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Abstract

Background We aimed to probe the association of serum 25-hydroxyvitamin D [25(0OH)D] concentrations with all-
cause and cause-specific mortality among patients with gout and hyperuricemia (HUA).

Methods The study included 1169 gout patients and 7029 HUA patients from the National Health and Nutrition
Examination Survey (NHANES) 2007-2018 and 2001-2018, respectively. The association between serum 25(0OH)D and
mortality was evaluated by Cox proportional hazard and restricted cubic spline models.

Results Among participants with gout and HUA, the weighted mean concentrations of serum 25(0OH)D were
71.49+30.09 nmol/L and 64.81 +26.92 nmol/L, respectively. Vitamin D deficiency occurred in 29.68% of gout patients
and 37.83% of HUA patients. During 6783 person-years of follow-up among gout patients, 248 all-cause deaths
occurred, among which 76 died from cardiovascular disease (CVD) and 49 died from cancer. 1375 HUA patients were
recorded for all-cause mortality during 59,859 person-years of follow-up, including 427 CVD deaths and 232 cancer
deaths. After multifactorial adjustment, per one-unit increment in natural log-transformed 25(0OH)D was associated
with lower risk of 55% all-cause mortality and 61% CVD mortality among gout patients, and a 45% reduced risk of
cancer mortality among HUA patients. Restricted cubic splines showed a U-shaped relationship with all-cause and
CVD mortality among HUA patients, with inflection points of 72.7 nmol/L and 38.0 nmol/L, respectively. The results
were robust in subgroup and sensitivity analyses.

Conclusions Serum 25(0H)D was negatively linearly correlated with mortality among gout patients, whereas
U-shaped correlated with mortality in HUA patients. These results indicate that adequate vitamin D status could
prevent premature death.
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Background

Gout is a typical inflammatory arthritis caused by depos-
its of urate crystals in joints, affecting approximately 5.1%
of U.S. adults according to the latest data [1, 2]. Glob-
ally, the number of gout patients worldwide increased
to 53 million in 2019 and is projected to increase to over
120 million cases in 2035, making it the most common
inflammatory arthritis in adults in the western world
[3]. Elevated serum uric acid (SUA) levels and gout have
been identified as independent risk factors for diabetes,
cardiovascular diseases, and chronic kidney diseases [4].
Though there are several major advances in gout treat-
ment, including anti-inflammatory drugs, synthetic adre-
nocorticotropic hormone, oral colchicine [5], studies
have shown that gout patients have a 17% increased risk
of mortality than general population [6], thus determin-
ing the controllable causes is vitally important to reduce
complications and mortality among patients with gout
and HUA.

Nutritional intake and dietary pattern have been con-
firmed to be closely related to the risk of gout and HUA,
which is also an important part of the lifestyle man-
agement among patients with gout and HUA [7]. For
example, low vitamin D levels have been reported to be
significantly associated with increased risk of gout and
HUA [8, 9]. Vitamin D is one of the familiar fat-soluble
vitamins, playing a significant role in cell differentiation
and the immune system as well as the regulation of the
growth and development of skeleton [10]. As the main
circulating vitamin D metabolite, serum 25-hydroxyvi-
tamin D [25(OH)D] is widely used to assess vitamin D
condition [11]. Vitamin D deficiency is associated with
increased risk of multiple health outcomes, including
preeclampsia, cardiovascular disease (CVD), diabe-
tes and so on [12]. Epidemiological studies have found
that low serum 25(OH)D concentration can increase
the risk of death among the general population, as well
as patients with hypertension, diabetes, CVD and meta-
bolic syndrome [13]. Although most prospective studies
suggest that serum 25(OH)D level and mortality exist
moderate to strong negative association [14], there is no
article focus on the associations between 25(OH)D con-
centration and mortality in patients with gout and HUA,
which need further research to sort these out.

In our research, we prospectively surveyed the asso-
ciation of serum 25(OH)D concentrations with all-cause
and cause-specific mortality in adults with gout and HUA
in United States (US), and further determined optimal
serum 25(OH) D concentrations in patients with gout or
HUA.
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Methods

Data source and study population

The National Health and Nutrition Examination Sur-
vey (NHANES) was a program of nationally representa-
tive studies designed to assess the health and nutritional
status of the non-institutionalized US population with
the combination of interviews and physical examina-
tions. Details of survey content and data collection meth-
ods have been described [15]. NHANES is a biannual
cross-sectional study conducted by the National Center
for Health Statistics (NCHS) of the Centers for Disease
Control and Prevention (CDC), with all participants pro-
viding written informed consent [16]. The protocols of
NHANES were approved by the Research Ethics Review
Board of NCHS.

In this study, we obtained data from six NHANES
cycles during 2007-2018 on gout patients and nine
NHANES cycles during 2001-2018 on HUA patients.
Patients identified with gout were obtained from self-
reported personal interview data on a diversity of health
conditions (1=1656, aged over 20 years). After exclud-
ing 187 patients with missing serum 25(OH)D con-
centrations, 298 patients with cancer at baseline, and 2
patients with missing all-cause mortality data (Figs. 1),
1169 gout patients were ultimately involved in the final
analysis. For HUA patients, HUA was defined as the SUA
levels >420 umol/L in men and =360 umol/L in women
[17]. Based on the participants with HUA aged over 20
years (n=8167), we eliminated 128 patients with missing
serum 25(OH)D concentrations, 997 patients with cancer
at baseline, and 13 patients missing all-cause mortality
data (Figs. 1), 7029 HUA patients were finally included.

Measurement of serum 25(OH)D concentrations

Serum 25(OH)D concentrations were measured by Dia-
Sorin radioimmunoassay kit (Stillwater, MN, USA) in
NHANES 2001-2006 and a standardized liquid chro-
matography-tandem mass spectrometry (LC-MS/MS)
in NHANES 2007-2018. Serum 25(OH)D data from
NHANES 2001-2006 has been converted using regres-
sion to equivalent 25(OH)D measurements in the stan-
dardized LC-MS/MS method [18]. According to the
recommendations of CDC, we used the LC-MS/MS-
equivalent data for all analyses.

Ascertainment of mortality

To determine mortality status in the follow-up popula-
tion, we used the 2001-2018 NHANES public-use linked
mortality file, which has linked data from NCHS with
death certificate records from the National Death Index
(NDI). We collected information on mortality status and
follow-up time (in months) from the date of survey par-
ticipation to the end of the follow-up period (December
31, 2019). Furthermore, specific causes of death were
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Fig. 1 Flow chart of study participants

determined by the International Statistical Classification
of Diseases and Related Health Problems 10th Revision
(ICD-10), including diseases of the heart (100-109, 111,
113, 120-151), malignant neoplasms (C00-C97).

Assessment of covariates

We obtained the data on demographic information (age,
gender, race/ethnicity, education level, family income),
smoking status, alcohol consumption and disease status
(hypertension, diabetes) through the standardized ques-
tionnaires from in-home interviews. Body weight and
height were measured when people participated in the
physical examinations at a mobile examination center.
Body mass index (BMI) was calculated as body weight
(kg) divided by the square of height (m?).

Specifically, race/ethnicity was categorized as Mexican
American, other Hispanic, non-Hispanic White, non-
Hispanic Black, other Hispanic or other. Education lev-
els were classified as less than high school, high school
or equivalent, college or above. Family poverty income
ratio (PIR) was defined as ratio of family income to

Final analysis (n=7029)

poverty threshold, and was divided into three categories:
1, 1-3, and >3. Normal weight (<25 kg/m?), overweight
(25 to <30 kg/m?), and obesity (=30 kg/m?*) BMI catego-
ries were established. Smoking status was categorized as
smoker and non-smoker. Alcohol intake was defined by
the daily alcohol consumption in the past 12 months and
classified by whether >4 drinks/day.

Statistical analyses

Given the complex survey designs adopted by NHANES,
all estimates accounted for sample weights, clustering,
and stratification [19]. Characteristics of the study pop-
ulation are presented as mean=standard deviation (SD)
for continuous variables and percentages (%) for discon-
tinuous variables. Based on the Endocrine Society Clini-
cal Practice guidelines [20], serum 25(OH)D levels were
classified into four groups, i.e., severe vitamin D defi-
ciency (<25.00 nmol/L), vitamin D deficiency (25.00-
49.99 nmol/L), vitamin D insufficiency (50.00-74.99
nmol/L), and vitamin D sufficiency (=75.00 nmol/L). To
calculate the differences in baseline characteristics across
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the four groups of vitamin D status, continuous variables
were compared using analysis of variance (ANOVA) test
and categorical variables were compared using the chi-
square (x°) test. The association between serum 25(OH)
D concentrations and mortality were investigated by
Cox regression models. Model 1 was unadjusted, and
Model 2 adjusted for age, gender, race/ethnicity, and
survey cycle. In Model 3, we further adjusted for educa-
tion level, PIR, BMI, smoking status, alcohol consump-
tion, hypertension, diabetes and uric acid. The linear
trend was tested according to the statistical significance
of the median value for categorical variables for serum
25(OH)D. In addition, serum 25(OH)D concentrations
were also analyzed as continuous variable after natural
log-transformed.

To explore the dose-response relationship between
25(0OH)D concentrations and mortality, we established
restricted cubic spline models fitted for Cox proportional
hazards models, and the number of knots was deter-
mined based on the lowest value of the Akaike infor-
mation criterion (AIC) [21]. If within two of each other
for different knots, the lowest number of knots was uni-
formly chosen to balance best fit and overfitting, with 3
knots at the 10th, 50th, and 90th percentiles of serum
25(0OH)D concentrations. If nonlinearity was detected,
we conducted a recursion algorithm to calculate the
inflection point of the association between 25(OH)D
and mortality. Stratified analyses were performed by age
(<60 years old or 260 years old), gender (male, female),
race/ethnicity (Whites or non-Whites), hypertension (yes
or no), diabetes (yes or no) and BMI (<30.00 kg/m? or
>30.00 kg/m?) in the fully adjusted model. Interaction on
the multiplicative scale was assessed by conducting likeli-
hood ratio tests.

Moreover, we conducted several sensitivity analyses to
test the robustness of our results. First, participants who
died within the first 2 years of follow-up were excluded
to minimize the potential reverse causation bias. Second,
repeated analyses were conducted based on quartiles of
serum 25(OH)D. Third, given that some dietary factors
might influence the association of interest [22], intake
of total fat (in quartiles), sugars (in quartiles), carbohy-
drate (in quartiles), fiber (in quartiles) and vitamin C
(in quartiles) were further adjusted. Forth, the observed
relationships were likely to be influenced due to sugges-
tive biological links [23], lipid profiles (the ratio of total
cholesterol to HDL) were further adjusted. Fifth, as renal
dysfunction could influence circulating vitamin D levels
and cardiovascular events [22], kidney function assessed
by estimated glomerular filtration rate (calculated by
using the improved modification of diet in renal disease
formula) was further adjusted.
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All statistical analyses were conducted with R 4.2.3,
and a two-tailed P<0.05 was considered statistically
significant.

Results

Baseline characteristics of study participants

Based on serum 25(OH)D status, the baseline charac-
teristics of involved participants were revealed in the
Table 1, respectively. There were 1169 gout patients
[62.55 (13.07) years old; 30.20% female] and 7029 HUA
patients [53.57 (17.79) years old; 43.80% female] enrolled
in the study. The weighted mean concentrations of serum
25(0OH)D were 71.49+30.09 nmol/L for gout patients
and 64.81%26.92 nmol/L for HUA patients, respectively.
29.68% of gout participants had deficient vitamin D, and
62.53% had insufficient vitamin D. There were 37.83%
HUA participants with deficient vitamin D, and 74.08%
with insufficient vitamin D. Gout and HUA patients with
higher 25(OH)D levels tended to be older, non-Hispanic
white, less likely to be obese, had lower tobacco and alco-
hol consumption and higher household income.

Relationships of 25(0H)D concentration with mortality
During 6784 person-years of follow-up, 248 deaths
among gout patients were documented, among which
were 76 CVD deaths and 49 cancer deaths. Participants
with HUA were followed up for a total of 59,859 person-
years with 427 deaths from CVD and 232 deaths from
cancer. After multivariate adjustments, including age,
sex, race/ethnicity, survey cycle, education level, PIR,
BMI, smoking status, alcohol consumption, hyperten-
sion, diabetes and uric acid, the multivariate-adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs)
from lowest to highest serum 25(OH)D categories
(<25.00, 25.00-49.99, 50.00-74.99, and >75.00 nmol/L)
were 1.00 (reference), 0.67 (0.42, 1.09), 0.46 (0.30, 0.72),
and 0.30 (0.19, 0.45), respectively, for all-cause mortality
(P trend<0.001); 1.00 (reference), 0.58 (0.19, 1.73), 0.32
(0.12, 0.81), and 0.21 (0.08, 0.57), respectively, for CVD
mortality (P trend=0.003); and 1.00 (reference), 0.85
(0.20, 3.66), 0.47 (0.09, 2.34), and 0.60 (0.21, 1.77), respec-
tively, for cancer mortality (P trend=0.550) (Table 2).

Using multivariate adjustments aforementioned,
we observed parallel results in participants with HUA
(Table 3). Compared with the reference, the risk of
mortality among the other three comparison groups
decreased to 0.71 (0.53, 0.94), 0.50 (0.37, 0.67), and
0.43 (0.30, 0.60), respectively, for all-cause mortal-
ity (P trend<0.001); 0.63 (0.41, 0.98), 0.45 (0.28, 0.72),
and 0.49 (0.30, 0.79), respectively, for CVD mortality
(P trend=0.014); and 0.78 (0.40, 1.52), 0.63 (0.32, 1.22),
and 0.51 (0.27, 0.96), respectively, for cancer mortality (P
trend=0.020).
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Table 1 (continued)

Patients with hyperuricemia

Patients with gout

Character-
istic

Serum 25(OH)D concentrations (nmol/L)

Total

Serum 25(OH)D concentrations (nmol/L)

Total

50.00-74.99 =>75.00 P-

25.00-49.99

<25.00

>75.00 P-

50.00-74.99

25.00-49.99

<25.00

value

178.72+112.07 <0.001

value

18041+117.02 0.002

(2024) 23:89

18211415830 192.61+165.15

159.85+107.62

183.69+147.88

150.63+109.86 190.55+£154.19 20443+177.09

Triglycerides 189.14+148.31

(mg/dL)
Uric acid
(umol/L)

<0.001

449.59+6090 453.92+6598 45129+62.73 44992+56.86 446.03+62.72

39528+112.74 433.26+12570 404.10£117.99 39595+109.39 383.36+108.68 0.180

Mean (S.D.) for continuous variables and numbers (percentages) for discontinuous variable

Continuous variables were compared using analysis of variance (ANOVA) test and categorical variables were compared using the chi-square (x2) test

P-value accounted for complex survey designs
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The detection of dose-response relationships

As demonstrated in Figs. 2 and 3, with full adjustment
for confounders, serum 25(OH)D concentration was
linearly and negatively associated with all-cause and
CVD mortality in gout patients, and with cancer mortal-
ity in the HUA patients (both P for linearity<0.05). Per
one-unit increment in natural log-transformed 25(OH)
D levels was associated with 55% and 61% reduced risk
of all-cause and CVD mortality among gout patients,
respectively, and associated with 45% decreased risk
of cancer mortality among HUA patients, respectively
(Tables 2 and 3). Differently, we found U-shaped asso-
ciations between serum 25(OH)D concentrations and
all-cause and CVD mortality in participants with HUA,
with inflection points of 72.7 nmol/L and 38.0 nmol/L for
25(OH)D, respectively.

Stratified analyses and sensitivity analyses

Consistent results were observed across a wide range
of subgroups stratified by age, gender, race/ethnicity,
hypertension, diabetes and BMI (Supplementary Tables
1-3, 7-9). When the analysis was stratified by gender, we
observed a significant interaction between serum 25(OH)
D levels and gender for all-cause and cancer mortality in
participants with gout (P interaction<0.05, Supplemen-
tary Tables 1 and 3). For participants with HUA, there
were pronounced interactions between serum 25(OH)
D concentrations and age for all-cause and CVD mortal-
ity (P interaction<0.05, Supplementary Tables 7, 8). No
significant interactions were detected between serum
25(OH)D levels and other stratifying variables (all P for
interaction>0.05, Supplementary Tables 1-3, Supple-
mentary Tables 7-9).

In the sensitivity analyses, the protective effect of
serum 25(OH)D on mortality remained steady after
excluding deaths within the first 2 years of follow-up
(Supplementary Table 4, Supplementary Table 10). Con-
sistent results were found in the sensitivity analyses
based on quartiles of serum 25(OH)D (Supplementary
Table 5, Supplementary Table 11). Similar results were
observed when we further adjusted for intake of total fat,
sugars, carbohydrate, fiber and vitamin C; or lipid pro-
files; or estimated glomerular filtration rate (Supplemen-
tary Table 6, Supplementary Table 12). Regarding CVD
mortality in gout patients, high 25(OH)D concentration
still exhibited a directionally protective impact with wide
confidence intervals, although these results did not reach
statistical significance, which could be largely influenced
due to reduced power.

Discussion

As far as we know, this prospective cohort study with a
relatively large sample size was the first to examine the
association between serum 25(OH)D concentrations and
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Table 2 HRs (95% Cls) for mortality according to serum 25(0OH)D concentrations among participants with gout

Serum 25(OH)D concentrations (nmol/L)

Per One-Unit Increment in

<25.00  25.00-49.99 50.00-74.99 =75.00 Piend” Natural Log-Transformed
25(0OH)D

All-cause mortality
Number of deaths (%) 23 (35.90) 65 (23.00) 84 (21.90) 76 (17.40)
Model 1 1.00 0.57(0.33,0.97),0.037 0.47(0.29,0.77),0.002 0.33(0.19,057),<0.001 <0.001 0.56(0.42,0.75),<0.001
HR (95% Cl), P-value
Model 2 1.00 0.61(0.34,1.12),0.109  0.37(0.21,0.64), <0.001  0.23(0.14,0.39), <0.001 <0.001 0.42(0.33,0.53), <0.001
HR (95% Cl), P-value
Model 3 1.00 0.67 (0.42,1.09),0.109 046 (0.30,0.72), 0.001 0.30(0.19,045), <0.001  <0.001 0.45(0.37,0.56), <0.001
HR (95% Cl), P-value
CVD mortality
Number of deaths (%) 11 (17.20) 21 (7.40) 22 (5.70) 22 (5.00)
Model 1 1.00 043(0.19,093),0.033 0.28(0.12,0.67),0.004  0.21(0.09,0.51),0.001 0.013 046 (0.25,0.84),0.011
HR (95% Cl), P-value
Model 2 1.00 048(0.18,1.23),0.127  0.25(0.10,0.61),0.002  0.16 (0.06,042), <0.001 0.002  0.39(0.22,0.66), 0.001
HR (95% Cl), P-value
Model 3 1.00 0.58(0.19,1.73),0.330  0.32(0.12,0.81),0.016  0.21 (0.08,0.57),0.002  0.003  0.39(0.23,0.67),0.001
HR (95% Cl), P-value
Cancer mortality
Number of deaths (%) 4 (6.20) 13 (4.60) 13 (3.40) 19 (4.30)
Model 1 1.00 0.56 (0.18,1.76),0.320 049 (0.17,1.42),0.187 0.64 (0.23,1.81), 0.400 0.927 0.88 (0.46,1.69), 0.693
HR (95% (), P-value
Model 2 1.00 0.74(0.20,2.81),0.664 046(0.11,1.87),0275  0.58(0.20,1.64),0302 0574  0.68(041,1.11),0.124
HR (95% Cl), P-value
Model 3 1.00 0.85(0.20,3.66),0.825 047(0.09,2.34),0354  060(021,1.77),0356 0550  0.68(0.42,1.11),0.126

HR (95% Cl), P-value

Model 1: Non-adjusted (n=1169)
Model 2: Adjusted for age, gender, race/ethnicity, and survey cycle (1=1169)

Model 3: Adjusted for age, gender, race/ethnicity, survey cycle, education level, PIR, BMI, smoking status, alcohol consumption, hypertension, diabetes, and uric

acid (h1=1152)

2P value for trend was tested according to the statistical significance of the median value for category variables

mortality among participants with gout and HUA. We
observed negative linear associations between serum
25(OH)D and all-cause and CVD mortality among gout
patients, and cancer mortality in HUA patients. Serum
25(OH)D was U-shaped in relation to all-cause and CVD
mortality among HUA patients, with inflection points of
72.7 nmol/L and 38.0 nmol/L, respectively. Furthermore,
various sensitivity analyses and stratified analyses dem-
onstrated the robustness of these findings.

In line with previous studies concentrating on the
general population and chronic disease patients [22, 24,
25], we observed that low 25(OH)D levels were asso-
ciated with increased all-cause mortality. Addition-
ally, different from the linear associations among gout
patients observed in restricted cubic spline regression,
we found that U-shaped relationships between serum
25(OH)D and all-cause and CVD mortality among HUA
patients, which have also been reported in studies of
low muscle mass, gestational diabetes mellitus and frac-
ture risk [26—28]. Furthermore, we found that from the
U-shaped curve, we identified the inflection point for

serum 25(OH)D was 72.7 nmol/L for all-cause and 38.0
nmol/L for CVD mortality. Nevertheless, there is still a
debate on the threshold for optimal 25(OH)D concentra-
tions. The Endocrine Society has proposed that the opti-
mal serum concentration of 25(OH)D in general adults
should be at least 75.00 nmol/L for better health [20].
A meta-analysis of 62,548 people in the general popula-
tion showed that individuals with serum concentrations
of 25(OH)D between 75 and 87.5 nmol/L had the lowest
risk of death [29]. However, in a large cohort study from
the UK Biobank, the 25(OH)D concentration associated
with the lowest risk of all-cause mortality was 60 nmol/L
among the general population [30]. In addition, it has
also been proposed that the serum 25(OH)D threshold
for all-cause and CVD mortality in osteoarthritis patients
of US was 27.70 nmol/L and 54.40 nmol/L, respectively
[31]. The reasons for the above controversy may be due
to differences in the target population, sample size, and
underlying health status. Given that HUA is a chronic
metabolic disease caused by purine metabolism disor-
ders, the management of serum 25(OH)D should receive
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Table 3 HRs (95% Cls) for mortality according to serum 25(0OH)D concentrations among participants with hyperuricemia

Serum 25(OH)D concentrations (nmol/L)

Per One-Unit Increment in

<25.00 25.00-49.99 50.00-74.99 =75.00 Peend” Natural Log-Transformed
25(0OH)D

All-cause mortality
Number of deaths (%) 115 (27.00) 472 (21.10) 461 (18.10) 327 (17.90)
Model 1 1.00 0.65(0.52,0.81),<0.001 0.46(0.36,0.58), <0.001 0.53(0.41,0.69),<0.001 0.003 0.70 (0.58,0.84), <0.001
HR (95% Cl), P-value
Model 2 1.00 0.63(048,0.82),0.001  040(0.30,0.53),<0.001 0.36 (0.26,049), <0.001 <0.001 0.51(0.43,0.61), <0.001
HR (95% Cl), P-value
Model 3 1.00 0.71(0.53,0.94),0.018  0.50(0.37,0.67), <0.001 0.43(0.30,0.60), <0.001 <0.001 0.58 (0.49,0.69), <0.001
HR (95% Cl), P-value
CVD mortality
Number of deaths (%) 37 (8.70) 137 (6.10) 142 (5.60) 111 (6.10)
Model 1 1.00 0.59(0.40,0.87),0.009  0.43(0.29,0.64), <0.001 0.62 (0.39,0.99), 0.043 0.624  0.84(0.61,1.15),0.273
HR (95% Cl), P-value
Model 2 1.00 0.57(0.38,0.87),0.008  0.37(0.23,0.58), <0.001 0.41(0.25,0.68),0.001 0012  0.60 (0.45,0.81),0.001
HR (95% Cl), P-value
Model 3 1.00 0.63(041,098),0.039  045(0.28,0.72),0001  0.49(0.30,0.79),0004 0014  0.68(0.52,0.89),0.005
HR (95% Cl), P-value
Cancer mortality
Number of deaths (%) 19 (4.50) 79 (3.50) 77 (3.00) 57 (3.10)
Model 1 1.00 0.71(0.40,1.25),0.234  0.57(0.31,1.04), 0.065 0.57(0.32,1.02),0059 0.157 0.63(043,092),0.017
HR (95% (), P-value
Model 2 1.00 0.70(0.38,1.29),0.252  0.53(0.29,0.96),0.036  0.41(0.23,0.75),0004  0.005 047 (0.34,0.66), <0.001
HR (95% Cl), P-value
Model 3 1.00 0.78(040,1.52),0467  063(032,1.22),0171  0.51(0.27,096),0039 0020  0.55(0.39,0.77),0.001

HR (95% Cl), P-value

Model 1: Non-adjusted (n=7029)
Model 2: Adjusted for age, gender, race/ethnicity, and survey cycle (1=7029)

Model 3: Adjusted for age, gender, race/ethnicity, survey cycle, education level, PIR, BMI, smoking status, alcohol consumption, hypertension, diabetes, and uric

acid (1=7029)

2P value for trend was tested according to the statistical significance of the median value for category variables

more attention. Therefore, our findings can help us to
accurately identify the mortality risk of patients with
gout and HUA in clinical practice, and is conducive to the
development of personalized treatment plans. and fur-
ther confirmation was still needed in large clinical trials.
However, the relationship between serum vitamin D
and cancer mortality varied in our study, in which high
vitamin D levels had a protective effect in reducing cancer
mortality among HUA patients, but such inverse associa-
tion did not reach statistical significance in gout patients,
which may due to the reduced power caused by insuffi-
cient sample. Our observation of the inverse association
is consistent with previous meta-analyses of observa-
tional studies on general populations, which drew a con-
clusion that people with lower baseline serum 25(OH)D
levels were more likely to die from cancer by summariz-
ing 12 prospective cohorts [32]. Similarly, meta-analysis
of randomized controlled trials (RCTs) also found that
vitamin D supplementation resulted in a decrease in can-
cer mortality [33, 34]. By making rough comparisons, we
found that the HRs reported in our analysis were smaller

than those among general population or other patients,
which indicated that HUA patients might benefit more
from higher vitamin D levels, thus highlighting the sig-
nificance of sufficient vitamin D intake is crucial in HUA
patients. For restricted cubic spline regression, although
our study showed a linear negative relationship between
serum vitamin D and cancer mortality in participants
with HUA, a few studies have explored the threshold for
25(OH)D in relation to cancer mortality. For example, a
German population-based cohort study reported optimal
25(OH)D concentrations for cancer mortality at around
75 nmol/L [35]. A subsequent study involved 365,530
participants from UK Biobank revealed a decrease in
cancer mortality risk appearing to level off at 45 nmol/L
[30]. The inconsistency might be partly explained by the
differences in the target participants, number of cancer
deaths and the association magnitude for different can-
cers with 25(OH)D.

Despite the associations in several subgroups did not
reach statistical significance due to limited sample size,
particularly among gout patients, in general, the results
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Fig. 2 Association between 25(0OH)D concentrations and all-cause (A),
CVD (B) and cancer (C) mortality in gout patients

of stratified analyses were in line with that of our main
analysis. Taking into account racial differences in 25(OH)
D levels, we performed a stratified analysis by race/eth-
nicity (white or non-white), showing that non-white
patients with gout and HUA benefitted more from high
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Fig. 3 Association between 25(0OH)D concentrations and all-cause (A),
CVD (B) and cancer (C) mortality in hyperuricemia patients

25(0OH)D concentrations for all-cause mortality. Com-
pared with white people, non-white people have darker
skin pigment, less ability to synthesize vitamin D using
limited ultraviolet radiation B (UVB), and have lower
serum 25(OH)D levels [36]. Studies have shown that
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blacks are more likely to reduce the risk of infection and
further reduce mortality than whites after vitamin D
supplementation [37]. Additionally, serum 25(OH)D con-
centrations and age had pronounced interactions on all-
cause mortality in HUA patients, which is consistent with
previous studies among other disease-specific patients
based on NHAENS [38]. Higher serum 25(OH)D levels
had a more evident protective effect on HUA patients
aged <60 years than those aged>60 years. One possible
reason for this difference may be that the elder tend to
have more chronic comorbidities than the younger, lead-
ing to impaired liver and kidney function and affecting
the absorption and conversion of vitamin D [39]. Thus,
older people need more vitamin D to maintain health
and the sensitivity to changes in vitamin D concentra-
tions is relatively poor [40]. For the observed interaction
between vitamin D and gender on mortality among gout
patients, further studies are warranted to confirm this
finding given the limited sample size. Notably, previous
synthesized evidence suggested that gout increases the
risk of all-cause mortality, particularly among blacks,
men, the elderly, and that gout patients have high risk
of comorbidities of diabetes and hypertension [41, 42].
Admittedly, the relationship between vitamin D and gout
mortality may be driven by patient characteristics and
comorbidities given that gout mortality is multifactorial.
Therefore, future studies are warranted to validate our
findings across a broader spectrum of risk factors related
to mortality among gout patients.

The mechanisms underlying the observed association
between vitamin D and mortality among gout or HUA
patients remain to be elucidated. Accumulating evidence
showed that vitamin D deficiency can promote insulin
resistance [43], which is inversely associated with the
renal clearance of SUA and lead to HUA in turn [44]. Low
vitamin D level can cause secondary hyperparathyroid-
ism, which can lead to an elevated level of parathyroid
hormone (PTH) [45]. Subsequently, increased PTH con-
centration can influence the absorption, secretion and
transport of uric acid and cause HUA [46, 47]. In a meta-
analysis of seven cross-sectional studies, both individuals
with vitamin D deficiency and insufficiency have shown
significantly higher level of serum uric acid compared
with vitamin D-sufficient individuals [8]. Monosodium
urate is the prerequisite for uric acid crystal formation
[48], the occult deposition of which may induce inflam-
mation, mechanical damage of the joint, and even sys-
temic consequences, considered as a critical risk factor
for gout [49]. In addition, previous studies have showed
that lower serum 25(OH)D level was more common in
patients with gout and may be involved to the develop-
ment or deterioration of the disease [50].

There are some limitations to this study. First, due to
incomplete data, we cannot rule out other confoundings,
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such as genetic constitution, metabolic syndrome, the use
of medications such as diureticum, ciclosporin and so on
[1]. Second, we screened out gout patients only based on
a simple self-reported question, “Doctors ever told you
had gout?”, without further available participants’ medi-
cal records, and the SUA level was measured only once,
which may induce diagnostic ascertainment bias. In addi-
tion, given the small number of cancer or CVD deaths,
the statistical power of our study to detect the association
between serum vitamin D and cancer-specific mortality
was limited. Finally, the patients included in the study
were all residents of US, and the conclusions may not be
applicable to other populations with different socioeco-
nomic characteristics.

Conclusion

Serum 25(OH)D concentrations was linearly correlated
with decreased risk of mortality among gout patients,
and U-shaped correlated with mortality in HUA patients
plateaued at 72.7 nmol/L for all-cause mortality. These
results provide related clues for the health management
and highlight the potential advantages of monitoring
vitamin D concentrations to reduce mortality risk in
adult patients with gout and HUA.

Abbreviations
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NHANES  National Health and Nutrition Examination Survey
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cDbC Centers for Disease Control and Prevention
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BMI Body mass index
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PTH parathyroid hormone
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