Articles

GBD \

CrossMark

Lancet Rheumatol 2023;
5:e594-610

See Comment page e567

*Collaborators listed at the end

of the Article

Correspondence to:

Dr Marita Cross, Faculty of
Medicine and Health,

The University of Sydney,

Department of Rheumatology,
Royal North Shore Hospital,

St Leonards 2065, NSW,
Australia

marita.cross@sydney.edu.au

e594

Global, regional, and national burden of rheumatoid
arthritis, 1990-2020, and projections to 2050: a systematic
analysis of the Global Burden of Disease Study 2021
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Summary

Background Rheumatoid arthritis is a chronic autoimmune inflammatory disease associated with disability and
premature death. Up-to-date estimates of the burden of rheumatoid arthritis are required for health-care planning,
resource allocation, and prevention. As part of the Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2021, we provide updated estimates of the prevalence of rheumatoid arthritis and its associated deaths and
disability-adjusted life-years (DALYs) by age, sex, year, and location, with forecasted prevalence to 2050.

Methods Rheumatoid arthritis prevalence was estimated in 204 countries and territories from 1990 to 2020 using
Bayesian meta-regression models and data from population-based studies and medical claims data (98 prevalence
and 25 incidence studies). Mortality was estimated from vital registration data with the Cause of Death Ensemble
model (CODEm). Years of life lost (YLL) were calculated with use of standard GBD lifetables, and years lived with
disability (YLDs) were estimated from prevalence, a meta-analysed distribution of rheumatoid arthritis severity, and
disability weights. DALYs were calculated by summing YLLs and YLDs. Smoking was the only risk factor analysed.
Rheumatoid arthritis prevalence was forecast to 2050 by logistic regression with Socio-Demographic Index as
a predictor, then multiplying by projected population estimates.

Findings In 2020, an estimated 17-6 million (95% uncertainty interval 15-8-20-3) people had rheumatoid arthritis
worldwide. The age-standardised global prevalence rate was 208-8 cases (186-8-241-1) per 100000 population,
representing a 14-1% (12-7-15-4) increase since 1990. Prevalence was higher in females (age-standardised female-to-
male prevalence ratio 2-45 [2-40-2-47]). The age-standardised death rate was 0-47 (0-41-0- 54) per 100 000 population
(38300 global deaths [33500-44000]), a 23-8% (17-5-29-3) decrease from 1990 to 2020. The 2020 DALY count was
3060000 (2320000-3860000), with an age-standardised DALY rate of 36- 4 (27-6-45-9) per 100 000 population. YLDs
accounted for 76-4% (68-3-81-0) of DALYs. Smoking risk attribution for rheumatoid arthritis DALYs was
7-1% (3-6-10-3). We forecast that 31-7 million (25-8-39-0) individuals will be living with rheumatoid arthritis
worldwide by 2050.

Interpretation Rheumatoid arthritis mortality has decreased globally over the past three decades. Global age-
standardised prevalence rate and YLDs have increased over the same period, and the number of cases is projected to
continue to increase to the year 2050. Improved access to early diagnosis and treatment of rheumatoid arthritis
globally is required to reduce the future burden of the disease.

Funding Bill & Melinda Gates Foundation, Institute of Bone and Joint Research, and Global Alliance for Musculoskeletal
Health.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Rheumatoid arthritis is a chronic autoimmune
inflammatory disease that presents as a symmetrical
polyarthritis characterised by joint pain, swelling, and
stiffness. It can affect any synovial joint in the body, most
commonly starting in the small joints of the hands and
feet, with the potential to impact every aspect of daily
living. High levels of inflammation are associated with
fatigue and impairment of participation in occupational,
recreational, and societal roles. Rheumatoid arthritis can
affect men, women, and children at any age, but is
2-3 times more likely to occur in women and is more

common with increasing age, with onset most often
occurring at 60-70 years of age.! Without adequate
treatment, the disease can lead to progressive joint
destruction and deformity, causing long-term disability,
chronic pain, and premature death.

Treatment for rheumatoid arthritis has improved
considerably over time, leading to better health outcomes.
However, access to treatment varies globally and
substantial inequities exist.? The optimal management of
rheumatoid arthritis involves early diagnosis within
a 3-month window of opportunity and treatment with
conventional synthetic disease-modifying antirheumatic
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Research in context

Evidence before this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) is the only source of global, regional, and country
estimates of rheumatoid arthritis burden over time. An initial
extensive systematic review of rheumatoid arthritis prevalence
globally was done for GBD 2010 and updated for GBD 2017. We
searched PubMed for population-based epidemiological studies
of rheumatoid arthritis between 1980 and 2017 using the
search terms (“Arthritis, Rheumatoid”[Mesh] OR arthrit*) AND
(prevalen*[Mesh] OR inciden*[Mesh]) AND
(*2017/12/18"[PDAT] : “2019/10/18[PDAT]). Additional studies
encountered opportunistically during data review were added
for GBD 2015, 2016, and 2019 and six additional studies were
added for GBD 2021. In addition, health insurance claims data
for2000, 2010-2012, and 2014-2016 from the USA by state,
and for 2016 from Taiwan were included for GBD 2021. To date,
there is no published projection to 2050 of the global
prevalence of rheumatoid arthritis.

Added value of this study

This work provides updated fatal and non-fatal estimates of the
global burden of rheumatoid arthritis to 2020. The 2021
iteration of GBD includes new statistical methods to adjust for
case definition and the incorporation of modelled excess
mortality data into non-fatal models to improve consistency
between prevalence and death estimates, and to more
accurately capture trends based on health-care access. We
report a decrease of 23-8% in the age-standardised global rate
of deaths due to rheumatoid arthritis between 1990 and 2020.
Additionally, for the first time, we provide forecasted
prevalence estimates at the global and regional levels to 2050.
We forecast an 80-2% (63-3-92-1) increase to reach 31-7 million
people living with rheumatoid arthritis globally by 2050.

drugs (DMARDs), using a treat-to-target management
approach in which treatment is intensified according to
disease activity measures until a state of low disease
activity or disease remission is reached.* The addition of,
or switch to, biological DMARDs or targeted synthetic
DMARDs can be considered if there is severe disease or
ongoing disease activity with firstline therapies.*
However, biological and targeted synthetic DMARDs are
expensive and access to treatment varies globally.”
Methotrexate is a low-cost conventional synthetic
DMARD and, when started early at effective doses, can
control disease activity and minimise long-term disability
and mortality. When diagnosis and access to specialist
care is delayed, people with rheumatoid arthritis are more
likely to have both short-term and long-term disability.*
The global burden of rheumatoid arthritis was first
reported in 1990 as part of the initial Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD)
based on limited data sources.’” These data were
comprehensively updated for GBD 2010 and were
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Implications of all the available evidence

Rheumatoid arthritis continues to affect women more than men,
and, in keeping with other autoimmune diseases, age-
standardised rheumatoid arthritis prevalence is greater in high-
income than in low-income and middle-income countries.
However, primary country-level data from low-income and
middle-income regions are sparse. Outcomes in rheumatoid
arthritis, including severity of disability and mortality, are
improved by early diagnosis and access to effective disease-
modifying antirheumatic drug (DMARD) therapy, including
affordable conventional synthetic DMARDs, such as
methotrexate, along with the more expensive biological
DMARDs. The decrease in mortality seen over time was greatest
in high-income countries which is in keeping with the premise
that early access to effective treatment is common in those
countries but much less accessible in low-income and middle-
income countries. There is a growing body of evidence to
suggest that a range of risk factors contribute to the
development and progression of rheumatoid arthritis, which
might, in part, be preventable; however, only smoking has been
addressed as a risk factor in GBD analyses. Further
epidemiological studies in low-income and middle-income
countries addressing prevalence, mortality, disability impact, and
severity distribution are needed. For all regions, a greater focus
on modifiable risk factors and access to treatment is needed to
both support strategies for rheumatoid arthritis prevention and
to enable more accurate comparisons and health policy
responses to be made in the future. The estimated increase in
number of cases by 2050 is substantial and health-care planning
that targets treatment with a particular focus on sex, given the
higher prevalence and incidence in females, is warranted. Early
access to currently available cost-effective rheumatoid arthritis
treatments is required to limit this burden globally.

reported in a separate report on the global burden of
rheumatoid arthritis for the first time in 2014,° with
subsequent updates and expansion in the ongoing
iterations of GBD." Up-to-date measures of rheumatoid
arthritis disease burden are required to inform health-
care planning and resource allocation, and GBD 2021
provides wupdated data on rheumatoid arthritis
prevalence, mortality (years of life lost [YLL)), years lived
with disability (YLD), and disability-adjusted life-years
(DALYs). In addition to current measures, estimates of
future disease burden are important to a wide range of
groups, including, clinicians, researchers, policy makers,
and non-government agencies. While industry-driven
epidemiological reports have forecasted rheumatoid
arthritis across seven to eight countries,”” to date there
has been no broader global forecasting to estimate the
future burden of this disease.

The aim of this study was to examine the data from
GBD 2021 to provide an updated analysis of rheumatoid
arthritis burden (fatal and non-fatal estimates) by age, sex,
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input-sources

location, and year. In addition, this study sought to report
on smoking as a risk factor for rheumatoid arthritis and
to forecast theumatoid arthritis prevalence to 2050.

Methods

Overview

GBD 2021 is a systematic analysis of health loss produced
by 369 diseases, injuries, risk factors, impairments, and
causes of death. GBD 2021 estimated rheumatoid
arthritis mortality, incidence, prevalence, and associated
disability by year, age, and sex for 204 countries and
territories, using a Bayesian meta-regression tool,
DisMod-MR 2.1. Data are reported by country, region,
and superregion, with superregions based on
epidemiological similarity and geographical closeness.
GBD estimated rheumatoid arthritis prevalence in all
countries. For most disease models in GBD, input data
were not available for every location where we estimated
prevalence. In these cases, prevalence estimates in
DisMod-MR 2.1 were made through two main
mechanisms: (1) an analytical cascade with initial models
at more aggregate levels (global, superregion, and
region), with information from such models passed as
priors to models at the geographical level below; and
(2) predictive covariates. In regions with no data,
estimates were informed by super-region priors. GBD
adheres to the GATHER statement.” This Article was
produced as part of the GBD Collaborator Network and
in accordance with the GBD protocol.

Input data

An initial systematic review of rheumatoid arthritis
incidence and prevalence in population-representative
data sources throughout the world was done for
GBD 2010.° The systematic review was updated for
GBD 2017," with six additional studies encountered
opportunistically during data review added for GBD 2021
(appendix p 2). In addition, health insurance claims data
from the USA for 2000, 2010-12, and 2014-16 by state
and claims data from Taiwan for 2016 were included
(International Classification of Diseases codes listed in
the appendix [p 2]). Each data source was given a unique
identifier and catalogued in the Global Health Data
Exchange.

Case definition

The reference case definition for rheumatoid arthritis
was based on the 1987 American College of Rheumatology
(ACR) classification criteria,” as the majority of
population-based data available used this case definition.
These criteria stipulate that rheumatoid arthritis is
defined by the presence of four of seven criteria: morning
stiffness; arthritis of three or more joint areas; symmetric
arthritis; arthritis of hand joints; rheumatoid nodules;
serum rheumatoid factor; and radiographical changes.
The first four criteria must be present for at least 6 weeks
to fulfil the case definition.

Data sources using diagnostic criteria other than the
reference criteria, such as the 2010 ACR-European
League Against Rheumatism (EULAR) criteria,” were
adjusted using a meta-regression tool, MR-BRT (Meta-
Regression—Bayesian ~ Regularised  Trimmed), as
described elsewhere.” Claims data from the USA
from 2010 onward and from Taiwan were additionally
treated as reference case definition data, as it was
assumed that most cases of rheumatoid arthritis would
intersect with the health system in these countries.
Adjustment factors were derived by pairing data sources
with different case definitions by age, sex, year, and
location, then running an MR-BRT model meta-analysis
on the logit difference between the prevalence of
alternative and reference case definitions (appendix p 3).
After adjusting data for case definition, data were
considered to be outliers if they had an age-standardised
mean of two or more median absolute deviations above
the median by sex, year, and location.

Cause of death modelling

Data from vital registration systems were used to
estimate mortality due to rheumatoid arthritis. The
standard Cause of Death Ensemble model (CODEm),
a highly automated tool that selects an ensemble of
model types and predictive covariates based on out-of-
sample predictive validity, was used to estimate deaths
due to rheumatoid arthritis by location, year, age, and sex
(appendix pp 5-6). Mortality rates due to rheumatoid
arthritis and all other causes were scaled to all-cause
mortality estimated from demographic data sources,
mainly vital registration systems, surveys, and censuses.
YLLs were calculated by multiplying the estimated
number of deaths due to rheumatoid arthritis in each
age group by the remaining life expectancy, as derived
from the standard GBD life table.”

Data processing and disease modelling
Before fitting models, prevalence data reported with wide
age ranges and male and female sexes combined were
split by age and sex. For data sources that reported
prevalence by age and sex separately, the ratio of male-to-
female prevalence was applied to age-specific datapoints
to split into age-specific and sex-specific datapoints.
Subsequently, we ran an MR-BRT model on the log-
transformed ratio of male-to-female prevalence for sex-
specific data sources, then used the pooled sex ratio to
split remaining combined sex datapoints into sex-specific
data. For data sources that reported estimates across age
groups spanning 25 years or more, we applied the global
prevalence age pattern estimated by DisMod-MR 2.1 in
the GBD 2017 round to split data into 5-year age groups.
It was assumed that there was no incidence or prevalence
of rheumatoid arthritis before 5 years of age.
Rheumatoid arthritis prevalence was modelled with
DisMod-MR 2.1, drawing on data from 45 countries and
using mean BMI as a predictive covariate to help predict
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Sub-Saharan Africa (163000 to 215000)

Southern

(-24510-9:9)
24-3%

(39:0t0 61.9)

(47-4t072:8)
2071%

(-38:0t07-2)

(-122t0-8:2)
25:9%

85
(57t011-9)

24700
(16000 to 35100)

19-4%

(-211t0101-6)

00
(0-0t0 0:0)

12:6
(6-24t021-1)

613
(51-6t0751)

177000
(144000 to 220 000)

Western

(19-9t029-8)

(196:3t0222-4)

(225029-4)

Sub-Saharan Africa

disability-adjusted life-year.

Values in parentheses are 95% uncertainty intervals. Super-region and region numbers do not sum to the global prevalence due to rounding and modelling adjustments for nations with populations below 50 000. DALY:

Table: Prevalence and burden of DALYs and deaths due to rheumatoid arthritis in 2020, and changes from 1990 to 2020, by sex and region

estimates in countries with no primary data. Data on
excess mortality were first calculated by dividing
available prevalence datapoints by corresponding cause-
specific mortality data by age, sex, year, and location.
These derived excess mortality data were modelled in
MR-BRT by age and sex with a prior on the Healthcare
Access and Quality Index,® such that as this index
increased excess mortality decreased, and were then
included in the model (appendix pp 5-6). Uncertainty
was propagated by sampling 100 model runs (draws) at
each computational step and combining uncertainty
from multiple data sources and data adjustments.
Uncertainty intervals (Uls) were defined as the 2-5th
and 97-5th percentiles of the ordered draws from
100 model runs.

Data from seven countries (France, Lebanon, Spain,
Finland, USA, Canada, and Sri Lanka) classifying severity
according to Health Assessment Questionnaire scores
were meta-analysed and scaled to fit to 1 for mild,
moderate, and severe disease. This process involved
normalising the disability weights derived from Health
Assessment Questionnaire scores such that the
maximum disability weight was equal to 1. Cutoff scores
were set as less than 1 for mild, 1 to less than 2 for
moderate, and 2 or greater for severe rheumatoid arthritis
(appendix p 6). YLDs were calculated by multiplying the
prevalence of each severity category by the severity-
specific disability weights. Disability weights in GBD
range from 0 (equivalent to perfect health) to 1 (signifying
full loss of health; details in appendix p 6).” YLDs were
corrected for independent co-occurrence with any other
condition for each age, sex, year, and location category.”
DALYs were calculated by summing YLLs and YLDs.

Risk estimation

Smoking was the only risk factor included in GBD 2021
for rheumatoid arthritis. GBD 2021 included risk factors
for which there was probable evidence of a risk—outcome
relationship, included more than one study type, at least
two cohorts, no substantial and unexplained heterogeneity,
low risk of confounding and selection bias, and biologically
acceptable dose-response gradients. Relative risk data for
smoking and rheumatoid arthritis were derived from six
published cohort or case-control studies. Additional
information can be found in the GBD 2019 risk factor
publication.”

Estimate projections

Forecasted global and regional cases of rheumatoid
arthritis to the year 2050 were computed by forecasting
prevalence rates and population estimates.”” Health
outcomes are closely tied to Socio-demographic Index
(SDI), a compound indicator of income per capita, years
of schooling, and total fertility in women younger than
25 years.” After forecasting mortality,” the following
regression was used to forecast the ratio of mortality to
prevalence: logit(R,,.)=(B,+8,,)SDL,+B,+V,., +€,.., In
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this equation R, is the year-age-sex-location-specific
ratio for a given cause, the covariate SDI is the location-
year-specific SDI, vy,, is the age-sex-location-specific
random intercept, §,,, is the age-sex-location-specific
slope on SDI, and ¢,,, is the residual term. Prevalence
was then calculated by dividing forecasted mortality by
the forecasted mortality-to-prevalence ratio after
transforming values back into normal space. Results were
truncated by calculating the mean absolute deviation
across dimensions of age, sex, and location, then finding
floor and ceiling values based on a multiplier for the
mean absolute deviation that covers 97-5% of the results
across all dimensions. This is a more flexible truncation
method than a hard cutoff, as it adapts to the bounds of
the data and allows elimination of extreme values obtained
in the division of mortality by the mortality-to-prevalence
ratio. The prevalence rates were shifted to align with the
draws in the last year of GBD data in logit space. To obtain
forecasted cases, forecasted rates were multiplied by
forecasted population values.” Validation testing was
conducted with estimates from 1990 to 2010 to project
prevalence from 2010 to 2019 by age, sex, location, and
year. The projections were then compared to the GBD
prevalence results for this period by calculating the root
mean squared error and bias (calculated as the median
value of all predicted minus observed values by age, sex,
location, and year). In all the four tests the model root
mean squared error was less than 0-0001 and bias less
than 0-0001. A Das Gupta decomposition analysis® was
done to determine the relative contributions of population
growth, population ageing, and changes in prevalence
unrelated to demographics to the change in case numbers
between 2020 and 2050.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Non-fatal estimates were based on input of 98 prevalence
and 25 incidence studies in addition to claims data,
providing data from 45 countries covering all seven GBD
super-regions and 16 of the 21 GBD regions. Subnational
data were available from 20 countries (appendix p 5). Fatal
estimates were derived from a total of 2595 sources with
cause of death data, from 120 countries.

In 2020, there were an estimated 17- 6 million (95% UI
15-8-20-3) people (all ages) living with rheumatoid
arthritis ~ globally, representing an increase of
121% (117-125) since 1990. The age-standardised global
prevalence rate was 208-8 cases (186-8-241-1) per
100000 population (table), representing an increase of
14-1% (12-7-15-4) since 1990 (appendix pp 8-20).

Across all estimation years, prevalence of rheumatoid
arthritis was more common in females than in males,
with a 2020 global age-standardised prevalence rate of
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Figure 1: Global prevalence, DALY, and YLD rates of rheumatoid arthritis

in 2020 by sex and age

(A) Prevalent cases per 100 000 population. (B) DALYs per 100 000 population.
(C) YLDs per 100 000 population. Shaded areas represent 95% uncertainty
intervals. DALY=disability-adjusted life-year. YLD=years lived with disability.

293-5 (95% UI 262-7-336-3) per 100000 population for
females and 119-8 (106-3-140-0) per 100000 for males
(table). The age-standardised female-to-male prevalence
ratio was 2-45 [2-40-2-47]). The age-specific prevalence
rate of rheumatoid arthritis peaked in the 75-79 years age
group in 2020, with 828.2 cases (730-3-934-0) per
100000 population (figure 1).

Among GBD superregions, the age-standardised
prevalence rate of rheumatoid arthritis was highest in the
high-income superregion (288-1 [262-6-324-0] per
100000 population) and in Latin America and the
Caribbean (269-7 [238-8-306-6] per 100000), and lowest
in sub-Saharan Africa (96-3 [83-8-113-2] per 100000) and
North Africa and the Middle East (116-8 [104-2-134-6]
per 100000). Regional variations ranged from
50-5 (42-1-60-7) per 100000 in Oceania to
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Figure 2: Age-standardised prevalence rate of rheumatoid arthritis for male and female sexes combined in 2020
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427-8 (385-9—479-2) per 100000 in Andean Latin America
(table, figure 2). Prevalence at the region and country
levels is provided in the appendix (pp 8-20).

In 2020, there were an estimated 38 300 deaths (95% Ul
33500 to 44000) due to rheumatoid arthritis globally, with
an age-standardised death rate of 0-5 (0-4 to 0-5)
per 100000. Between 1990 and 2020, there was a decrease
in global age-standardised death rates due to rheumatoid
arthritis (-23-8% [-29-3 to -17-5]), with the largest
decline in the  high-income super-region
(-43-8% [47-4 to —40-9]) and the smallest in the
southeast Asia, east Asia, and Oceania super-region
(-8-7 [-30-3 to 13-6]; table). An increase in global age-
standardised death rate was seen in three regions:
central Asia (530-6% [388-9 to 714-0]), eastern Europe
(6-4% [-2-4 to 18-2]), and western sub-Saharan Africa
(19-4% [-21-1 to 101-6]).

Globally, in 2020, there were 719000 YLLs (95% UI
644000-828000) due to rheumatoid arthritis for male
and female sexes combined, with an age-standardised
YLL rate of 8:6 (7-7-9-9) per 100000 population. The
age-standardised YLL rate for females (10-8 [9-5-12-8]
per 100000) was almost double that for males
(6-2 [4-6-7-2] per 100000).

Rheumatoid arthritis resulted in 3-06 million
(95% UI 2-32 to 3-86) global DALYs (all ages) in 2020,
accounting for 0-1% (0-1to 0-1) of total global DALYs. The

global age-standardised DALY rate for rheumatoid arthritis
in 2020 was 36-4 (27-6 to 45-9) per 100000 population
(table; appendix p 8). There was no change in the global
age-standardised DALY rate between 1990 and 2020
(-1-0% [-5-5 to 2-2]), although regional differences were
observed; for example, North Africa and the Middle East
had a 27-8% increase (18-3 to 36-9) from 1990 to 2020.
Age-standardised DALY rates and prevalence by region are
shown in the table and by country in the appendix (pp 8-20).

In 2020, 76-4% (95% UI 68-3-81-0) of rheumatoid
arthritis DALYs were due to YLDs and the remainder
were due to YLLs. Total YLD count for rheumatoid
arthritis was 2340000 (1590000-3130000). Between
1990 and 2020, the global age-standardised YLD rate for
rheumatoid arthritis increased by 13-8% (12-3-15-6),
from 24-4 YLDs (16-5-32-8) to 27-8 YLDs (18-9-37-1)
per 100000 population (appendix p 8).

As with prevalence, YLD and DALY rates for females
were considerably higher than for males across all age
groups. YLDs for females peaked in the 70-74 years age
group and DALYs around age 75-79 years, followed by
a decrease. For males, the peak YLD rate was in the
75-79 years age group, and DALYs peaked around age
85-89 years (figure 1).

Smoking was the only risk factor for rheumatoid
arthritis included in GBD 2021, accounting for
217000 (103 000-320000) or 7-1% (95% UI 3-6-10-3)
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of DALYs due to rheumatoid arthritis in 2020.
Rheumatoid arthritis DALY rates attributable to
smoking were considerably higher for males
(3-5[1-7-5-1] per 100000 population) than for females
(2-1[1-0-3-2] per 100 000).

Based on forecasted changes in population, we estimate
31-7 million (95% UI 25-8-39-0) individuals worldwide
will have rheumatoid arthritis in 2050 (figure 3),
constituting an 80-2% (63-3-92-1) increase in the
number of cases from 2020 to 2050. Of the total
rheumatoid arthritis cases in 2050, we estimate that
68-7% (65-2-72-3) will be female (21-7 million
[18-6-25-5]). The regions with no or little forecasted
change in cases from 2020 to 2050 are central Europe,
eastern Europe, and high-income Asia Pacific. The
regions with a projected increase of over 200% are
central, eastern, and western sub-Saharan Africa
(figure 4; for age-standardised prevalence and for cases
in 2050 see appendix p 22).

A decomposition analysis globally and by region shows
the relative contribution of population growth, population
ageing, and changes in prevalence rate to the forecasted
increase in cases (figure 4). Population growth was the
largest contributor in most locations. Regions with little
change in forecasted case numbers between
2020 and 2050 also had negative population growth,
including central and eastern Europe and the high-
income Asia Pacific region. East Asia also showed
negative population growth; however, population ageing
contributed to the increase in forecasted prevalence of
rheumatoid arthritis in that region. Changes in
prevalence rate were the largest contributor to the
increase in case numbers in eastern sub-Saharan Africa.

Discussion

This study provides updated global estimates of mortality,
prevalence, and disability (YLDs and DALYs) for
rheumatoid arthritis, as well as providing forecasted
estimates of rheumatoid arthritis disease burden to the
year 2050 for the first time. Global age-standardised
death rate decreased by around 23-8% between
1990 and 2020, and decreased in all super-regions, most
prominently in the high-income super-region, where
there was a decrease in deaths due to rheumatoid
arthritis of approximately 43-8% over the same period.
The decrease in mortality in high-income countries
might reflect better disease control and outcomes
following early intervention and treat-to-target treatment
strategies in high-income but not lower-income countries
over this time.””

The GBD age-standardised global prevalence rate of
rheumatoid arthritis was 208-8 cases per 100000
(0-21%) in 2020. This rate is considerably lower than that
found in a 2021 systematic review and meta-analysis by
Almutairi and colleagues® of papers published between
January, 1980, and June, 2019, which reported the global
pooled period-prevalence of rheumatoid arthritis
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Figure 3: Total global cases of rheumatoid arthritis forecasted to the year 2050
Shaded areas represent 95% uncertainty intervals.
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Figure 4: Decomposition of projected change in the number of prevalent rheumatoid arthritis cases by
region, 2020-50
to be 460 per 100000 (0-46%). The reasons for this
discrepancy are likely to be multifactorial, including
different data sources due to different search strategies
and different inclusion and exclusion criteria (123 sources
in GBD vs 67 studies included in Almutairi and
colleagues’ review), different case definitions, different
meta-analysis models and different definitions of
prevalence (ie, age-standardised prevalence reported in
GBD). Another systematic review by the same group
included 60 studies and also found a greater mean period
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prevalence of 51 cases per 100000 (0-51%) between
1955 and 2015.” Almutairi and colleagues hypothesised
that the GBD use of modelling to account for data
sparsity across under-represented regions under-
estimates true prevalence. The accuracy of any future
global prevalence estimates for rheumatoid arthritis will
no doubt be improved by more data from currently
under-represented regions. Our estimates show a lower
prevalence in low-income and middle-income countries
than high-income countries, a gradient that has been
noted before for rheumatoid arthritis® but is also seen in
other autoimmune diseases such as multiple sclerosis
and type 1 diabetes. Ignoring such a gradient in a meta-
analysis dominated by studies from high-income
countries would lead to an overestimate.

The non-fatal estimates generated in this study show
that the number of cases of theumatoid arthritis globally
more than doubled from 1990 to 2020. This increase is in
line with the increasing prevalence of other autoimmune
diseases globally,” and is likely to be multifactorial due to
population ageing or unknown or unmeasured risk
factors, but could also be confounded by methodological
issues such as data sparsity. Also in line with other
autoimmune diseases was the higher prevalence
observed in females than in males across all age groups.”
Despite this observed increase in prevalence, cases of
rheumatoid arthritis might be under-reported. Not all
patients have access to health-care services, especially in
low-income countries, where confirmation of a diagnosis
of rheumatoid arthritis by a physician might not be
available. Additionally, under-resourced populations
from high-income countries might also be under-
reported, as many migrant workers in these countries
might not have access to health insurance or health-care
services.

By 2050, we forecast that there will be 31-7 million
individuals worldwide with rheumatoid arthritis,
68-7% of whom will be female. In most regions, the
increase is mainly due to population growth and ageing,
but in sub-Saharan Africa and south Asia, increases in
prevalence rate, probably driven by increasing economic
development of countries, also contribute to the
forecasted increase. These forecasts are based on the
reference definition in this study, the 1987 ACR criteria,
which identify established rheumatoid arthritis, and thus
only those with later disease are included. Data sources
using diagnostic criteria other than the reference criteria,
such as the 2010 ACR-EULAR criteria,” were adjusted in
the modelling process. As further studies use updated
definitions of rheumatoid arthritis (which emphasise
rheumatoid arthritis characteristics that emerge early in
the course of the disease)” and data become available for
inclusion in the model, the prevalence of rheumatoid
arthritis is likely to increase as those with early
rheumatoid arthritis (who would not meet the criteria of
established rheumatoid arthritis) would be included.
This change in definition has not been included in the

forecasted rates reported here. As population-based
rheumatoid arthritis data using the 2010 ACR-EULAR
criteria emerge, the reference case and data adjustments
can be modified accordingly in future GBD iterations.

A strength of this study is that it provides a unique
global perspective of disease burden that GBD provides
over time. GBD has rigorous and standardised
methodologies for obtaining fatal and non-fatal data and
generating estimates. These methodologies are reviewed
and, where necessary, updated at each GBD iteration.
GBD methods aim to correct for changes in case
definitions or other advancements in diagnosis over time
through crosswalking. In addition, for the first time, the
current GBD study included forecasted prevalence
predictions to 2050.

This analysis reported on smoking as a risk factor for
rheumatoid arthritis and strategies to reduce smoking
globally should reduce rheumatoid arthritis prevalence,
along with benefiting many other health conditions. We
estimated the proportion of rheumatoid arthritis
attributable to smoking in our risk factor analyses. These
estimates changed by age, sex, and location according to
the changes in risk exposure: a decrease in most parts of
the world since 1990, with the exception of eastern Europe
and central Asia, where the attributable DALYs continue
to show some increase. There is a growing body of
evidence addressing risk factors for rheumatoid arthritis
and consensus building for both primary and secondary
prevention.”** Based on currently available evidence for
potentially modifiable risks for rheumatoid arthritis,
a narrative review” recommended cessation of smoking,
reducing occupational exposure to silica and dusts,
maintaining a healthy weight, maintaining good dental
hygiene, maximising breast feeding, maximising dietary
quality, avoidance of high-salt diets, increasing intake of
omega-3 fatty acids and fish, reducing consumption of
sugar-sweetened soft drinks, consuming moderate levels
of alcohol, and remaining vitamin D replete. New
evidence suggests that up to 40% of cases of rheumatoid
arthritis are potentially modifiable through a range of
lifestyle factors, including maintaining a healthy weight
and healthy diet, maintaining good dental hygiene, and
reducing exposure to occupational risks.” These factors
could vary by region. Only smoking has been included as
a risk in GBD to date, and an opportunity exists to build
on this in subsequent analyses. Screening first-degree
relatives of people with early rheumatoid arthritis for
their risk profile and implementing targeted lifestyle
prevention strategies have potential to reduce the
forecasted 2050 prevalence.

Although GBD provides estimates of global disease
burden, data sparsity, particularly from low-income and
middle-income regions, remains a significant limitation
for rheumatoid arthritis. Non-fatal estimates are largely
based on modelling, with actual non-fatal data from
population-based studies or insurance claims records
(from high-income countries only) available from 45 of
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204 countries. Therefore, differences between regions
should be interpreted with caution. For example,
although prevalence was lowest in western sub-Saharan
Africa, Oceania, and southeast Asia, these regions had
limited sources for data inclusion. The inclusion of
claims data from the USA and Taiwan, both high-income
countries, might not represent the patients seen in all
regions, although the GBD modelling methods apply
adjustments to account for these alternate case
definitions. In addition, the heterogeneity of the studies
contributing data leads to greater uncertainty and
requires methodological  adjustments, including
standardisation of case definitions. The uncertainty
interval is tighter in locations with good data coverage,
such as high-income countries, whereas in data-sparse
locations (eg, countries in sub-Saharan Africa), the
uncertainty interval tends to be wider. Currently, extra-
articular manifestations of rheumatoid arthritis are not
taken into account within the estimates, and such
manifestations can occur in more than a third of people
with rheumatoid arthritis, with inflammation in other
parts of the body, including the eyes, lungs, heart, and
other internal organs.” Extra-articular involvement is
associated with poorer outcomes and increased mortality
in rheumatoid arthritis,” although the incidence of
severe extra-articular manifestations has declined over
time with early, effective therapy.®

Outcomes in rheumatoid arthritis, including
prevention of disability, are dependent on timely access
to treatment, including conservative care, and adequate
control of disease activity to maintain improved ability to
undertake activities of daily living. Early intervention
within the so-called window of opportunity and use of
treat-to-target strategies have been shown to substantially
reduce disease severity and subsequent disability and
mortality in rheumatoid arthritis.*** Therefore, global
variation in access to treatment is expected to impact
rheumatoid arthritis severity across regions; however,
there are currently few studies reporting data on
rheumatoid arthritis severity globally. Going forward,
more epidemiological studies addressing risk factors,
incidence, prevalence, severity, and mortality are
required, particularly in low-income and middle-income
regions, to better inform and improve the accuracy of
GBD estimates. Work to identify barriers and enablers to
epidemiological studies in regions of data-sparsity is
required, in addition to better resources to support such
studies. Severity distribution estimates are likely to vary
considerably and the wholesale application of the
estimates to all regions is a current limitation likely to
lead to an underestimation of rheumatoid arthritis
disease burden, particularly in countries with poor
access to care. In future work, we plan to approximate a
gradient in rheumatoid arthritis severity that is linked to
access to treatment by analysing effect sizes of the main
treatment options from Cochrane review libraries, and
linking this to information on access to various
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treatments in locations with data on rheumatoid arthritis
severity.

GBD cause of death data for rheumatoid arthritis are
derived from civil registration and vital statistics
registries and might under-represent rheumatoid
arthritis as a cause of death, and regional variations
might occur. A 2015 study looking at death certificates
among patients with rheumatoid arthritis in the USA
found that only 17-7% of deaths had rheumatoid arthritis
mentioned on the death certificate.® A similar study
looking at a Finnish rheumatoid arthritis population
from the 1980s found that the proportions were 53—65%.%
Thus, some deaths not assigned to rheumatoid arthritis
as the underlying cause might be directly caused by
rheumatoid arthritis. While GBD estimates mortality
directly attributable to rheumatoid arthritis, it does not
capture mortality that might be increased in association
with theumatoid arthritis and related treatments, such as
cardiovascular disease, infection, malignancy, and
respiratory disease. Fatal estimates for rheumatoid
arthritis are also limited by a lack of strong predictive
covariates. Therefore, the accuracy of estimates is limited
in data-sparse locations, particularly sub-Saharan Africa
and locations that only report verbal autopsy data,
because rheumatoid arthritis cannot be captured as
an underlying cause in verbal autopsy interviews.

Data forecasting has shown a substantial increase in
rheumatoid arthritis prevalence is expected by 2050,
highlighting the need for global projects to control the
burden of theumatoid arthritis, particularly in low-income
and middle-income countries. These projections have not
accounted for the effect of COVID-19 on the burden of
rheumatoid arthritis, which could include reduced access
to pharmaceutical and non-pharmaceutical treatment
regimens and higher mortality in older adults. Addressing
the unmet rehabilitation need, such as the WHO
Rehabilitation 2030 call for action,” is imperative if
disability is to be minimised, and equitable rehabilitation
services for people with rheumatoid arthritis are required
globally. Adequate resourcing of programmes that target
both prevention and modification of risk factors such as
smoking®” and obesity will also be important globally. We
found a higher prevalence of rheumatoid arthritis among
females than males; however, case fatality was higher in
males. The higher prevalence among females is in keeping
with other autoimmune disorders and is hypothesised to
be related to differences in the sex chromosomes and
hormonal factors,” and evidence suggests that higher
case-fatality in males might be due to innate and adaptive
immune responses in addition to environmental, dietary,
and lifestyle factors.”

While use of biological or targeted synthetic DMARDs is
now widespread in high-income regions, drugs such as
methotrexate and sulfasalazine, used as monotherapy or
in combinations, remain very effective and affordable
conventional synthetic DMARD treatment options for
patients with rheumatoid arthritis globally, and 2-5 mg
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methotrexate tablets are listed for inflammatory arthritis
on the WHO Model List of Essential Medicines.” Access to
an effective dose of methotrexate (20 mg per week) early in
the disease course of theumatoid arthritis can significantly
reduce disease burden; however in low-income and
middle-income regions, access to medical professionals
who can diagnose rheumatoid arthritis and prescribe and
monitor methotrexate at an appropriate dose can be
limited. A qualitative study of physicians from 29 African
countries assessed barriers to methotrexate prescribing in
low versus medium-high Human Development Index
countries, and found methotrexate dosing to be similar.
Barriers to methotrexate use included inconsistent supply,
financial restrictions (such as cost of travelling to
dispensing sites), patient hesitancy related to cultural
beliefs and societal roles, few prescribers, prevalent
infections (especially viral hepatitis, tuberculosis, and
HIV), and availability and cost of safety monitoring.® A
clearer picture of how these potentially modifiable factors
might influence outcomes could be gained if treatment
data were collected by GBD in the future.

Rheumatoid arthritis prevalence is expected to increase
to the year 2050, leading to greater burden on health
systems. Although modelling suggests that this increase is
primarily related to ageing and the growing population,
addressing risk factors such as smoking cessation could
reduce rheumatoid arthritis incidence and prevalence in
some regions. Limitations in these estimates for
rheumatoid arthritis include data sparsity, particularly from
low-income and middle-income countries, for both fatal
and non-fatal outcomes; the paucity of risk factor
attribution, which was limited to smoking only, although a
range of other modifiable risk factors are being increasingly
recognised; and the application of a standard high-income
region-derived severity distribution to all countries. GBD
estimates have traditionally not addressed access to health
care and treatments; however, theumatoid arthritis is a key
example of a condition in which timely access to medical
care for early diagnosis, treatment, and monitoring has a
crucial role in health outcomes, and access varies
substantially by region. Future GBD estimates for
rheumatoid arthritis should aim to address regional
variations in all these factors. Although some proven
interventions such as biological or targeted synthetic
DMARDs are costly, making them inaccessible to low-
income and middle-income countries, increasing uptake of
low-cost conventional synthetic DMARDs has the potential
to considerably reduce the burden of rheumatoid arthritis
in all regions. Increasing global awareness of the
importance of early diagnosis and treatment of rheumatoid
arthritis will help to reduce the future impact of the disease.
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