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Abstract

Dietary management is a crucial component of non-pharmacological treatment for hyperuricemia, yet there is a pauoit;h
research on the impact of dietary habits on the survival outcomes of individuals with hyperuricemia. The objective of this study is
to examine the association between dietary inflammatory index (DIl) and the all-cause and cardiovascular disease (CVD) mortality
in individuals with hyperuricemia. This study included 3093 adult participants from National Health and Nutrition Examination
Survey (NHANES) 2001 to 2010. Participants were categorized into 4 groups based on quartiles of DIl to demonstrate data
characteristics, with sample weights considered. The relationship between DIl and the risk of hyperuricemia was examined using
multivariable logistic regression models. Kaplan—-Meier models and Cox proportional hazards models were employed to assess the
relationship between DIl levels and the all-cause mortality in individuals with hyperuricemia, with the non-linear relationship tested
using restricted cubic splines (RCS). Competing risk models were employed to investigate the association between DIl levels
and the CVD mortality in individuals diagnosed with hyperuricemia. Subgroup and sensitivity analysis were performed to confirm
the robustness and reliability of the findings. Among the participants, 47.95% were aged over 60 years. A positive association
observed between the highest quartile of DIl level and the incidence of hyperuricemia (OR: 1.34, CI [1.13, 1.57]). Elevated DIl
levels were correlated with increased all-cause mortality (P value < .001) and CVD mortality (P value < .001) in participants. In
comparison to the lowest quartile, the highest quartile of DIl exhibited a 31% rise in all-cause mortality (HR: 1.31, CI [1.01, 1.68])
and a 50% increase in CVD mortality (HR: 1.50, CI [1.00, 2.26]). No indication of a nonlinear association between DIl levels and
all-cause mortality (p-non-linear = .43). These findings indicate a positive correlation between the pro-inflammatory diet and the
incidence of hyperuricemia. Additionally, a pro-inflammatory diet may elevate the all-cause and CVD mortality in individuals with
hyperuricemia.

Abbreviations: AAP = aminoantipyrine, ANOVA = analysis of variance, BMI = body mass index, CRP = C-reactive protein,
CVD = cardiovascular disease, DCHBS = 3,5-dichloro-2-hydroxybenzene sulfonic acid, DIl = dietary inflasmatory index, eGFR =
estimated glomerular filtration rate, ICD = international classification of diseases, IL = interleukin, MAFLD = metabolic dysfunction-
associated fatty liver disease, MUFA = mono unsaturated fat acid, NDI = national death index, NHANES = national health and
nutrition examination survey, PIR = poverty income ration, PUFA = polyunsaturated fatty acid, RCS = restricted cubic splines, SUA
= serum uric acid, TNF = tumor necrosis factor.
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1. Introduction

Hyperuricemia is a metabolic disorder resulting from pro-
longed dysfunction in purine metabolism, excessive purine
intake, or impaired elimination of uric acid. In the nationally
representative sample survey conducted in 2015 to 2016, the
occurrence rate of hyperuricemia among adult individuals in
the United States was recorded at 20%, and this prevalence
remained stable over a period of 10 years.!!! In China, data
from 2018 to 2019 indicated an overall prevalence of hyper-
uricemia among the adult population at 14%, with a signifi-
cantly higher prevalence among males (24.4%) compared to
females (3.6%). Furthermore, there has been an upward trend
in the overall prevalence of hyperuricemia within a span of 5
years in China.?! Chronic hyperuricemia leads to the deposi-
tion of urate crystals in joints and surrounding soft tissues,
resulting in recurrent episodes of acute joint and soft tissue
inflammation, commonly known as gout.’! Recent epidemio-
logical studies have also found that cumulative exposure to
elevated blood uric acid levels may be associated with elevated
morbidity of non-articular conditions such as stroke, car-
diovascular events, chronic kidney disease, liver disease and
metabolic syndrome.** Furthermore, it has been observed
that there exists a positive correlation between hyperurice-
mia and elevated increased all-cause mortality in the general
population, as well as in specific populations such as individ-
uals with diabetes, chronic heart failure, chronic kidney dis-
ease, and metabolic dysfunction-associated fatty liver disease
(MAFLD).#5-1 Therefore, the threat posed by hyperuricemia
to public health is highly intricate and may potentially sur-
pass people conventional estimations. In studies conducted, a
positive correlation has been observed between white blood
cell count and the prevalence of hyperuricemia in individu-
als without underlying diseases. Additionally, individuals with
hyperuricemia have shown significant elevations in serum lev-
els of C-reactive protein (CRP), tumor necrosis factor (TNF),
interleukin-6 (IL-6), and other inflammatory mediators."?! In
recent years, mechanistic studies have revealed that the NF-kB
pathway is a key pathway involved in the induction of inflam-
mation by uric acid crystals.!'*! This implies that inflammation
could potentially exert a substantial influence on the patholog-
ical process of hyperuricemia.

Dietary management is a crucial component of non-
pharmacological treatment for hyperuricemia, and a low-purine
diet is highly recommended by clinicians as it is believed to
improve hyperuricemia and prevent gout attacks.' Furthermore,
research has found that anthocyanins, probiotics, and other
bioactive compounds have potential in ameliorating hyperuri-
cemia.!'>1l Although these dietary components are believed to
have anti-inflammatory effects, the overall inflammatory poten-
tial of the diet and its relationship with the physical health of
individuals with hyperuricemia remains unknown. The DII is a
scoring tool that quantifies the overall inflammatory potential
of an individual diet. It was first proposed by Shivappa et al in
2014.0"1 By reviewing published literature, they identified the
impact of overall dietary components on 6 inflammatory mark-
ers (IL-1p, IL-4, IL-6, IL-10, TNF-a, and CRP) and calculated
pro-inflammatory and anti-inflammatory scores for each food
parameter based on study characteristics, resulting in an overall
inflammation effect score specific to each food parameter. Lower
scores indicate a stronger anti-inflammatory capacity of the
diet, while higher scores indicate a stronger pro-inflammatory
capacity. In recent years, the DII has been extensively employed
in clinical research to explore the association between dietary
inflammatory potential and disease.!'*?Y! However, to date, no
studies have revealed the relationship between the DII and all-
cause and CVD mortality in individuals with hyperuricemia.

The present study employed data from the NHANES from
2001 to 2010. The primary objective was to examine the cor-
relation between DII and all-cause and CVD mortality in

Medicine

individuals with hyperuricemia. The findings of this study aim
to provide new insights and evidence for improving the survival
outcomes of individuals with hyperuricemia through dietary
management strategies.

2. Method

2.1. Study population and data source

This cohort study included 3093 adult participants aged > 20
years from the NHANES conducted between 2001 and 2010.
NHANES is a national program designed to investigate the
health and nutritional condition of adults and children resid-
ing in the United States. It collects health information from
community residents across various regions in the United
States through questionnaire surveys, physical examinations,
and laboratory tests. Exclusion criteria for the study partici-
pants included missing survival data, missing blood uric acid
results, missing 24-hour dietary recall records, and missing
other covariates (serum creatinine, triglycerides, cholesterol,
sociodemographic information, medical history). Approval
for this study was granted by the Ethics Committee of the
National Center for Health Statistics, and all participants pro-
vided written consent after being fully informed. The sche-
matic representation of the study design can be observed in
Figure 1.

2.2. Dietary inflammatory index

The DII serves as a scoring index that quantifies the overall
inflammatory capacity of individual diet. Shivappa et al con-
ducted a comprehensive review of published literature to ascer-
tain the impact of whole foods and dietary constituents on 6
inflammatory markers (IL-1p, IL-4, IL-6, IL-10, TNF-a, CRP).
To calculate the overall inflammatory potential of an individ-
ual diet, Shivappa et al assigned pro-inflammatory and anti-
inflammatory scores to each food parameter based on the
characteristics of the studies reviewed. These scores were then
weighted to obtain an overall inflammatory effect score for each
specific food parameter. A lower DII score indicates a diet with
a stronger capacity to reduce inflammation, while a higher DII
score indicates a diet with a stronger capacity to promote inflam-
mation.!"”) DII can evaluate the inflammatory effects of 45 food
components, but previous studies have shown that using <30
food components does not affect the evaluation ability of DILIS!
The DII was computed in this study utilizing data from 24-hour
dietary recall, and a total of 27 nutrients were employed in the
computation of the DII score containing alcohol, vitamins B12/
B6, B-carotene, caffeine, carbohydrates, cholesterol, total fat,
fiber, folate, iron, magnesium, zinc, selenium, mono unsaturated
fat acid (MUFA), niacin, n-3 fatty acids, n-6 fatty acids, protein,
polyunsaturated fatty acid (PUFA), riboflavin, saturated fat,
thiamin, and vitamins A/C/D/E. The food parameters used to
calculate DII are shown in Supplementary Table 1, http://links.
lww.com/MD/K876.

2.3. Hyperuricemia

The timed endpoint method was used to measure plasma uric
acid concentration. Uric acid is oxidized by uricase, producing
allatoin and hydrogen peroxide. Hydrogen peroxide reacts with
4-aminoantipyrine (4-AAP) and 3,5-dichloro-2-hydroxybenzene
sulfonic acid (DCHBS) to generate a colored product in a reac-
tion catalyzed by peroxidase. The system monitors the absor-
bance changes at 520 nanometers at fixed time intervals. The
changes in absorbance are directly proportional to the concen-
tration of uric acid in the sample. The Beckman Synchron LX20
instrument was used for measurements from 2001 to 2007,
and it was replaced by the Beckman Coulter UniCel DxC800
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Figure 1. Flow chart of the screening process for the selection of eligible participants. NHANES = National Health and Nutrition Examination Survey.

instrument after 2008. The detailed information regarding the
detection can be found at https://www.cdc.gov/nchs/nhanes/
index.htm. Hyperuricemia is defined as serum uric acid (SUA)
levels > 420 pmol/L (7mg/dl) for males and > 360 pmol/L (6 mg/
dl) for females.!?!!

2.4. Main outcome

The primary outcomes were all-cause and CVD mortality. The
death dates and causes of death for study participants were val-
idated by linking with the National Death Index (NDI) public
dataset (https://www.cdc.gov/nchs/data-linkage/mortality-pub-
lic.htm). The International Classification of Diseases, 10th
Revision (ICD-10) codes were used to classify the causes of
death. CVD deaths were defined by ICD-10 codes 100-109, 111,
113, 120-151, or 160-169.

2.5. Covariates

Information regarding demographic characteristics, lifestyle
factors, and health status was collected. Sociodemographic
characteristics included age, gender, race/ethnicity (non-
Hispanic White, Mexican American, non-Hispanic Black,
other Hispanic, other race), educational attainment (<9th
grade, 9-11th grade, high school graduate or equivalent, some
college or associate degree, college graduate or above), and
poverty income ratio (PIR). Lifestyle information included
smoking status (never smoker, former smoker, current smoker)
and alcohol consumption (nondrinker, drinker). Health infor-
mation included body mass index (BMI), history of diabetes
(hemoglobin A1C concentration > 6.5%, fasting blood glu-
cose > 126 mg/dL,1??! or self-reported diabetes), history of
hypertension (average of 3 consecutive measurements
with systolic blood pressure > 130 mm Hg or diastolic blood
pressure > 80 mm Hg,?3! self-reported history of hypertension,
or use of antihypertensive medication), estimated glomeru-
lar filtration rate (eGFR), serum total cholesterol, and serum
triglycerides.

2.6. Statistical analysis

To show the characteristics of participants with different dietary
patterns, we divided all participants into 4 groups based on
quartiles of DII. Continuous variables that followed a normal
distribution were reported as means and standard deviations,
whereas categorical variables were presented as frequencies
and proportions. The significance of differences between means
of continuous variables and proportions of categorical vari-
ables was determined using analysis of variance (ANOVA) and
Pearson chi-square test, respectively. This analysis utilized sam-
ple weights to ensure the representativeness of the results for the
U.S. community population. First, to investigate the potential
link between DII and the risk of hyperuricemia, a multivari-
able logistic regression analysis was utilized. We assessed the
differences in all-cause and CVD mortality among individuals
with hyperuricemia at different levels of DII using the Kaplan—
Meier model and the competing risk model respectively. We also
employed the Cox proportional hazards model and the compet-
ing risk model to investigate the impact of different DII levels
on the all-cause and CVD mortality in individuals with hyper-
uricemia respectively. Model 1 involved a univariate analysis of
DII levels, while Model 2 adjusted for age, gender, race, educa-
tion level, and PIR. Model 3 further included smoking, alcohol
consumption, hypertension, diabetes, eGFR, serum cholesterol,
and serum triglycerides as covariates on top of Model 2. To
assess the potential non-linear association between DII and the
all-cause mortality among individuals with hyperuricemia, RCS
were utilized for the continuous DII values. Three knots were
placed at the 5th, 50th, and 95th percentiles.

2.7. Subgroup analyses and sensitivity analyses

To test the stability of results, we conducted subgroup and sen-
sitivity analyses. We performed subgroup analyses on the logis-
tic regression model and the Cox proportional hazards model
to determine the influence of demographic characteristics and
comorbidities on the outcomes. To mitigate the possibility of
reverse causality, Cox proportional hazards analysis was con-
ducted, excluding participants who experienced mortality
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within a 24-month follow-up period. High uric acid participants
who were initially excluded due to incomplete data were re-
included, and the impact of DII on the all-cause mortality was
analyzed using the Kaplan-Meier model. Additionally, we also
conducted analyses in the non-hyperuricemia population. The
statistical analyses for this study were performed using R ver-
sion 4.2.2, and all statistical tests were conducted with a 2-sided
approach. A significance level of 0.05 was employed to ascertain
statistical significance.

3. Result

3.1. Baseline characteristics of the participants

Among the initial 52,195 participants, a total of 3093 partici-
pants met the inclusion criteria, as shown in Figure 1. Table 1
presents the characteristics of the participants. Participants
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aged over 60 accounted for 47.95%, and females accounted
for 44.1%. 76.2% were classified as obese, and 54.35% were
non-Hispanic white. Participants with higher DII levels had a
higher proportion of low education levels and lower PIR. They
also had lower alcohol consumption rates, higher incidence
rates of diabetes and hypertension, lower levels of eGFR, and
lower levels of serum triglycerides.

3.2. DIl and hyperuricemia

We developed 3 logistic regression models while considering
weights (The population characteristics for the logistic regres-
sion analysis were presented in Supplementary Table 2, http://
links.lww.com/MD/K877). Model 1 conducted a univariate
analysis of DII and hyperuricemia. Model 2 included gender,
age, race, education level, and PIR in addition to Model 1.
Model 3 further incorporated BMI, smoking history, alcohol

Characteristics of participants aged 20 years and older from the National Health and Nutrition Examination Survey (2001 to 2010).

Dietary inflammatory index

Characteristics Total (N = 3093) Q1 (N =672) Q2 (N = 748) Q3 (N = 794) Q4 (N = 879) Pvalue
Gender, n(%) <.001
Female 1364 (44.1) 208 (15.89) 280 (22.05) 362 (26.32) 514 (35.73)
Male 1729 (55.9) 464 (30.21) 468 (28.96) 432 (23.48) 365 (17.35)
Age, n(%) <.003
2040 years old 728 (23.54) 173 (26.75) 180 (25.24) 207 (27.37) 168 (20.65)
40-60 years old 882 (28.52) 218 (26.21) 221 (28.06) 219 (22.84) 224 (22.90)
60-80 years old 1483 (47.95) 281 (20.03) 347 (24.60) 368 (24.46) 487 (30.91)
Race, n(%) <.002
Non-Hispanic White 1681 (54.35) 388 (24.97) 435 (27.16) 417 (23.71) 441 (24.16)
Mexican American 397 (12.84) 93 (29.21) 98 (25.83) 106 (26.79) 100 (18.18)
Non-Hispanic Black 718 (23.21) 115 (15.88) 142 (19.12) 204 (29.06) 257 (35.95)
Other Hispanic 159 (5.14) 33(21.32) 38 (29.08) 36 (22.97) 52 (26.63)
Other Race 138 (4.46) 43 (27.86) 35 (24.61) 31 (27.03) 29 (20.50)
Education status, n(%) <.001
<9th Grade 360 (11.64) 59 (17.06) 73(18.23) 101 (30.25) 127 (34.46)
9-11th Grade 487 (15.75) 65 (15.61) 104 (20.70) 134 (27.42) 184 (36.27)
High School Grad 807 (26.09) 175 (23.51) 191 (25.61) 201 (23.02) 240 (27.86)
College 901 (29.13) 199 (22.81) 230 (26.97) 243 (27.86) 229 (22.36)
College Graduate or above 538 (17.39) 174 (33.51) 150 (30.25) 115(19.31) 99 (16.93)
PIR, mean (SD) 2.98 (0.05) 3.35(0.07) 3.15(0.09) 2.84(0.09) 2.58 (0.10) <.001
BMI, n(%) <.01
Underweight (<18.5) 14 (0.45) 3(10.02) 2(13.87) 4(36.43) 5(39.68)
Normal (18.5-24) 277 (8.96) 62 (25.01) 78 (31.05) 64 (25.75) 73(18.19)
Overweight (24-27) 445 (14.39) 116 (31.27) 112 (26.99) 110 (24.79) 107 (16.95)
Obesity (>27) 2357 (76.2) 491 (22.78) 556 (25.35) 616 (24.47) 694 (27.40)
Smoking, n(%) =.05
Never Smoker 1493 (48.27) 328 (23.93) 368 (26.46) 366 (24.17) 431 (25.45)
Former Smoker 1030 (33.3) 241 (27.20) 261 (27.68) 256 (22.94) 272 (22.17)
Current Smoker 570 (18.43) 103 (19.76) 119 (22.29) 172 (28.92) 176 (29.03)
Drinking, n(%) <.001
No 928 (30) 151 (17.69) 198 (22.48) 237 (24.42) 342 (35.41)
Yes 2165 (70) 521 (26.52) 550 (27.34) 557 (24.77) 537 (21.37)
Diabetes, n(%) <.01
No 2437 (78.79) 559 (25.39) 598 (26.60) 617 (24.18) 663 (23.82)
Yes 656 (21.21) 113 (17.97) 150 (23.21) 177 (27.26) 216 (31.56)
Hypertension, n(%) <.04
Non-hypertension 919 (29.71) 224 (25.88) 236 (26.58) 235 (26.49) 224 (21.05)
Hypertension 2174 (70.29) 448 (23.33) 512 (25.79) 559 (23.74) 655 (27.13)
DIl, mean (SD) 1.61 (0.06) —-0.91 (0.05) 1.17(0.02) 2.45(0.02) 3.65(0.02) <.001
eGFR, mean (SD) 83.16 (0.67) 85.79 (1.10) 83.10 (1.13) 82.97 (1.43) 80.88 (1.13) <.01
Uricacid, mean (SD) 44473 (1.44) 448.85 (2.20) 445.07 (2.36) 446.35 (3.25) 438.78 (3.02) =.08
Cholesterol, mean (SD) 5.34(0.04) 5.24(0.07) 5.35(0.07) 5.40 (0.06) 5.35(0.05) =29
Triglyceride, mean (SD) 2.16 (0.04) 2.11(0.07) 2.25(0.09) 2.29(0.10) 1.98 (0.05) <.01

Normally distributed continuous variables were displayed as means and standard deviations (SDs), categorical variables were displayed as proportions. Analysis of Variance (ANOVA) were used for
comparison of Continuous variables and Pearson y? test were used for comparison of categorical variables. The mobile examination center sample weights were accounted and the results represented the
US civilian resident population. Quartiles of DIl showed as Q1 (-4.11 to 0.66), Q2 (0.66-2.08), Q3 (2.08-3.17), Q4 (3.17-5.24).

BMI = body mass index, DIl = dietary inflammatory index, eGFR = estimated glomerular filtration rate, PIR = poverty index rate, SD = standard deviation.
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consumption history, hypertension, diabetes, eGFR, serum
cholesterol, and serum triglycerides on top of Model 2. In
Model 1, DII levels at Q2, Q3, and Q4 were all positively
associated with the risk of hyperuricemia. After adjusting for
covariates, this association persisted in Model 3 specifically
for DII levels at Q4 (OR: 1.34, CI [1.13,1.57], P value < .001)
(Table 2).

3.3. DIl and mortality

Throughout the follow-up period, a total of 892 deaths were
recorded, out of which 254 were attributed to CVD causes. The
median duration of follow-up was 136 months. The

Kaplan—Meier curve demonstrated a significantly higher all-
cause mortality in hyperuricemia participants with higher DII
levels (P value <.001) (Fig. 2). Similar results were observed
in the competing risk model for DII and CVD mortality (P
value <.001) (Fig. 3). After further adjusting for covariates,
the Cox proportional hazards model revealed that compared
to the Q1 level, the Q4 level of DII increased the all-cause mor-
tality by 31% in individuals with hyperuricemia (HR: 1.31, CI
[1.01, 1.68], P value < .04) (Table 3). Similarly, in the adjusted
competing risk model, the Q3 level increased the CVD mor-
tality by 59% (HR: 1.59, CI [1.06, 2.40], P value < .026), and
the Q4 level increased it by 50% (HR: 1.50, CI [1.00, 2.26],
P value < .048). Additionally, in the Cox proportional hazards
model where DII is a continuous variable, DII is positively
correlated with all-cause mortality (Table 4). Finally, the RCS
results showed no evidence of a non-linear relationship between
DII levels and the all-cause mortality in individuals with hyper-
uricemia (p-non-linear = .43) (Fig. 4).

3.4. Subgroup analyses and sensitivity analyses

Subgroup analyses were conducted to determine whether
demographic characteristics and comorbidities influenced
the relationship between DII and the all-cause mortality in
individuals with hyperuricemia. The results showed consis-
tent findings when stratified by gender, age, BMI, alcohol
consumption, and hypertension (p for interaction >.05).
However, interactions were observed between DII and dia-
betes as well as smoking history (Table §). Additionally, we
performed stratified analyses on the logistic regression of
DII and hyperuricemia, and consistent results were observed
when stratified by gender, age, smoking history, alcohol con-
sumption history, hypertension, and diabetes, with only an
interaction observed with BMI (p for interaction <.008)
(Supplementary table 3, http:/links.lww.com/MD/K878).
Sensitivity analyses excluding participants who died within 24
months of follow-up yielded similar results (Supplementary
table 4, http:/links.lww.com/MD/K879). The relationship
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between DII and the all-cause mortality persisted in the com-
plete population of participants who were initially excluded
due to data incompleteness (Supplementary figure 1, http:/
links.lww.com/MD/K880) and in the non-hyperuricemia pop-
ulation (Supplementary figure 2, http://links.lww.com/MD/
K881).

4. Discussion

This study utilized the nationally representative samples
from NHANES between 2001 and 2010 to explore the cor-
relation between DII and the prevalence of hyperuricemia,
as well as the all-cause and CVD mortality among individ-
uals with hyperuricemia. The results revealed that, after
adjusting for confounding factors, there existed a positive
correlation between DII levels and the prevalence of hyper-
uricemia in the community population. Furthermore, among
individuals diagnosed with hyperuricemia, a positive associa-
tion was observed between DII and both all-cause and CVD
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Figure 2. The cumulative incidence of all-cause death in the 4 groups of DIl
during the follow-up period. DIl = dietary inflammatory index.

The relationship between dietary inflammatory index and risk of hyperuricemia among participants aged 20 years and older from the

National Health and Nutrition Examination Survey (2001 to 2010).

OR (95% Cl), P value

DIl range Model 1a Model 2b Model 3¢

Q1 —-5.28100.37 Ref Ref Ref

Q2 0.371t01.84 1.21(1.04,1.42) <.02 1.22 (1.02,1.46) <.03 1.12 (0.92,1.35) =24
Q3 1.8410 3.00 1.24 (1.08,1.43) <.002 1.31(1.13,1.53) <.001 1.19(0.99,1.43) <.07
Q4 3.00105.42 1.38 (1.19,1.61) <.001 1.49 (1.27,1.74) <.001 1.34(1.13,1.57) <.001

Sampling weights were considered in logistic regression analyses to obtain nationally representative estimates.
DIl = dietary inflammatory index, OR = odd rate, Q = quartile; ref = reference.

“Model 1: Unadjusted.

"Model 2: Adjusted for gender, age, race, education level, and PIR.

“Model 3: Model 2 + adjusted for smoking history, alcohol consumption history, hypertension, diabetes, eGFR, serum cholesterol, and serum triglycerides.
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mortality. Furthermore, higher levels of DII are associated
with increased all-cause and CVD mortality in individuals
with hyperuricemia.

Previous studies have identified a potential association
between dietary inflammatory potential and the preva-
lence of hyperuricemia. Cross-sectional studies conducted in
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Figure 3. The cumulative incidence of cardiovascular-cause death in the 4
groups of DII during the follow-up period. DIl = dietary inflammatory index.
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communities from East Asian countries consistently demon-
strated that higher DII scores, indicative of a pro-inflammatory
diet,wereassociated withanincreasedrisk ofhyperuricemia, !
which is consistent with our findings. Individuals with a pro-
inflammatory diet have been found to have higher levels of
white blood cells and CRP in their blood,?%2% but currently,
there is no compelling evidence to suggest a causal relation-
ship between higher levels of inflammation in the body and the
occurrence of hyperuricemia. One potential underlying cause
for the occurrence of hyperuricemia is the state of renal health,
as the kidneys play a crucial role in maintaining the uric acid
homeostasis in the human body, with approximately 70%
of uric acid being excreted through the kidneys.??” Chronic
inflammation is recognized as one of the primary mechanisms
of renal tubular damage, which can ultimately affect uric acid
excretion and lead to the development of hyperuricemia.l!
The relationship between DII and the incidence of hyperurice-
mia is also likely to be explained by dietary components. The
Western dietary pattern, characterized by a higher proportion
of total fat, saturated fat, red meat, processed meat, and sim-
ple carbohydrates, not only promotes inflammation but also
contains a higher content of purines, which are metabolized
into uric acid in the body.?"3 Flavonoids, folate, probiotics,
anthocyanins, fibers and other anti-inflammatory dietary com-
ponents have been shown to reduce blood uric acid levels and
improve hyperuricemia through mechanisms such as down-
regulating inflammatory pathways and modulating intestinal
homeostasis.!'$1633-371 Further research is needed to elucidate
the relationship between the inflammatory potential of food
and hyperuricemia.

Diet is one of the important factors influencing levels of sys-
temic inflammation. A dietary pattern characterized by a higher
proportion of fruits, vegetables, whole grains, and fish (such as

All-cause mortality according to quartiles of dietary inflammatory index among participants with hyperuricemia aged 20 years and
older from the National Health and Nutrition Examination Survey (2001 to 2010).

HR (95% Cl), P value

DIl range Event/total Model 1a Model 2b Model 3¢

a1 —4.11 10 0.66 146/672 Ref Ref Ref

02 0.66 t0 2.08 225/748 1.56 (1.17,2.07) <.002 1.28 (0.95,1.73) 0.11 1.32(0.98,1.79) 0.072
Q3 2.08103.17 223/794 1.53(1.19,1.97) <.001 1.21(0.95,1.56) 0.13 1.21(0.94,1.56) 0.15
Q4 3.171t05.24 298/879 1.99 (1.55,2.55) <.001 1.35(1.05,1.73) <.018 1.31(1.01,1.68) <.04
Continuous -5.28105.42 892/3093 1.14(1.09,1.19) <.001 1.06 (1.01,1.11) <.001 1.05(1.00,1.11) <.03

Sampling weights were considered in Cox proportional hazard model to obtain nationally representative estimates.

DIl = dietary inflammatory index, HR = hazard rate, Q = quartile, ref = reference.
aModel 1: Unadjusted.
"Model 2: Adjusted for gender, age, race, education level, and PIR.

“Model 3: Model 2 + adjusted for smoking history, alcohol consumption history, hypertension, diabetes, eGFR, serum cholesterol, and serum triglycerides.

Cardiovascular disease mortality according to quartiles of dietary inflammatory index among participants with hyperuricemia aged
20 years and older from the National Health and Nutrition Examination Survey (2001 to 2010).

HR (95% Cl), Pvalue

DIl range Event/total Modela Model 2b Model 3¢

a1 —4.1110 0.66 36/672 Ref Ref Ref

Q2 0.66 t0 2.08 67/748 1.69 (1.13,2.54) <.01 1.50(1.00,2.27) <.049 1.50 (1.00,2.25) =.05
Q3 2.08103.17 69/794 1.65(1.10,2.47) <.014 1.54(1.02,2.32) <.042 1.59 (1.06,2.40) <.026
Q4 3.17105.24 82/879 1.81(1.22,2.67) <.003 1.44(0.95,2.17) =.082 1.50 (1.00,2.26) <.048

Sampling weights were considered in competing risk model to obtain nationally representative estimates.

DIl = dietary inflammatory index, HR = hazard rate, Q = quartile, ref = reference.
aModel 1: Unadjusted.
"Model 2: Adjusted for gender, age, race, education level, and PIR.

“Model 3: Model 2 + adjusted for smoking history, alcohol consumption history, hypertension, diabetes, eGFR, serum cholesterol, and serum triglycerides.
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Figure 4. Restricted cubic spline (RCS) analyses between DIl and all-cause mortality of participants with hyperuricemia. DIl = dietary inflammatory index.

the Mediterranean diet) is associated with lower levels of sys-
temic inflammation. Conversely, a dietary pattern character-
ized by a higher proportion of total fat, saturated fat, protein,
and simple carbohydrates (such as the Western diet) is associ-
ated with higher levels of systemic inflammation.?¢3!l Possible
mechanisms include the influence of different dietary compo-
nents on the stability of the gut microbiota, which in turn affects
gut permeability and subsequently impacts systemic inflam-
mation levels.’%* Additionally, food metabolites from differ-
ent breakdown processes possess distinct pro-inflammatory
characteristics, thereby shaping different pro-inflammatory
environments.*”! In population with hyperuricemia, the pro-
gression of their health conditions is significantly influenced
by the pivotal role of inflammation. A cross-sectional study
conducted in the United States demonstrated that, even
after adjusting for confounding factors, hyperuricemia inde-
pendently increased the likelihood of elevated high-sensitivity
CRP (hs-CRP) levels.*!l Similarly, a cross-sectional study con-
ducted in southern China revealed that among suspected coro-
nary heart disease patients, those with elevated uric acid levels
upon admission exhibited significantly higher white blood cell
count, neutrophil count, and CRP levels compared to non-
hyperuricemic patients.[*?! These findings suggest that higher
levels of uric acid in the body may contribute to a sustained,
asymptomatic state of inflammation. The mechanisms under-
lying uric acid-induced inflammation leading to tissue patho-
logical changes and pathophysiological processes are gradually
being elucidated. In vitro experiments have demonstrated that
uric acid can activate human hepatoma HepG2 cells, inducing
the expression of pro-inflammatory NF-xB signaling cascade
and exhibiting a dose-dependent effect.**! In animal mod-
els, elevated levels of uric acid activate vascular activity and
inflammatory processes, leading to hypertension, which may
serve as the initiating process for subclinical renal injury.l*4!
For vascular endothelial cells, uric acid activates adrenergic
receptors, triggering endothelial inflammation and intensify-
ing reactive oxygen species, thereby promoting the progres-
sion of atherosclerosis.**#?! These mechanisms may potentially
elucidate the underlying reasons why the pro-inflammatory

capacity of diet can impact the all-cause and CVD mortality in
individuals with hyperuricemia.

Although food is recognized as an important factor influ-
encing the level of inflammation in the body, there is currently
a lack of research exploring the potential pro-inflammatory
effects of food and its association with mortality in individuals
with hyperuricemia. As an assessment tool, DII is capable of
effectively evaluating the overall dietary intake of populations
and quantifying the potential impact of food on the inflamma-
tory levels in the human body.'"”! Previous cohort studies have
consistently demonstrated a positive association between DII
and all-cause mortality in general populations, cancer popula-
tions, populations with metabolic disorders, and elderly pop-
ulations.[*”=% Furthermore, a meta-analysis incorporating 17
cohort studies confirmed that a pro-inflammatory diet increases
the risk of all-cause, cancer, and CVD mortality.®*!! Our study
extends these findings for the first time to individuals with hyper-
uricemia. This suggests that the inflammatory status induced by
dietary patterns can significantly impact the survival outcomes
of individuals with hyperuricemia, highlighting the potential of
anti-inflammatory diets as an important lifestyle intervention
for improving the prognosis of individuals with hyperuricemia.

The necessity of pharmacological treatment for asymp-
tomatic hyperuricemia remains a subject of significant
debate, leading to an increasing focus on dietary manage-
ment among individuals with hyperuricemia and clinical
practitioners. Previous research has primarily concentrated
on dietary patterns that can reduce serum uric acid levels
and preventing episodes of gout,>*3 with less emphasis on
the impact of dietary patterns on the survival outcomes of
individuals with hyperuricemia.** To the best of our knowl-
edge, our study is the first to utilize the DII to assess the pro-
inflammatory potential of daily diets in individuals with
hyperuricemia and examine its association with all-cause and
CVD mortality. It partly addresses the limitations of using
single dietary components hard to represent the overall pro-
inflammatory potential of diets, providing new insights and
evidence for improving the prognosis of individuals with
hyperuricemia through dietary management.
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Subgroup analyses of the associations between dietary inflammatory indexa and all-cause mortality among participants with
hyperuricimia aged 20 years and older from the National Health and Nutrition Examination Survey (2001 to 2010).

Character HR (95% Cl) Pvalue P for interaction
Gender =48
Female 1.075 (1.001, 1.155) <.046
—_—
——
[ —
—_—
—_——
—_——
-
—
—_——
—_——
—_
—_—
0.8 0.9 1 1.1 1.2 1.3
Male 1.099 (1.028, 1.176) <.006
Age =28
<60 yrold 1.092 (0.951, 1.254) =0.21
>60 yr old 1.088 (1.036, 1.143) <.001
BMI <.078
Non-obesity 1.114 (1.012,1.227) <.028
Obesity 1.073(1.009, 1.141) <.024
Diabetes <.001
No 1.133(1.073,1.196) <.001
Yes 0.983 (0.903, 1.071) =70
Alcohol =14
No 1.012 (0.917,1.116) =82
Yes 1.132(1.056, 1.212) <.001
Hypertension =015
Non-hypertension 1.149 (1.025, 1.288) <.017
Hypertension 1.080 (1.026, 1.137) <.003
Smoking.status.sec <.003
Non-Smoker 1.113 (1.054, 1.175) <.001
Current Smoker 0.970 (0.876, 1.074) <.56

The Cox proportional hazard model was used to estimate the HR of all-cause mortality according to DIl. Model was adjusted for gender, age, BMI, diabetes, hypertension, alcohol, smoking.
BMI = body mass index, HR = hazard rate, Q = quartile.
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