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

GBD 2021 Gout Collaborators*

Summary

Background Gout is an inflammatory arthritis manifesting as acute episodes of severe joint pain and swelling, which can
progress to chronic tophaceous or chronic erosive gout, or both. Here, we present the most up-to-date global, regional,
and national estimates for prevalence and years lived with disability (YLDs) due to gout by sex, age, and location from
the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021, as well as forecasted prevalence to 2050.

Methods Gout prevalence and YLDs from 1990 to 2020 were estimated by drawing on population-based data from
35 countries and claims data from the USA and Taiwan (province of China). Nested Bayesian meta-regression models
were used to estimate prevalence and YLDs due to gout by age, sex, and location. Prevalence was forecast to 2050 with
a mixed-effects model.

Findings In 2020, 55 - 8 million (95% uncertainty interval 44 - 4-69 - 8) people globally had gout, with an age-standardised
prevalence of 659-3 (525-4-822-3) per 100 000, an increase of 22-5% (20-9-24-2) since 1990. Globally, the prevalence
of gout in 2020 was 3-26 (3-11-3-39) times higher in males than in females and increased with age. The total number
of prevalent cases of gout is estimated to reach 95-8 million (81-1-116) in 2050, with population growth being the
largest contributor to this increase and only a very small contribution from the forecasted change in gout prevalence.
Age-standardised gout prevalence in 2050 is forecast to be 667 (531-830) per 100000 population. The global age-
standardised YLD rate of gout was 20-5 (14-4-28-2) per 100 000 population in 2020. High BMI accounted for 34-3%
(27-7-40-6) of YLDs due to gout and kidney dysfunction accounted for 11-8% (9-3-14-2).

Interpretation Our forecasting model estimates that the number of individuals with gout will increase by more than
70% from 2020 to 2050, primarily due to population growth and ageing. With the association between gout disability
and high BMI, dietary and lifestyle modifications focusing on bodyweight reduction are needed at the population
level to reduce the burden of gout along with access to interventions to prevent and control flares. Despite the rigour
of the standardised GBD methodology and modelling, in many countries, particularly low-income and middle-
income countries, estimates are based on modelled rather than primary data and are also lacking severity and
disability estimates. We strongly encourage the collection of these data to be included in future GBD iterations.

Funding Bill & Melinda Gates Foundation and the Global Alliance for Musculoskeletal Health.
Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction Effective management strategies for gout include

Gout is the most common form of inflammatory arthritis,'
manifesting as acute flares of severe joint pain, swelling,
redness, and warmth in one or more joints, which can
progress to chronic destructive arthropathy. The prevalence
of gout is higher in males than females, and increases with
age.” Although a high serum urate concentration is the
most important risk factor for the development of gout,*
genetic factors have a strong influence on the occurrence
of gout, and a range of risk factors, such as medi-
cations, comorbidities, and environmental exposures,
are also implicated.** Many factors that contribute to
hyperuricaemia are also risk factors for incident gout,
including obesity, metabolic syndrome, and chronic kidney
disease, factors commonly seen in younger people with
gout. Gout has been associated with cardiovascular,
metabolic, and renal comorbidities.’
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treatment of the acute flares and ameliorating the long-
term consequences that contribute to disability.® Current
recommendations for managing acute flares include the
use of non-steroidal anti-inflammatory drugs (NSAIDs),
colchicine, or glucocorticoids. To prevent recurrent
gout flares, the primary goal is to reduce serum
urate concentrations, and lifelong administration of
urate-lowering drugs is crucial. Lifestyle modifications (eg,
bodyweight loss) and educational programmes focusing
on dietary improvement could also be useful for long-term
prevention of episodes or flares in people with gout.?

Gout can lead to reduced mobility and impaired
physical function, contributing to work absenteeism.” In
addition to its physical impacts, gout imposes an
economic cost on those with the condition, with costs
rising with increasing serum urate concentrations and
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Research in context

Evidence before this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) has reported on the incidence, prevalence, and mortality
of 371 diseases. GBD comprehensively provides estimates of
levels and trends in prevalence and years lived with disability
(YLDs) for gout and its attributable risk factors, by age and sex.
Recent publications on GBD data for gout are available;
however, one used GBD 2017 data and has been superseded by
two further rounds of GBD, and the other was outside the GBD
collaboration and did not have access to latest GBD modelling.
Additionally, these publications did not present projections
incorporating the demographic and epidemiological drivers of
the global burden of gout.

Added value of this study

This study provides an update on the burden of gout to 2020
and provides projections of the prevalence of gout at the global
and regional level up to 2050. Using a model that includes
updated covariates, we estimated that, in 2020, there were
55-8 million (95% uncertainty interval 44-4-69-8) people with
gout, and the age-standardised prevalence rate has increased
by 22.5% (20-9-24-2) globally since 1990. The number of
individuals with gout is projected to reach 95-8 million

the number of flares.® Untreated gout places a
substantial burden on the global health system, as
chronic gout causes tophi formation, chronic joint pain,
and erosion and damage to joints, resulting in an
increase in morbidity and disability-adjusted life-years
(DALYs). Furthermore, despite advances in the treatment
of gout, it is still underdiagnosed and undertreated,” and
is associated with an increased risk of mortality and
comorbidities."” Therefore, quantifying the burden and
pattern of gout cases by age and sex, as well as making
projections for the future, are necessary to efficiently
target the current and future needs of the population.
We aimed to report the global, regional, and national
burden and trends associated with gout and the burden
attributed to risk factors, in terms of prevalence and age-
standardised rates, from 1990 to 2020, as well as
projections up to 2050.

Methods

Overview

This Article was produced as part of the Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD)
Collaborator Network and in accordance with the GBD
Protocol. The Guidelines for Accurate and Transparent
Health Estimates Reporting (GATHER) statement were
followed. GBD is the largest and the most comprehensive
effort to estimate the burden of disease across the world.
GBD 2021, the most recent iteration of the project,
assessed the burden of 371 diseases and injuries and
88 risk factors for 204 countries and territories during the
period 1990-2021. Detailed descriptions of the

(81-1-116) by 2050, with approximately 0-6% of the forecasted
increase in case numbers due to changes in the prevalence of
gout. The burden of gout was higher within high-income
regions. High BMI (>20-25 kg/m?) accounted for 34-3%
(27-7-40-6) of age-standardised gout YLDs and kidney
dysfunction accounted for 11-8% (9-3-14-2).

Implications of all the available evidence

Gout continues to cause a considerable burden in all regions,
with the burden increasing with advancing age despite
modifiable risk factors and effective interventions to control
hyperuricaemia and treat gout flares. We estimated that the
total prevalent cases of gout will increase by more than 70%
from 2020 to 2050. Apart from population growth, ageing and
an increasing rate of disease will contribute the largest number
of prevalent cases in most regions up to 2050. To reduce the
burden of gout, risk factors such as high BMI should be
addressed, with timely access and adherence to treatment to
prevent the transition from acute to chronic tophaceous or
chronic erosive gout, or both. Reducing other risk factors such
as alcohol and sugar-sweetened beverage intake and
consumption of purine-rich food, not currently quantified in
GBD modelling for gout, might also reduce the burden of gout.

methodology for estimating the burden of diseases and
risk factors can be found elsewhere.”* Data are reported
by super-region, region, and country, with super-regions
based on epidemiological similarity and geographical
closeness. Where data for individual locations were not
available, prevalence estimates were modelled with
available data from super-region priors. DisMod-MR 2.1,
a Bayesian meta-regression tool, is run as a geographical
cascade. First, a model is run with all global data. Using
random effects and predictive covariates, the results of
this initial model are passed down to the next level
models by superregion as Bayesian priors. This is
repeated for regional, country, and, where applicable,
subnational models.

Case definition and input data

Physician-diagnosed gout based on the criteria of the
American College of Rheumatology (ACR) was used as
the reference case definition in GBD."** Data sources
that used diagnostic criteria other than the reference
criteria (such as self-reported gout or gout identified
through administrative data) were adjusted with a meta-
regression tool, MR-BRT (Meta-Regression Bayesian
Regularised Trimmed), as described elsewhere.*

The most recent systematic review on gout was
conducted for GBD 2013. MEDLINE, EMBASE, CINAHL,
CAB Abstracts, and the WHO Library (WHOLIS) were
searched from 1980 to 2009 with relevant search terms and
appropriate combinations (appendix p 1), which have been
detailed in a previous publication.* Studies with non-
representative samples, small sample sizes, reviews, and
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studies that did not use a population-based approach were
not included. Since the last systematic review, 15 additional
studies (which were shared through the GBD Collaborator
Network or prospectively found through a targeted search),
claims data from the USA for 2000 and 2010-14 (by state),
and claims data from Taiwan (province of China) for 2016
were added. GBD 2021 used the M10 code from version 10
of the International Classification of Diseases (ICD) and
the corresponding ICD-9-CM diagnosis code (274: Gout) to
identify cases of gout in medical claims data.

There were 35 countries with data on gout, and
130 source-years were used to estimate the burden of
gout. Detailed information about the data sources used
to estimate the prevalence of gout are provided in the
appendix (pp 4-5).*

Data processing and disease modelling

Input data were extracted by age and sex where available.
Where the prevalence rates were reported for broad age
groups by sex and separately by specific age groups for
male and female sexes combined, age-specific estimates
were split by sex with the reported sex ratio and bounds
of uncertainty. In cases where the combined prevalence
data could not be split with a within-study ratio, a sex
ratio was derived from a meta-analysis of existing sex-
specific data, using the MR-BRT tool.” Regression
results were used to split the combined male and female
sex data into sex-specific rates. The female-to-male ratio
was 0-33 (95% uncertainty interval [UI] 0-33-0-34),
denoting higher prevalence in males. Where studies
reported estimates across age groups spanning 25 years
or more, these were split into 5-year age groups using
the global prevalence age pattern estimated in the
previous iteration of the study, GBD 2019. Additionally,
MR-BRT was used to adjust for alternative case
definitions, including self-reported gout and gout
identified through administrative data and claims data
in the USA from the years 2000 and 2010-16 and Taiwan
(province of China) in 2016.*

The non-fatal burden of gout was modelled with
DisMod-MR 2.1, a Bayesian meta-regression tool.* The
modelling process assumed that there was no excess
mortality or remission (defined as complete cure)
associated with gout. Prevalence and annual incidence
estimates were generated by age, sex, location, and year.
The model included one country-level covariate, the gout
summary exposure value (SEV) scalar, a normalised value
of risks for a disease. In the case of gout, these risks are
kidney dysfunction and high BMI. High BMI is defined as
greater than 20-25 kg/m2, whereas kidney dysfunction is
defined as an estimated glomerular filtration rate (eGFR)
less than 60 mL/min per 1-73 m2 or an albumin to
creatinine ratio greater than or equal to 30 mg/g.

Gout severity was classified as asymptomatic, acute
gout episode, and polyarticular tophaceous gout, with
corresponding disability weights shown in the appendix
(p 3). Asymptomatic gout includes those who have a
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diagnosis of gout but do not have pain or functional
difficulties. These severity categories represent the natural
history of gout.

The number and duration of gout flares were estimated
from previously published studies (appendix p 2). Data
from three studies on the distribution of the number of
gout flares per year were used to fit a lognormal curve
with a least squared differences method, with the
estimated average number of gout flares being 5-66 per
year (95% UI 5-14-6-18).”* The results of two studies
were averaged to find the average duration of flares,
which was 6-1 days (5-4-6-8).®” These two estimates
were multiplied and then divided by the number of days
in a year to produce the proportion of symptomatic time
for acute gout, which was 9-4% (8-0-10-9). As there
were no data on those with chronic tophaceous or chronic
erosive gout, or a combination of both, we assumed the
proportion to be the same as those who had at least
52 flares a year (ie, at least once a week) as implied by the
lognormal curve. The prevalence estimate of each
sequela was multiplied with its sequela-specific disability
weight to produce the years lived with disability (YLDs).

Age-standardised rates were computed with the GBD
standard population. All mean and uncertainty estimates
were produced by taking the final 100 outputs from the
posterior distribution after model convergence (termed
draws), collapsing to the mean and 95% Uls as the 2-5th
and 97-5th percentiles of the draws. Count data are
presented to three significant figures, while rates and
percentages are presented to one decimal place.

Risk estimation

Two potential risk factors for developing gout, high BMI
and impaired kidney function, had sufficient epid-
emiological evidence from population-based data to be
included in the modelling process to assess attributable
risk for developing gout.” For high BMI, exposure is
defined as BMI greater than a theoretical minimum risk
exposure level, which GBD defines as 20-25 kg/m? for
adults aged 20 years and older, and the exposure was
calculated with spatiotemporal Gaussian process
regression, as well as mixed-effects models. For impaired
kidney function, risk exposure is the presence of kidney
dysfunction with a theoretical minimum risk exposure
level of zero (ie, no kidney dysfunction), and thus
exposure was obtained from the prevalence of those with
eGFR less than 60 mL/min per 1-73 m2. The relative
risks posed as these exposures worsen (through
stages 3-5 of chronic kidney disease) were ascertained
from a meta-analysis of the epidemiological evidence
with the meta-regression tool MR-BRT. The population
attributable fraction was calculated as the proportional
reduction in gout that would result if exposure to these
risk factors was reduced to the theoretical minimum risk
exposure level. Following this, the number of YLDs due
to gout attributable to each risk factor was derived by
multiplying the total YLDs for gout by the corresponding
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population attributable fractions for each age group, sex,
location, and year. The definition of these risk factors
and information on estimating the population
attributable fractions and their attributable burden for
each risk factor have been described in detail previously.”

Estimate projections

The number of global and regional cases of gout were
estimated to the year 2050 with forecasted population
estimates” and a regression to forecast prevalence with
the Socio-demographic Index (SDI) as a predictor, since

Number of prevalent cases Percentage changein Age-standardised  Percentage change  Number of YLDs Age-standardised Percentage change in
number of prevalent  prevalence rate per in age-standardised rateof YLDsper  age-standardised rate
cases from 100000 prevalence rate from 100000in2020  of YLDs per 100 000
1990t02020 1990102020 from 1990 to 2020
Global 55800000 150-6% 659-3 22:5% 1730000 205 22:0%
(44400000t0 69800000) (142-7to 159-2) (525-4t0822:3)  (20-9t024-2) (1220000t02390000) (14-4to 28-2) (19-8t0 24-2)
Male 41700000 150-5% 1030-8 21-6% 1300000 321 21-4%
(3310000010 52800000)  (142-1t0160-2) (823-4101289:5)  (20-0t023-4) (909000t01800000) (226 to 44-1) (19-3t0 23-6)
Female 14100000 151-0% 3164 20-8% 429000 97 20-1%
(11000000 t017500000)  (143-7to 157-8) (2491t03943)  (19:0t022:8) (304000t0587000)  (6:8t013-2) (17-5t0 22:5)
Central Europe, 2490000 49-1% 411-4 15-:0% 76500 127 15-1%
eastern Europe,  (1940000t03150000)  (45-1t052-8) (319-8t05183)  (13-6t016-3) (53400 to 105000) (8-8t017-4) (12-0t0 18-0)
and central Asia
Central Asia 365000 97-3% 4411 16-5% 11600 13-8 16-5%
(283000 to 468 000) (897 t0 103-9) (340-4t0550-0)  (131t019-3) (7890 to 15900) (95t018-8) (10-5t0 22:5)
Central Europe 709000 54-5% 364-4 14-5% 21700 11-3 14-7%
(551000 to 911.000) (4860 60-7) (287110 461-8)  (122t016-2) (1510010 30000) (7-9t015-4) (9-5t018-8)
Eastern Europe 1410000 37-:9% 430-3 14-8% 43200 133 14-7%
(1110000 to 1780 000) (33-9t0 42-2) (334-5t0541-2) (13-1t0 16:5) (30300 to 59 600) (9-2t018-2) (10-9t0 18-1)
High income 18700000 132:3% 1025-9 44-3% 570000 317 432%
(153000000 23000000) (124-0 to 145-5) (845-9t01272:0)  (39-1t050-9) (407000t0771000)  (22-8t0 42-9) (38-4t050-2)
Australasia 669000 168-8% 1424-4 32:3% 20400 439 31-8%
(520000 to 873000) (150-2t0 194-1) (1129-6 t0 1853-8) (235 to 44-3) (14600 to 28 600) (30-9t0 60-8) (21110 42-5)
High-income Asia 2700000 105-6% 728-4 13-1% 83500 229 13-3%
Pacific (2080000 to 3440 000) (92:9t0121-1) (576-1t0 933-3) (11-0t0 15:5) (58400 to 116 000) (16-0t0 31-6) (9-6t017-4)
High-income 9680000 199-6% 1719-8 76-6% 291000 525 74-0%
North America (8130000t011600000) (1817 to 2257) (1450-2t020787)  (65-0t0 90-7) (210000t0394000)  (37-2t070-6) (61710 87-3)
Southern Latin 759000 1181% 926.0 23-4% 23700 29-0 231%
America (601000 to 974 000) (106-6 t0 128:9) (739-8t01196:5)  (17-9t029-2) (16100 to 33100) (19:9 to 40-6) (13-7t031-8)
Western Europe 4920000 68:5% 6273 14-6% 151000 19-6 14-7%
(3770000 to 6240 000) (635t073-9) (499-5t08027)  (11-8t016-4) (105000 to 207 000) (13510 267) (111t018-9)
Latin Americaand 1430000 204-1% 230-6 24-4% 45100 7-2 23-6%
Caribbean (1130000t01780000)  (190-4t0 218-6) (183-2t02852)  (23-2t026-1) (31100 to 61500) (5-0t09-9) (19-5t026-8)
Andean Latin 175000 238-8% 289.6 30-4% 5530 9.1 28.6%
America (138000 to 221000) (224-5t0 256-0) (229-6t0365:5)  (25-1t037-4) (3590 to 7580) (6-0t012:5) (15:5t0 42-1)
Caribbean 129000 137-6% 2457 24-4% 4060 7-8 23:4%
(104000 to 157 000) (126-8 t0 148-0) (1981t0300-8)  (21.0t027-8) (2850 t0 5560) (54 t0 10-6) (14-5t0 34-9)
Central Latin 478000 205-8% 1884 21-4% 15300 6-0 211%
America (378000 to 589 000) (189-1t0223:3) (148-6 t0 231-1) (19710 23:3) (10400 to 21200) (4110 8:3) (15-4t0 27-2)
Tropical Latin 648000 211-4% 2547 26-4% 20200 79 25-5%
America (513000 to 812 000) (198210 228-4) (203-0t0316:5)  (24-1t028-9) (14200 to 27 400) (5-6t010-7) (18-2t0 32:0)
North Africa and 2610000 218-1% 525.9 20:1% 81800 16-2 19:2%
Middle East (2050000t03310000)  (210-5t0225-8) (411-5t0657-3)  (18-1t022-2) (56100 to 114 000) (114 t0 22-2) (14-6 t0 23-0)
South Asia 6410000 163-9% 421-2 7-8% 199000 129 8-8%
(5000000t0 8170000)  (154-5to0 173-5) (328:6t0528-9)  (6-4t09-4) (138000t0275000)  (9-1t017-9) (5-4t012-0)
Southeast Asia, 21700000 177-5% 7742 251% 682000 243 24-8%
east Asia, and (16800000 to 27600000) (161-0to193-3) (606-4t0972-2)  (22-4t027-3) (466 000t0 947000)  (16-8t033.5) (21-0to0 27-7)
Oceania
East Asia 17300000 175:9% 8174 26-4% 542000 257 26:0%
(13300000 t0 21900000)  (157-2 to 194-1) (6412t01023-9)  (23-4t029-1) (372000 to 754.000) (17-8t035-5) (21-6t029-4)
Oceania 59500 166-6% 701.5 8.0% 1870 21-6 7-5%
(46700 to 76 500) (154-7 t0 178-1) (555110 8883)  (3-9t0124) (1290 to 2730) (15410 30-3) (-1-6t016:9)
Southeast Asia 4350000 184-5% 6421 21-3% 138000 20-2 22:0%
(3390000 to 5600 000) (172510 192-9) (5013t0816:6)  (18:9t023-4) (92700 to 190 000) (13-8t027-8) (17710 26-3)

(Table continues on next page)
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Number of prevalent cases Percentage changein Age-standardised Percentage change ~ Number of YLDs Age-standardised Percentage change in
number of prevalent  prevalence rate per in age-standardised rateof YLDsper  age-standardised rate
cases from 100000 prevalence rate from 100000in2020  of YLDs per 100000
1990 to 2020 1990t0 2020 from 1990 to 2020
(Continued from previous page)
Sub-Saharan 2470000 144-9% 455-9 4-8% 77700 14.0 5:1%
Africa (1940000t03140000)  (140-7to 149-4) (354-4t0568-3)  (3-8t05-9) (53700 t0 107 000) (9-9t019:5) (2:9t07-3)
Central sub- 274000 163-0% 4299 2:0% 8540 131 2:6%
Saharan Africa (216 000 to 346 000) (146-8t0175-2) (3343t05355)  (3-6t071) (59500 12100) (9-2t018-4) (-6-6t012:2)
Eastern sub- 866000 149-6% 4503 6:0% 27300 139 6-6%
Saharan Africa (682000 to 1100 000) (143-1t0 155-5) (351-4to 563-4) (37to7:4) (19000 to 37700) (9:9t019-2) (2-7t09-9)
Southern sub- 342000 1297% 549-5 9-1% 10600 16-8 8-0%
Saharan Africa (265000 to 436 000) (124-8 t0 134-5) (425110 684-6)  (6:9t011:0) (7250 t0 14700) (117 t0 23-4) (3:0t0127)
Western sub- 986000 141-8% 440-7 3-5% 31200 136 3:9%
Saharan Africa (775000 to 1250 000) (136:3t0 147-4) (341.9t0550-4)  (1.7t050) (21300 to 43500) (95t019-1) (11t0 6-4)
Data in parentheses are 95% uncertainty intervals. Count data are presented to three significant figures, while rates and percentages are presented to one decimal place. Region and super-region numbers do not
sum to the global prevalence due to rounding and modelling adjustments for countries with populations below 50 000. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. YLDs=years lived with
disability.
Table: Prevalence and age-standardised rate of years lived with disability due to gout in 2020, and percentage change from 1990 globally and for GBD regions

health outcomes are closely tied to SDI. Forecasting
models do not take into account specific risk factors or
change in case identification over time. Age-specific,
location-specific, and sex-specific GBD 2019 prevalence
rates for estimation years from 1990 to 2020 were logit
transformed and used in the following regression model:

E[logit(Yl,a,s,}))] = BlSDI+ al,u,s

In this linear model fitted to logit-transformed prevalence,
the term on the left side of the equation is the forecasted
logit(prevalence) estimated by (1,4,s,y), the unique location-
age-sex-year in which f,is the fixed coefficient on SDI over
time, and a,,is the location-age-sex-specific random inter-
cept. To compute forecasted cases, forecasted rates were
multiplied by forecasted population values.” 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. Validation testing was
conducted with osteoarthritis estimates from 1990 to 2010
to project prevalence from 2010 to 2019 by age, sex,
location, and year (appendix p 4). A Das Gupta decom-
position analysis was performed to ascertain 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.”

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the report, or the decision to submit the manuscript
for publication.

Results

A total of 131 sources were used in the current analysis,
spanning 35 countries over 15 regions (appendix pp 4-5).
In 2020, there were an estimated 55-8 million (95% UI

www.thelancet.com/rheumatology Vol 6 August 2024

44.4-69-8) people with gout globally, a substantial
increase (150-6% [142-7-159-2]) from the 1990 estimates.
The global age-standardised prevalence of gout in 2020
was 659-3 (525-4-822-3) per 100000. This was an
increase of 22-5% (20-9-24-2) between 1990 and 2020
(table). The global prevalence of gout was found to be
3.26 (3-11-3-39) times higher in males than females,
with a global age-standardised prevalence rate of
1030-8 (823-4-1289-5) per 100000 for males and
316-4 (249-1-394-3) per 100000 for females in 2020.
Prevalence also increased with age (figure 1).

In 2020, the age-standardised prevalence of gout was
highest in the regions of high-income North America
(1719 -8 [95% UT 1450 - 2-2078-7] per 100 000), Australasia
(1424-4 [1129-6-1853-8] per 100000), and southern
Latin America (926-0 [739-8-1196-5] per 100000). By
contrast, Tropical Latin America (254-7 [203-0-316-5]
per 100000), the Caribbean (245-7 [198-1-300-8]
per 100000), and central Latin America (188-4
[148-6-231-1] per 100000) showed the lowest age-
standardised prevalence (table). Country-level age-
standardised prevalence estimates are shown in figure 2
and the appendix (pp 6-18).

From 1990 to 2020, age-standardised prevalence
increased substantially in most regions, with the largest
increases seen in high-income North America (76-6%
[95% UI 65-0-90-7)), Australasia (32-3% [23-5-44-3]),
and Andean Latin America (30-4% [25-1-37-4]; table).

Globally, gout accounted for 1-73 million (95% UI
1.22-2-39) YLDs in 2020, with an age-standardised rate
of 20-5 (14-4-28-2) per 100000, which was 22-0%
(19-8-24-2) higher than in 1990 (table). The largest
increases in the age-standardised YLD rate from 1990
to 2020 were seen in high-income North America (74-0%
[61-7-87-3]), Australasia (31-8% [21-1-42-5]), and
Andean Latin America (28-6% [15-5-42-1]; table). A
positive association was observed Dbetween the
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age-standardised YLD rate of gout and level of
development, with high-income regions showing higher
YLD rates and a greater change since 1990 than low-
income and middle-income regions (table).

Globally, in 2020, high BMI accounted for 34-3%
(95% UI 27-7-40-6) of the YLDs due to gout and kidney
dysfunction accounted for 11.-8% (9-3-14-2). YLDs
attributable to risk factors were higher in females than in
males for high BMI (36-2% [29-5-42-9] vs 33-6%
[27-0-39-8]) and for kidney dysfunction (14-6%
[11-5-17-2] vs 11-3% [8-9-13-6)). The high BMI-
attributable burden of gout ranged from 20-2%
(16-7-24-3) in south Asia to 46-6% (37-7-54-9) in
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Figure 1: Global prevalence of gout by age and sex in 2020
Shaded areas represent 95% uncertainty intervals.

high-income North America. The attributable gout
burden for kidney dysfunction ranged from 7-0%
(5-4-8-6) in eastern sub-Saharan Africa to 18-8%
(15-1-22-4) in central sub-Saharan Africa (appendix p 19).

In 2050, there will be an estimated 95-8 million
(95% UI 81-1-116) prevalent cases of gout globally, an
increase of 72-6% (54-9-100-3) from 2020 to 2050
(figure 3; appendix p 20). Age-standardised gout
prevalence in 2050 is forecast to be 667 (531-830) per
100000 population. In 2050, high-income North America
(1780 [1520-2150] per 100000) is estimated to have the
highest age-standardised prevalence of gout and central
Latin America (206 [169-248] per 100000) will have the
lowest age-standardised prevalence (appendix p 20).

A decomposition analysis by region shows the
relative contribution of population growth, population
ageing, and changes in prevalence to the forecast
increase in cases across regions (figure 3). Overall,
approximately 0-6% of the forecasted increase in case
numbers was due to changes in the prevalence of gout.
Regionally, the increase in case numbers due to the
increase in the prevalence of gout ranged from 2-7% in
high-income North America to 38-2% in eastern sub-
Saharan Africa.

The greatest contribution to forecast cases of gout are
population ageing and population growth. Population
growth was the largest contributor to gout prevalence in
Oceania and the regions of sub-Saharan Africa, while
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Figure 2: Age-standardised prevalence of gout by country for male and female sexes combined and all ages in 2020
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population ageing was a major contributor in east Asia
and the European regions.

Discussion

Globally, the total number of people with gout doubled
from 1990 to 2020, and age-standardised prevalence
increased by 22-5% from 1990, with increases in most
GBD regions. In line with the literature,” the burden of
gout in 2020 was three times higher in males than in
females in all age groups. Higher rates of gout were seen
in the older age groups in this study, which might be due to
the cumulative effects of monosodium urate accumulation
over time, higher prevalence of kidney dysfunction, and
usage of medications contributing to hyperuricaemia.”
Our forecasts showed that the prevalence of gout is
projected to be up to 96 million in 2050, with the increase
being primarily due to population growth and ageing, and
only a small increase in gout prevalence.

Gout was more common in males than females. An
analysis of individuals enrolled in a gout registry has
shown differences in the factors that contribute to gout
between males and females.* Women more often have
renal disease and concomitant use of thiazides or other
diuretics.” Men are more likely to report intake of foods
associated with both the development of gout and gout
flares?”* and are more likely than women to have
hyperuricaemia, a precursor for the development of gout.”

In most regions, estimates of the burden of gout
increased from 1990 to 2020. Variations between the
different regions can be partially explained in terms of
the effects of genetic and racial factors on the incidence
of gout, especially among some Indigenous populations,
and potential differences in exposure to other risk factors,
such as high BMI, kidney dysfunction, and consumption
of red and processed meat or seafood.**” For example,
Maori and Pacific Islanders in New Zealand have severe
gout disproportionately compared with New Zealand
Europeans, developing severe disease at a younger age,
with more frequent flares, higher rates of hospital
admission for gout, and more tophaceous disease, in
addition to experiencing treatment disparities.”

Higher exposure to gout risk factors, such as kidney
dysfunction and high BMI, might be partially
responsible for the increases in the age-standardised
YLD rate of gout in high-income regions. High-income
Asia Pacific regions had the highest YLDs attributable to
kidney dysfunction, where a higher prevalence of kidney
dysfunction has been reported.” Moreover, as the kidney
dysfunction YLDs worsen with age, the burden
attributable to gout also increases.” The highest YLDs
attributable to high BMI were seen in high-income
North America.?® Obesity (ie, a BMI >30 kg/m2) has
previously been associated with a greater than two-fold
increased risk of developing gout compared with a BMI
less than 30 kg/m2.” In addition to obesity, diet has
been linked with an increased risk of gout, especially
among those with a genetic predisposition to gout.
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Figure 3: Global cases of gout forecast to year 2050 and decomposition of changes in case counts by region,

2020-50
In the inset graph, shaded areas represent 95% uncertainty intervals.

Consumption of red meat, seafood, shellfish, fructose-
sweetened drinks, and alcoholic drinks (particularly
beer) increase the risk of incident gout.”* These factors
were independent risk factors and more than doubled
the risk of incident gout compared with people without
these factors. Recent studies have acknowledged the
important interaction between diet and susceptibility,
including a UK Biobank study that suggested a healthy
lifestyle might reduce the risk of genetically predisposed
gout by as much as a third.** Men who consumed two
or more servings of sugar-sweetened drinks per day
were found to have a higher risk of gout compared with
those who consumed less than one serving monthly.”
Conversely, low-fat dairy products, soy foods, and coffee
are associated with a reduced risk of gout.* The
geographical distribution of the gout burden aligns with
geographical diet patterns as described in the literature.
For other conditions, GBD has the ability to include
dietary risks such as a diet high in red meat, high in
sugar-sweetened beverages, and low in seafoods
containing omega-3 fatty acids, as well as alcohol use
within the modelling process, so the inclusion of these
for gout modelling in future iterations of the GBD is
recommended.

Although non-steroidal anti-inflammatory medications
are beneficial in the treatment of acute gout flares, ongoing
prevention of recurring gout can be achieved by lowering
uric acid through the use of urate lowering therapy, in
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addition to low-dose anti-inflammatory medications.”
There is evidence to support a treat-to-target approach for
lowering serum urate, which can suppress gout flares and
prevent joint and other end organ damage in the long term
by reducing the total body load of urate tissue deposits.?
However, it has been reported that suboptimal treatment
of gout occurs in many countries, with only a third to half
of patients with gout receiving urate-lowering therapy, and
fewer than half of patients adhering to the long-term
treatment that is needed.*** Suboptimal treatment might
lead to unnecessary development of disabling erosive gout.
One of the most important strategies to reduce the ongoing
burden of gout is improving education around adherence
to treatment.” The ability to do this is likely to vary across
regions and might contribute to the differences seen
across regions.

Our forecasts showed that the prevalence of gout is
estimated to be up to 96 million in 2050. Unfortunately,
these forecasts cannot yet be based on forecasted rates of
risk factors including high BMI and kidney dysfunction,
and SDI has been taken as a proxy in the forecasting
process. It is known that global rates of overweight and
obesity are increasing,” so the actual forecasted prevalence
rate could be higher if the increase in obesity is greater than
the increase in SDI. The impact of COVID-19 on forecast
estimates for gout is also not yet known. As with many
other conditions, maintaining a healthy bodyweight could
reduce the prevalence of gout, in addition to controlling the
underlying conditions for the development of kidney
impairment, such as hypertension and diabetes. Designing
programmes for the early detection and treatment of
kidney diseases can prevent further complications.”

There are some limitations that should be taken into
consideration when interpreting these estimates.
Although the GBD modelling process is robust, the
sparsity of data on the prevalence of gout, particularly
from low-income and middle-income countries, remains
a major limitation. Of the 204 countries included in
GBD 2021, data were available from just 35 countries
covering 15 regions, and a large proportion of the
modelling input was from claims data from the USA and
Taiwan (province of China). There are wide uncertainty
intervals in the estimated prevalence in almost all regions,
indicating lower certainty in the estimates presented. We
emphasise the need for more thorough data collection, in
particular in low-income and middle-income regions, so
that the estimates derived from the modelling process
can be based on more primary data sources.

Although GBD modelling adjusts for varying case
definitions, diagnosis and management of gout relies on
access to suitable laboratory facilities for the measurement
of serum urate concentrations, which might not be readily
available in all countries. The clinical presentation of gout
overlaps with acute episodes of calcium pyrophosphate
crystal arthritis (known as pseudogout), which could lead
to overestimates. Although the symptoms are similar, gout
is caused by monosodium urate crystals while calcium

pyrophosphate crystal arthritis is caused by calcium
pyrophosphate crystals. The distinction between these two
conditions in the clinical setting is often challenging and
requires further radiological and pathological assessment
of joint and synovial fluid, which is not always possible in
low-income settings. Nevertheless, both conditions lead to
pain and disability that could become chronic if untreated.
The current study utilised physician diagnosis based on
the 1977 American Rheumatism Association (now ACR)
criteria as the reference case definition of gout; however, as
data based on more recent criteria such as the 2015 ACR-
European Alliance of Associations for Rheumatology
criteria for gout become available, which incorporate
newer imaging modalities and improved performance
characteristics, these could be used in future GBD
iterations. Attributing burden to conditions that have
intermittent episodes is somewhat challenging. Unless a
deformity exists that would lead to some loss of function or
pain, GBD methodology does not attribute disability. If
there are no symptoms between flare episodes, then there
is assumed to be no disability, hence the resulting
estimates on the burden of gout might be an underestimate
of the true burden.

The GBD model does not provide differentiation based
on access to treatment, adherence, or the capacity to treat
comorbid conditions without the use of drugs that can
trigger gout flares. With few studies available, severity
levels and disability weights used to calculate YLDs were
applied consistently across regions with no regional
difference being taken into consideration. Additionally,
there were sparse data on the number and duration of gout
flares across regions, so the GBD model has assumed all
regions are the same, despite access to treatment varying
across regions.

Another limitation is that no mortality was attributed to
gout in the GBD model. Attributing mortality is complex
in a condition that is associated with multimorbidity.
GBD follows the principles of ICD to assign deaths to an
underlying cause. Even if people with gout have a higher
risk of death due to comorbid conditions, this does not
mean deaths can be assigned to gout as the underlying
cause. Having untreated gout and high concentrations of
serum urate are a risk factor for all-cause mortality, and
people with heart disease plus gout are perhaps more
likely to die than people with heart disease alone, although
gout would rarely be listed as a primary cause of death.

A further limitation is the use of high BMI and kidney
dysfunction as the only risk factors. These were the only
risk factors that had sufficient population-based evidence
of a causal relationship with gout as required for GBD
studies. Other risk factors for hyperuricaemia, which
increases the risk of gout, include fasting plasma glucose,
genetics, cardiovascular disease, diabetes, alcohol con-
sumption, and dietary factors including purine-rich
foods such as red meat and seafood intake in addition to
the consumption of fructose-sweetened beverages.”
Current GBD methods for other conditions such as
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cardiovascular disease include a diet high in red meat
and processed meat in addition to alcohol consumption
as risk factors;*® however, the causal evidence for gout
due to these risks has not yet been evaluated for inclusion
in future iterations of GBD.

In conclusion, the burden of gout increased globally
over the past 30 years and is forecast to continue
increasing over the next three decades. It is important to
note that all regions had an increase in rates of the age-
standardised burden due to gout from 1990 to 2020,
despite large regional variations. Our findings highlight
the need to focus on the prevention and management of
gout as the population ages, especially among males.
Preventing the disease requires public policy interventions
to control risk factors, in particular high BMI, and guide
resource allocation to enable early diagnosis and access
and adherence to treatment.
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