown, many studies have shown that the 
occurrence of RA is related to factors such as in-
fection and sex hormones, especially the prolifer-
ation of the joint synovial-lining cell layer and the 
destruction of cartilage and bone tissue caused 
by arthritic reactions due to infection. Immune 
abnormalities, metabolic abnormalities, and bone 
degeneration can also lead to the occurrence of 
RA [10, 11].

RA can occur in individuals of all ages; howev-
er, it is seen more in women who perform man-
ual labour jobs in humid environments, generally 
between 30 and 50 years of age, and women are 
usually more affected than men [12]. According 
to the present study, the age-standardized RA in-
cidence rate was lower among men than among 
women. This may be attributable to the fact that 
more women perform manual labour jobs in humid 
environments, the increased susceptibility of the 
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female body, and physiological causes (menstru-
ation, pregnancy, childbirth, and breastfeeding); 
moreover, the female system is subject to severe 
hormonal changes, and alterations of metabolic 
levels can easily lead to endocrine disorders and 
increase the risk of RA [1, 2, 11]. Thus, compared 
with men, women are 2–3 times more susceptible 
to RA [13–15]. Moreover, RA progresses faster and 
is more severe in women than in men. The patho-
genesis of RA is unclear, the associated morbidity 
rate is high, the prognosis is unsatisfactory, and 
the disease is difficult to cure; these factors in-
crease the medical burden caused by RA and the 
social pressure caused by the loss of labour force 
on society and the family. Therefore, early diag-
nosis, prevention, and targeted treatment are ex-
tremely important for managing RA.

Currently, no pharmacological treatments have 
been shown to reduce the risk of RA development 
in the medium to long term. Because RA is a joint 
lesion that can lead to the loss of joint deformities, 
from the perspective of prevention, we should at-
tach great importance to early detection and early 
treatment. We should exercise regularly, supple-
ment calcium in time, maintain normal weight, 
prevent excessive fatigue, and pay attention to 
keeping warm, which can reduce the risk of RA.

The GBD study analysed the disease burden 
according to different indicators across countries/
territories and populations worldwide through 
dynamic monitoring and evaluation of the glob-
al health status, quality of life, and DALYs; it also 
determined the main disease types and high-risk 
groups across different countries/territories and 
analysed the main risk factors so as to aid deci-
sion-making by governments to understand the 
health status of their citizens, identify health gaps 
in countries and territories, and strive to improve 
the people’s health, formulate effective health de-
velopment plans, and rationally allocate health re-
sources. By analysing the global EAPC of RA from 
1900 to 2019, the effectiveness of current strate-
gies for RA prevention can be determined, and the 
resultant findings can aid in the development of 
more targeted strategies.

Our study has some limitations. The accuracy 
of the GBD study findings depends on the quality 
and quantity of the collected data, and potential 
biases due to the misclassification and miscoding 
of diseases may compromise the robustness and 
accuracy of the GBD estimates. Differences in the 
diagnostic criteria between countries and over 
time can also compromise the accuracy of the es-
timates. 

Increasing trends in the age-standardized RA 
incidence and DALYs worldwide were shown from 
1990 to 2019, the values of these measures re-
mained high in the low–middle- and high-SDI 

regions, respectively. In particular, central Latin 
America, southern sub-Saharan Africa, and North 
America experienced the largest burden of RA; 
moreover, globally, RA was more frequently report-
ed in women than in men. Future strategies for 
RA prevention should focus on women and older 
adults, as well as individuals from Andean Latin 
America, southern Latin America, central Asia, 
western sub-Saharan Africa, and other high-risk 
regions. 
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