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Abstract

Objective We aimed to provide a better understanding of the secular trends in rheumatoid arthritis (RA) burden at the
regional and national levels, contributing to identifying the areas with high burden needs and finding the potential areas
requiring additional attention, which will facilitate the development of strategies tailored to RA burden.

Method Data were obtained from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019 study.
We presented the secular trends in the prevalence, incidence, and years lived with disability (YLDs) of RA needs by sex,
age, sociodemographic index (SDI), region, country, and category between 1990 and 2019 using data from the GBD 2019
study. The age-standardized rates (ASR) and its estimated annual percentage changes (EAPCs) are employed to describe
the secular trends in RA.

Results Globally, there were an estimated 18.5 million [95% confidence interval (CI) 31.53 to 41.74)] prevalent cases of
RA, with 1.07 million (95% CI 0.95 to 1.18) incident cases per year and almost 2.43 million YLDs (95% CI 1.68 to 3.28)
in 2019. The age-standardized prevalence and incidence rates estimated for RA were 224.25 per 100,000 and 12.21 per
100,000 in 2019, with EAPCs of 0.37 (95% CI—0.32, 0.42) and 0.30 (95% CI 0.25 to 0.34), respectively. The corresponding
age-standardized YLDs estimated was 29.35 per 100,000 in 2019, with an EAPC of 0.38 (95% CI: 0.33, 0.43). During the
study period, the ASR of RA was consistently higher in females than in males. Moreover, the age-standardized YLD rate of
RA was associated with the sociodemographic index (SDI) in 2019 across all 204 countries and territories (R =0.28). The
projections indicate that the age-standardized incidence rates (ASIR) trend will continue to increase from 2019 to 2040, with
a projected ASIR of 10.48 and 4.63/100,000 for females and males, respectively.

Conclusions RA is prevalent and remains a significant global public health challenge. Globally, the burden of RA has
increased over the past 30 years and will continue to increase. Prevention and early treatment of RA are pivotal to avoiding
disease onset and alleviating the enormous burden.

Key Points

o The burden of rheumatoid arthritis is increasing globally.

o Global estimates indicate that the number of RA incident cases will increase 1.4-fold globally, from approximately 1.07 million at the end of
2019 to approximately 1.5 million by 2040.
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and proximal interphalangeal joints of the hands and feet,
gradually progressing to the large joints [1, 2]. Persistent
inflammation leads to damage and deformity of the
affected joint [3-5]. It has only been during the twenty-first
century that remission, let alone cure, has been a regularly
achievable target in RA. RA is a significant public health
problem associated with a burden of resultant functional
disability. Globally, the overall age-standardized prevalence
and incidence rate of RA have increased [6]. However, the
secular trend in RA burden by region and country has not
been reported. Collectively, these findings point to a strong
need to document the global burden caused by RA.

Clinically, the symptoms of early treated RA differ signifi-
cantly from later undertreated symptoms. Early diagnosis and
treatment of RA can block joint degeneration in 90% of patients
[2]. However, insufficiently treated RA exhibits complex clini-
cal symptoms accompanied by severe general manifestations
[2]. RA could also involve some essential internal organs, such
as the lungs, heart, kidneys, and digestive tract, and the whole
process is ongoing and recurrent, which is a significant health
problem worldwide, resulting in a huge psychological burden
for patients and a substantial economic burden for society [7,
8]. Determining the global burden of RA, such as prevalence,
incidence, and years lived with disability (YLDs), is essential
because of the high rate of disability in RA. Collectively, these
findings point to a strong need to document the global burden
caused by RA.

Several national studies have reported, examined the
prevalence and incidence of RA, and reported the burden of
RA in regions or territories. The prevalence and incidence
of RA varied significantly between studies due to differ-
ences in the definitions used, data sources, age categories,
and sex distribution of the study population [9-11]. It is
unclear whether this is due to inconsistencies in the defined
population, changes in the methods used to identify peo-
ple with RA, including data sources, sample size, date of
data collection, or the criteria used to classify RA [12]. For
instance, Sebbag et al. conducted an analysis utilizing the
Global Burden of Disease (GBD) 2010 and reported the
global and regional burdens of RA in terms of prevalence
and disability-adjusted life years. However, national-level
estimates were not provided [13]. Using GBD 2017, Safiri S
et al. systematically examined RA burden at global, regional,
and national levels, yet their estimates were based on 2017
data and no forecast for RA trends over the next 20 years
[14]. However, the global trend in RA burden by region and
country has never been reported. In addition, no study has
investigated the annual percentage changes (EAPCs) in RA
burden by category over a specific time interval. Hence, we
aimed to understand better the secular trends in RA burden
at the regional and national levels, providing evidence that
healthcare decision-makers can make decisions and prior-
itize RA as a population-level health problem.
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Methods
Overview GBD

GBD 2019, conducted by the Institute of Health Metrics
and Evaluation, covers 204 countries, 7 superregions, and
21 regions from 1990 to 2019. GBD 2019 enlarged its
analysis of the burden of disease for all WHO Member
States compared to GBD 2017, adding nine countries and
territories to the GBD position hierarchy [15]. GBD 2019
assessed attributable mortality, years of life lost, years of
life lived with disability, and disability-adjusted life years
for 87 risk factors and combinations of risk factors at the
worldwide level, regionally, for 204 countries and terri-
tories, comparing the 84 risk factors in GBD 2017 [14,
15]. A detailed description of the collection and processing
of the data, the methodology for reporting the 2019 GBD
results, and key advances compared to earlier series has
been published elsewhere [15-17]. RA incidence, preva-
lence, and YLDs were evaluated using large-scale popula-
tion-representative data sources identified in the literature
retrieval and via research collaborations.

Case definition and data sources

The definition has been described in previous studies [14].
The reference case definitions for estimating RA preva-
lence in the GBD studies were from the American College
of Rheumatology (ACR 2010) [18], which display seven
diagnostic criteria. The GBD 2019 study includes raw
data from 46 countries, as well as data based on modeling
derived from other country regions, incidence, prevalence,
and YLDs of RA in global, regional, and national popula-
tions by sex and age, and national socio-demographic index
(SDI) value levels from 1990 to 2019.

Severity and years lived with disability

The International Classification of RA (M05-M06.9, M08.0-
MO08.89) uses ICD-10 codes with three sequelae (severity),
each with a specific DW ranging from 0.11 to 0.58. These
proportions were then used to divide the overall prevalence
of RA into severity categories. Finally, prevalence estima-
tions were multiplied by the disability weights (DWs) of
reciprocally exclusive disease and injury sequelae to cal-
culate YLDs.

Socio-demographic index

SDI is a generalized measure that assesses a location’s posi-
tion on a development spectrum. A composite indicator of
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income, education, and fertility is a metric for measuring
development. It allows comparisons of health outcomes
and health system performance between countries to better
understand world health in the future [17].

Statistical analysis

The International Classification of RA (M05-M06.9,
MO08.0-M08.89) uses ICD-10 codes with three sequelae
(severity), each with a specific DW ranging from 0.11 to
0.58. These proportions were then used to divide the overall
prevalence of RA into severity categories. Finally, preva-
lence estimations were multiplied by the disability weights
(DW5s) of reciprocally exclusive disease and injury sequelae
to calculate YLDs. To assess long-term trends in RA, the
estimated annual percentage change (EAPC) and obtain
95% confidence intervals (CIs), ASR in number and ampli-
tude of fold change variations apply to all ages. The EAPC
was identified to be 100 X (exp(p) — 1), and the correspond-
ing 95% confidence interval (CI) was calculated using a
linear regression model: y =a+ px + ¢, where y =In (ASR)
and x = calendar year [19]. ASR showed a decreasing trend
when the upper limit of both the EAPC estimate, and it's
95% CI were < 0. Conversely, when both the EAPC estimate
and the lower limit of its 95% CI were >0, ASR showed an
increasing trend. In addition, ASR was stable over time.
To explore the gender and age distribution patterns of RA
prevalence, we obtained crude data and proportions of RA
prevalence in 2019 and analyzed the gender-age patterns
of male and female individuals according to RA patients
grouped every five years. Based on the GBD 2019 esti-
mates, we projected the incidence of RA in 2040 by running
the Nordpred age-period-cohort (NAPC) analytically using
the Nordpred package R. Considering the changing rates
and the ongoing demographic changes, the model has been
well demonstrated and endorsed in previous studies [20].
Furthermore, to facilitate comparison with the predicted
results, we calculated the absolute number of events that
would occur if the incidence remained stable (baseline ref-
erence), decreased by 1% per year (optimistic reference),
and increased by 1% per year (pessimistic reference) based
on the observed rates in 2019. All statistical analysis and
visualizations were performed using Python 3.9.9 (Jupyter,
US) and R version 3.5.2 (The R Project for Statistical Com-
puting, Vienna, Austria).

Results

Global level

Based on the GBD estimates, the age-standardized preva-
lence and incidence rates estimated for RA were 224.25

per 100,000 persons (95% CI 20.94 to 245.99) and 12.21
per 100,000 persons (95% CI 11.83 to 14.27) in 2019, with
EAPCs of 0.37 (95% CI—-0.32 to 0.42) and 0.30 (95% CI
0.25 to 0.34), respectively. The corresponding estimated
age-standardized YLD rate was 29.35 per 100,000 person-
years (95% CI 20.29 to 39.51) in 2019, with an EAPC of
0.38 (95% CI1 0.33 to 0.43) (Table 1).

The present study estimated that the global number
of incident cases of RA increased 0.89-fold from 1990,
with 1.07 million (95% CI 0.95 to 1.18) in 2019 (Sup-
plementary Figure S1). The ASIR increased from 1990 to
2019 (EAPC=0.30, 95% CI 0.25 to 0.34), with values of
12.21 (95% CI 11.33 to 13.38) and 13.00 (95% CI 11.83
to 14.27), respectively. There were 18.5 million (95% CI
31.53 to 41.74) prevalent cases of RA in 2019, a 1.06-fold
increase from 1990 (Supplementary Figure S1b). The age-
standardized prevalence rates (ASPR) increased across the
study period (EAPC=0.37, 95% CI, 0.32 to 0.42), from
207.46 per 100,000 in 1990 to 224.25 per 100,000 in 2019
(Table 1).

In 2019, nearly 2.43 million (95% CI 1.68 to 3.28) YLDs
increased 1.05-fold from 1990 due to RA. (Supplementary
figure S1c). Moreover, the age-standardized rate of YLDs
increased across the study period (EAPC =0.38, 95% CI
0.33 to0 0.43), from 27.10 per 100,000 in 1990 to 29.35 per
100,000 in 2019 (Table 1).

The prevalent cases, incident cases, and YLD cases
increased in all five SDI regions from 1990 to 2019, with
the most significant increase detected in the Low SDI
regions. The absolute number of prevalent cases, incident
cases, and YLD cases increased nearly 1.48-fold, 1.34-
fold, and 1.49-fold, respectively (Table 1) Supplementary
figure S2).

Regional level

Based on the GBD estimates, the ASIR of RA was found to
have the most significant increases in Andean Latin America
(EAPC=1.39,95% CI, 1.32 to 1.45), followed by Southern
Latin America (EAPC=1.01, 95% CI, 0.92 to 1.10) and
Central Asia (EAPC=1.0, 95% CI, 0.90 to 1.10), whereas
Oceania (EAPC=0.13,95% CI, 0.10 to 0.17), high-income
Asia Pacific (EAPC=0.11, 95% CI, 0.02 to 0.20), and Cen-
tral Latin America (EAPC=0.08, 95% CI, 0.05 to 0.11)
showed the lowest increases. Only EAPC was stable in
southern sub-Saharan Africa (EAPC=0.03, 95% CI-0.01
to 0.08) (Fig. 1A and Fig. 2A).

In 2019, the highest number of incident cases (290,965)
occurred in South Asia, followed by East Asia (229,076)
(Table 1), whereas high-income North America had the
highest ASIR at 21.46 per 100,000, followed by Cen-
tral Latin America at 21.12 per 100,000 (Supplementary
Table 2. Supplementary figure S3).
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Table 1 Incident cases, prevalent cases, and years lived with disabil-
ity (YLD) for rheumatoid arthritis in 2019 for both sexes and esti-
mated annual percentage change of rheumatoid arthritis in cases and

ASR from 1990 to 2019 by Global Burden of Disease regions (gener-
ated from data available from http://ghdx.healthdata.org/gbd-results-
tool). Note: EAPC is derived from calculations

Characteristics  Incidence Prevalence YLDs
2019 cases 1990-2019 1990-2019 2019 cases 1990-2019 1990-2019 2019 cases 1990-2019 1990-2019
X10° changein EAPCin ASR X10° changein EAPCin ASR X10°(95%  change in EAPC in ASR
(95% CI)  case (95% CI) (95% CI) case (95% CI) CI) case (95% CI)
Global 10.74 0.89 0.30 185.83 1.06 0.37 24.33 1.05 0.38
(9.76— (0.25t00.34)  (169.55— (0.32t00.42) (16.81- (0.33t0 0.43)
11.79) 204.34) 32.77)
East Asia 2.29 0.77 0.21 44.39 1.13 0.34 5.88 1.12 0.36
(2.04— (0.12t0 0.30)  (40.33-49.55 (0.23t00.46)  (4.06-7.95) (0.24 t0 0.48)
2.55)
Southeast Asia 0.4 1.00 0.42 7.39 1.34 0.52 0.99 1.32 0.53
(0.36— (0.38t0 0.46)  (6.53-8.37) (0.48t0 0.56)  (0.68-1.36) (0.49 to 0.57)
0.46)
Oceania 0 1.28 0.13 0.09 1.46 0.14 0.01 1.45 0.14
(0-0.01) (0.10t0 0.17)  (0.07-0.10) (0.11t0 0.18)  (0.01-0.02) (0.11 t0 0.18)
Central Asia 0.16 1.03 1.00 2.77 1.16 1.07 0.37 1.16 1.06
(0.15- (0.90to 1.10)  (2.50-3.11) (0.96to0 1.17)  (0.25-0.5) (0.96 to 1.16)
0.18)
Central Europe  0.16 0.10 0.35 3.66 0.28 0.36 0.48 0.28 0.38
(0.15- (0.25t00.45) (3.31-4.05) (0.30t0 0.43)  (0.33-0.65) (0.32 to 0.45)
0.18)
Eastern Europe  0.18 0.02 0.24 4.62 0.15 0.26 0.61 0.15 0.28
(0.16-0.2) (0.23t00.26) (4.21-5.06) (0.241t00.28)  (0.42-0.83) (0.26 to 0.30)
High-income 0.37 0.26 0.11 7.81 0.64 0.28 1.02 0.62 0.30
Asia Pacific (0.33— (0.02t0 0.20)  (7.12-8.60) (0.19t00.36) (0.71-1.39) (0.22 t0 0.39)
0.41)
Australasia 0.08 0.88 0.43 141 1.04 0.46 0.18 1.03 0.47
(0.07- (0.31t00.55) (1.26-1.57) (0.35t00.57)  (0.13-0.25) (0.36 to 0.58)
0.09)
Western Europe 0.93 0.34 0.28 18.18 0.40 0.24 2.36 0.40 0.25
(0.85— (0.22t00.35)  (16.54— (0.19t00.29) (1.62-3.18) (0.20 to 0.31)
1.01) 19.98)
Southern Latin ~ 0.11 1.05 1.01 2.04 1.22 1.03 0.27 1.20 1.02
America (0.1-0.12) (0.92t0 1.10)  (1.85-2.28) (0.94t01.12)  (0.19-0.37) (0.94t01.11)
High-income 1.05 0.84 0.72 18.21 0.92 0.73 2.31 0.90 0.71
North (0.96— (0.65t00.79)  (17.13— (0.67t0 0.80)  (1.62-3.07) (0.64 t0 0.78)
America 1.13) 19.34)
Caribbean 0.05 0.82 0.72 1.1 1.14 0.81 0.15 1.12 0.80
(0.05— (0.67t00.77)  (0.96-1.26) (0.76 t0 0.87)  (0.1-0.2) (0.74 t0 0.86)
0.06)
Andean Latin 0.09 2.03 1.39 1.63 2.50 1.49 0.22 2.46 1.48
America (0.08-0.1) (1.32t0 1.45)  (1.42-1.87) (14210 1.56)  (0.15-0.29) (1.41 to 1.56)
Central Latin 0.54 1.21 0.08 9.1 1.56 0.13 1.2 1.54 0.15
America (0.49— (0.05t00.11)  (8.31-9.94) (0.10t0 0.16)  (0.83-1.6) (0.12t0 0.18)
0.59)
Tropical Latin ~ 0.29 0.71 0.23 6.84 1.23 0.31 0.91 1.22 0.33
America (0.26— (0.20t0 0.25)  (6.17-7.55) (0.291t00.33)  (0.62-1.21) (0.31t0 0.35)
0.32)
North Africa 0.37 1.71 0.85 6.73 2.06 0.94 0.9 2.02 0.91
and Middle (0.32— (0.82t00.88)  (5.89-7.68) (091t00.98) (0.61-1.23) (0.88 t0 0.94)
East 0.42)
South Asia 291 1.40 0.29 39.54 1.61 0.40 5.11 1.60 0.43
(2.63— (0.28t0 0.30)  (35.74— (0.39t00.42) (3.48-6.85) (0.42 to 0.45)
3.21) 43.79)
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Table 1 (continued)

Characteristics  Incidence Prevalence YLDs

2019 cases 1990-2019 1990-2019 2019 cases 1990-2019 1990-2019 2019 cases 1990-2019 1990-2019
X10° changein  EAPCin ASR  X10° changein ~ EAPCin ASR X10° (95% change in EAPC in ASR
(95% CI)  case (95% CI) (95% CI) case (95% CI) CI) case (95% CI)

Central Sub- 0.09 1.90 0.57 1.27 1.80 0.57 0.17 1.82 0.59
Saharan (0.08- (0.51t00.62) (1.10-1.45) (0.52t00.62) (0.11-0.23) (0.54 t0 0.65)
Africa 0.11)

Eastern Sub- 0.41 1.63 0.52 5.14 1.54 0.55 0.68 1.55 0.57
Saharan (0.37- (0.48t0 0.56)  (4.61-5.76) (0.50t0 0.59)  (0.47-0.93) (0.53t0 0.62)
Africa 0.46)

Southern 0.13 0.80 0.03 2.17 0.94 0.05 0.28 0.92 0.02
Sub-Saharan  (0.12— (-0.01 t0 0.08) (1.96-2.41) (-0.01t0 0.11) (0.2-0.39) (-0.05 to 0.08)
Africa 0.15)

Western 0.13 1.81 0.54 1.73 1.82 0.63 0.23 1.83 0.63
Sub-Saharan  (0.12— (0.49t00.59) (1.50-1.99) (0.57t00.69) (0.16-0.32) (0.57 to 0.69)
Africa 0.15)

High-middle 1.99 0.68 0.45 39.99 0.88 0.48 5.27 0.88 0.49
SDI (1.8-2.19) (0.40t0 0.51)  (36.64— (0.41t00.54) (3.63-7.13) (0.43 t0 0.55)

43.90)
High SDI 2.33 0.56 0.38 43.78 0.69 0.41 5.64 0.67 0.41
(2.14- (0.31t0 0.45)  (40.52- (0.35t00.47)  (3.92-7.56) (0.35t0 0.48)
2.52) 47.39)
Low-middle 2.42 1.21 0.36 35.43 1.43 0.51 4.62 1.42 0.53
SDI (2.2-2.67) (0.34t00.38) (32.11- (0.48t00.54) (3.17-6.21) (0.50 to 0.55)
39.09)
Low SDI 0.95 1.34 0.41 12.38 1.48 0.48 1.63 1.49 0.50
(0.85— (0.39t00.44)  (11.13— (0.441t00.52) (1.12-2.21) (0.46 to 0.53)
1.05) 13.82)
Middle SDI 3.05 0.96 0.31 54.18 1.32 0.41 7.16 1.30 0.42
(2.75- (0.27t00.36)  (49.04— (0.36t0 0.47)  (4.91-9.69) (0.36 to 0.48)
3.38) 60.01)

Based on the GBD estimates, the ASPR of RA was
found to have the highest increase in Andean Latin America
(EAPC=1.49, 95% CI, 1.42 to 1.56), followed by Central
Asia (EAPC=1.07, 95% CI, 0.96 to 1.17) and Southern
Latin America (EAPC=1.03, 95% CI, 0.94 to 1.12). Oce-
ania (EAPC=0.14, 95% CI, 0.11 to 0.18) and Central Latin
America (EAPC=0.13, 95% CI, 0.10 to 0.16) showed the
lowest and were stable only in Southern Sub-Saharan Africa
(EAPC=0.05,95% CI—-0.01 to 0.11) (Fig. 1B and Fig. 2B).

In 2019, the highest number of prevalent cases (4,439,149)
occurred in East Asia, followed by South Asia (3,954,265)
and Western Europe (1,818,229) (Table 1), whereas Central
Latin America had the highest ASPR was 366.08 per 100,000,
followed by Australasia was 331.81 per 100,000 in 2019 (Sup-
plementary table 2 and supplementary figure S4).

Based on the GBD estimates, the most of RA YLDs cases
in 2019 were documented in East Asia (587,559), followed by
South Asia (510,513). However, Central Latin America had the
highest YLDs of age-standardized rate was 47.99 per 100,000,
followed by high-income North America at 44.03 per 100,000
in 2019 (Supplementary table 2 and supplementary figure S5).
Meanwhile, the RA YLDs of the age-standardized rate increased

fastest in Andean Latin America (EAPC=1.48,95% CI 1.41 to
1.56), followed by Central Asia (EAPC=1.06, 95% CI 0.96 to
1.16) and Southern Latin America (EAPC=1.02, 95% CI 0.94
to 1.11). Moreover, the RA YLDs of the age-standardized rate
were only stable in western sub-Saharan Africa (EAPC=-0.02,
95% CI -0.05 to 0.08) (Fig. 1C and Fig. 2C).

Age and sex patterns

Globally, both the incidence rate and prevalent cases of RA
were higher in females. The global ASIR is higher in females
and increases with age, peaking in 2019 in the 70-74 and
75-79 age cohorts for females and males, respectively. The
number of prevalent cases increased with age, peaking at
60—64 years for both males and females, with a decreasing
trend after this age (Fig. 3A).

In 2019, global ASPR was also higher in females and
increased with population aging, peaking in the 60—64 and
65—-69 age groups for females and males, respectively. The
number of incident cases after that the trend starts to decline,
with the fastest decline for males and females from 70-74
to 80-84, after which the decline slows down (Fig. 3B).
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«Fig.1 The global ASR trends of RA for both sexes in 204 countries
and territories from 1990 to 2019. (A) The ASIR of RA in 2019. (B)
The ASPR of RA in 2019. (C) The YLDs of RA in 2019. ASR, age-
standardized rate; ASIR, age-standardized incidence rate; ASPR, age-
standardized prevalence rate; YLDs, years lived with disability; RA,
rheumatoid arthritis

The rate of YLDs was higher in women and increased with
age, peaking in 2019 in females and males in the age group
70-74 years. The number of YLD cases increased with age

A

Incidence, rate per 100k

25+

and was highest in both sexes in the age group 60—64 years,
after which the trend declined (Fig. 3C).

Burden of RA according to SDI

The smoothing splines model suggests an overall correlation
between age-standardized YLDs due to RA and SDI at the global
and regional levels in 2019 (R=0.28, p <0.001). When SDI is
0.25, YLDs is estimated to be the lowest; it shows an overall
elevation trend of YLDs with SDI improvement, especially when
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«Fig.3 Global number of age and sex patterns of RA per 100,000
population in 2019. (A) 2019 incidence cases and incidence rate of
RA; (B) 2019 prevalence cases and prevalence rate of RA; (C) 2019
YLDs years and YLDs rate of RA

SDI is>0.75, which significantly increases. As shown in Fig. 4,
high-income North America, Andean Latin America, Eastern
Sub-Saharan Africa, Australasia, Central Latin America, and
southern Latin America had a much higher than expected burden
in almost all measurement periods. However, high-income Asia
Pacific, Southeast Asia, Oceania, North Africa, and the Middle
East had a lower-than-expected burden of RA during this period.
Moreover, in Central Europe, Eastern Europe, the burden caused
by RA in different regions shows diversity.

Global predictions of RA incidence

Based on the GBD estimates, we forecast that the global
incidence of RA will continue to increase, especially among
females (Fig. SA—C). As shown in Fig. 5B and C, the trend
in female incidence is somewhat similar to that of males, but
the incidence is substantially higher than that of males. Our
study shows that the ASIR trend will continue to increase
from 2019 to 2040, with a projected ASIR of 10.48 and
4.63/100,000 for females and males, respectively.

With the increased incidence of RA, the number of new
cases globally is expected to increase over the next 20 years

60-

R=0.28, p=3.8e-05 .

40-

Rate

20-

0.25 0.50 0.75

Socio-demographic Index

Fig.4 The age-standardized years lived with disability (YLDs) rates
of RA in 204 countries and territories and the sociodemographic
index in 2019. In the blue line, the expected values are displayed.

due to population growth. The shading in Fig. 5 indicates a
1% increase or decrease per year, with a corresponding sub-
stantial variation in the number of newly diagnosed cases. The
forecast results were somewhat higher than the pessimistic
reference; with a 1% increased rate annually, incident cases
would increase from 1,074,391 in 2019 to 1,496,358 in 2040.
Among females, the number of incident cases is expected to
increase from 743,930 in 2019 to 1,033,887 in 2040. In addi-
tion, the number of incident cases in males would increase
from 330,460 in 2019 to 467,282 in 2040 (Fig. 5D).

Discussion

In this paper, using data derived from GBD 2019, we pro-
vide updated and comprehensive estimates of age-stand-
ardized prevalence, incidence rates, and YLDs for RA in
204 countries and territories in 2019. We present the first
analysis of long-term trends in prevalence, incidence, and
YLDs from 1990 to 2019. Prevalent cases, incident cases,
YLD:s cases, and ASR of RA increased globally and revealed
female predominance and showed geographical diversity and
location differences by comparing across regions and over
periods. Moreover, the forecasts up to 2040 suggest that the
increasing incidence will continue.

In 2019, Safiri S et al. first reported the incidence, preva-
lence, ASR, and DALY of RA at the national level in GBD
2017. Furthermore, they examined the age and gender

region

Andean Latin America ¢ High-income North America

Australasia ¢ North Africa and Middle East
Caribbean * Oceania

Central Asia South Asia

Central Europe Southeast Asia

Central Latin America
Central sub-Saharan Africa
East Asia

Eastern Europe

Eastern sub-Saharan Africa

High-income Asia Pacific

Southern Latin America
Southern sub-Saharan Africa
Tropical Latin America
Western Europe

Western sub-Saharan Africa

Each point shows the observed age-standardized YLD rate for a spe-
cific country in 2019
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«Fig.5 Global trends in RA incidence rates by sex: observed (solid
lines) and predicted rates (dashed lines). (A) Global incidence trends
by 2040. (B) Global female incidence trends by 2040. (C) Global
male incidence trends by 2040. (D) Shades indicate whether the rate
remained stable (baseline reference), decreased by 1% per year (opti-
mistic reference, lower limit), or increased by 1% per year (pessimis-
tic reference, upper limit) based on the observed rate in 2019

patterns of RA and assessed the relation between the DALY
rate and SDI. The updated data sources and improved meth-
odologies in our study provide an advantage over the pre-
vious two studies. Our data are from GBD 2019 and are
updated compared to GBD 2017. In addition, we have pro-
jected the disease burden for the next 20 years. Therefore,
obtaining the latest global RA and the trend of the coming
diseases is essential to provide basic information for policy-
makers to implement measures. However, due to GBD 2019
data differences, our estimates need to be compared with
previous findings with caution. This discrepancy may be
partly explained by additional data sources and new meth-
ods applied in GBD 2019. In addition, previous studies did
not include predicting the incidence of RA in 2040 globally
and did not involve the EAPC.

The age-standardized prevalence and incidence of RA
increased from 1990 to 2019, which is consistent with pre-
vious studies [14, 21]. However, we found that the EAPC of
RA was>0 in 204 countries and territories worldwide. GBD
modeling allows us to compare across regions and over time
periods, showing geographical diversity and site disparity of
RA burden. In addition, GBD 2019 showed that the ASPR was
higher among females and increased with age, peaking at 7074
and 75-79 in the female and male age groups, respectively.
The ASIR was higher in females and increased with age, peak-
ing in the 60—64 and 65-69 age groups for females and males,
respectively. The age-standardized YLDs rates among females
were higher and increased with age, peaking at 70-74 for both
sexes. The prevalence of RA by age group has also been inves-
tigated in previous studies and has been reported to be higher
in females than males [11, 14, 22]. However, the prevalence
was higher in people aged 5069 years in previous studies [22],
which was not similar to the GBD 2019 findings. This may be
the result of different sources of databases and geographical
diversity and site disparity.

Previous findings confirm the notion of an increasing
burden of RA observed in previous studies [11, 14, 21,
23]. A nationwide study of older RA patients reported that
nearly 5% of the patients developed interstitial lung dis-
ease (ILD) due to RA [24]. A systematic review examined
the prevalence, costs, and work activity associated with the
incidence of RA [23]. The mean all-cause direct cost for RA
varies from $12,509 ($13,800) [25] to $20,919 ($24,255)
[26] per patient annually. This is only for the US and does
not provide a comprehensive assessment. Globally, of the
369 diseases and injuries studied in the 2019 GBD, RA

had a prevalent case load of 18.5 million in 2019, indicat-
ing a substantial disease burden. Additionally, regarding
the public health significance, the present study shows an
increasing trend in the prevalence, incidence and YLDs of
RA globally from 1990 to 2019. These results show a sub-
stantial disease burden.

The present study indicated that YLDs is an overall cor-
relation with socioeconomic development level (R=0.28,
p <0.001), which is not consistent with the previously
reported trend of RA and SDI [14]. Although our results
show an overall correlation, the association between SDI
level and YLDs shows a complex association. Indeed, the
RA burden was not confined to developed or less devel-
oped countries, and countries with diverse SDIs reported
an overall higher RA burden. Especially in Central Europe
and Eastern Europe, the burden caused by RA in different
SDI regions shows diversity. We analyze the burden of RA
in various regions and countries, allowing for better com-
parisons between countries to facilitate response strategies
based on the corresponding health situation.

This study predicts the ASIR for females and males in
2040, and our study shows that the ASIR trend will continue
to increase from 2019 to 2040, with a projected ASIR of
10.48 and 4.63/100,000 for females and males, respectively.
The projections indicate that the number of RA incident
cases will increase 1.4-fold globally, from approximately
1.07 million at the end of 2019 to approximately 1.5 million
by 2040. Thus, decreasing the global burden of RA is an
urgent issue globally. Thus, this highlights the importance
of health promotion to raise public awareness about RA dis-
ease onset, consequences, and treatment strategies, perhaps
through health education interventions. The focus should be
on the risk factors and the middle-aged female population of
RA when developing these programs and interventions. In
the current study, the global incidence of RA is predicted to
increase over the next 20 years, considering the tremendous
and increasing disease burden of RA. This further highlights
the importance of RA prevention and treatment. Along with
these previously emphasized aspects aimed at modifying
risk factors, such as refraining from smoking, hormones,
stress, obesity, infections, gut bacteria, and dietary factors
[27], we also advocate for early recognition and early treat-
ment of RA disease progression. Early diagnosis is critical
to optimal treatment success, and combination therapy can
prevent joint damage progression in approximately 90% of
patients with early RA [2, 28]. The burden of RA on society
is likely to rise. Government and policymakers should direct
efforts, and strategies to improve prevention and treatment
for RA need to be proposed to curb the increasing incidence
of RA and reduce the burden of RA.

Several limitations of our study should be noted, including
previously recognized flaws in the GBD research methodol-
ogy [15]. Data from individual studies in the GBD model
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were labeled covariates in these changing methods during the
modeling process, allowing DisMod-MR 2.1 to adjust the data
points to the level predicted when the study measured the ref-
erence diagnosis. However, while this modeling provides for
data comparisons across regions over time, differences in the
way RAs are defined are a limitation that prevents truly valid
comparisons between regions. However, there are reports that
the incidence rate is decreasing in developed countries, and
there is uncertainty in the results that it is increasing. Differ-
ent countries have different access to medical care, diagnostic
techniques, and treatments, making it difficult to lump them
together. Therefore, this is a speculative calculation, and some
estimates may be substantially uncertain and should be inter-
preted with caution. The disadvantage of our model is that
there is no exact range of how much of the increased incidence
is caused by cases of RA or by changes in practice detection.
Moreover, we investigated ASR-related factors. The SDI was
used to measure the quality and availability of health care,
while health systems were not evaluated.

Conclusions

RA is prevalent and remains a significant global public
health challenge. The age-standardized prevalence, annual
incidence, and YLDs vary significantly across countries
and territories. The change is most apparent, especially
in Andean Latin America. The global burden of RA has
increased over the past 30 years and will continue to grow
over the next 20 years. Our findings emphasize the need
for public policy interventions through disease prevention
projects. Public awareness of modifiable risk factors, preven-
tion, and early treatment is pivotal to avoiding the onset and
alleviating the enormous burden of RA.
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