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Summary
Background Osteoarthritis is the most common form of arthritis in adults, characterised by chronic pain and loss of 
mobility. Osteoarthritis most frequently occurs after age 40 years and prevalence increases steeply with age. WHO has 
designated 2021–30 the decade of healthy ageing, which highlights the need to address diseases such as osteoarthritis, 
which strongly affect functional ability and quality of life. Osteoarthritis can coexist with, and negatively effect, other 
chronic conditions. Here we estimate the burden of hand, hip, knee, and other sites of osteoarthritis across 
geographies, age, sex, and time, with forecasts of prevalence to 2050.

Methods In this systematic analysis for the Global Burden of Disease Study, osteoarthritis prevalence in 204 countries 
and territories from 1990 to 2020 was estimated using data from population-based surveys from 26 countries for knee 
osteoarthritis, 23 countries for hip osteoarthritis, 42 countries for hand osteoarthritis, and US insurance claims for all 
of the osteoarthritis sites, including the other types of osteoarthritis category. The reference case definition was 
symptomatic, radiographically confirmed osteoarthritis. Studies using alternative definitions from the reference case 
definition (for example self-reported osteoarthritis) were adjusted to reference using regression models. Osteoarthritis 
severity distribution was obtained from a pooled meta-analysis of sources using the Western Ontario and McMaster 
Universities Arthritis Index. Final prevalence estimates were multiplied by disability weights to calculate years lived 
with disability (YLDs). Prevalence was forecast to 2050 using a mixed-effects model.

Findings Globally, 595 million (95% uncertainty interval 535–656) people had osteoarthritis in 2020, equal to 
7·6% (95% UI 6·8–8·4) of the global population, and an increase of 132·2% (130·3–134·1) in total cases since 1990. 
Compared with 2020, cases of osteoarthritis are projected to increase 74·9% (59·4–89·9) for knee, 48·6% (35·9–67·1) 
for hand, 78·6% (57·7–105·3) for hip, and 95·1% (68·1–135·0) for other types of osteoarthritis by 2050. The global 
age-standardised rate of YLDs for total osteoarthritis was 255·0 YLDs (119·7–557·2) per 100 000 in 2020, a 
9·5% (8·6–10·1) increase from 1990 (233·0 YLDs per 100 000, 109·3–510·8). For adults aged 70 years and older, 
osteoarthritis was the seventh ranked cause of YLDs. Age-standardised prevalence in 2020 was more than 5·5% in all 
world regions, ranging from 5677·4 (5029·8–6318·1) per 100 000 in southeast Asia to 8632·7 (7852·0–9469·1) 
per 100 000 in high-income Asia Pacific. Knee was the most common site for osteoarthritis. High BMI contributed to 
20·4% (95% UI –1·7 to 36·6) of osteoarthritis. Potentially modifiable risk factors for osteoarthritis such as recreational 
injury prevention and occupational hazards have not yet been explored in GBD modelling.

Interpretation Age-standardised YLDs attributable to osteoarthritis are continuing to rise and will lead to substantial 
increases in case numbers because of population growth and ageing, and because there is no effective cure for 
osteoarthritis. The demand on health systems for care of patients with osteoarthritis, including joint replacements, 
which are highly effective for late stage osteoarthritis in hips and knees, will rise in all regions, but might be out of 
reach and lead to further health inequity for individuals and countries unable to afford them. Much more can and 
should be done to prevent people getting to that late stage.

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
Osteoarthritis is the most prevalent form of arthritis and 
is a leading cause of adult chronic pain and long-term 
disability.1–3 Osteoarthritis most commonly affects the hip, 
knee, and hand joints, but most joints can be involved. 
Osteoarthritis is a major source of health expenditure. In 
the USA in 2016, for example, osteoarthritis was 

responsible for an estimated US$80 billion in health-care 
spending,4 and in Hong Kong in 2003, osteoarthritis was 
responsible for more than $400 million in direct and 
indirect spending.5 The 2015 WHO Global Ageing and 
Health Report6 highlights osteoarthritis as a leading cause 
of disability in adults aged 60 years and older. Given that 
global populations are ageing, the health and economic 
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burden of osteoarthritis is increasing. WHO designated 
2021–30 to be the decade of healthy ageing, with an 
emphasis not only on life expectancy but also quality of 
life. This designation provides an opportunity to focus on 
osteoarthritis burden in the context of adult health,7 
especially given the chronic nature of osteoarthritis and 
its effect on mobility and daily activities. Osteoarthritis 
can manifest relatively early in adulthood, including in 
people younger than 50 years,8 and therefore, preventing 
or mitigating the effects of osteoarthritis could avoid 
decades of reduced quality of life.

Current management strategies for osteoarthritis 
include exercise and other forms of physical therapy, 
assistive devices such as canes or splints, home 
modifications, self-management educational program-
mes, pain medication, and surgical treatments including 
joint replacement.9 Established modifiable risk factors 
for osteoarthritis include high BMI10 and joint injury.11,12 
Other factors that increase the risk of osteoarthritis are 
physically demanding occupations,13 elite-level high-
impact sports,14,15 surgery such as meniscectomy 
following injury,16 joint anatomy, and muscle weakness.3 
To effectively target prevention and intervention, we need 
to quantify the sex-specific, age-specific, and location-
specific patterns of the prevalence and burden of total 
osteoarthritis and each site of osteoarthritis.

The Global Burden of Diseases, Injuries, and Risk 
Factors (GBD) Study systematically quantifies health loss 
for 369 diseases by age, sex, year, and geographical 
location, and allows for the comparison of burden across 
disparate diseases.17 Other assessments of osteoarthritis 
burden have been done in the past decade,18 but these 
assessments focus on individual osteoarthritis sites, 
single geographies such as Asia19 or Africa,20 
subpopulations such as professional athletes,14 or risk 
factors such as high BMI,10 or provide forecasts for 
specific locations.21

In this study, we report the national, regional, and 
global burden of osteoarthritis, which updates the last 
osteoarthritis-specific report of estimates for GBD 201022 
and GBD 2017.23 We report prevalence and burden 
in 2020, trends from 1990 to 2020, contribution of high 
BMI to osteoarthritis, and we project osteoarthritis 
prevalence to 2050.

Methods
Overview
This manuscript was produced as part of the GBD 
Collaborator Network and in accordance with the GBD 
Protocol. The GBD Study adheres to the Guidelines for 
Accurate and Transparent Health Estimates Reporting 
statement. The methods presented here describe case 

Research in context

Evidence before this study
The Global Burden of Disease (GBD) study is the only source of 
global, regional, and country estimates of osteoarthritis burden 
over time. We have previously reported on osteoarthritis of the 
hip and of the knee, but here we also report on osteoarthritis of 
the hand and of other sites for the first time. Input data for GBD 
osteoarthritis models were identified through a systematic 
review and use of US insurance-claims data. We did a systematic 
review of population-based epidemiological studies of 
osteoarthritis reporting on osteoarthritis prevalence published 
between 1980 and the end of 2019 in PubMed using the search 
terms ((“osteoarthritis” AND (“epidemiology” OR 
“prevalence”)) AND “humans”) AND (“population” OR 
“population groups” OR (“population” AND “groups”)).

Added value of this study
This Article provides an update on the global prevalence and 
burden of osteoarthritis to the year 2020. This GBD iteration 
includes new statistical methods used to adjust for non-
reference data and two new sites of osteoarthritis—hand and 
an other category (eg, shoulder or elbow). We also, to the best 
of knowledge for the first time, present forecasts of case 
numbers at the global and regional level to the year 2050 for 
total osteoarthritis and by each individual site, and report on 
population-attributable risk of high BMI for osteoarthritis. 
By 2050, we estimate that case numbers will increase by 
60% to 100% depending on the site of osteoarthritis. High BMI 

had population-attributable fractions of 20·4% for 
osteoarthritis, making this an important modifiable risk factor.

Implications of all the available evidence
Given that the 2021–30 decade has been designated the decade 
of healthy ageing by WHO, and that osteoarthritis is a major 
cause of adult disability, an up-to-date analysis of temporal, 
age-related, geographical, and site-specific trends in 
osteoarthritis burden can benefit policy decisions. If trends 
continue as at present, we estimate that almost 1 billion 
individuals will have some form of osteoarthritis in 
the year 2050. Because there is no known cure for osteoarthritis 
and no proven structure-modifying interventions, this burden 
represents a major challenge to health systems. Population and 
health-systems approaches adaptable to all regions must 
address osteoarthritis at all stages from prevention strategies 
addressing modifiable risk factors to multimodal integrated 
education and care to improve pain and disability, and timely 
and equitable access to joint-replacement surgery. These data 
provide strong support to address high BMI as a modifiable risk 
factor to reduce osteoarthritis burden. Health system planning 
would be further aided by quantifying additional osteoarthritis 
risk factors, such as injury and occupational hazards. The 
presented evidence should contribute to developing global 
health initiatives for osteoarthritis during the 2021–30 decade 
of healthy ageing.
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definitions, data collection, and disease modelling 
methods. Studies done between 1980 and 2019 from all 
available global locations were identified using PubMed 
(appendix pp 3–4). These data were used to produce 
prevalence estimates for each osteoarthritis site between 
the years 1990 and 2020, across the age range (>30 years), 
for male and female sexes, and for all GBD locations 
(appendix pp 1–2 presents a description of GBD super- 
regions, regions, and country groupings).

Input data sources used for osteoarthritis models are 
listed in the appendix (pp 38–51). Many of these studies 
are Community Oriented Program for the Control of 
Rheumatic Diseases (COPCORD) studies and applied a 
common methodological framework to ascertain the 
scope of musculoskeletal conditions in more than 
30 countries in the Americas, Africa, Australasia, and 
the Middle East.

Case definitions
The GBD reference case definition for both hip and knee 
osteoarthritis is symptomatic osteoarthritis radio-
graphically confirmed as Kellgren-Lawrence grade 2–4 
(definitive osteoarthritis).24–26 Kellgren-Lawrence grade 2 
indicates the presence of one defined osteophyte in the 
joint, grade 3 indicates the presence of several osteophytes 
and joint-space narrowing, and grade 4 indicates the 
same criteria as grade 3 in addition to bone deformity. 
Symptomatic osteoarthritis requires reported pain for at 
least 1 month out of the past 12 months.

The main sources of input data for the hip and knee 
osteoarthritis models were cross-sectional, population-
based survey data from locations worldwide and state-
level US insurance claims data captured by International 
Classification of Diseases (ICD)-9 four-digit or five-digit 
codes starting with 715 specific to knee or hip, and ICD-
10 codes M16 and M17. ICD-10 used the terminology 
osteoarthritis and replaced ICD-9 that used osteoarthrosis 
to reflect the recognition that inflammatory processes are 
involved in the pathogenesis of osteoarthritis.

Two new osteoarthritis categories were added in 
GBD 2019, comprising hand osteoarthritis and a residual 
category of other osteoarthritis sites (eg, shoulder and 
elbow). Cases of osteoarthritis affecting the cervical spine, 
lumbar spine, or both sites were excluded from the ‘other 
osteoarthritis’ category, because pain in these sites is 
captured by the neck pain and lower back pain disease 
categories in the GBD Study.17 Existing osteoarthritis input 
data from previous GBD hip and knee modelling were 
rereviewed for mention of osteoarthritis present in the 
hand or other joints. In addition, we did a broad systematic 
review of epidemiological studies of osteoarthritis 
prevalence published in English between 1980 and end of 
2019 in PubMed (appendix p 3).

Eight diagnostic criteria, six hand joints, and more 
than 20 combinations of different hand joints were 
reported in the literature. Affected hand joints were 
either evaluated independently, in some explicit 

combination (eg, the distal interphalangeal joints [DIP] 
and proximal interphalangeal joints [PIP]), or as 
generalised osteoarthritis, wherein a case had 
osteoarthritis present in the DIP, PIP, and first 
carpometacarpal joints (CMC) specifically. Other sources 
reported estimates of hand osteoarthritis present in any 
single joint or present in several joints without specifying 
joint type. We classified the case definitions of hand 
osteoarthritis in terms of the two dimensions of 
diagnostic criteria (presence of symptoms and diagnosis 
with or without radiography) and four categories of 
affected sites (appendix p 5). Consistent with hip and 
knee osteoarthritis modelling, symptomatic, radio-
graphically confirmed osteoarthritis in any single joint of 
the hand was used as the reference case definition for 
hand osteoarthritis, to which alternative case definitions 
present in the literature were adjusted.

Given the paucity of survey data on other osteoarthritis 
joint sites, US insurance claims data from 2000 to 2016 
constituted the sole source of other osteoarthritis data. 
Claims data cases of other osteoarthritis were identified 
using codes under ICD-10 M19 for cases of other and 
unspecified osteoarthritis that were not used in 
estimation of osteoarthritis hip, knee, or hand.

Data processing and disease modelling
Before fitting models, data reported for male and female 
sexes combined were split by sex, non-reference 
osteoarthritis definition data (eg, identified by self-
reporting alone, radiography alone, or in US claims data) 
were adjusted to the reference case definition, and wide 
age-range data were split by age into smaller bins (sex and 
age split details in the appendix p 4). A 2011 systematic 
review found that different case definitions could lead to 
variable prevalence estimates across osteoarthritis sites.27 
Data that were ascertained using different diagnostic 
criteria, such as self-reporting or ICD coding in insurance 
claims data, were adjusted for systematic bias, a process 
referred to as crosswalking. Adjustment factors were 
estimated by pairing studies on the basis of location, sex, 
and age, then using a tool developed at the Institute for 
Health Metrics and Evaluation (the meta-regression—
Bayesian, regularised, trimmed tool)28 to do a meta-
analysis of the estimated logit difference between 
prevalence reported by alternate case definition and 
prevalence reported by the reference definition 
(adjustment factors in the appendix pp 5–7). Meta-
analysis results systematically adjusted insurance-claims-
data prevalence upward for osteoarthritis in the hip, knee, 
and hand, which agrees with previously published work 
demonstrating undercounting in ICD-coded data.29

Bayesian meta-regressions of the adjusted data were run 
using DisMod-MR 2.1,17 an age-integrating Bayesian meta-
regression log-normal disease model with a mixed-effects 
geographical cascade. The meta-regression was a 
combination of a meta-analysis to pool data points with 
weighted averages to include and reconcile heterogeneous 

For more on COPCORD studies 
see http://copcord.org/

publications.asp

See Online for appendix
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data, and a regression to include known associations 
between several variables (eg, osteoarthritis prevalence and 
BMI or age). Fixed effects included sex and country-level 
covariates (eg, BMI). Nested random effects were 
calculated for each super-region, region, and country. 
DisMod-MR 2.1 is a compartmental model and solves 
differential equations to ensure consistency between 
different parameters; in the case of osteoarthritis, incidence 
and prevalence. Incidence of osteoarthritis was set to zero 
before age 30 years. The age-standardised osteoarthritis 
summary exposure value (SEV) scalar (a normalised value 
of risks affecting a disease) and BMI were included as 
covariates on prevalence in the models for hip, knee, and 
other types of osteoarthritis. High BMI was the only risk 
factor included in the current GBD Study with 
osteoarthritis as an outcome. The SEV was not used in the 
hand osteoarthritis model, given the absence of strong 
evidence suggesting a relationship between BMI and 
osteoarthritis in hand joints. First, a global model included 
all data from all years to produce an initial global fit and to 
calculate covariate coefficients and location random 
effects. Next, the global fit adjusted by covariate coefficients 
and random effects was passed as data (a prior) to super-
region models to help inform model estimates, and this 
process was repeated for each level of the geographical 
cascade. Final estimates were produced by then 
aggregating up the geographical cascade; in other words, 
final prevalence estimates for each region were the 
aggregation of the prevalence of all countries within the 
region. DisMod models were iterated 5000 times using a 
Markov chain Monte Carlo algorithm. Uncertainty bounds 
reflect stochastic error, measurement error, and between-
study heterogeneity.

The GBD Study estimated osteoarthritis 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 were made through two main 
mechanisms: through regional priors and country-level 
covariates. Regional estimates used data from all 
countries in a given GBD region to produce regional 
estimates, and these priors were passed down to each 
country in the region to help inform country estimates. 
In regions with no data, estimates were informed by 
super-region priors. Country-specific mean BMI also 
informed estimates in countries with no data.

Prevalence estimates generated by DisMod-MR 2.1 were 
split into four severity levels:17 asymptomatic; mild; 
moderate; and severe, on the basis of a pooled meta-
analysis of five severity distribution sources from three 
GBD super-regions (high-income, south Asia, and 
southeast Asia, east Asia, and Oceania super-regions) that 
assessed osteoarthritis severity using the Western Ontario 
and McMaster Universities Arthritis Index.30 One of these 
data sources was the large database of knee osteoarthritis 
provided by the Osteoarthritis Initiative.31 Disability weights 
for mild, moderate, and severe osteoarthritis were 

generated using population-based surveys in which 
participants were asked to compare the severity of sets of 
health states.32 Prevalence at each severity level was then 
multiplied by the corresponding disability weight of the 
health state to calculate years lived with disability (YLDs; 
appendix pp 7–8). Comorbidity-adjusted YLDs were 
generated by simulating the distribution of all conditions 
and health states in the GBD cause hierarchy at the severity 
level and for each location-year, assuming independence. 
Because the prevalence of osteoarthritis in several sites was 
counted as one prevalent case per person without 
accounting for site-specific correlation, the combined 
prevalence of osteoarthritis in unique sites exceeded the 
total number of cases of osteoarthritis (referred to as total 
osteoarthritis). No death was attributed to osteoarthritis in 
the GBD Study, and therefore this Article provides only 
non-fatal measures of burden (ie, YLDs).

Prevalence and YLDs are presented as either counts 
(prevalent cases or number of YLDs), or rates (prevalent 
cases per 100 000 people or YLDs per 100 000 people, at 
all ages, when age standardised, or when age specific). 
For both prevalence and YLDs, mean and uncertainty 
were calculated by taking the final 100 outputs from the 
posterior distribution after model convergence (termed 
draws), collapsing to the mean and 95% uncertainty 
intervals (UIs) as the 2·5th and 97·5th ordered draws. 
Age-standardised rates were calculated using GBD 
standard population age weights.17

Risk estimation for high BMI
High BMI is a GBD risk factor, defined as a BMI of more 
than a theoretical minimum risk level that ranges 
between 20 kg/m² and 25 kg/m² in adults aged 20 years 
or older. High BMI data and methods are described in 
detail elsewhere.33 Briefly, population exposure to high 
BMI was calculated for each country, age, sex, and year 
using a combination of spatiotemporal Gaussian process 
regression and mixed-effects models. High BMI was 
established as a risk factor for hip and knee osteoarthritis 
by performing a systematic review of published analyses 
of cohort studies and use of causal criteria to examine 
strength of the evidence. The cohort studies were used to 
determine the relative risk of osteoarthritis incidence for 
every five-unit increase in BMI. The relative risk estimate 
was then used to calculate the population-attributable 
risk. Population-attributable fractions for osteoarthritis 
caused by high BMI were calculated as the expected 
reduction in osteoarthritis if the exposure of high BMI 
was decreased to the theoretical minimum risk level. It is 
important to note that a negative lower bound for 
population-attributable fractions does not signify a 
protective effect, but instead signifies the absence of 
a relationship.

Estimate projections
The number of global and regional cases of osteoarthritis 
were estimated to the year 2050, using forecasted 
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population estimates34 and a regression to forecast 
prevalence that included the Socio-demographic Index 
(SDI) as a predictor. For each osteoarthritis site and for 
total osteoarthritis, age-specific, location-specific, and sex-
specific GBD 2019 prevalence rates for all estimation years 
were logit transformed and used in the following 
regression model:

In this linear model fitted to logit-transformed 
prevalence, E[logit(Yl,a,s,y)] is the forecasted logit 
(prevalence) estimated by (l,a,s,y), the unique location-
age-sex-year, in which β1 is the fixed coefficient on SDI 
over time and αl,a,s is the location-age-sex-specific random 
intercept. To compute forecasted cases, forecasted rates 
were multiplied by forecasted population counts.34 
Forecasted prevalence rates were intercept shifted to 
GBD prevalence in the year 2021, and this difference was 

used to shift all forecasted values to the year 2050. A 
validation experiment was used to forecast prevalence 
for the years 2010–19 and compared these projected 
results to the known 2010–19 prevalence estimates 
(appendix p 8). A Das Gupta decomposition analysis was 
done to determine the relative contributions to the 
change in case number between 2020 and 2050 of 
population growth, population ageing, and changes in 
prevalence unrelated to demographics.35

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
A total of 53 non-insurance-claims sources with 
prevalence or incidence data covering 22 countries in 
nine of 21 GBD regions and six of seven GBD 

E[logit(Yl,a,s,y)]=β 1SD1 + αl,a,s

Number of YLDs Percentage change in 
number of YLDs from 
1990 to 2020

Age-standardised rate 
of YLDs per 100 000 
in 2020

Percentage change in age-
standardised rate of YLDs 
from 1990 to 2020 

Global 21 700 000 (10 200 000–47 600 000) 134·0% (131·8–136·0) 255·0 (119·7–557·2) 9·5% (8·6–10·1)

Central Europe, eastern Europe, 
and central Asia

1 750 000 (825 000–3 720 000) 43·7% (42·0–45·6) 278·1 (130·6–593·8) 8·1% (7·0–9·3)

Central Asia 209 000 (98 100–446 000) 97·9% (93·6–102·5) 262·8 (123·6–557·7) 16·3% (14·3–18·7)

Central Europe 530 000 (249 000–1 130 000) 57·3% (55·1–60·0) 257·4 (120·6–549·4) 12·5% (11·4–13·9)

Eastern Europe 1 010 000 (477 000–2 160 000) 30·4% (28·3–32·6) 294·6 (138·3–631·6) 6·0% (4·5–7·2)

High income 5 800 000 (2 740 000–12 500 000) 81·3% (79·4–82·9) 295·1 (138·9–641·6) 7·5% (7·0–8·3)

Australasia 140 000 (66 100–309 000) 128·9% (122·0–134·9) 295·2 (138·8–651·9) 11·0% (7·7–13·8)

High-income Asia Pacific 1 330 000 (623 000–2 880 000) 112·5% (107·4–118·2) 329·7 (154·5–723·3) 8·2% (6·8–9·6)

High-income North America 1 890 000 (901 000–4 080 000) 88·3% (86·1–90·8) 314·0 (148·9–680·4) 4·9% (4·0–6·0)

Southern Latin America 238 000 (112 000–520 000) 98·2% (93·3–103·5) 285·4 (133·9–624·4) 9·9% (7·6–12·6)

Western Europe 2 200 000 (1 030 000–4 720 000) 58·5% (56·7–60·1) 264·5 (124·2–573·3) 6·0% (4·9–6·9)

Latin America and Caribbean 1 680 000 (786 000–3 660 000) 209·1% (205·0–213·3) 272·9 (128·0–594·0) 13·6% (12·6–14·7)

Andean Latin America 160 000 (74 700–353 000) 216·3% (210·5–223·6) 273·2 (127·4–601·6) 12·6% (10·9–14·9)

Caribbean 140 000 (65 500–306 000) 124·8% (120·8–128·0) 262·8 (122·9–573·9) 10·1% (8·1–11·7)

Central Latin America 685 000 (321 000–1 490 000) 230·8% (225·6–236·4) 276·3 (129·5–600·8) 14·1% (12·5–15·8)

Tropical Latin America 691 000 (325 000–1 500 000) 210·9% (206·4–215·8) 271·6 (127·8–589·7) 13·9% (12·7–15·0)

North Africa and Middle East 1 070 000 (498 000–2 320 000) 215·2% (210·4–219·6) 224·5 (105·5–490·2) 17·2% (15·5–18·7)

South Asia 3 360 000 (1 570 000–7 370 000) 199·9% (193·4–206·8) 225·8 (105·8–494·2) 18·9% (16·8–20·9)

Southeast Asia, east Asia, and 
Oceania

7 000 000 (3 270 000–15 300 000) 186·0% (177·7–192·5) 242·4 (113·2–528·7) 16·2% (13·9–18·5)

East Asia 5 630 000 (2 640 000–12 300 000) 183·0% (174·5–190·3) 254·3 (118·9–554·5) 15·5% (12·9–18·0)

Oceania 17 500 (8 130–37 400) 177·9% (169·4–184·5) 222·0 (103·8–482·2) 10·8% (7·4–13·3)

Southeast Asia 1 350 000 (634 000–2 930 000) 199·9% (191·8–205·7) 204·3 (96·0–445·1) 19·9% (17·0–21·9)

Sub-Saharan Africa 1 090 000 (513 000–2 380 000) 156·3% (153·3–159·3) 219·9 (103·5–481·0) 11·6% (10·3–12·7)

Central sub-Saharan Africa 124 000 (58 500–270 000) 163·6% (156·9–171·1) 212·9 (101·0–464·0) 6·6% (4·3–9·4)

Eastern sub-Saharan Africa 367 000 (172 000–800 000) 165·3% (159·9–169·2) 209·3 (98·4–457·2) 15·5% (13·3–17·2)

Southern sub-Saharan Africa 155 000 (73 200–335 000) 133·6% (131·1–136·8) 261·0 (123·6–561·1) 9·2% (8·1–10·6)

Western sub-Saharan Africa 448 000 (209 000–977 000) 155·8% (151·8–158·9) 218·3 (102·4–480·7) 11·5% (10·0–12·6)

Data in parentheses are 95% uncertainty intervals. The sum of regional YLDs does not exactly match YLD cases because of rounding. North Africa and Middle East and South 
Asia are both super-regions and regions. YLDs=years lived with disability. 

Table: Number and age-standardised rate of YLDs in 2020 for total osteoarthritis, and percentage change from 1990 for each measure globally, and by 
GBD regions and super-regions
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super-regions were included for hip osteoarthritis 
estimation. A total of 95 sources covering 26 countries in 
12 regions and all seven super-regions were included for 
knee osteoarthritis. A total of 69 sources covering 
12 countries in eight regions and six super-regions were 
included for hand osteoarthritis. Hand, hip, and knee 
osteoarthritis models all included US insurance claims 
data by state, which comprised more than 600 sources 
for each model (appendix pp 10–15). Only US insurance 
claims data were used to estimate ‘other’ osteoarthritis, 
for a total of 624 sources (appendix p 16).

In 2020, an estimated 7·6% (95% UI 6·8–8·4) of the 
global population lived with osteoarthritis, some 
595 million (95% UI 535–656) individuals. In 
1990, 4·8% (4·3–5·3) of the global population had 
osteoarthritis, equating to 256 million 
(232–282) individuals, and all-age prevalence steadily 
increased in the intervening decades. Of the global 
population aged 30 years or older in 2020, 
14·8% (13·3–16·3) lived with some form of osteoarthritis, 
and in working-age adults aged 30–60 years, 
3·5% (3·1–3·9) lived with some form of osteoarthritis.

Between 1990 and 2020, the global age-standardised 
rate of YLDs for total osteoarthritis increased by 9·5% 
(95% UI 8·6–10·1), from 233·0 (109·3–510·8) to 
255·0 (119·7–557·2) YLDs per 100 000 (table; 
appendix pp 17–18), and ranked as the 14th most common 
cause of age-standardised YLDs when compared to other 
diseases at level 3 of the GBD cause hierarchy. For adults 
aged 70 years and older, osteoarthritis was the seventh 
ranked cause of YLDs in 2020 and sixth ranked in 1990. 
Increases in age-standardised YLD rates between 
1990 and 2020 were observed for hip (6·0%, 4·2–7·3), 
knee (8·2%, 7·5–8·9), hand (14·1%, 12·9 to 15·1), and 
‘other’ osteoarthritis (5·4%, 4·5–6·3). By comparison, 
the global number of YLDs for total osteoarthritis 
increased by 134·0% (131·8–136·0) from 9·28 million 
(4·34–20·3) in 1990 to 21·7 million (10·2–47·6) YLDs 
in 2020, and the all-age rate increased by 
60·1% (58·6–61·4) from 173·6 YLDs (81·3–380·4) 
per 100 000 to 278·0 (130·6–608·3). By osteoarthritis site, 
all-age YLDs rates increased by 69·0% (67·0–71·1) for 
hand osteoarthritis, 56·3% (54·8–57·7) for other types of 
osteoarthritis, 56·9% (55·5–58·3) for knee osteoarthritis, 
and 55·8% (53·7–58·2) for hip osteoarthritis between 
1990 and 2020.

Across all estimation years, prevalence of 
osteoarthritis was more common in females than in 
males, with a 2020 global age-standardised prevalence 
of 8058·9 per 100 000 (95% UI 7251·9–8867·9) for 
females and 5780·1 per 100 000 (5217·8–6341·2) for 
males. Prevalence of total osteoarthritis increased with 
age; in 2020, the 70 and older age group had a prevalence 
rate of 38 418·9 per 100 000 (34 471·4–42 302·7), and the 
group aged 50–69 years had a prevalence rate of 
23 237·2 per 100 000 (20 390·8–26 108·6). The rate in 
younger adults aged 25–49 years was 2983·5 per 100 000 

(2513·1–3439·1). Temporal trends in age-specific and 
all-age prevalence of total osteoarthritis are shown in 
the appendix (p 17). The global age-specific rates for 
individual sites of osteoarthritis increased with age, 
with the exception of knee osteoarthritis, for which the 
prevalence rate peaked at age 80–84 years and then 
began to decrease (figure 1). The knee was the most 
common site of osteoarthritis, with a 2020 global 

Figure 1: Global prevalence of total osteoarthritis and each site of osteoarthritis in 2020 by sex and age
Shaded area represents 95% uncertainty intervals.
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age-standardised prevalence of 4307·4 cases 
(3844·5–4913·3) per 100 000, followed by osteoarthritis 
of the hand (2226·1, 1719·7–2802·8), other types of 
osteoarthritis (718·4, 578·2–932·1), and osteoarthritis 
of the hip (417·7, 314·7–532·7; appendix p 19).

Among GBD regions, the age-standardised prevalence 
of total osteoarthritis was greatest in high-income Asia 
Pacific (8632·7 per 100 000, 95% UI 7852·0–9469·1), 
high-income North America (8431·7 per 100 000, 
7676·2–9329·1), and eastern Europe (7937·9 per 100 000, 
7013·5–8931·2), and was smallest in southeast 
Asia (5677·4 per 100 000, 5029·8–6318·1), 
eastern sub-Saharan Africa (5821·0 per 100 000, 
5216·8–6438·8), and central sub-Saharan Africa 
(5946·0 per 100 000, 5340·7–6542·4; appendix pp 17–18)· 
Nationally, the USA had the highest age-standardised 
prevalence (8696·1 per 100 000, 7937·9–9610·2; figure 2). 
The all-age prevalence of total osteoarthritis was highest 
in high-income Asia Pacific (18 381·6 per 100 000, 
16 734·2–20 177·2) and high-income North America 
(13 843·2 per 100 000, 12 555·1–15 296·6), and lowest in 
eastern sub-Saharan Africa (2419·7 per 100 000, 
2184·7–2674·4) and central sub-Saharan Africa 
(2555·5 per 100 000, 2036·8–2822·5). Region and 
country-level prevalence by osteoarthritis site are 
provided in the appendix (pp 19–32).

Knee osteoarthritis was the largest contributor to 
combined osteoarthritis age-standardised prevalence in 

all GBD regions except for central Asia and eastern 
Europe, where hand osteoarthritis was the largest 
contributor (figure 3). The proportion of knee 
osteoarthritis ranged from 34·6% (95% UI 32·2–37·8) in 
central Asia to 66·2% (63·6–69·2) in east Asia. Hip 
osteoarthritis was the smallest contributor to osteoarthritis 
prevalence in all regions except for high-income North 
America and western Europe, where the contribution of 
other osteoarthritis was the same or slightly lower. The 
proportion of hip osteoarthritis ranged from 
3·4% (3·1–3·6) in east Asia to 9·5% (8·6–10·3) in high-
income North America. The contribution of hand 
osteoarthritis varied widely by region, with a minimum 
contribution in east Asia of 21·0% (18·9–22·6) to a 
maximum contribution in central Asia of 
50·0% (47·2–51·4).

High BMI was the only GBD risk factor for 
osteoarthritis, with a 2020 global age-standardised 
population-attributable fraction of 20·4% (–1·7 to 36·6). 
High BMI was responsible for 4·6 million (–0·317 to 15·0) 
osteoarthritis YLDs. The global contribution of high 
BMI to osteoarthritis increased over time, with a 
1990 age-standardised population-attributable fraction 
of 16·1% (–1·3 to 30·2). The 2020 global age-standardised 
population-attributable fractions in females was 
21·1% (–1·8 to 37·7) and in males was 
19·3% (–1·7 to 35·3). The population-attributable 
fraction was highest in southern Latin America 

Figure 2: Age-standardised prevalence per 100 000 of total osteoarthritis by country for male and female sexes combined in 2020
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(27·9%, –2·4 to 47·7) and lowest in south Asia 
(12·7%, –0·9 to 25·2).

In 2050, there will be an estimated 642 million 
(95% UI 574–722) individuals with knee osteoarthritis, 
279 million (221–338) individuals with hand 
osteoarthritis, 62·6 million (49·7–75·5) individuals with 
hip osteoarthritis, and 118 million (97·1–144) individuals 
with other types of osteoarthritis (figure 4). These 
numbers constitute increases in case numbers from 
2020 to 2050 of 74·9% (59·4–89·9) for knee osteo-
arthritis, 48·6% (35·9–67·1) for hand osteoarthritis, 
78·6% (57·7–105·3) for hip osteoarthritis, and 
95·1% (68·1–135·0) for other types of osteoarthritis.

For every osteoarthritis site, the three regions with the 
lowest percentage change in all-age cases from 2020 to 2050 
were central Europe, eastern Europe, and high-income 
Asia Pacific. The three regions with the greatest change 
were central sub-Saharan Africa, eastern sub-Saharan Africa, 
and western sub-Saharan Africa, which saw projected 
increases of more than 200% across all sites of 
osteoarthritis (figure 4; 2050 age-standardised prevalence 
and cases by osteoarthritis site are shown in the 
appendix pp 33–34).

A decomposition analysis by region shows the relative 
contribution of population growth, population ageing, 
and changes in prevalence to the projected increase in 
cases (figure 4; appendix pp 35–37). Population growth 
was the largest contributor in most locations, especially 
in regions within sub-Saharan Africa. In central, eastern, 
and western sub-Saharan Africa, population growth 
accounted for more than a 200% increase in case 
numbers for all sites of osteoarthritis. Locations with the 
smallest percentage change in case numbers between 
2020 and 2050 had a projected population decline rather 
than growth, which is the case for example in central and 
eastern Europe. In general, increases in age-standardised 
prevalence contributed less to the projected increase in 
cases than projected changes in demography.

Discussion
We estimated the burden of total osteoarthritis and 
individual sites of osteoarthritis, including newly added 
models of hand osteoarthritis and other types of 
osteoarthritis in GBD 2019, at which time we did an 
updated systematic review for all osteoarthritis sites and 
implemented new methods to adjust non-reference data. 
Osteoarthritis was a top-ten leading cause of YLDs for 
adults older than 70 years in 2020, affecting one-third of 
adults in this age group, and ranked 14th for age-
standardised YLDs across all ages. Although prevalence 
increases with age, 3·5% of working-aged adults aged 
30–60 years experienced some form of osteoarthritis in 
2020. Working-age and older adults with osteoarthritis 
are both important demographics to target for better 
access and impact of rehabilitation programmes.36

The pronounced increase between 1990 and 2020 in 
total global YLD counts and all-age YLD rate compared 

with the relatively stable age-standardised rate shows that 
the expanding burden of osteoarthritis is largely caused 
by the growth and ageing of populations.37 High BMI is 
currently the only risk factor for osteoarthritis for which 
attributable burden is quantified in the GBD. Given high 
BMI accounted for just 20% of osteoarthritis burden, it 
will be an important future direction to quantify the 
contribution of history of injuries,8,12 occupational risk,38 
prior joint-related surgeries, and other potentially 
modifiable risk factors to osteoarthritis burden.

Total osteoarthritis YLDs, as well as hand and knee 
osteoarthritis YLDs, were higher in females than males, 
even after accounting for demographics. The most 
common form of osteoarthritis was knee, and the least 
common was hip across the majority of GBD regions. 
We estimate that global case numbers for each site of 
osteoarthritis will increase by 48·6% to 95·1% between 
2020 and 2050. Due to projected population growth, 
regions in sub-Saharan Africa have the largest projected 
increase in cases, more than 200% by 2050, which should 
be emphasised in health systems planning.

Age-standardised prevalence of osteoarthritis in 2020 
was highest in high-income North America and high-
income Asia Pacific, and lowest in southeast Asia and 
eastern sub-Saharan Africa. This finding might not be 
indicative of a true difference in burden across regions 
because of the compositional bias of the relatively sparse 

Figure 3: Contribution of different osteoarthritis sites to combined age-standardised prevalence, globally 
and by GBD region, 2020
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input data for the osteoarthritis models, with the majority 
of data coming from high-income locations.

Differences in the burden of osteoarthritis across 
regions might be caused by genetic, metabolic, and 
behavioural factors. Although there is little quantitative 
evidence to support a particular physiological causal 
mechanism, the literature suggests differences in 
prevalence of osteoarthritis in the thumb base and knee 
joints could be partially explained by geographical 
variation in occupational distribution, high BMI, 
behaviours such as frequency of kneeling or squatting, 
joint anatomy, or genetic predisposition.19,38–40 For 
example, sitting in a squatting position might explain a 
higher prevalence of knee osteoarthritis in a cohort of 
Japanese females compared to US females, even though 
the US cohort had a higher average BMI.41 Furthermore, 
although the relative contributions of metabolic factors 
to the risk and severity of osteoarthritis are unknown, 

evidence indicates that metabolic factors associated with 
obesity, such as adipokine concentrations and insulin 
resistance, are a strong predictor of knee osteoarthritis 
irrespective of BMI.42 These findings suggest the potential 
for novel biotherapeutics to reduce symptoms and 
severity of osteoarthritis, although more research is 
needed.

In this study, we only address the non-fatal burden of 
osteoarthritis; a growing body of evidence suggests 
an association between osteoarthritis and excess 
mortality.43–45 Future research should further examine this 
link and address potential confounding caused by shared 
risk factors between osteoarthritis and other diseases 
with associated fatality.

There are several important limitations in modelling 
osteoarthritis globally. First, we needed to adjust data that 
used non-reference case-ascertainment methods. As few 
input data sources provide data on our reference case 

Figure 4: Global cases of site-specific osteoarthritis forecasted to the year 2050 and decomposition analysis of relative contribution of change in prevalence rate, population growth, and 
population ageing to total percent change in age-restricted case number by region, 2020–50
Insets display global case numbers for each osteoarthritis site. Shading denotes 95% uncertainty intervals.
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definition of osteoarthritis requiring radiography in 
addition to pain, more than 80% of all sources, including 
approximately 70% of non-clinical sources, required 
adjustment to the reference definition. In particular, 
ICD-coded insurance-claims data systematically 
undercounted osteoarthritis cases, in agreement with 
previously reported analyses of claims data.29 Second, 
most surveys reporting on osteoarthritis prevalence were 
not nationally representative but often conducted 
purposively in a particular subpopulation for logistical 
reasons. As important risks for osteoarthritis might vary 
between people living in cities, suburban areas or rural 
areas, such subnational studies might not reflect the 
whole country for which we are making estimates. Third, 
we used the same severity distributions and disability 
weights for all osteoarthritis sites. Given that 
osteoarthritis symptoms can be lessened with physical 
therapy, physical activity, appropriate pain medication, or 
joint replacement surgery, a potential update would be to 
grade severity by access to care by location and over time, 
on the basis of coverage rates for the main types of 
intervention. Fourth, in the calculation of total 
osteoarthritis we assumed independence because of 
insufficient data on site overlap. More population-based 
data are needed to quantify the occurrence of several 
sites of osteoarthritis observed in the same individual in 
clinical practice. Fifth, although SDI was included as a 
predictor in forecasts for osteoarthritis, future iterations 
should incorporate other known risk factors such as high 
BMI. Sixth, because US claims data constitute a large 
proportion of available data, these data might unduly 
influence global age patterns, and might be affected by 
care-seeking behaviour differences across the age 
spectrum. For example, the decreased prevalence seen in 
knee osteoarthritis after age 80 years might be related to 
decreased use of the health-care system in older age.
Seventh, estimates for osteoarthritis were limited by data 
availability and diagnostic heterogeneity, and this 
limitation was particularly true for other types of 
osteoarthritis, which solely used US insurance-claims 
data. Insurance claims only captured cases of 
osteoarthritis that intersected with the US health system. 
As such, model results likely underestimated the 
prevalence of other osteoarthritis to a greater extent than 
that of hip, knee, and hand osteoarthritis. To better model 
other osteoarthritis, access to datasets with granular 
diagnostic codes in diverse geographies will be 
imperative. Finally, estimates of osteoarthritis were 
limited by the absence of reliable predictive covariates, 
with the exception of BMI. There is also evidence to 
suggest that the normal range of BMI varies in different 
populations,46 and future analyses of the attributable 
burden to high BMI should account for these differences.

Across all musculoskeletal disorders, GBD models rely 
heavily on data gathered from COPCORD studies. The 
ability to refine osteoarthritis estimates in the GBD going 
forward will depend on the availability of new input data 

from under-sampled geographies collected by the 
broader scientific community. There is currently no 
global initiative targeting musculoskeletal disease 
specifically, which means data collection using the 
COPCORD relies on independent funding from 
individual research groups. Moreover, there is increasing 
criticism among clinical researchers of the Kellgren-
Lawrence classification system,25,26 a component of the 
reference diagnostic criteria used in the present study. 
Criticisms include whether this system can be used to 
identify early osteoarthritis, varying descriptions of 
Kellgren-Lawrence classifications between studies, 
varying rater reliability between studies, and lower 
estimates of prevalence than other criteria such as the 
National Institute for Health and Care Excellence or 
American College of Radiology. However, it remains the 
most commonly used radiographical measure available 
across the epidemiological literature and over time. 
Although there is an urgent need to generate more 
country-level baseline measures of osteoarthritis 
prevalence and impact, it is unlikely that large-scale x-ray 
studies will be repeated given the cost and potential 
radiation harms. Measuring burden of osteoarthritis 
would be greatly enhanced by a validated self-reported 
measure to use in national health surveys. Groups such 
as the European Musculoskeletal Conditions Surveillance 
and Information Network and the Global Alliance for 
Musculoskeletal Health have begun to address this 
measure.47

Osteoarthritis is a common disorder, and case numbers 
have increased over the past few decades to 14·8% of the 
global population older than 30 years. Numbers are 
expected to continue to increase to the year 2050 for all 
sites of osteoarthritis, leading to a greater health-system 
burden everywhere. The main limitation to modelling 
the global burden of osteoarthritis was data sparsity; 
high-quality data collection should be prioritised and 
funded. Addressing burden in the long term also requires 
a focus on prevention and access to highly effective 
treatments including joint replacement, and further 
research into risk factors that cause osteoarthritis or 
increase severity and disease progression, including 
addressing high BMI, a known risk factor.
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