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Background: Hyperuricemia and gout are common metabolic disorders
that show substantial disparities in prevalence and management across
different socioeconomic status.

Aims: To investigate the association between social determinants of
health (SDOH) and mortality risk in adults with hyperuricemia and/
or gout, to assess whether the interaction between SDOH and gout/
hyperuricemia status influences mortality risk.

Study Design: A retrospective cohort study.

Methods: We analyzed 6,560 United States (US) adults (mean age 58
years, 60.02% men) with hyperuricemia and/or gout from the 1999—
2018 National Health and Nutrition Examination Survey. The primary
study outcomes were all-cause and cardiovascular mortality. A control
group of 6,560 adults without hyperuricemia or gout was measured
using propensity-score matching based on age, sex, and race. SDOH
was measured using a composite score (range 0-8) created from eight
socioeconomic indicators: education, employment, food security, family
income-to-poverty ratio, marital status, health insurance coverage,
insurance type, and home ownership.

Results: Over a median follow-up of 101 months, 1,335 (14.76%) deaths
occurred among participants with hyperuricemia and/or gout, including

INTRODUCTION

Hyperuricemia, a common metabolic disturbance, presents a clinical
spectrum that ranges from an asymptomatic state to painful gouty
arthritis. Long-term uncontrolled hyperuricemia or gout may also
contribute other health conditions, such as renal impairment,
kidney stones, joint deformities, and an elevated risk of diabetes and
cardiovascular mortality.” A recent analysis documented a steady rise
in the global burden of gout, with annual incidence increasing by
5.5% from 1990 to 2017.2 Although current understanding maintains
that gout and hyperuricemia affect individuals across all racial and
socioeconomic background,® notable disparities persist in both the
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496 (5.33%) cardiovascular deaths. Relative to adults with hyperuricemia
and/or gout who had an SDOH score of 7-8, the hazard ratios (95%
confidence intervals) for those with SDOH scores of 5-6, 34, and < 2
were 1.48 (1.21-1.81), 1.85 (1.49-2.28), and 2.38 (1.82-3.11), respectively,
for all-cause mortality, and 1.62 (1.16-2.25), 1.65 (1.18-2.31), and
2.10 (1.24-3.54), respectively, for cardiovascular mortality. Restricted
cubic spline analyses demonstrated an inverse relationship between
SDOH and both mortality outcomes. Subgroup analysis indicated that
the association between SDOH and mortality risk was stronger among
participants younger than 60 years. Interaction analyses showed that
hyperuricemia/gout status did not significantly modify the association
between SDOH and mortality.

Conclusion: Cumulative social disadvantage, indicated by a lower SDOH
score, independently predicted higher mortality risk in US adults with
hyperuricemia and/or gout, with the most pronounced effects observed
in individuals under 60 years. Notably, the unfavorable cardiovascular
effects associated with SDOH appeared more evident in adults without
hyperuricemia or gout than in those with these conditions.

prevalence and the optimal management of hyperuricemia or gout.
For example, a recent report on the United States (US) population
identified race- and sex-specific variations in gout prevalence, with
age-standardized prevalence estimates of 7.0% in Black men, 5.4%
in White men, 3.5% in Black women, and 2.0% in White women.* To
the best of our knowledge, the precise mechanisms underlying these
disparities remain largely unclear.

Social determinants of health (SDOH) are potentially modifiable
conditions shaped by environmental factors that may exert a
substantial influence on health outcomes.> These determinants
include educational background, housing conditions, access to
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health care, and economic status. Increasing evidence highlights
the significant role of SDOH in shaping the incidence and outcomes
of numerous chronic conditions.®® A prior analysis demonstrated
that a lower education level was predictive of a reduced risk of
experiencing > 2 gout attacks within the past year.® Conversely, a
Swedish registry-based matched cohort study found that lower
education was associated with a higher risk of all-cause and
cardiovascular mortality in adults with gout, yet the contribution
of educational inequalities to mortality appeared smaller in
individuals with gout than in those without,” suggesting that
additional dimensions of SDOH may also influence mortality risk.

To our knowledge, the associations between individual and
cumulative SDOH factors and mortality risk in patients with
hyperuricemia and/or gout have not been comprehensively
evaluated. Therefore, this study sought to examine the association
between individual and composite SDOH and mortality risk
in a population-based sample of US adults with gout and/or
hyperuricemia drawn from the National Health and Nutrition
Examination Survey (NHANES).

MATERIALS AND METHODS

Data source and subjects

All individuals participating in NHANES provided written informed
consent, and the study was conducted with approval from the
National Center for Health Statistics Ethics Review Board. The use of
pre-existing, de-identified public data indicated that separate ethics
approval for this analysis was not required.

This study pooled data from the 1999-2018 NHANES cycles
and focused on participants aged > 20 years with gout and/or
hyperuricemia. Gout was defined as a “Yes” response to the question
“Has a doctor or other health professional ever told you that you
had gout?”." The diagnostic threshold for hyperuricemia was a
serum uric acid concentration exceeding 420 umol/L in men and
360 ymol/L in women. Exclusion criteria included pregnant women,
participants with cancer, or those missing data on SDOH, follow-up,
or covariates. The final dataset contained 6,560 eligible participants
for analysis (Figure 1).

To facilitate comparison, a 1:1 propensity score-matched control
cohort was constructed using the Matchlt package in R with a caliper
width of 0.2. Each participant with hyperuricemia and/or gout was
matched to an individual without these conditions based on age,
sex, and race (Supplementary Table 1).

Social determinants of health determination

Consistent with previous studies,'>" SDOH in this study was based
on the Healthy People 2030 Initiative, which incorporated eight
subsidiary facets across five domains. Specifically, the domains
assessed were: 1) education access and quality, represented by the
participant’s education level (> college vs. < high school); 2) economic
stability, reflected by the employment status (employed, student,
retired vs. unemployed), food security (full food secure vs. marginal,
low, or very low food secure), and family income-to-poverty ratio

Balkan Med J,

Lin et al. SDOH and Mortality in Hyperuricemia or Gout

(= 300% vs. < 300%); 3) social context, referring to marital status
(married or partnered vs. not married or no partner); 4) health care
availability and quality, based on healthcare insurance (having a
routine care source vs. relying on emergency services or lacking a
usual care source) and insurance type (private vs. government or no
insurance); and 5) neighborhood environment, denoted by home
ownership (own a home vs. rent or other). All 8 subsidiary factors
were dichotomized and assigned a score of 0 for unfavorable SDOH
and 1 for favorable SDOH. A composite SDOH score on a scale from
0 to 8, was then calculated, with higher scores reflecting a greater
social advantage.'*'®

Ascertainment of mortality

Information on the survival status of included NHANES participants
was obtained from the linked mortality files updated through
December 31, 2019.” Deaths for which the underlying cause
was coded 100-109, 111, 113, 120-151, or 160-169 according to the
International Classification of Diseases, 10™ Revision, were classified
as cardiovascular mortality.”®

Covariates

Covariate selection was guided by a directed acyclic graph
(Supplementary Figure 1) to estimate the direct effect of SDOH on
mortality risk. Hyperlipidemia was defined as meeting any of the
following criteria: total cholesterol > 240 mg/dL, triglycerides > 200
mg/dL, low-density lipoprotein cholesterol > 160 mg/dL, or high-
density lipoprotein cholesterol < 40 mg/dL in men or < 50 mg/
dL in women.™ For this analysis, activity intensity was classified as
moderate based on a mild elevation in respiratory or heart rate, and
vigorous based on a marked elevation. Smoking and drinking status,
as well as diabetes and hypertension, were diagnosed as previously
reported. ' Cardiovascular disease was defined as a composite
of self-reported angina, stroke, congestive heart failure, coronary
heart disease, or myocardial infarction. Estimated glomerular
filtration rate was calculated using the 2009 CKD-EPI creatinine-
based equation.??

Statistical analysis

To compare baseline characteristics across different SDOH
categories,"? one-way analysis of variance or chi-squared test
were applied, as appropriate. Univariate and multivariable Cox
proportional hazards models were employed to quantify the effect
of SDOH on mortality risks, with results presented as hazard ratios
(HRs) and 95% confidence intervals (Cls). Model 1 adjusted for
demographicsand lifestyle factors, including age, sex, race, smoking,
drinking, body mass index, and physical activity. In Model 2, further
adjustments were made for hypertension, diabetes, hyperlipidemia,
estimated glomerular filtration rate, use of statins and antigout
agents, and cardiovascular disease. Restricted cubic splines (“rcssci”
R package) were incorporated to explore potential non-linear trends
between SDOH and mortality. Subgroup analysis assessed the
impact of the cumulative SDOH score on mortality risk across age,
sex, race, body mass index, physical activity, and diabetes categories.
Sensitivity analyses were conducted by excluding participants who
died within 24 months of follow-up to reduce the risk of reverse
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Adult participants from 1999-
2018 NHANES (N = 55.081)

Pregnancy (n = 342); Participants with
cancer (n = 5.166)

(N = 6.560)

N =49.573
Missing data of hyperuricmeia/gout
status (n = 2.368), social determinants of
health (n = 4.236) or follow-up (n=37)
N=42932
Missing data of covariates (n = 3.501)
N =39.431
Hyperuricemia/gout Without hyperuricemia/gout 1:1 matched sample

(N =32.871)

(N = 6.560)

FIG. 1. Flowchart for participant inclusion and exclusion. NHANES, National Health and Nutrition Examination Survey.

causation, and by excluding those with cardiovascular disease at
baseline. Population-attributable fractions were estimated for each
SDOH factor to quantify its relative impact on mortality risk, with
the metric representing the proportional reduction in mortality
expected under a counterfactual scenario in which a specific risk
factor was entirely eliminated. All analyses were weighted, and a
two-sided p value < 0.05 indicated statistical significance.

RESULTS

Baseline characteristics

The final sample consisted of 6,560 participants with hyperuricemia
and/or gout (mean age 58.13 years), of whom 60.02% were men,
and the mean serum uric acid level was 437.98 umol/L. As shown
in Supplementary Table 2, although the included and excluded
cohorts were largely comparable, excluded participants with
hyperuricemia were more likely to be current smokers and heavy
drinkers. Overall, 896 (9.46%), 1,857 (22.05%), 2,126 (33.42%), and
1,681 (35.07%) participants had an SDOH score of < 2, 34, 5-6,
and 7-8, respectively. Compared with participants with an SDOH
score of 7-8, those with a score of < 2 were significantly younger
and had a higher proportion of non-Hispanic Black women (Table
1). This lowest SDOH category also displayed a consistently less

favorable health profile, including higher rates of current smoking
and heavy drinking, a greater prevalence of physical inactivity, and
a higher mean body mass index. The burden of comorbidities, such
as hypertension, diabetes, and cardiovascular disease, was also
significantly greater. Additionally, the low SDOH group had higher
serum uric acid levels and estimated glomerular filtration rate but
lower use of statin and anti-gout medications.

Univariate and multivariable Cox regression analysis

A total of 1,335 deaths (14.76%) occurred among participants with
hyperuricemia and/or gout during a median follow-up of 101
months (interquartile range 55-149). When stratified by SDOH
score, the all-cause mortality counts (and proportions within each
category) were 155 (14.67%), 420 (18.31%), 519 (17.59%), and 241
(9.86%) for scores < 2, 34, 5-6, and 7-8, respectively. Among these,
496 cardiovascular deaths (5.33% of the cohort) were distributed
as 47 (4.36%), 155 (5.95%), 204 (7.14%), and 90 (3.49%) across the
same SDOH categories. In the matched control group, 1,685 deaths
were identified. All-cause mortality counts by SDOH strata were 180
(20.91%), 544 (24.10%), 664 (21.52%), and 297 (11.93%) for scores of <
2,3-4,5-6, and 7-8, respectively. Of these, 545 were cardiovascular
deaths, including 55 (6.20%), 185 (7.62%), 215 (6.64%), and 90 (3.44%)
across the corresponding categories.
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In the fully adjusted multivariable Cox analysis (Table 2), each one-
point increase in SDOH score corresponded to a 16% lower risk of
all-cause mortality and a 14% lower risk of cardiovascular mortality.
For all-cause mortality, the HRs (95% Cls) increased with decreasing
SDOH score: 1.48 (1.21-1.81) for a score of 5-6, 1.85 (1.49-2.28)
for a score of 3—4, and 2.38 (1.82-3.11) for < 2. A similar graded
pattern was noted for cardiovascular mortality, with HRs of 1.62
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(1.16-2.25), 1.65 (1.18-2.31), and 2.10 (1.24-3.54) across the same
score categories. Notably, mortality risks were comparable between
the matched control group and participants with hyperuricemia
and/or gout with an SDOH score of 7-8 (Supplementary Table 3).
However, progressively higher HRs for all-cause and cardiovascular
mortality emerged with lower SDOH categories relative to the
controls (Supplementary Table 3).

TABLE 1. Comparison of Baseline Characteristics of US Adult Individuals with Hyperuricemia or Gout Stratified by the Social Risk Profile Score.

SDOH score Total (n =6560) <2 (n=2896) 3-4 (n = 1857) 5-6 (n = 2126) 7-8 (n = 1681) p value
Age, years 49.69 + 0.29 43.13 £ 0.61 47.36 + 0.65 50.85 £ 0.55 51.80 £ 0.43 < 0.001
Sex (n, %) < 0.001
Male 3825 (60.02) 470 (55.65) 1017 (56.22) 1215 (57.05) 1123 (66.42)

Female 2735 (39.98) 426 (44.35) 840 (43.78) 911 (42.95) 558 (33.58)

Race (n, %) < 0.001
Mexican American 841 (6.12) 161 (13.54) 336 (10.30) 227 (5.09) 117 (2.47)

Non-Hispanic Black 1658 (12.32) 325 (26.90) 532 (18.02) 483 (10.40) 318 (6.64)

Non-Hispanic White 3007 (70.33) 253 (43.10) 670 (57.00) 1114 (74.40) 970 (82.18)

Other Hispanic 440 (4.42) 103 (10.73) 148 (6.59) 116 (3.32) 73(2.39)

Other race 614 (6.81) 54 (5.73) 171 (8.09) 186 (6.78) 203 (6.32)

Smoking (n, %) < 0.001
Never 3277 (50.63) 362 (37.46) 894 (46.05) 1082 (51.71) 939 (56.04)

Former 2013 (30.25) 195 (20.11) 500 (25.07) 725 (32.26) 593 (34.32)

Current 1270 (19.12) 339 (42.43) 463 (28.88) 319 (16.03) 149 (9.63)

Drinking (n, %) < 0.001
Never 901 (11.32) 136 (12.69) 306 (14.12) 297 (12.07) 162 (8.48)

Former 1282 (16.01) 176 (17.89) 411 (18.45) 479 (19.41) 216 (10.89)

Mild 2081 (33.66) 163 (17.13) 453 (23.24) 671 (32.23) 794 (46.04)

Moderate 889 (14.94) 110 (12.79) 213 (12.77) 289 (13.85) 277 (17.92)

Heavy 1407 (24.01) 311 (39.50) 474 (31.42) 390 (22.43) 232 (16.67)

Physical activity (n, %) < 0.001
None 3609 (48.74) 530 (53.14) 1094 (53.10) 1184 (50.12) 801 (43.50)

Moderate 1531 (26.41) 167 (21.47) 392 (22.84) 511 (27.01) 461 (29.42)

Vigorous 1420 (24.85) 199 (25.39) 371 (24.06) 431(22.87) 419 (27.08)

BMI, kg/m? 32.42+0.13 33.71+0.45 32.7310.24 32.41+0.21 31.88+0.25 0.002
Hypertension (n, %) 4027 (55.42) 519 (50.85) 1128 (53.04) 1364 (58.02) 1016 (55.67) 0.03
Diabetes (n, %) 1641 (19.23) 238 (20.60) 501 (21.01) 554 (20.31) 348 (16.71) 0.02
CVD (n, %) 1132 (13.03) 187 (17.67) 355 (15.46) 392 (13.59) 198 (9.71) <0.001
Hyperlipidemia (n, %) 5410 (82.06) 740 (82.18) 1512 (79.99) 1766 (82.88) 1392 (82.56) 0.36
Statin (n, %) 1527 (19.84) 147 (12.26) 395 (16.95) 529 (20.31) 456 (23.25) <0.001
Anti-gout agent (n, %) 352 (4.72) 36 (3.05) 79 (3.54) 122 (4.87) 115 (5.77) 0.03
eGFR, mL/min/1.73m? 85.35 1+ 0.40 92.58 + 0.97 87.51+0.78 83.63 £ 0.70 83.67 + 0.67 < 0.001
Uric acid, umol/L 437.98 £ 0.91 441.27 £ 2.63 441.70 £ 2.05 438.27 £1.59 43447 + 1.64 0.02

Data are presented as mean = standard error for continuous variables and as count (percentage) for categorical variables.
BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; SDOH, social determinants of health. p values were derived by
comparison among the 4 groups with different scores of social determinants of health
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TABLE 2. Associations Between Social Determinant of Health Score with All-Cause and Cardiovascular Mortality in US Adult Individuals with

Hyperuricemia or Gout.

Crude model

All-cause mortality

SDOH score 0.90 (0.87-0.92) < 0.001
(continuous)

SDOH score category

7-8 Ref. /
5-6 1.85 (1.54-2.23) <0.001
3-4 1.97 (1.62-2.39) <0.001
<2 1.58 (1.27-1.97) < 0.001
Cardiovascular mortality

SDOH score 0.92 (0.88-0.96) < 0.001
(continuous)

SDOH score category

7-8 Ref. /
5-6 2.13 (1.56-2.91) < 0.001
3-4 1.82 (1.33-2.48) < 0.001
<2 1.34 (0.83-2.16) 0.23

Model 1 Model 2

0.84 (0.81-0.88) <0.001 0.84 (0.81-0.88) <0.001

Ref. / Ref. /
1.53 (1.25-1.88) < 0.001 1.48(1.21-1.81) < 0.001
1.91 (1.55-2.35) < 0.001 1.85 (1.49-2.28) < 0.001
2.46 (1.89-3.20) < 0.001 2.38(1.82-3.11) < 0.001
0.85(0.79-0.91) < 0.001 0.86 (0.80-0.92) < 0.001

Ref. / Ref. /
1.73 (1.24-2.42) 0.001 1.62 (1.16-2.25) 0.004
1.78 (1.27-2.50) < 0.001 1.65 (1.18-2.31) 0.004
2.25(1.33-3.81) 0.003 2.10 (1.24-3.54) 0.006

The crude model was unadjusted. Model 1 was adjusted for age, sex, race, smoking, drinking, body mass index, and physical activity. Model 2 was further adjusted
for hypertension, diabetes, hyperlipidemia, estimated glomerular filtration rate, use of statins and anti-gout agents, and cardiovascular disease, in addition to factors

listed in Model 1.
SDOH, social determinants of health.

Restricted cubic spline analysis indicated an inverse, non-linear
association between SDOH and mortality in the hyperuricemia/
gout cohort, as shown in Figure 2. Similar patterns were observed
in the control group for all-cause (p for non-linearity = 0.043) and
cardiovascular (p for nonlinearity = 0.152) mortality.

Subgroup analysis

Associations between SDOH and mortality risks were consistently
observed across subgroups stratified by sex, race, body mass index,
diabetes status, and physical activity level, with no evidence of
significant interaction. However, a significant effect modification
by age was detected, with stronger associations of SDOH with both
all-cause (p for interaction = 0.002) and cardiovascular mortality (p
for interaction = 0.011) among participants younger than 60 years
compared to those aged 60 years or older (Figure 3).

We further examined the interaction between SDOH and
gout/hyperuricemia status on mortality risk. As indicated in
Supplementary Table 4, the p for interaction was 0.35 for all-cause
mortality and 0.09 for cardiovascular mortality.

Population-attributable fraction analysis

The population-attributable fraction analyses (Table 3) showed
that unemployment and lack of access to health care contributed
the most to all-cause and cardiovascular mortality, suggesting that
improvements in these two factors could potentially reduce the
risk of all-cause or cardiovascular mortality by 18.0% and 41.7%,
respectively.

Sensitivity analysis

As shown in Supplementary Tables 5 and 6, the main results were
supported by sensitivity analyses. In the first sensitivity analysis,
relative to the reference group, HRs (95% Cls) for all-cause mortality
increased from 1.46 (1.18-1.80) for a score of 5-6 t0 2.26 (1.6-3.02)
for < 2, while the corresponding HRs (95% Cls) for cardiovascular
mortality were 1.64 (1.14-2.36), 1.50 (1.02-2.19), and 2.15 (1.21-
3.82). In the second sensitivity analysis, HRs (95% Cls) for SDOH
scores of 5-6, 3—4, and < 2 were 1.52 (1.18-1.97), 1.77 (1.35-2.32),
and 2.35 (1.68-3.31) for all-cause mortality, and 1.73 (1.07-2.82),
1.99 (1.26-3.14), and 2.20 (1.06—4.59) for CVD mortality, respectively.

DISCUSSION

In this analysis of nationwide, large-scale data, we demonstrated that
a lower SDOH score, reflecting social disadvantage, was associated
with an elevated risk of all-cause and cardiovascular mortality in
6,560 adults with hyperuricemia and/or gout. Furthermore, this
association remained robust and appeared stronger in participants
< 60 years than in those aged > 60 years. Employment status had the
highest population-attributable fraction for all-cause mortality, while
access to healthcare was the leading contributor to cardiovascular
mortality. Importantly, a formal test for interaction between SDOH
and gout/hyperuricemia status was non-significant. These findings
indicate that adverse SDOH is linked to an increased mortality risk in
patients with gout and/or hyperuricemia, and suggest that improving
unemployment and access to healthcare may be the most effective
strategies to enhance survival in this population.
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FIG. 2. Restricted cubic spline curves showing the dose-response relationship between social determinants of health (SDOH) score and all-cause (a) or
cardiovascular mortality (b) in United States adults with and without hyperuricemia or gout.
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FIG. 3. Forest plots showing the associations between social determinants of health score and all-cause (a) or cardiovascular mortality (b) in United
States adults with hyperuricemia or gout stratified by participant’s age, sex, race, body mass index (BMI), physical activity, and diabetes status.

HR, hazard ratio; Cl, confidence interval.

TABLE 3. Population Attributable Fraction Analysis of the Individual Factor for All-Cause and Cardiovascular Mortality in US Adults with

Hyperuricemia or Gout.

All-cause mortality (%) (95% ClI)

Cardiovascular mortality (%) (95% Cl)

Employment 18.0 (9.1, 28.8)
Poverty-income ratio 6.0 (3.0,9.1)

Food security -4.0 (-12.8, 4.0)
Education level 3.6(0.5,7.5)

Access to health care -1.0 (9.0, 3.7)
Health insurance type -2.0(-7.2,13.2)
Housing instability 11.2(-3.1,26.4)
Marital status -3.2(-7.0,1.5)

30.0 (9.1, 50.8)
5.6(0.2, 11.1)
-0.9(-18.1,16.2)
0.1(-6.1, 6.7)
417 (16.7, 66.8)
4.1 (-13.0, 3.4)
-5.7 (-20.0, 8.6)
-2.0 (-10.4, 6.5)

(Cl, confidence interval.

Hyperuricemia and/or gout is well-known to exhibit substantial
disparities in incidence and treatment. Contrary to its traditional
classification as a “rich man’s disease,” the study by Bowen-Davies et
al.® demonstrated that lower socioeconomic status at the individual
and community level is associated with greater frequency and
severity of gout flares. Our study extends this disparity to long-
term outcomes, further highlighting the close association between
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unfavorable SDOH and increased mortality risk. In this study, a
lower SODH score was associated with younger age, female sex,
non-Hispanic Black race, unhealthy lifestyle factors, and higher
body mass index. These characteristics of social disadvantage are
not limited to gout or hyperuricemia but also apply to the general
population.
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The current study suggests that, compared with participants who had
an SDOH of 7-8, those with scores of 5-6, 34, and < 2 experienced
a 48%, 85%, and 138% higher risk of all-cause mortality, and a 62%,
65%, and 110% higher risk of cardiovascular mortality, respectively.
The precise explanations for the associations between lower
SDOH and increased mortality in individuals with hyperuricemia
and/or gout remain only partially understood. Prior research
has highlighted several explanations for the increased mortality
risk observed in those with unfavorable SDOH. First, participants
with adverse SDOH may have limited access to medications due
to high costs or neglect,” as shown by the significantly lower use
of statins and antigout medications in this cohort. These findings
echo earlier work linking socioeconomic disadvantage to worse
gout-related outcomes, including greater disease severity and lower
adherence to therapy.?® Second, unhealthy behaviors and chronic
morbidities may be more prevalent among individuals with less
favorable SDOH.?” Third, individuals with lower SDOH may have
reduced access to social and economic resources and healthy foods,
potentially influencing lifestyle choices, resource allocation, and
behavioral engagement. A previous population study showed that a
healthy lifestyle, characterized by non-smoking, adequate physical
activity, a healthy diet, and no to moderate alcohol use, can reduce
the risk of gout by one third, even among genetically predisposed
individuals.?® Ultimately, studies suggest that lower SDOH may be
linked to chronic psychological stress, triggering a pro-inflammatory
state and diminished sensitivity to regulatory mechanisms.? Such
inflammation may increase the risk of cardiovascular disease and
infection, both of which can increase mortality rate.

Stratified analysis showed the inverse relationship between lower
SDOH and mortality was more pronounced in participants younger
than 60 years. In this study, individuals with an adverse SDOH
profile tended to be younger, implying that young adults with
hyperuricemia or gout may be more likely to be socioeconomically
disadvantaged. A prior study comparing early-onset and late-onset
gout found that early-onset gout is linked to lifestyle factors, whereas
late-onset gout is associated with greater cardio-metabolic burden.*
Given the close association between SDOH and lifestyle behaviors,
our findings suggest a potential opportunity to improve outcomes
in young adults with hyperuricemia or gout by targeting SDOH.

Notably, our interaction analysis showed that the relationship
between adverse SDOH and cardiovascular mortality tended to be
stronger in the non-disease control group. This finding suggests
that individuals without hyperuricemia and/or gout may be more
susceptible to the cardiovascular impacts of social disadvantage.
We hypothesize that in patients with a high-risk condition like
hyperuricemia and/or gout, mortality risk may be primarily driven
by powerful clinical factors, thereby overshadowing the relative
contribution of SDOH.' Conversely, among relatively healthier
individuals, the absence of such dominant clinical risks may allow
the impact of social determinants to become more evident. These
results highlight the importance of implementing comprehensive
clinical and public health interventions that address both biological
risk factors and social determinants, tailored to the needs of
different patient populations.

The population-attributable fraction analysis indicated that not
all SDOH domains contributed equally to mortality risk in adults
with hyperuricemia and/or gout. Improving unemployment and
enhancing access to healthcare would theoretically be the most
effective measures to reduce all-cause and cardiovascular mortality,
respectively. Indeed, unemployment has been linked to heavyalcohol
consumption and higher mortality rates in various populations.*
Substantial evidence connects heavy alcohol consumption with
triggering gout flares and exacerbating hyperuricemia.>® The
reason why access to healthcare was the strongest contributor to
cardiovascular mortality may relate to the fact that cardiovascular
conditions, such as acute coronary syndrome, can be reduced or
prevented with timely healthcare access.

Anothernotablefindingof thisstudyisthatadultswith hyperuricemia
and/or gout and an SDOH score of 7-8 had long-term outcomes
comparable to the control group. In contrast, those with SDOH score
< 6 experienced significantly worse outcomes, highlighting the
critical role of SDOH in shaping long-term prognosis. This finding
carries important implications for public health policy and clinical
practice. On one hand, policymakers and public health officials
should work to expand health insurance coverage and ensure timely
access to high-quality primary care for common chronic conditions
such as gout and hyperuricemia. Moreover, our study suggest that
clinicians caring for patients with hyperuricemia or gout should also
screen for socioeconomic status to provide targeted, integrated care.

This study benefits from a large, nationally representative sample,
rigorous sensitivity analyses supporting the robustness of the
findings, and detailed evaluation of individual SDOH factors.
However, several limitations warrant consideration. First, most
SDOH factors included were measured at the individual level. Prior
studies indicate that neighborhood- or state-level factors, such
as living environment, regional economic status, transportation,
geographic remoteness, religious beliefs, and regional availability
of medical resources, may also significantly affect mortality risk in
patients with chronic conditions.>** Additionally, because SDOH
variables were collected through interviews and questionnaires,
recall bias cannot be excluded. Second, all SDOH variables were
measured once, which may not capture the effects of changes
in SDOH over the life course on mortality risk.*® Third, some
variables may also partially capture the broader spectrum of
socioeconomic inequality. For example, marital status in the
“Social and Community Context” domain may reflect social support
networks but cannot fully represent the complexity of social
relationships or levels of social engagement. Fourth, although
we adjusted for multiple confounders, the possibility of residual
confounding, such as psychological stress—remains.” It is also
important to emphasize that although hyperuricemia and gout
share considerable overlap, they remain distinct clinical entities.
Fifth, the use of a single adjustment set for all population-
attributable fraction models ensures comparability but prevents
causal interpretation of individual covariate coefficients due to
potential mediation or mutual confounding. Finally, because of the
retrospective observational design, establishing causality between
SDOH and mortality will require further prospective cohort studies.
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In conclusion, this large, nationwide observational study showed
that a less favorable SDOH score is an independent determinant
of higher mortality risk in US adults with hyperuricemia or
gout, with the association particularly strong in adults aged
< 60 vyears. Furthermore, the population-attributable fraction
analysis indicated that improving unemployment and broadening
health insurance coverage would be the most effective
approaches to reducing all-cause and cardiovascular mortality,
respectively. Moreover, the impact of unfavorable SDOH on
cardiovascular mortality tended to be more pronounced in
participants without hyperuricemia and/or gout with those with
these conditions.
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