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Hyperuricemia, gout and the associated comorbidities in
China: findings from a prospective study of 0.5 million adults
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Summary

Background Despite the growing prevalence of hyperuricemia and gout, their epidemiology and associated comor-
bidity burden remains poorly studied in many populations, including China. We aimed to examine the patterns of
plasma urate level, prevalence of hyperuricemia, and incidence of gout, and investigate the associations of gout with a
range of comorbidities and all-cause mortality in Chinese adults.

Methods The prospective China Kadoorie Biobank recruited 512,724 adults aged 30-79 years from ten diverse areas
in 2004-2008 and measured plasma urate level among 16,817 participants. The incidence of gout and other diseases
and deaths were monitored by electronic linkages with registries and hospital records. Cox and logistic regression
yielded adjusted HRs and ORs for risks of mortality and comorbidities associated with gout, hyperuricemia, and urate
level.

Findings The gout incidence rate was 23.4 per 100,000 person-years, and was higher in men and older participants,
and varied substantially by region. Gout was associated with higher risks of all-cause mortality (HR = 1.58, 95% CI
1.37-1.82), CVD (1.87, 1.64-2.14), CKD (5.61, 4.45-7.07), urolithiasis (2.50, 1.85-3.38), diabetes (1.99, 1.51-2.62),
diseases of the oesophagus, stomach, and duodenum (2.14, 1.72-2.66), infectious and parasitic diseases (1.91,
1.47-2.48), arthropathies (6.06, 4.98-7.38), and other musculoskeletal disorders (2.10, 1.77-2.51). Most of these
associations were bi-directional, sustained over time and little affected by adjustment for cardiometabolic risk
factors. Moreover, participants who developed gout were more likely to have multiple major diseases and more
hospitalisations. Among the subset with plasma urate measured, 15% had hyperuricemia, which was more
common in men, older women, and urban residents, and was associated with increased risks of gout, all-cause
mortality, and several cardiometabolic, renal, digestive, and musculoskeletal diseases.

Interpretation In Chinese adults, gout was associated with several comorbidities and a poor health trajectory. Our
findings reinforce the need for prevention and management of gout and associated comorbidities.
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Research in context

Evidence before this study

Gout is the most common form of inflammatory arthritis
with increasing prevalence globally. Understanding the
epidemiology and comorbidity relationships of gout may
improve our knowledge on the burden of gout and its
potential shared pathogenesis with other diseases.

We searched PubMed for reports on the prospective
associations of gout with disease outcomes published up to 1
November 2024, using the terms: “gout” AND "“disease OR
comorbidit* OR incidence OR risk OR mortality OR death”.
Most previous studies were based primarily on routine health
record data in Western or high-income populations (e.g. UK
Clinical Practice Research Datalink [CPRD], and several
national medical record or insurance databases) with limited
information on lifestyle risk factors, and had focused on a
specific disease or disease category. A few prospective cohort
studies (e.g. the Framingham Study, the Health Professionals
Follow-up Study) were identified, which were primarily based
on Western populations and largely limited to CVD. Overall,
previous studies consistently reported positive associations of
gout with CVD and renal diseases. Only a few studies,
including those based on the UK CPRD and Swedish
healthcare registers, have examined the prospective
associations of gout with a range of comorbidity and
mortality outcomes. These studies have reported positive
associations of gout with several major diseases beyond CVD
and renal diseases, including genitourinary, metabolic/
endocrine, musculoskeletal, and liver diseases, and deaths
from infection and digestive diseases. Some of these
associations (e.g. diabetes, musculoskeletal diseases) were
reported by other studies, however for other diseases
evidence was limited and inconsistent. Evidence from well-
designed prospective cohort studies which allow for
comprehensive adjustments for potential biases, and from
other populations, is limited.

Added value of this study
In this large prospective study of 0.5 million Chinese adults
with 12-year follow-up of linked hospital records and

Introduction

Gout is the most common form of inflammatory
arthritis affecting nearly 56 million people worldwide in
2020, with the number of cases projected to rise to 96
million in 2050 primarily driven by population growth
and ageing.' Gout is characterised by the deposition of
monosodium urate (MSU) crystals in and around joints,
which triggers painful acute inflammatory arthritis ep-
isodes (gout flares) that may become recurrent and
progress to, when untreated, chronic gout causing joint
damage.” Hyperuricemia, the sustained elevated serum
urate concentration that facilitates the formation of
MSU crystals, is the most important risk factor for gout.’
The burden of gout varies substantially across regions

comprehensive information on lifestyle risk factors, we
examined the patterns of incidence of gout, the prevalence of
its precursor hyperuricemia, and levels of plasma urate by
socio-demographic groups, and comprehensively assessed the
prospective associations of gout with a range of major
morbidity outcomes and all-cause mortality.

Among Chinese adults, gout and hyperuricemia were more
common in men, urban residents, and older participants, with
substantial geographical variation across ten study regions in
China. As well as confirming previous known associations of
gout with cardiovascular and renal diseases and urolithiasis,
we also found associations for several other diseases (e.g.
diabetes, arthropathies, and diseases of the oesophagus,
stomach, and duodenum) less established to be related to
gout previously. Most of these associations were bi-
directional, and were not fully explained by shared risk factors
or reverse causation. Hyperuricemia also showed similar
associations with a range of cardiometabolic, renal, digestive,
and musculoskeletal disease outcomes. Overall, individuals
who developed gout were more likely to have multiple
comorbidities, more hospitalisations, and higher mortality
risks.

Implications of all the available evidence

Evidence in Western and Chinese populations shows that
people with gout had increased risks of a range of major
diseases beyond CVD and chronic renal disease, with an
overall high comorbidity burden and poorer health trajectory.
This knowledge can inform and reinforce prevention and
management strategies of gout and associated comorbidities.
Findings on the sex-, age-, and geographical variation in
hyperuricemia prevalence and gout incidence rates may
inform screening and prevention strategies in China.
Prevention and management guidelines for hyperuricemia
and gout may consider inclusion of assessment and
monitoring of a wider range of comorbidities. Future genetic
and multi-omics research are warranted to investigate the
potential causal relevance and underlying mechanisms linking
gout to different major diseases.

with the highest prevalence in high-income North
America and the Pacific regions,"’ potentially reflecting
differences in genetic and lifestyle risk factors. In China,
nationwide surveys reported an increase in the preva-
lence of gout from <1% to 3% between 1995 and 2019*
and of hyperuricemia from 11% to 14% between 2015
and 2019, which may be attributed to adverse changes
in dietary patterns (e.g. alcohol, purine-rich food, and
sugar-sweetened beverage intake) and an increase in
obesity and metabolic syndrome that are suggested to be
risk factors for hyperuricemia and gout.’

Despite the high population burden and decreased
quality of life related to gout, gout is generally poorly
managed with low uptake and adherence to urate-
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lowering therapy.” Furthermore, gout has been associ-
ated with cardiovascular diseases (CVDs) and chronic
kidney disease (CKD),"° potentially exacerbating the
related public health burden, especially in ageing pop-
ulations. The cause—effect relationships and underlying
mechanisms of these observed associations, and the re-
lationships between gout and other conditions, are poorly
understood. Large-scale population-based epidemiological
studies offer an opportunity to investigate the occurrence
patterns and associated comorbidities of gout.” However,
existing evidence has mostly involved routine register
databases in high-income Western populations with
limited adjustments for lifestyle risk factors'®"> or epide-
miological surveys based on self-reported comorbidities in
high-risk populations (e.g. in the Pacific Islands).’ Large-
scale investigations on the prospective associations be-
tween gout and different diseases, especially in other
populations, are sparse. Understanding the epidemiology
of gout and hyperuricemia and their associated comor-
bidities in a Chinese population, whose environmental
and lifestyle exposures, metabolic and genetic profile, and
disease patterns vary substantially from Western pop-
ulations,” will improve knowledge of the burden of gout
and potential shared aetiology and pathogenesis with
other diseases. This may inform prevention and man-
agement approaches in China and elsewhere.

This study characterised the descriptive epidemiology
and comorbidity relationships of gout in 0.5 million
adults from the prospective China Kadoorie Biobank
(CKB) study. We aimed to: (1) examine the level of
plasma urate, prevalence of hyperuricemia, and incidence
rate of gout by socio-demographic groups (sex, age, ed-
ucation) and regions; and (2) assess the associations of
gout with a range of major morbidities and all-cause
mortality, overall and among population subgroups.

Methods

Study population

Details of the study design and methods of the CKB, and
its wide applications in epidemiological investigations of
the determinants of chronic diseases, have been previ-
ously reported.”'¢ Briefly, 512,724 adults aged 30-79
years were recruited from ten geographically diverse (five
rural, five urban) areas across China during 2004-2008.
The ten study areas were selected to cover a diverse range
of socio-economic development, risk factor exposures,
and disease patterns (see Appendix p7-p8). Potentially
eligible participants without major disabilities were
identified through official residential records in 100-150
administrative units (rural villages and urban residential
committees) within each study area. At local study
assessment clinics, trained health workers administered a
laptop-based questionnaire recording socio-demographic
factors, lifestyle factors (e.g. alcohol drinking, smoking,
physical activity, and diet), medical history (self-rated
health and a range of doctor-diagnosed health conditions),
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and female reproductive factors. The questionnaire had
built-in checks to identify and minimise missing items,
data entry errors, and inconsistencies. Physical measure-
ments (e.g. blood pressure and anthropometry) were
undertaken using calibrated instruments and standard
protocols. A 10 ml non-fasting blood sample was collected
for long-term storage and onsite tests including random
blood glucose level (Johnson & Johnson SureStep Plus
Meter), with time since last meal recorded. Three resur-
veys of ~5% randomly selected surviving participants
were subsequently conducted in 2008, 2013-2014, and
2021-2022 using similar procedures.

Follow-up for mortality and morbidity
The vital status of participants was obtained periodically
from local death registries, supplemented by annual
active confirmation through local residential, health in-
surance, and administrative records. Additional infor-
mation on morbidity since baseline was collected through
linkage with established disease registries (for cancer,
stroke, ischaemic heart disease [I[HD], and diabetes) and
the national health insurance system, which records any
episodes of hospitalization and almost has universal
coverage of the study areas. All events were coded with
International Classification of Diseases, 10th revision
(ICD-10) codes, blinded to the baseline information. The
main exposure of this study was clinically diagnosed gout
reported from electronic health records during follow-up
(predominantly captured via inpatient hospitalisations
[see Appendix p9]; prior gout was not assessed in the
baseline medical history questionnaire), defined as the
first event with an ICD-10 code M10. The total number of
gout episodes reported over follow-up was also recorded.
The disease outcomes for this report were selected
based on a combination of previous evidence in relation
to gout,'"'” major causes of mortality and morbidity,"”
and statistical power. These disease incidence out-
comes, identified through electronic linkage records,
included: CVDs, including IHD and stroke separately;
any cancer; CKD; urolithiasis; diabetes; chronic
obstructive pulmonary disease (COPD); liver disease;
diseases of the oesophagus, stomach, and duodenum;
disorders of the gallbladder, biliary tract, and pancreas;
infectious and parasitic diseases; arthropathies
(excluding gout); other musculoskeletal disorders; other
autoimmune diseases; fracture; and all-cause mortality
(see Appendix p10 for disease definitions and ICD-10
codes, and Appendix pll for number of recorded
events). By 1 January 2019, 56,550 (11%) participants
had died, and only 4028 (<1%) were lost to follow-up.

Measurement of plasma urate level

In a nested case—control study of CVD, we measured a
range of biomarkers, including urate, using baseline
plasma samples from ~18,000 participants, at the Ox-
ford NDPH Wolfson Laboratory (Appendix p4). Overall
16,817 participants had urate level measurements
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(rmol/L), and hyperuricemia was defined as urate level
>360 pmol/L for both men and women based on rec-
ommended levels for long-term control.™

Statistical analysis

The main analyses of gout included the whole study
cohort. For analyses involving the urate subset, inverse
probability of sampling weights were applied to account
for the nested case—control study design (Appendix p4,
p6, pl12).

Means and percentages of baseline characteristics
were calculated by gout status, adjusted for sex, age (in
10-year intervals), and the ten study areas, as appropriate.
Linear regression models were used to estimate adjusted
mean levels of urate and prevalence of hyperuricemia by
socio-demographic factors (age, sex, study area, education
level), adjusted for sex, age, study area, and fasting time
before blood sample collection, as appropriate. Additional
adjustments for creatinine (as a measure of kidney
function), alcohol consumption (for men), and meno-
pausal status (for women) were made to examine differ-
ences in the levels of urate and hyperuricemia by baseline
age. The incidence rates (95% confidence intervals [CIs],
calculated using normal approximation) of gout were
estimated as the number of gout cases per 100,000
person-years (py) overall and by socio-demographic fac-
tors, standardized by sex, age-at-risk, and study area of
the CKB study population, as appropriate.

Cox regression models with a time-updated exposure
for gout, counting individuals with incident gout as
exposed from their time of diagnosis, were used to esti-
mate hazard ratios (HRs) and 95% CIs for incident dis-
ease outcomes and all-cause mortality between ages 35
and 84 years. As age is an important determinant of gout
and multiple diseases, age was used as the underlying
time scale. Participants contributed time at risk from
their age at baseline or 35 years (whichever later), and
were followed up until the first occurrence of the corre-
sponding disease endpoint, or were censored at the
earliest of the following events: death from other causes,
lost to follow-up, or reaching the general censoring date
of 1 January 2019 or age 84 years. The models were
stratified by sex and the ten study areas, and were
adjusted for baseline age, education, alcohol consump-
tion, smoking, physical activity, and dietary factors (fish
or seafood, red meat, poultry, soybean, dairy products,
and fresh fruits). Participants with relevant self-reported
prior diseases were excluded from the analyses
(Appendix p10). Similar Cox models were used to esti-
mate HRs associated with duration since gout diagnosis
(non-exposed [reference group], 0-2 years, 2-5 years, 5+
years), a time-updated exposure defined as the time in-
terval between gout diagnosis and time at risk for the
disease outcome, with test for trend assessed among gout
patients by fitting gout duration as an ordinal variable.
Associations of shorter duration since gout diagnosis
(non-exposed [reference group], 0-1 year, 1-2 years, 2+

years), and the number of reported gout episodes (none
[reference group], 1 episode, 2+ episodes), with disease
risks were also assessed (Appendix p5). Confounding
variables were selected based on a priori knowledge of
standard risk factors and demonstrated associations with
urate level, gout, and major disease outcomes.

To assess the associations of preceding major dis-
eases (prevalent and incident cases, see Appendix p10),
and duration since their diagnosis, with subsequent risk
of gout, Cox models were used with time-updated
exposure for preceding disease to estimate adjusted
HRs for gout (see Appendix p5 for detailed methods).

The associations were examined separately by sex, and
for selected major outcomes (CVD, CKD, diabetes, ar-
thropathies, all-cause mortality) by index age, study area,
and education level, with chi-squared tests for heteroge-
neity applied to the log. HRs and their standard errors.
Sensitivity analyses were performed by: additional ad-
justments for BMI and systolic blood pressure (SBP) to
assess independent associations beyond shared car-
diometabolic risk factors; excluding individuals with prior
CVD, CKD, or poor self-rated health at baseline; adding a
one-year lag to the time-updated exposure for gout to
minimise reverse causation and potential impact of
concomitant diagnoses. The associations of urate level
and hyperuricemia with major disease outcomes were
assessed using logistic regression models (Appendix p6).

Logistic regression models were used to estimate
odds ratios (ORs) for having more than one comorbidity
throughout the study period, comparing gout patients
vs. other participants, among those without any self-
reported prior major diseases (see Appendix p4 for
definition). To assess the cumulative morbidity burden,
the total number of hospitalizations were estimated for
participants who had gout (treated as a time-updated
group) vs. those not, using the mean cumulative count
of hospital episodes."”

The proportional hazards assumption was assessed
using plots of scaled Schoenfeld residuals and the associ-
ated chi square tests (no clear evidence of violation). For
analyses involving more than two exposure categories,
floating standard errors based on quasi-variances were
used to estimate group-specific 95% ClIs for all categories
(including the reference group) to facilitates comparisons
between any two categories.”>* For comparisons of two
groups (i.e. an exposure category with the reference group),
conventional 95% ClIs were reported. The Benjamini-
Hochberg method was used to account for multiple com-
parisons within each stream of analyses. All P-values were
two-sided. Statistical significance (at the 5% level) was
evaluated using both false discovery rate (FDR)-adjusted
and conventional P-values. All analyses used R software
(version 4.4.1).

Ethics approval

The CKB complies with all the required ethical stan-
dards for medical research on human subjects. Ethical
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approval was obtained from the Ethical Review Com-
mittee of the Chinese Centre for Disease Control and
Prevention (Beijing, China, 2004; Reference: 005/2004)
and the Oxford Tropical Research Ethics Committee,
University of Oxford (UK, 2005; Reference: 025-04). All
participants provided written informed consent.

Role of the Funding source

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

Results
Among the 512,724 study participants (Table 1), the
mean age at baseline was 52 (SD 10.7) years, 41% were
men and 56% lived in rural areas. During a median of
12.1 (interquartile range [IQR]: 11.1, 13.1) years of
follow-up, 1402 participants (1071 men, 331 women)
developed gout, corresponding to an incidence rate of
23.4 (43.2 among men, 9.6 among women) per 100,000
person-years. The median age at first diagnosis was 67.6
(IQR 59.8, 75.6) years and among those with gout, 25%
(28% men vs. 15% women) had two or more recorded
gout episodes over the follow-up period (Appendix p13).
Participants who developed gout were more likely to
be men, be older at baseline, live in urban areas, and
have less education than those without gout (Table 1).
They also had higher BMI and SBP and poorer self-rated
health, were less physically active, and among men were
more likely to be current alcohol drinkers but less likely
to be current smokers.

Mean urate level, prevalence of hyperuricemia, and
gout incidence rate patterns

Among the subset of 16,817 participants with urate
measurements (Appendix pl4), the mean urate level
was 279.2 (SD 83.1) pmol/L (304.7 pmol/L in men,
241.3 pmol/L in women), with 15.4% (21.4% men, 5.3%
women) defined as having hyperuricemia (Appendix
p15). Both urate level (HR = 2.99, 95% CI 2.53-3.53,
per SD increment) and hyperuricemia (11.31,
6.30-20.33) were strongly associated with increased risk
of gout (Appendix p16).

Mean urate level and proportion of hyperuricemia
generally increased with age, but this pattern differed by
sex. Among men there were U-shaped relationships
with higher mean urate level and proportion of hyper-
uricemia in age groups <45 years and >65 years,
whereas among women these values increased steadily
with age (Fig. 1a and b). The associations with age were
unaltered with further adjustment for alcohol con-
sumption in men, but were attenuated after adjustment
for menopausal status in women and creatinine level in
both sexes (Appendix p17). In contrast, incidence rates
of gout increased continuously with age overall (range
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5.3-78.4 per 100,000 py, <45 to 75+ years), and in men
(11.4-136.1 per 100,000 py) and women (1.3-41.1 per
100,000 py), with greater absolute increases after age 65
years (Fig. 1c).

The incidence rate of gout was generally higher in
urban than rural areas (Appendix p15, p18) and varied
substantially across the ten study sites (~1 in Henan to
>50 in Hunan and Liuzhou, per 100,000 py), with
broadly similar regional distribution patterns for urate
level and hyperuricemia (except for two coastal cities
Qingdao and Haikou which had considerably high
prevalence of hyperuricemia) (Appendix pl9, p20).
Mean urate level and hyperuricemia prevalence, but not
gout incidence, also tended to increase with education
level (Appendix p15).

Associations of gout with risks of incident
morbidities and all-cause mortality

Gout was associated with increased risks of incident
CVD (adjusted HR = 1.87, 95% CI 1.64-2.14), including
both THD (1.90, 1.59-2.27) and stroke (1.81, 1.55-2.13),
diabetes (1.99, 1.51-2.62), and urolithiasis (2.50,
1.85-3.38), with an HR of 5.61 (95% CI 4.45-7.07) for
CKD (Fig. 2a). There were also significant positive as-
sociations between gout and diseases of the oesophagus,
stomach, and duodenum (2.14, 1.72-2.66), infectious
and parasitic diseases (1.91, 1.47-2.48), arthropathies
(6.06, 4.98-7.38), and other musculoskeletal disorders
(2.10, 1.77-2.51). There was suggestive evidence for
elevated risks of COPD (1.31, 1.00-1.71) and fracture
(1.43, 1.01-2.02), but the associations were non-
significant after correction for multiple comparisons.
Overall, gout patients had an HR of 1.58 (95% CI
1.37-1.82) for all-cause mortality when compared with
participants who did not develop gout.

The excess risks for most of these diseases associated
with gout generally persisted for up to 5+ years
following gout diagnosis, except for urolithiasis, COPD,
and infectious and parasitic diseases (with few cases) for
which the associations were attenuated to the null after
5 years (Table 2; Appendix p21, p23). The associations
for IHD, CKD, and particularly arthropathies appeared
to be weaker over time since gout diagnosis but tests for
trend were not significant. Having two or more hospi-
talised gout episodes was associated with stronger
elevated risks, especially for CKD (Appendix p22).

The associations of gout with liver diseases (1.56,
0.92-2.65), disorders of the gallbladder, biliary tract, and
pancreas (1.47, 0.97-2.21), and other autoimmune dis-
eases (1.53, 0.84-2.76) tended to be positive but were
not statistically significant, and there was no evidence
for association with cancer (1.05, 0.80-1.40) (Fig. 2a).

Associations of preceding major diseases with risk
of gout

Similar relationships between preceding major diseases
and subsequent incidence of gout were observed. The
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Characteristics Overall Non-cases Gout cases
(n = 512,724) (n = 511,322) (n = 1402)
Demographic and lifestyle
factors
Mean age, years (SD) 52.0 (10.7) 52.0 (10.7) 57.2 (10.5)
Women, % 59.0 59.1 24.9
Urban, % 44.1 441 48.6
Education >6 years (i.e. primary 49.2 49.2 45.2
school or above), %
Household income >20,000 427 42.7 44.9
yuan“/year, %
Current alcohol drinkers, % 14.9 14.8 21.1
Men 333 332 41.4
Women 21 21 2.0
Mean alcohol intake®, g/week 2717 (242.4) 271.4 (242.2) 328 (266.0)
(SD)
Men 285.7 (245.3) 285.3 (245.1) 341.4 (266.0)
Women 115.6 (127.4) 115.5 (127.2) 197.5 (231.5)

Current smokers, %

Men

Women
Daily tea drinkers, %

Men

Women
Physical activity, mean
MET-h/d (SD)

Anthropometry, mean (SD)

Body mass index, kg/m?
Systolic blood pressure, mmHg
Random glucose, mmol/Litre

Medical history and health
status, %

Poor self-rated health
Coronary heart disease

Stroke or transient ischaemic
attack

Liver cirrhosis or hepatitis

Emphysema or chronic bronchitis

Cancer

Peptic ulcer

Gallstone or gallbladder disease

Kidney disease

Rheumatoid arthritis

Prevalent diabetes
Frequent dietary
consumptiond, %

Red meat

Weekly poultry

Fish or seafood

Fresh fruits

Fresh vegetables

Soybean products

Dairy products

Preserved vegetables

Spicy food

26.4

611

24

26.1

408

15.9

211 (13.9)

237 (34)
131.1 (21.3)
5.9 (1.9)

10.4
3.0
17

12
2.6
0.5
3.9
6.0
A5
21
5.9

472
282
8.9

282
983
9.9

11.9
226
301

265

61.1

2.4

26.1

408

15.9

211 (13.9)

237 (3.4)
131.1 (21.3)
5.9 (19)

10.3
3.0
17

12
2.6
0.5
3.9
6.0
15
21
5.9

47.2
282
8.9

282
983
9.9

11.9
226
301

19.7
54.5

1.8

237

38.6

16.8

19.7 (11.9)

251 (333)
1382 (22.4)
6.0 (2.1)

13.8
52
22

0.8
23
0.1
4.8
85
2.7
4.8
5.7

48.6
305
8.9

28.6
98.4
8.9

10.6
22.7
31.8

Prevalences and means were adjusted for sex, age (10-year groups), and ten study areas, where appropriate,
using linear regression. MET-h/d, metabolic equivalent of task per hour per day; SD, standard deviation. ®At the
exchange rate as of February 2025, 1 yuan is approximately equal to 0.14 U S. dollars. "Weekly alcohol intake
was calculated among current drinkers only. “Medical history and self-rated health status were self-reported at
baseline, except for prevalent diabetes which included both self-reported and screen-detected diabetes.
9Frequent dietary consumption means 4+ days per week unless otherwise specified.

Table 1: Baseline characteristics of study participants, by gout status.

risk of gout was elevated in participants with preceding
CVD, CKD, urolithiasis, diabetes, diseases of the
oesophagus, stomach, and duodenum, infectious and
parasitic diseases, arthropathies, or other musculoskel-
etal disorders. The HRs for gout ranged from 1.34 (95%
CI 1.14-1.58) for preceding diabetes to 4.03 (3.46—4.71)
for arthropathies (Fig. 2b). The associations generally
persisted over time since disease diagnosis, except for
infectious and parasitic disease (Appendix p23). In
addition, preceding disorders of the gallbladder, biliary
tract, and pancreas (1.46, 1.22-1.74), and other auto-
immune diseases (2.48, 1.68-3.66) were also associated
with increased gout risk (Fig. 2b).

Subgroup and sensitivity analyses

The associations of gout with risks of selected major
outcomes were generally stronger in participants with
younger index age but broadly consistent across
other socio-demographic subgroups, except for appar-
ently stronger associations for CKD in women
(P-heterogeneity = 0.039) and those with lower BMI
(P-trend = 0.004), and for arthropathies in men (P-het-
erogeneity = 0.026) (Fig. 3, Appendix p24).

Additional adjustment for BMI and SBP slightly
attenuated the associations of gout with CVD, CKD,
urolithiasis, diabetes, and arthropathies (Appendix p25).
Further excluding participants with prior CVD, CKD, or
poor baseline self-rated health, or adding a one-year lag
to gout exposure did not materially alter the findings.

Both urate level and hyperuricemia were positively
associated with most of the studied outcomes in the
subset, except for potentially non-linear inverse associa-
tion with cancer and a non-significant weak inverse as-
sociation with COPD (Appendix p26-p28). There were no
clear patterns of associations of urate level with diseases
of the oesophagus, stomach, and duodenum, infectious
and parasitic diseases, or other autoimmune diseases.

Multiple comorbidities and hospitalisations
Compared with participants who did not develop gout,
those with gout were more likely to have a diagnosis of
more than one other major disease, prior to or after
their gout diagnosis, with higher ORs for increasing
numbers of co-morbidities (ORs 4.11 [95% CI
3.56—4.74] for 2+ co-morbidities; 6.42 [4.63-8.91] for 5+
co-morbidities) (Appendix p29). Gout patients also had a
poorer survival rate and higher numbers of hospitali-
zations for any causes, in particular cardiovascular,
genitourinary, and musculoskeletal diseases, and for
most other categories apart from cancers, and these
excess hospitalisations further increased with increasing
age-at-risk (Appendix p30).

Discussion
Our study provides a comprehensive assessment of the
epidemiology of hyperuricemia and gout in a large
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Fig. 1: Age-specific mean urate level, hyperuricemia prevalence, and incidence rate of gout, by sex. Adjusted mean urate level (a) and
prevalence of hyperuricemia (b) were estimated using linear regression adjusted for study area and fasting time, with inverse probability
weighting applied to account for the nested case-control study design. Incidence rates (c) were standardised by study area to the CKB study
population. Each solid square represents the adjusted mean, prevalence, or incidence rate with the area inversely proportional to the variance of

the estimate. The error bars indicate 95% Cls. Cl, confidence interval; py, person-years.

Chinese adult population. Among Chinese adults, hy-  geographical variation in gout incidence. Gout was
peruricemia and gout were more common in men, ur-  positively associated with CVD, CKD, urolithiasis, dia-
ban residents, and older populations, with substantial ~ betes, diseases of the oesophagus, stomach, and

Gout exposure and disease risk &incident 3 and
gout risk
N event N event
exposed / P value FDR-corrected exposed / P value FDR-corrected
P value P value
unexposed unexposed
Cardiovascular disease 223/132916 - 1.87 (1.64,2.14) <0.0001 <0.0001 567/813 = 2.35(2.09, 2.65) <0.0001 <0.0001
Ischaemic heart disease 123/48515 - 1.90 (1.59, 2.27) <0.0001 <0.0001 260/1120 - 2.03(1.76,2.35) <0.0001 <0.0001
Stroke 154/61971 - 1.81(1.55,2.13) <0.0001 <0.0001 2091171 - 1.49 (1.27,1.74) <0.0001 <0.0001
Cancer 49/32472 - 1.05 (0.80, 1.40) 0.71 0.71 411339 —p— 1.06 (0.78, 1.45) 0.71 0.71
Chronic kidney disease 75/7298 —=— 5.61(4.45,7.07) <0.0001 <0.0001 94/1286 - 3.44 (2.78,4.26) <0.0001 <0.0001
Urolithiasis 43/11816 — 2.50 (1.85,3.38) <0.0001 <0.0001 95/1285 — 294 (2.37,3.64) <0.0001 <0.0001
Diabetes 52/19527 — 1.99 (1.51,2.62) <0.0001 <0.0001 169/1211 - 1.34 (1.14, 1.58) 0.00051 0.00074
Chronic obstructive pulmonary disease 55/17310 — 1.31(1.00, 1.71) 0.047  0.062 117/1263 ta— 1.15(0.94, 1.40) 0.17 0.19
Liver diseases 14/6098 T 1.56 (0.92, 2.65) 0.096 0.11 33/1347 —— 1.08 (0.77, 1.53) 0.65 0.69
Diseases of oesophagus, stomach and duodenum  82/29112 —-— 2.14(1.72,2.66) <0.0001 <0.0001 186/1194 - 1.43 (1.22,1.67) <0.0001 <0.0001
Disorders of gallbladder, biliary tract and pancreas  23/16509 — 1.47(0.97,2.21) 0.068  0.082 138/1242 - 1.46 (1.22, 1.74) <0.0001 <0.0001
Infectious and parasitic diseases 57/18322 —— 1.91(1.47,2.48) <0.0001 <0.0001 10711273 —-— 1.41(1.16, 1.73) 0.00069 0.00092
Arthropathies 103/13204 —=— 6.06 (4.98,7.38) <0.0001 <0.0001 199/1181 - 4.03 (3.46,4.71) <0.0001 <0.0001
Other musculoskeletal disorders 126/45470 - 2.10(1.77,2.51) <0.0001 <0.0001 184/1196 - 2.41(2.05,2.84) <0.0001 <0.0001
Other autoimmune diseases 11/5650 T 1.53 (0.84,2.76) 0.16 017 26/1354 _— 2.48(1.68,3.66) <0.0001 <0.0001
Fracture 32/15070 — 1.43(1.01,2.02) 0.045 0.062 163/1217 - 1.15(0.97,1.35) 0.10 0.13
All-cause mortality 189/55135 - 1.58 (1.37,1.82) <0.0001 <0.0001
——— ———
05 10 20 40 80 05 10 20 40 80
HR (95% Cl) HR (95% Cl)

Fig. 2: Bi-directional associations between gout and major diseases. Cox models were stratified by sex and study areas and were adjusted for
baseline age, education, smoking, alcohol, physical activity, fish intake, red meat intake, poultry intake, soybean intake, dairy intake, and fresh
fruit intake. (a) Displays adjusted HRs for risks of major diseases associated with gout, after excluding relevant prior diseases of interest. (b)
Displays adjusted HRs for risk of gout associated with preceding prevalent (where recorded at baseline) and incident major diseases. FDR-
adjusted P values were applied to correct for multiple testing within (a) and (b), respectively. Each solid square represents HR with the area
inversely proportional to the variance of the log HR. The horizontal lines indicate 95% Cls. HR, hazard ratio; Cl, confidence interval; FDR, false
discovery rate.
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Major diseases No gout Duration of gout (years) FDR-corrected
0-2 2-5 5+ P for trend Bgtend

Cardiovascular disease

N 132,916 122 74 27

HR (95% Cl) 1.00 (0.99-1.01) 2.09 (1.75-2.49) 1.63 (1.30-2.05) 1.78 (1.22-2.60) 0.64 0.84
Ischaemic heart disease

N 48,515 62 45 16

HR (95% Cl) 1.00 (0.98-1.02) 2.09 (1.63-2.68) 1.83 (1.37-2.45) 1.54 (0.94-2.51) 0.65 0.84
Stroke

N 61,971 78 51 25

HR (95% Cl) 1.00 (0.98-1.02)  1.95 (1.56-2.43)  1.58 (120-2.07)  2.00 (1.35-2.96) 0.47 0.81
Cancer

N 32,472 26 15 8

HR (95% Cl) 1.00 (0.98-1.02) 120 (0.82-1.76)  0.87 (0.53-1.45)  1.05 (0.53-2.11) 0.16 0.42
Chronic kidney disease

N 7298 38 26 11

HR (95% Cl) 1.00 (0.96-1.05)  6.44 (4.69-8.86) 523 (3.56-7.69)  4.39 (2.43-7.94) 0.29 0.62
Urolithiasis

N 11,816 29 11 3

HR (95% Cl) 1.00 (0.97-1.04) 358 (2.49-515) 173 (0.96-3.13)  1.09 (0.35-3.37) 0.053 0.42
Diabetes

N 19,527 26 16 10

HR (95% Cl) 1.00 (0.97-1.03) 2.15 (1.47-3.16) 1.68 (1.03-2.75) 2.21 (1.19-4.11) 0.82 0.87
Chronic obstructive pulmonary
disease

N 17,310 21 28 6

HR (95% Cl) 1.00 (0.97-1.03)  1.04 (0.68-159)  1.78 (1.23-2.58)  0.99 (0.44-2.21) 0.43 0.81
Liver diseases

N 6098 9 4 1

HR (95% Cl) 1.00 (0.95-1.05) 2.17 (1.13-4.17) 1.25 (0.47-3.32) 0.62 (0.09-4.44)  >0.99 >0.99

Diseases of oesophagus, stomach
and duodenum

N 29,112 3 37 12
HR (95% Cly 1.00 (0.98-1.02)  1.85 (131-2.60)  2.61 (1.89-3.60)  1.93 (1.09-3.39) 0.14 0.42

Disorders of gallbladder, biliary
tract and pancreas

N 16,509 9 10 4

HR (95% Cl) 1.00 (0.96-1.04) 124 (0.64-238) 172 (0.93-3.21)  1.53 (0.57-4.07) 0.75 0.85
Infectious and parasitic diseases

N 18,322 30 22 5

HR (95% Cl) 1.00 (0.97-1.03) 214 (1.50-3.07)  1.99 (131-3.02)  1.04 (0.43-2.50) 0.59 0.84
Arthropathies

N 13,204 61 34 8

HR (95% Cl) 1.00 (0.97-1.03)  7.65 (5.95-9.83)  5.40 (3.86-7.56)  2.93 (1.47-5.87) 011 0.42
Other musculoskeletal disorders

N 45,470 67 40 19

HR (95% Cl) 1.00 (0.98-1.02)  2.46 (1.94-313)  1.81 (1.33-2.47) 179 (1.14-2.81) 0.71 0.85
Other autoimmune diseases

N 5650 5 4 2

HR (95% Cl) 1.00 (0.95-1.06) 155 (0.65-3.73) 151 (0.56-4.01)  1.50 (0.37-6.01) 0.14 0.42
Fracture

N 15,070 13 12 7

HR (95% Cl) 1.00 (0.97-1.03) 126 (0.73-216)  1.46 (0.83-2.56)  1.83 (0.87-3.84) 0.16 0.42
All-cause mortality

N 55,135 76 84 29

HR (95% Cl) 1.00 (0.98-1.02) 137 (1.09-172)  1.88 (1.52-233)  1.47 (1.02-2.12) 017 0.42

Cox models were stratified by sex and study areas and were adjusted for baseline age, education, smoking, alcohol, physical activity, fish intake, red meat intake, poultry intake,
soybean intake, dairy intake, and fresh fruit intake. HRs were presented with group-specific 95% Cls to enable comparison between any two groups. P for trend was obtained
from fitting duration categories as ordinal variable in the Cox model among gout patients. HR, hazard ratio; Cl, confidence interval. HR, hazard ratio; FDR, false discovery rate.

Table 2: Number of events and adjusted HRs for specific diseases associated with duration of gout.
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a Cardiovascular disease b Chronic kidney disease C  Diabetes d Arthropathies € All-cause mortality
N event N event Nevent Nevent Nevent

Sex

Men 75 | = 1.82(157,2.12) 55 - 490(374,6.42) 42 |- 1.97 (1.45, 2.67) 77 - 7.13(567,8.97) 158 |m 1.57 (134, 1.83)

Women 4 | - 2.20 (1,65, 2.92) 20 —»8.48 (5.44, 13.20) 10 |—  181(097,336) 2 ——  428(291,630) 31 |- 1.67 (117, 2.38)
Heterogeneity: x3=1 (p=0.26) Heterogeneity: x3=4 (p=0.039) Heterogeneity: x?=0 (p=0.81) Heterogeneity: x°=5 (p=0.026) Heterogeneity: x=0 (p=0.74)

Index age (years)

<60 55 | - 2.38 (1.83, 3.10) 17 —8.08(5.01, 13.06) 13 |——  208(120,358) 27 —*9.57 (6.54, 14.00) 17 |— 1.97 (1.22,3.17)

60-69 7 |- 1.91 (152, 2.39) 28 —— 7.01(4.73,10.38) 20 | ——  242(154,378) 45 - 763 (5.58, 10.43) 55 | = 2.00 (1.53, 2.62)

70+ ot |= 1.68 (137, 2.08) 30 ——  452(305,6.72) 19 |— 1.77 (1.10, 2.85) 31 ——  382(258,567) 17 |- 1.29 (107, 1.55)
Trend: x}=4 (p=0.048) Trend: x}=4 (p=0.056) Trend: x?=0 (p=0.62) Trend: x$=11 (p=0.0011) Trend: x}=7 (p=0.0091)

Study area

Rural 10 | = 1.76 (1.46, 2.13) 45 - 6.98(5.18,9.41) 28 |[— 205 (1.41,2.98) 55 - 5.88(4.49,7.68) 100 |- 1.75 (144, 2.13)

Urban 13 | = 1.99 (165, 2.39) 30 ——  431(299,621) 24 |- 1.93 (1.29, 2.89) 48 - 6.27(4.70,8.36) 8 |= 1.4 (117,1.77)
Heterogeneity: x{=1 (p=0.37) Heterogeneity: ;=4 (p=0.045) Heterogeneity: x3=0 (p=0.82) Heterogeneity: x}=0 (p=0.75) Heterogeneity: x{=2 (p=0.18)

Education

Primary school or below 124 | ® 176 (1.48, 2.10) 46 = 597 (4.44,8.03) 27 |- 1.88 (1.29, 2.75) 59 = 565(4.36,7.33) 132 = 1.66 (1.40, 1.97)

Middle school 55 | - 2.38 (1.82, 3.10) 18 —— 6.26(3.89,10.07) 8 +— 1.37 (068, 2.75) 25 —— 7.06 (4.73, 10.56) 39 |- 1.83 (133, 2.51)

High school or above 4 |- 176 (130, 2.36) 1 —— 4.08(224,7.43) 17 | ——  283(1.75,457) 19 —— 6.5 (4.14,10.38) 18 —— 1.02 (064, 1.62)
Trend: x?=0 (p=0.63) Trend: x?=1 (p=0.37) Trend: x?=1 (p=0.24) Trend: x?=1 (p=0.45) Trend: x?=2 (p=0.19)

BMI (kg/m2)

<23 67 |- 173 (1.36, 2.20) 2 —=»3.68 (5.85, 12.86) 9 |—— 248(1.20,479) 29 —— 6.87 (4.75,9.95) 7 |- 1.93 (154, 2.42)

23-24.9 54 |- 1.84 (141, 241) 18 —— 5.29(3.28,852) 13— 1.79(1.04, 3.10) 31 —— 7.12(4.95,10.24) 37 e 1.29 (093, 1.78)

25+ 102 | = 1.80 (1.48, 2.19) 31 —  391(273,561) 30 f— 1.36 (0.95, 1.95) 43 = 457(3.37,620) 75 |- 152 (1.21,1.92)
Trend: x?=0 (p=0.84) Trend: x?=8 (p=0.0036) Trend: x?=3 (p=0.10) Trend: x?=3 (p=0.073) Trend: x?=2 (p=0.15)

05102040 12.0
HR (95% CI)

0.51.02.040 12.0

HR (95% CI)

051.02.040 12.0

HR (95% CI)

051.02.040 12.0

HR (95% CI)

051.02040 12.0

HR (95% CI)

Fig. 3: Associations of gout with risks of selected incident major diseases and all-cause mortality, among subgroups. Cox models were
stratified by sex and study areas and adjusted for baseline age, education, smoking, alcohol, physical activity, fish intake, red meat intake,
poultry intake, soybean intake, dairy intake, and fresh fruit intake. Each solid square represents HR with the area inversely proportional to the
variance of the log HR. The horizontal lines indicate 95% Cls. HR, hazard ratio; Cl, confidence interval.

duodenum, infectious and parasitic diseases, and
musculoskeletal disorders, for which the observed as-
sociations were bi-directional, generally consistent with
associations observed for hyperuricemia (with a few
exceptions), and sustained over time since gout diag-
nosis and after adjustment for cardiometabolic risk
factors. Gout patients were more likely to have multiple
major diseases, and had substantially more episodes of
hospitalisation and higher mortality risk than those who
did not develop gout.

The incidence rate of gout in our study was lower
than that from the Global Burden of Disease (GBD)
study for China in 1990-2017 (23.4 in CKB vs. 79.9-84.8
per 100,000 py),”* which may reflect differences in the
underlying study population (e.g. regions, healthy
volunteer effect in CKB), reporting sources, and
analytical methodology (e.g. inpatient hospitalisations in
CKB vs. modelling with various data input sources in
GBD). Similarly, our observed median age at gout
diagnosis was more advanced than previously reported
in Western populations,**** which may be attributed to a
number of  cohort-specific  factors  including
hospitalisation-based gout cases, healthy volunteer ef-
fect, and potentially our relatively lean study population
given obesity has been associated with younger age of
gout onset” Consistent with previous studies in
China**** and elsewhere,' we observed a higher
occurrence of hyperuricemia and gout in men and in
older participants, with a striking increase in urate levels
and hyperuricemia with age in women but a U-shaped
pattern in men. The sex- and age-differences may be
explained by biological and lifestyle factors, such as
reduced renal urate clearance related to declined kidney
function with older age,” changes in female hormones
following menopause particularly reductions in estro-
gen,” and potentially specific lifestyle patterns in
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younger men, although adjustment for alcohol con-
sumption did not alter the observed male U-shaped
pattern. Moreover, the increase in gout incidence with
age in both sexes, consistent with previous studies,”*
suggests the potential role of other age-related factors
in influencing the development of gout compared to
hyperuricemia. Our observed urban-rural difference and
geographical variation in hyperuricemia and gout
occurrence, with high-risk regions broadly overlapping
with previous reports,*** may reflect the considerable
regional differences within China of a combination of
potential risk factors including economic development,
lifestyle patterns (e.g. alcohol, meat, and seafood intake),
metabolic syndrome, and potentially other (e.g. envi-
ronmental) factors that may trigger gout flares and gout-
related hospitalisations.””* For example, Liuzhou had a
high proportion of frequent red meat and poultry con-
sumers, whereas Qingdao and Haikou had considerably
high proportion of regular beer drinkers and seafood
consumers, respectively (Appendix 8). Further research
is warranted to clarify the causal relevance of lifestyle
and environmental risk factors on urate level and risk of
gout which may inform public health strategies.

The links between gout and CVD,****' CKD,”'"** and
urolithiasis’'' have been consistently reported, mainly
from observational studies in Western populations, or
routine health record linkage studies with limited in-
formation and adjustments for lifestyle risk factors (e.g.
diet, physical activity). Evidence from prospective cohort
studies in other populations and particularly for renal
disease is however limited. Using CKB, we demon-
strated positive, bi-directional associations of gout with
CVD, CKD, and urolithiasis in a Chinese population.
Our risk estimates (HR = 1.87 for CVD, 5.61 for CKD,
2.50 for urolithiasis) were somewhat higher than pre-
vious reports from the UK Clinical Practice Research
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Datalink (CPRD) (HR = 1.58 for CVD,® 3.18 for renal
disease, 1.26 for urolithiasis") and the Taiwan Longi-
tudinal Health Insurance Database (1.34 for CHD,’ 1.57
for end-stage renal disease’”), which may reflect
between-study differences such as the severity of gout
cases in CKB (nearly all of which were hospitalised) vs.
primary care records,*” kidney disease definitions, and
the risk factor profiles of the underlying study pop-
ulations. We additionally found that the excess CKD risk
increased with number of gout episodes, suggesting the
potential importance of timely gout management. In
contrast to previous reports,*** we did not find a stron-
ger association between gout and CVD risk in women
than men, which might have reflected the higher prev-
alence of certain shared risk factors (e.g. alcohol con-
sumption) in Chinese men than women."” Instead, we
observed differential associations for CKD by sex, BMI,
and potentially rural residency, suggesting potential ef-
fect modification by sex-specific factors, adiposity, and
urban-rural differences in chronic disease management,
however these subgroup analyses were based on small
case numbers and should be interpreted with caution.
As in a few previous studies, we found positive as-
sociations of gout with risks of diabetes and musculo-
skeletal conditions. Our risk estimates appeared
somewhat greater (adjusted HRs range 26 for diabetes
and musculoskeletal conditions in CKB vs. up to ~1.6 in
other studies'"*!), which may be due in part to the
severity of our hospitalised gout cases. Previous evi-
dence on the bi-directional relationships between gout
and diabetes was mixed, with studies in Western and
Singapore Chinese populations reporting a positive as-
sociation between gout and subsequent risk of type 2
diabetes, but null or inverse associations of prior dia-
betes with gout risk.""** In CKB we observed positive bi-
directional associations between gout and diabetes. We
also found strong positive bi-directional associations of
gout with arthropathies (mainly arthrosis and rheuma-
toid arthritis, see Appendix pll) and other musculo-
skeletal disorders, supporting previous findings for
osteoarthritis and rheumatological disease from the UK
CPRD'" and osteoporosis in a meta-analysis of four
routine record studies.** Existing evidence for other
diseases was limited and inconsistent.''>**** A Swedish
healthcare register study reported excess mortality risks
from digestive and infectious diseases in gout patients,'”
whereas a UK CPRD study found an increased risk of
liver disease but not peptic ulcer disease.'” While not
directly comparable with these studies due to hetero-
geneity in disease definitions, our study suggested po-
tential positive associations between gout and digestive
diseases particularly those of the oesophagus, stomach,
and duodenum, and short-to medium-term risks of in-
fectious and parasitic diseases; however, no clear asso-
ciations were observed for wurate level. Further
investigations to clarify these associations and causal
relevance, especially for infectious and gastrointestinal

disorders previously less known to be associated with
gout, are warranted. Previous findings on the associa-
tion of gout with cancer was mixed with potential het-
erogeneity by cancer sites,''>** and we found no clear
relationship with overall cancer in CKB.

Several possible explanations exist for the associa-
tions between gout and comorbidities. The associations
may be partly explained by shared lifestyle and meta-
bolic risk factors, especially for cardiometabolic-renal
diseases and arthropathies where further adjustments
for BMI and SBP partly attenuated the associations.
While concomitant diagnosis of comorbidities, espe-
cially CVD and CKD, detected through subsequent
medical assessment and screening in gout patients (and
vice versa) is possible, this was unlikely to explain fully
most of our observed associations which were sustained
over several years after initial gout diagnosis. In addi-
tion, gout and associated comorbidities may have shared
or related aetiological mechanisms, contributing to
short-term and long-term pathogenesis and disease
risks. A key proposed mechanism linking gout to CVD
and CKD is via hyperuricemia-induced effects,
including endothelial dysfunction, renin-angiotensin
system activation, and vascular and tubulointerstitial
damage.’”** However, Mendelian randomisation studies
predominantly involving European-ancestry populations
did not support a causal role of urate on clinical
cardiometabolic-renal outcomes,” but suggested poten-
tial genetic pleiotropic effects affecting both urate and
metabolic traits.*” Other potential mechanisms include
the formation of uric acid stones and other kidney stone
types due to lower urinary pH," the presence of MSU
crystals (e.g. in cartilage and joints, and potentially coro-
nary arteries) and the associated inflammatory effects,’”**
and the use of gout flare medications (e.g. anti-
inflammatory drugs, allopurinol, colchicine, corticoste-
roids),”**” which may affect a range of health conditions.

To our knowledge, this is the among the first pro-
spective cohort studies to investigate the relationships
between gout and a range of different diseases with
comprehensive adjustments for potential confounders
in a Chinese population. Our replication of the well-
known associations with CVD, CKD, and musculoskel-
etal disorders from previous studies provided validity as
the positive control for our findings. However our study
also had several limitations. First, our gout cases were
identified mainly from hospitalisations. Milder gout
cases not requiring hospitalisation are likely to be
missed, leading to potential underestimation of gout
incidence. Furthermore, some of our hospitalised gout
cases might reflect recurrent gout rather than the time
at first gout attack. Selection bias may also exist as
hospitalised gout patients may have poorer general
health and be more likely to be hospitalised more often
for other diseases, potentially biasing our observed as-
sociations towards more severe and comorbid gout
cases. Nevertheless, our findings on hyperuricemia
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generally supported most of the observed disease asso-
ciations with gout, and the associations between hospi-
talised gout and comorbidities highlight important
public health implications in both prevention and
management of gout. Second, we did not have access to
medication prescription records to identify gout pa-
tients, nor to account for medication for gout treatment,
which may have beneficial or adverse effects on risks
and progression of different comorbidities.**” Third, we
lacked statistical power to assess the associations with
other potentially related (e.g. neurodegenerative?) dis-
eases and longer-term effects of gout (e.g. 10+ years
duration), and period-specific HRs should be inter-
preted with caution due to potential built-in selection
bias.”” Fourth, CKB was not designed to be nationally
representative. Nonetheless, given large size and di-
versity of CKB and the comparable lifestyle and health
status patterns with those reported in national repre-
sentative surveys,”“* our findings should still be
generalizable to the Chinese population at large. Finally,
although we had carefully accounted for potential con-
founding effect by multiple lifestyle risk factors (e.g.
alcohol drinking, smoking, diet; with good data agree-
ment with objective measurements” and known disease
associations reported'**), residual confounding may
remain and we could not infer causality based on
observational analyses. Future studies using multi-state
models to analyse the transition between gout and
comorbidities and identify multimorbidity clusters, and
using genetic and multi-omics approaches to elucidate
causal relevance and underlying mechanisms are
warranted.

This study presents a comprehensive investigation of
the distribution patterns of gout and hyperuricemia and
the associated comorbidity burden in Chinese adults.
Gout was associated with a range of comorbidities,
some well-established and some less known, and
increased hospitalisations and mortality risk. Our find-
ings may inform public health strategies at local and
national levels to strengthen the prevention and man-
agement of gout, including assessment and monitoring
of associated comorbidities.
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