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Background: Hyperuricemia, as a very prevalent chronic metabolic disease with
increasing prevalence year by year, poses a significant burden on individual
patients as well as on the global health care and disease burden, and there is
growing evidence that it is associated with other underlying diseases such as
hypertension and cardiovascular disease. The association between
hyperuricemia and dietary inflammatory index (DIl) scores was investigated in
this study.

Methods: This study enrolled 13, 040 adult subjects (aged > 20 years) from the
US National Health and Nutrition Survey from 2003 to 2018. The inflammatory
potential of the diet was assessed by the DIl score, and logistic regression was
performed to evaluate the relationship between the DIl score and the
development of hyperuricemia; subgroup analyses were used to discuss the
influence of other factors on the relationship.

Results: Participants in the other quartiles had an increased risk of hyperuricemia
compared to those in the lowest quartile of DIl scores. Stratification analyses
stratified by body mass index (BMI), sex, hypertension, drinking, diabetes,
education level and albumin-creatinine-ratio (ACR) revealed that the DIl score
was also associated with the risk of hyperuricemia (P<0.05). There was an
interaction in subgroup analysis stratified by sex, age, and hypertension (P for
interaction <0.05). The results showed a linear-like relationship between DIl and
hyperuricemia, with a relatively low risk of developing hyperuricemia at lower DII
scores and an increased risk of developing hyperuricemia as DIl scores increased.

Conclusions: This study showed that the risk of hyperuricemia increased at
slightly higher DIl scores (i.e., with pro-inflammatory diets), but not significantly
at lower levels (i.e., with anti-inflammatory diets). The contribution of the DIl
score to the development of hyperuricemia increased with higher scores. The
relationship between inflammatory diets and hyperuricemia requires more
research on inflammation, and this study alerts the public that pro-
inflammatory diets may increase the risk of developing hyperuricemia.
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1 Introduction

Hyperuricemia is a highly prevalent chronic metabolic disease
caused by excessive production and/or decreased excretion of uric
acid (1). Excessive uric acid accumulation not only causes
hyperuricemia, but more seriously will produce gout stones in the
joints to exacerbate the damage to the body, and there is
accumulating evidence indicating that hyperuricemia is related to
chronic kidney disease (2, 3), hypertension, insulin resistance of
hypertension (4), cardiovascular disease (5-7), etc. Current research
has found a u-shaped relationship between uric acid and all-cause
mortality and new evidence-based approaches to the clinical
management of hyperuricemia remain elusive (8), while the
treatment of asymptomatic hyperuricemia requires further
research and debate (9). In the worldwide, especially in emerging
countries, the incidence of hyperuricemia is increasing due to
changes in factors such as national economies, lifestyles, and
dietary patterns, which has a significant impact on not only
individual but also global healthcare and the burden of disease
(10-12). The prevalence of hyperuricemia in developed countries
has largely remained high. In the United States (US), for example,
the prevalence of hyperuricemia remained stable at around 20%
during the decade 2007-2016 (13, 14).

Uric acid was a product of purine metabolism, which was found
in many foods and body tissues (15). Previous studies had shown that
high purine diet, excessive alcohol consumption, increased purine
metabolism, and tumor lysis syndrome (16) can lead to increased uric
acid production. Dietary behavior deserved our attention as a very
important controllable factor in uric acid production. Different diets,
even the same food, had a more complex mechanism for linking
hyperuricemia (15). In addition to high-purine foods (such as
animal-derived foods), which can directly raise the purine content
of the human body and thus raise the uric acid level, many diets can
be associated with hyperuricemia by inducing inflammatory response
through intricate mechanisms (17), which was classified as pro- or
anti-inflammatory diet depending on their characteristics (18). To
specifically estimate the inflammatory potential of various diets, the
Dietary Inflammatory Index (DII), also known as the energy-adjusted
Dietary Inflammatory Index (e-DII), was applied to score foods in
this study (19). Initial studies (20) found that blood C-reactive
protein (CRP) varied seasonally and that a high or low dietary
inflammation index significantly predicted intervals of CRP levels;
and there is a large body of research data (20-22) suggesting that
dietary factors play an important role in the regulation of chronic
inflammation. In light of this, the original Dietary Inflammatory
Index was developed to quantify inflammatory factors in an
individual’s diet and to categorize the role of dietary inflammatory
factors along a continuum from anti-inflammatory to pro-
inflammatory. The DII score was based on the pro- and anti-
inflammatory properties of an individual’s overall dietary
composition, ie., macronutrients, micronutrients, and some other
dietary components. Previous studies had shown that DII scores were
associated with many health conditions in the general population, i.e.,
high blood pressure, cancer, and even death (23, 24). The complete
DII scored the inflammatory potential of 45 foods based on six
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inflammatory biomarkers (IL-1f, IL-4, IL6, IL-10, TNF-o. and CRP):
a positive value for the pro-inflammatory diet and a negative value for
the anti-inflammatory diet (19). Currently, DII as a tool had been
used to assess the inflammatory potential of diet in relation to
colorectal cancer (25), cardiovascular disease (26), sleep quality (27)
and osteoporosis (28).

Few research had been done on the association between DII and
hyperuricemia, more studies are needed to build a more complete
and comprehensive knowledge system and implement it in clinical
practice. Therefore, the present study was based on the National
Health and Nutrition Examination Survey (NHANES) (29), where
DII scores were calculated from the foods consumed by participants
in the database to demonstrate the inflammatory potential of an
individual’s dietary intake, logistic regression modeling was
performed to explore the association between dietary inflammation
index and the risk of hyperuricemia, and subgroup analyses were
performed to demonstrate the degree of influence of the different risk
factors, thus providing guidance for clinical practice.

2 Materials and methods
2.1 Participant selection

NHANES conducted by the Centers for Disease Control’s
National Center for Health Statistics is a cross-sectional survey
designed to assess the health and nutrition status of adults and
children in the US. The survey uses a complex, multistage
probabilistic design to provide a nationally representative sample
of the non-institutionalized US civilian population, which is unique
in that it combines interviews and physical examinations with a
variety of laboratory data measurements (http://www.cdc.gov/nchs/
nhanes/about_nhanes.htm) (30). A total of 80,312 participants in
eight cycles from 2003 to 2018 were involved in this study. All
participants’ data were obtained according to the following
procedures: after obtaining demographic data and questionnaire
data through telephone or home interviews, participants underwent
physical examinations and speech indicators at the laboratory or the
mobile examination center.

Based on age screening criteria, 35,522 samples that were under
20 years old were not included in this investigation. Since the
NHANES database inevitably produces missing and omitted data
for some individuals during data collection, the study screened the
sample for this inclusion based on strict nerfing criteria, only
individuals with complete data were included while those with
missing required variables were excluded and the results are as
follows: a total of 164 samples without uric acid test data were
excluded. Of the 44,626 participants, those without dietary data and
those without covariate data (education level, ratio of family income
to poverty (family RIP), Body Mass Index (BMI), smoking, serum
cotinine, drinking, diabetes, hypertension, alanine transaminase
(ALT), lactic dehydrogenase (LDH), vitamin D, and albumin-
creatinine-ratio (ACR)) were excluded. Finally, 13,040 adult
participants were included in the study, and Figure 1 showed a
flowchart of participant selection.
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Flow chart for study participant’s selection

2.2 Assessment of covariates

In the establishment of the model, researcher determined the
following covariates based on the variables obtained from the
NHANES database, the review of previous research literature, and
the preliminary screening by using univariate analysis, taking into
account that the test level should be appropriately adjusted when
determining covariates and the selection of majors should be
combined to avoid missing important risk factors. These
covariates, included age, race, sex, BMI, PIR, smoking, drinking,
cotinine, blood urea nitrogen (BUN), aspartate aminotransferase
(AST), gamma-glutamyl transpeptidase (GGT), ALT, LDH,
diabetes, hypertension, and ACR, were evaluated.
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NHANES 2003-2004 (n=10,122)  NHANES 2005-2006 (n = 10,348)
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NHANES 2011-2012 (n =9,756) NHANES 2013-2014 (n = 10,175)
NHANES 2015-2016 (n =9,971)  NHANES 2017-2018 (n=9,254)
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(n=280,312)
.| Age under 20 participants
d (n=135,522)
\ 4
Adult participants
(n=44,790)
Serum uric acid level Data from
Standard Biochemistry Profile e Participants without serum uric
\ acid test data (n = 164)
Total participants
(n=44,626)
24-hour dietary recalls Data R
from Dietary Data e o Participants without Dietary
Data (n = 4,343)
\ 4
Examination Data Remaining participants Participants without
Blood Pressure Measures (n=40,283) covariants data
Body Measures Education level (n=75)
Family PIR (n =4,098)
Laboratory Data Smoking status (n =21)
Serum Cotinine R Drinking status (n = 6,282)
Albumin & Creatinine i Serum Cotinine (n = 1,488)
...... BMI (n = 266)
Diabetes (n = 14,428)
Questionary Data Hypertension (n = 161)
Alcohol Use ALT (n=60). AST (n=38)
Diabetes LDH (n =52)
Hypertension Analysis participants Vitamin D (n =219)
...... (n=13,040) Creatinine (n = 85)
FIGURE 1

2.3 Evaluation criterion and inclusion and
exclusion criteria

2.3.1 Hyperuricemia

Typically, hyperuricemia was defined as a serum urate level
above 6.8 mg/dL (405 umol/L), as this was the point at which urate
solubility was measured in the laboratory using automated
enzymatic methods (31). This study, however, did not continue
this method of testing uric acid levels. Serum specimens were
collected from the participants in the mobile examination center
and stored at —20°C until analysis. Then, skilled technicians used
the timed endpoint method based on Beckman Coulter UniCel®
DxC 800 to analyze the SUA level in the Collaborative Laboratory
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Services, Ottumwa, Iowa. Because of the role of estrogenic
compounds, the definition of hyperuricemia should be
determined separately for males and females therefore, in this
study, hyperuricemia was defined when serum uric acid
concentrations above 7 mg/dl in male adults and above 5.7 mg/
dL in female adult (14).

2.3.2 BMI

BMI was defined as weight divided by height squared (kg/m?).
The included population was classified into three groups according
to BML: normal weight (BMI<25 kg/m?), overweight (25< BMI<30
kg/m?), and obesity (BMI >30 kg/m?). This criteria is applicable to
the diagnosis of overweight, obesity and central obesity in adults (18
years old and above), and can be used for epidemiological screening
and clinical preliminary diagnosis.

2.3.3 Drinking

Drinking behavior was classified into two categories.
Participants who consumed more than 12 drinks per year were
defined as drinkers, and those who consumed no more than 12
drinks per year were considered non-drinkers (32, 33).

2.3.4 Hypertension

Participants’ blood pressure was calculated as the mean of three
measurements using standard mercury sphygmomanometers after
10 min of rest. Participants were considered to have hypertension if
their systolic blood pressure was =130 mmHg and/or diastolic
blood pressure was >80 mmHg (34). Furthermore, a population
currently using antihypertensive drugs was included in this study.
The ACR was categorized into three categories (Al: <3 mg/mmol,
A2:3-30 mg/mmol, and A3: >30 mg/mmol) according to guidelines
published by the American Chronic Kidney Disease
Association (35).

2.3.5 Diabetes

Diabetes was a group of metabolic diseases characterized by
hyperglycemia (36). Individuals with fasting blood glucose > 7
mmol/L were considered to have diabetes (37).

2.4 Dietary inflammatory index

Briefly, dietary intake data for each study participant were first
linked to a database that provided reference global daily means and
standard deviation intakes for a total of 45 food parameters from 11
communities worldwide. The z-scores were obtained by subtracting
the mean value from the database and then dividing this value by the
standard deviation of the parameter. These z-scores were converted to
percentile scores and centered on 0 by doubling and subtracting 1
(from -1 to +1). Each central proportion was multiplied by the
corresponding literature-derived inflammatory effect score for each
food parameter. Finally, the overall DII score for each individual was
calculated as the sum of the DII scores for each food parameter.

In general, the DII parameter was based on 45 different foods
(38). Based on earlier research, DII scores based on fewer than 30
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items were still dependable even if the NHANES program only
recorded 26 foods (39-42). In this study, the dietary data used to
calculate the DII score were evaluated using the average of two 24-h
dietary recalls. All NHANES participants were eligible for two 24-
hour dietary recall interviews. The first dietary recall interview was
collected in the Mobile Examination Center (MEC) and the second
interview is collected by telephone 3 to 10 days later. In brief,
individual foods/beverages taken during the 24-hour period
preceding the interview were gathered through face-to-face
interviews (the first 24-h dietary recall interview) and telephone
interviews (the second 24-h dietary recall interview). The
parameters, including protein, total fat, cholesterol, dietary fiber,
carbohydrate, energy, saturated, monounsaturated, and
polyunsaturated fatty acids, ®-3 and ®-6 polyunsaturated fatty
acids, vitamin A, vitamin B1, vitamin B2, vitamin B6, vitamin
B12, vitamin C, vitamin E, folic acid, alcohol, caffeine, iron,
magnesium, zing, selenium and B-carotene, were used to calculate
the DII scores in this study. In this study, all subjects were divided
into four groups (Q1: <-0.58; Q2: -0.58, 0.26; Q3:0.26 to 0.98; Q4:
>0.98) according to the quartile of DIL

2.5 Statistical analysis

For the categorical variables, percentages were employed to
describe them, and for the continuous variables, means and
standard deviations were employed. T-test (43), Wilcoxon rank-
sum test (44), or Chi-square test was conducted to determine
statistical significance based on the hyperuricemia and non-
hyperuricemia groups.

QOdds ratios (OR) with 95% confidence intervals (CI) of DII
quartiles and hyperuricemia were estimated using logistic
regression, and the values of P for trend were tested across
quartiles. Three statistical models (45, 46) were established
(Model I was unadjusted, Models II and III were adjusted, and
Models II and III were adjusted for different covariates in each
group). Multivariable logistic regression models were established to
investigate the association between DII and hyperuricemia in
specimens with different parameter levels, including sex, BMI,
drinking, hypertension, diabetes, education level and ACR.
Subgroup analyses, including sex, age, race, smoking status, PIR,
diabetes, hypertension, BMI, education level and ACR, were
conducted to further explore the association between DII and
hyperuricemia. Furthermore, smooth curve fitting (penalty spline
method) was performed to explain the association between the DII
scores and hyperuricemia. The R 4.2.2 software (R Foundation for
Statistical Computing, Vienna, Austria) was used for all statistical
analyses, and P<0.05 was considered statistically significant.

3 Results
3.1 Characteristics of study population

The demographic characteristics of the participants aged 20
years and older were outlined in Table 1. Overall, 13,040
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TABLE 1 Baseline characteristics of participants from NHANES databases TABLE 1 Continued

2003-2018.

B gL Hyperuricemia
Without e e Characteristics Hyperuricemia y(%_z 889)
Characteristics Hyperuricemia y(‘;=2 ) (n=10,151) -
(n=10,151) ‘
Diabetes, (%) <0.001
Age, mean (SE) 46.71 (16.68) 51.65 (17.33) <0.001
Yes 8.10 12,5
<45 31.77 (7.23) 31.99 (7.24)
No 91.9 87.5
45-65 5429 (5.92) 55.53 (5.79)
Hypertension, (%) <0.001
>65 73.40 (5.22) 73.88 (5.21)
Yes 40.9 65.5
Gender, (%) 0.775
No 59.1 345
Female 51.6 51.1
Perfluorooctane 11.38 (14.09) 13.40 (17.72) 0.044
Male 48.4 48.9 sulfonate, mean (SE) . . : : :

Race, (%) <0.001 ACR, mean (SE) 23.94 (207.59) 69.35 (400.16) <0.001
Hispanic 133 9.2 MiBp, mean (SE) 10.04 (14.02) 10.92 (16.54) 0.211
Non- VID3, mean (SE) 67.48 (27.64) 65.26 (28.45) 0.049
o 9.6 113

Hispanic Black

DII, mean (SE) 0.05 (1.06) 021 (1.07) <0.001

H,Nonj Whi 70.5 72.5 SE, standard error; ACR, Albumin creatinine ratio; PIR, ratio of family income to poverty;

ispanic ite GED, General educational development; BMI, body mass index; ALT, alanine transaminase;
AST, aspartate aminotransferase; BUN, blood urea nitrogen; GGT, gamma-glutamyl
Other Race 66 71 transpeptidase; LDH, lactic dehydrogenase; MiBp, mono-isobutyl phthalate; VID3, vitamin
Education level (%) 0.206 D3; DII, dietary inflammatory index. P<0.05 indicated statistically significant.
College or above 617 60.1 participants were categorized into the non-hyperuricemia group
GED or Equivale 232 252 (n=10,151) and the hyperuricemia group (n=2,889). For all
Less than individuals, the population with hyperuricemia was older, had a
high school 150 147 larger percentage of non-Hispanic white people, and had higher
PIR, (%) 0334 levels of BMI, ALT, AST, BUN, GGT, LDH, and ACR (P<0.05). It
’ ' was worth mentioning that the population with hyperuricemia had
<1 13.3 120 higher DII scores than those without hyperuricemia (P<0.05).
1-2 20.6 22.0
2-4 29.6 30.4
9 166 156 3.2 Association between DI
and hyperuricemia

Drink, (%) 0.421
Yes 720 70.8 As shown in Table 2, multivariable logistic regression analyses
No 28.0 292 were used to examine the relationship between the DII and

hyperuricemia. In Model I (unadjusted), compared with those in

Smoker, (%) <0.001 N L. .

the Q1 quartile, participants in the other three groups (Q2: OR:1.16,
Current 212 17.7 95%CI=1.03-1.31; Q3: OR:1.32, 95%CI=1.17-1.49; Q4: OR:1.58,
Former 250 311 95%CI=1.41-1.78; P for trend <0.05) had a higher risk of
hyperuricemia. In Model II (adjusted for age, race, sex),
Never 53.8 51.3 . .
compared to those in the first quartile (Q1 group), the Q2 group
Cotinine, mean (SE) 58.42 (126.26) 54.30 (125.88) 0.328 had no statistical significance (Q2: OR:1.12, 95%CI=0.99-1.27),
BMI, mean (SE) 28.00 (6.28) 32.48 (7.50) <0.001 while the Q3 and Q4 groups had a higher potential for
hyperuricemia (Q3: OR:1.25, 95%CI=1.10-1.41; Q4: OR:1.41, 95%
ALT, mean (SE) 24.48 (21.39) 29.06 (19.89) <0.001 ) }
CI=1.24-1.59; P for trend <0.05). In Model IIT (adjusted for Family
AST, mean (SE) 24.55 (18.81) 2745 (15.92) <0.001 PIR, BMI, education level, drinker, smoker, cotinine, ALT, AST,
BUN, mean (SE) 12.88 (4.57) 15.29 (6.77) <0.001 BUN, GGT, LDH, diabetes, hypertension, and ACR in addition to
Model II), the Q2 group had no statistical significance (Q2: OR:1.05,

GGT, mean (SE) 2571 (37.18) 35.94 (54.22) <0.001 ] ) )

95%CI=0.92-1.20), while the Q3 and Q4 groups had a higher risk

LDH, mean (SE) 128.19 (28.65) 134.38 (30.29) <0.001 for hyperuricemia (Q3: OR:1.19, 95%CI=1.04-1.36; Q4: OR: 1.33,

(Continued) 95%CI=1.16-1.52; P for trend <0.05).
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DIl, OR (95%Cl)

Models P for trend
Q1 (<-0.58) Q2 (-0.58 - 0.26) Q3 (0.26 - 0.98) Q4 (>0.98)

Model I Reference 1.16 (1.03,1.31) 1.32 (1.17,1.49) 1.58 (1.41,1.78) <0.001

Model 11 Reference 1.12 (0.99,1.27) 1.25 (1.10,1.41) 1.41 (1.24,1.59) <0.001

Model 111 Reference 1.05 (0.92,1.20) 1.19 (1.04,1.36) 1.33 (1.16,1.52) <0.001

CI, confidence interval; DII, dietary inflammatory index; OR, odds ratio. Model I: Unadjusted; Model II: Adjusted for age, race, and sex; Model III: Adjusted for family PIR, BMI, alcohol
consumption, smoking, education level, cotinine, ALT, AST, BUN, GGT, LDH, diabetes, hypertension, ACR, and Model II. P<0.05 indicated statistically significant.

3.3 Subgroup analysis

Subgroup analyses conducted according to the categories
stratified by sex, age, race, smoking, PIR, diabetes, hypertension,
BMI, education level and ACR were shown in Table 3. The positive
associations between DII and hyperuricemia were found in female
(OR: 1.15, 95%CI=1.07-1.24, P<0.05), male (OR:1.07, 95%CI=1.01-
1.14, P<0.05), participants aged 45 to 60 years (OR: 1.13, 95%
CI=1.04-1.22, P<0.05), non-Hispanic white population (OR:1.09,
95%CI=1.02-1.17, P<0.05), non-Hispanic black population (OR:

TABLE 3 Subgroup analysis of confounding factors.

Uric Acid (mean (mim, max)), mg/dL

Confounding

1.17, 95%CI=1.06-1.30, P<0.05), participants with former smoking
(OR: 1.12, 95%CI=1.03-1.21, P<0.05), participants with never
smoking (OR:1.23, 95%CI=1.05-1.20, P<0.05), participants with
1<PIR<2 (OR:1.10, 95%CI=1.01-1.20, P<0.05), participants with
PIR>4 (OR:1.11, 95%CI=1.01-1.21, P<0.05), participants without
diabetes (OR: 1.06, 95%CI=1.05-1.15, P<0.05), participants with
hypertension (OR:1.10, 95%CI=1.04-1.17, P<0.05), participants
with 25<BMI<30 (OR:1.11, 95%CI=1.03-1.21, P<0.05),
participants with lower (less than high school: OR=1.13, 95%
CI=1.06-1.21, P<0.05) or higher (college or above: OR=1.12, 95%

factors T . With_out ' B1 (95% CI) P for P for interaction
yperuricemia

Sex 0.009
Female 6.76 (5.8, 12.3) 436 (1.1,5.7) 1.151 (1.073, 1.236) <0.001
Male 7.95 (7.1, 17.6) 5.61 (0.8, 7.0) 1.072 (1.008, 1.140) 0.027

Age <0.001
<45 4.85 (1.2, 7.0) 7.28 (5.8, 17.6) 1.067 (0.985, 1.156) 0.114
45-65 5.04 (0.8, 7.0) 7.27 (5.8, 11.7) 1.125 (1.044, 1.213) 0.002
>65 5.13 (1.1, 7.0) 741 (5.8, 13.0) 1.070 (0.978, 1.170) 0.140

Race/Ethnicity 0.136
Mexican American 4.89 (1.6, 7.0) 7.29 (5.8, 17.6) 1.072 (0.969, 1.188) 0.179
Non-Hispanic white 5.01 (1.1, 7.0) 7.30 (5.8, 12.3) 1.090 (1.020, 1.165) 0.011
Non-Hispanic black 4.97 (1.4, 7.0) 7.37 (5.8, 11.7) 1.174 (1.059, 1.304) 0.002
Other Races 5.00 (0.8, 7.0) 7.29 (5.8, 10.9) 0.985 (0.849, 1.145) 0.848

Smoking 0.099
Current 5.04 (0.8, 7.0) 7.32 (5.8, 12.2) 0.993 (0.891, 1.107) 0.902
Former 5.15 (1.7, 7.0) 7.46 (5.8, 17.6) 1.115 (1.025, 1.214) 0.012
Never 4.86 (1.1, 7.0) 7.23 (5.8, 13.0) 1.123 (1.054, 1.197) <0.001

Poverty income ratio 0.811
<1 4.89 (1.6, 7.0) 7.26 (5.8, 17.6) 1.096 (0.980, 1.227) 0.112
1-2 4.94 (0.8, 7.0) 7.37 (5.8, 12.3) 1.100 (1.007, 1.203) 0.036
2-4 5.00 (1.4, 7.0) 7.30 (5.8, 13.0) 1.080 (0.989, 1.180) 0.086
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TABLE 3 Continued

Uric Acid (mean (mim, max)), mg/dL

10.3389/fendo.2024.1398917

Confounding - Without B1 (95% CI) P for B P for interaction
factors Hyperuricemia s e
>4 5.04 (1.1, 7.0) 7.29 (5.8, 10.3) 1.106 (1.014, 1.208) 0.024
Diabetes 0.121
Diabetes 5.08 (2.0, 7.0) 7.43 (5.8, 12.3) 1.060 (0.936, 1.202) 0.358
Without Diabetes 4.96 (0.8, 7.0) 7.29 (5.8, 17.6) 1.098 (1.045, 1.154) <0.001
Hypertension 0.003
Hypertension 5.17 (1.1, 7.0) 7.40 (5.8, 17.6) 1.101 (1.039, 1.167) 0.001
Without hypertension 4.81 (0.8, 7.0) 7.12 (5.8, 13.0) 1.059 (0.982, 1.144) 0.139
BMI 0.985
<25 4.69 (1.1, 7.0) 7.20 (5.8, 11.9) 1.108 (0.988, 1.244) 0.081
25-30 5.06 (0.8, 7.0) 7.38 (5.8, 12.3) 1.112 (1.025, 1.207) 0.011
>30 5.16 (1.8, 7.0) 7.31 (5.8, 17.6) 1.068 (1.003, 1.138) 0.040
Education level 0.849
College or above 4.94 (0.8, 7.0) 7.28 (5.8, 17.6) 1.119 (1.012, 1.238) 0.029
GED or Equivale 5.02 (1.4,7.0) 7.39 (5.8, 11.7) 0.987 (0.897, 1.086) 0.789
Less than high school 5.00 (1.9, 7.0) 7.31 (5.8, 13.0) 1.131 (1.063, 1.205) <0.001
ACR category 0.149
Al 5.44 (1.2,7.0) 7.50 (5.8, 11.2) 1.077 (0.900, 1.289) 0.420
A2 4.93 (0.8, 7.0) 7.22 (5.8, 13.0) 1.091 (1.035, 1.150) 0.001
A3 501 (1.1, 7.0) 7.59 (5.8, 17.6) 1.105 (0.980, 1.246) 0.103

1, Effect size; ACR, Albumin creatinine ratio; BMI, Body mass index; CI, Confidence interval; DII, Dietary inflammatory index; P<0.05 indicated statistically significant; P for interaction <0.05

indicated statistically significant.

CI=1.01-1.24, P<0.05) education level and participants with
moderate ACR level (OR=1.09, 95%CI=1.04-1.15, P<0.05).
Moreover, in the subgroup analysis stratified by sex, age, and
hypertension, the association between the DII and hyperuricemia
(P for interaction <0.05) was more pronounced.

3.4 Stratification analysis stratified
by gender

The stratification analysis in Figure 2 demonstrated the
association between the DII and hyperuricemia stratified by sex.
For females, in Model I (unadjusted), participants in the other
quartiles were at a higher risk of hyperuricemia (Q2: OR:1.32, 95%
CI=1.08-1.60; Q3: OR:1.41, 95%CI=1.17-1.71; Q4: OR:1.81, 95%
CI=1.51-2.18; P for trend <0.05). In Model IT (adjusted for age, race,
BMI), the Q3 and Q4 quartile groups had a higher risk of
hyperuricemia than Q1 (Q3: OR:1.27, 95%CI=1.03-1.56; Q4:
OR:1.50, 95%CI=1.23-1.83; P for trend <0.05). In Model III
(adjusted for family PIR, BMI, education level, drinking, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, diabetes, hypertension, and
ACR in addition to Model IT), the Q3 and Q4 quartiles groups had a

Frontiers in Endocrinology

higher risk of hyperuricemia than Q1 (Q3: OR: 1.28, 95%CI=1.03-
1.59; Q4: OR: 1.49, 95%CI=1.21-1.84; P for trend <0.05).

For the male in Model I, participants in Q3 and Q4 were at a
higher risk for hyperuricemia (Q3: OR:1.30, 95%CI=1.11-1.54; Q4:
OR:1.39, 95%CI=1.17-1.54; P for trend <0.05). In Model II
(adjusted for age, race, BMI), the Q3 and Q4 quartiles had a
higher risk of hyperuricemia than Q1 (Q3: OR:1.24, 95%CI=1.05-
1.47; Q4: OR:1.27, 95%CI=1.06-1.53; P for trend <0.05). In Model
IIT (adjusted for family PIR, BMI, education level, drinking,
smoking, cotinine, ALT, AST, BUN, GGT, LDH, diabetes,
hypertension, and ACR in addition to Model II), the Q3 and Q4
quartiles had a higher risk of hyperuricemia (Q3: OR:1.24, 95%
CI=1.04-1.48; Q4: OR: 1.29, 95%CI=1.06-1.56; P for trend <0.05).

3.5 Stratification analysis stratified by BMI

When BMI was <25, Model I (unadjusted) (Q4: OR:1.49, 95%
CI=1.11-2.01) and Model II (adjusted for age, race, sex) (Q4: OR:1.43,
95%CI=1.04-1.95) in the Q4 group were statistically significant.

When BMI was 25 to 30, for Model I (unadjusted), OR of Q3
and Q4 were higher than Q1 (Q3: OR: 1.43, 95%CI=1.15-1.77; Q4:
OR: 1.55, 95%CI=1.25-1.93; P for trend <0.05). After adjusting for
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B Female OR (95%Cl)
B Male Female Male
Model 1
Q1 . 1.00(reference) 1.00(reference)
Q2 | 1.32(1.08,1.60) 1.07(0.91,1.26)
Q3 = 1.41(1.17,1.71)  1.30(1.11,1.54)
Q4 -1 1.81(1.51,2.18) 1.39(1.17,1.54)
P for trend <0.001 <0.001
Model 2
Q1 . 1.00(reference) 1.00(reference)
Q2 = 1.18(0.96,1.46) 1.05(0.89,1.24)
Q3 = 1.27(1.03,1.56) 1.24(1.05,1.47)
Q4 2| 1.50(1.23,1.83) 1.27(1.06,1.53)
P for trend <0.001 0.002
Model 3
Q1 . 1.00(reference) 1.00(reference)
Q2 =l 1.16(0.93,1.44) 1.04(0.88,1.24)
Q3 —a— 1.26(1.02,1.57) 1.24(1.04,1.47)
Q4 L= T 1.46(1.19,1.80) 1.27(1.05,1.54)
P for trend <0.001 0.004
I T T T 1
0 0.5 1 1.5 2
Odds ratio
FIGURE 2

Associations between hyperuricemia and DIl stratified by gender. Cl,
confidence interval; DII, Dietary Inflammatory Index, OR odds ratio.
Model I: Unadjusted; Model II: Adjusted for age, race, BMI; Model Ill:
Adjusted for family PIR, education level, BMI, drinking, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, diabetes, hypertension, and ACR
in addition to Model II.

potential covariates, the OR of Q3 and Q4 were higher than those
of Q1.

When BMI =30, for Model I (unadjusted), subjects in Q4 had 44%
higher odds of OR than those in Q1 (Q4: OR:1.44, 95%CI=1.22-1.71,
P for trend <0.05). In Model II (adjusted for age, race, sex), subjects in
Q4 had 27% higher odds of OR than those in Q1 (Q4: OR:1.27, 95%
CI=1.06-1.52, P for trend <0.05). In Model III (adjusted for family
PIR, education level, drinking, smoking, cotinine, ALT, AST, BUN,
GGT, LDH, diabetes, hypertension, and ACR in addition to Model I),
the population in Q4 had 27% higher odds of OR than those in Q1
(Q4: OR: 1.27, 95%CI=1.05-1.53, P for trend <0.05) (Figure 3).

3.6 Stratification analysis stratified
by hypertension

In the analysis stratified by hypertension (Figure 4), all
participants were categorized into hypertensive and non-
hypertensive groups. In the hypertensive population, Model I
revealed that there was an impressive difference between
increased odds of hyperuricemia and higher DII scores (Q3:
OR:1.38, 95%CI=1.18-1.61; Q4: OR:1.59, 95%CI=1.37-1.85; P for
trend <0.05). After adjusting for age, race, and sex, the Q3 and Q4
quartiles had a higher risk of hyperuricemia (Q3: OR:1.22, 95%
CI=1.04-1.43; Q4: OR: 1.33, 95%CI=1.14-1.56). In Model III
(adjusted for family PIR, education level, BMI, drinking, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, diabetes and ACR in
addition to Model II), the Q3 and Q4 quartiles had a higher risk
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W BMI<25 OR (95%Cl)
W BMI 25-30
W BMI>=30 BMI <25 BMI 25-30 BMI >=30
Model 1
Q1 . 1.00(reference) 1.00(reference) 1.00(reference)
Q2 — - 0.98(0.72,1.34) 1.18(0.95,1.50) 1.14(0.96,1.36)
Q3 —-—.— 1.13(0.83,1.53) 1.45(1.17,1.81) 1.21(1.02,1.44)
Q4 —+—Hl—— 1.45(1.08,1.95) 1.58(1.27,1.96) 1.44(1.22,1.71)
P for trend 0.011 <0.001 0.044
Model 2
Q1 . 1.00(reference) 1.00(reference) 1.00(reference)
Q2 = 0.94(0.68,1.29) 1.19(0.95,1.50) 1.07(0.89,1.28)
Q3 ———_— 1.09(0.80,1.50) 1.43(1.14,1.79) 1.12(0.94,1.34)
Q4 -l 1.39(1.02,1.89) 1.47(1.17,1.85) 1.27(1.06,1.52)
P for trend 0.031 <0.001 0.04
Model 3
Q1 - 1.00(reference) 1.00(reference) 1.00(reference)
Q2 - 0.88(0.64,1.22) 1.15(0.91,1.46) 1.07(0.89,1.28)
Q3 = 1.07(0.77,1.48) 1.38(1.09,1.74) 1.10(0.91,1.32)
Q4 -l 1.28(0.92,1.79) 1.44(1.13,1.83) 1.25(1.04,1.51)
P for trend 0.044 0.007 0.018
r T T T 1
0 0.5 1 1.5 2
QOdds ratio
FIGURE 3

Associations between hyperuricemia and DIl stratified by BMI. ClI,
confidence interval; DI, Dietary Inflammatory Index, OR odds ratio
Model I: Unadjusted; Model II: Adjusted for age, race, and sex;
Model IlI: Adjusted for family PIR, education level, drinking, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, diabetes, hypertension, and ACR
in addition to Model II.

of hyperuricemia (Q3: OR:1.20, 95%CI=1.01-1.42; Q4: OR: 1.28,
95%CI=1.08-1.52).

In the non-hypertensive group, the OR of the Q4 group was
statistically significant based on Model I (Q4: OR: 1.28; 95%

OR (95%Cl)

Hypertension

W Hypertension
W Without Hypertension

Without Hypertension

Model 1
Q1 . 1.00(reference) 1.00(reference)
Q2 H-— 1.15(0.98,1.34) 1.12(0.92,1.37)
Q3 . 1.38(1.18,1.61) 1.13(0.92,1.38)
Q4 —+——  1.59(1.37,1.85) 1.28(1.04,1.57)
P for trend <0.001 0.024
Model 2
Q1 [ | 1.00(reference) 1.00(reference)
Q2 H— 1.05(0.90,1.24) 1.18(0.96,1.50)
Q3 H—— 1.22(1.04,1.43) 1.22(0.99,1.50)
Q4 == 1.33(1.14,1.56) 1.42(1.15,1.75)
P for trend <0.001 0.594
Model 3
Q1 . 1.00(reference) 1.00(reference)
Q2 R 1.00(0.85,1.18) 1.13(0.91,1.40)
Q3 —-— 1.19(1.01,1.41) 1.13(0.91,1.41)
Q4 —a—— 1.28(1.08,1.51) 1.33(1.06,1.67)
P for trend <0.001 0.09
I T T T 1
0 0.5 1 15 2
Odds ratio
FIGURE 4

Associations between hyperuricemia and DII stratified by
hypertension. Cl, confidence interval; DII, Dietary Inflammatory
Index, OR odds ratio. Model I: Unadjusted; Model II: Adjusted for
age, race, and sex; Model lll: Adjusted for family PIR, education level,
BMI, drinking, smoking, cotinine, ALT, AST, BUN, GGT, LDH,
diabetes, and ACR, in addition to Model II.
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CI=1.04-1.57). After adjusting for potential confounding factors,
the association between hyperuricemia and high DII levels (Q4:
OR=1.35, 95%CI=1.07-1.69) remained significant in the non-
hypertensive group, while no significant associations were
observed with other DII levels.

3.7 Stratification analysis stratified
by drinking

As shown in Figure 5, it observed a significant correlation
between DII and hyperuricemia levels in models I, II, and III, and
the risk of hyperuricemia increased as DII levels increase. In
unadjusted Model I (P for trend <0.05), the Q3 and Q4 quartiles
had a higher risk of hyperuricemia (Q3: OR:1.36, 95%CI=1.18-1.57;
Q4: OR: 1.57, 95%CI=1.36-1.81). In Model II (P for trend <0.05), the
Q3 and Q4 quartiles had a higher risk of hyperuricemia (Q3: OR:1.32,
95%CI=1.14-1.53; Q4: OR: 1.47, 95%CI=1.27-1.71). After adjusting
for all covariates, the Q3 and Q4 quartiles had a higher risk of
hyperuricemia (Q3: OR:1.24, 95%CI=1.06-1.46; Q4: OR: 1.37, 95%
CI=1.16-1.61) in Model III (P for trend <0.05). In contrast, there was
no statistical correlation between DII levels and hyperuricemia in
participants who did not drink alcohol (P for trend = 0.081).

3.8 Stratification analysis stratified
by diabetes

The association between the DII and hyperuricemia
stratified by diabetes according to the quartile of the DII score

M Drinker OR (95%ClI)

W Non-drinkers

Drinker Non-drinkers

Model 1

Q1 . 1.00(reference) 1.00(reference)
Q2 |—’=.=Q—| 1.16(1.00,1.34) 1.14(0.91,1.44)
Q3 —-—=H 1.36(1.18,1.57) 1.21(0.97,1.52)
Q4 =Nl 1.57(1.36,1.81) 1.54(1.24,1.91)
P for trend <0.001 <0.001
Model 2

Q1 . 1.00(reference) 1.00(reference)
Q2 — . 1.14(0.99,1.33) 1.04(0.82,1.32)
Q3 = 1.32(1.14,1.53) 1.06(0.84,1.34)
Q4 = 1.47(1.27,1.71) 1.22(0.98,1.53)
P for trend <0.001 0.069

Model 3

Q1 . 1.00(reference) 1.00(reference)
Q2 - 1.06(0.91,1.24) 1.02(0.79,1.31)
Q3 — . 1.24(1.06,1.45) 1.06(0.83,1.36)
Q4 - 1.36(1.15,1.60) 1.22(0.95,1.56)
P for trend <0.001 0.09

T T T T l
0 0.5 1 1.5 2
Odds ratio

FIGURE 5

Associations between hyperuricemia and DII stratified by drinking
Cl, confidence interval; DII, Dietary Inflammatory Index, OR odds
ratio. Model I: Unadjusted; Model II: Adjusted for age, race, and sex;
Model lll: Adjusted for family PIR, education level, BMI, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, diabetes, hypertension, and ACR
in addition to Model II.
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were shown in Figure 6. In the group with diabetes mellitus,
after adjusting for all potential risk factors, it wasn’t found
that DII levels were associated with hyperuricemia (P for
trend =0.506).

In the population without diabetes, the risk of hyperuricemia
increased with an increase in DII score quartile. Furthermore, in
Model I (P for trend <0.05), the risk of hyperuricemia increased by
57% (OR:1.57, 95%CI=1.39-1.79) in comparing Q4 to Q1. After
adjusting for age, race, and sex (P for trend <0.05), the risk of
hyperuricemia increased by 49% (OR:1.49, 95%CI=1.30-1.70) when
comparing Q4 to Ql. After adjusting for family PIR, education
level, BMI, drinking, smoking, cotinine, ALT, AST, BUN, GGT,
LDH, hypertension, and ACR in addition to Model IT (P for trend
<0.05), the risk of hyperuricemia increased by 40% (OR:1.40, 95%
CI=1.21-1.62) in Q4 compared to Q1.

3.9 Stratification analysis stratified by
education level

Figure 7 showed the relationship between DII levels and
hyperuricemia for various educational groups. It found a
statistically significant correlation between DII levels and
hyperuricemia only among participants in the university and
above education group (P for trend <0.05). After adjusting all
covariates, the higher the DII level, the higher the risk of
hyperuricemia. The risk of disease in Q4 (OR=1.45, 95%CI=1.20-
1.74) group was 45% higher than that in Q1 group. However, there

OR (95%Cl)

Diabetes

W Diabetes
W Without Diabetes

Without Diabetes

Model 1
Q1 - 1.00(reference) 1.00(reference)
Q2 — 1.02(0.73,1.43) 1.18(1.04,1.35)
Q3 Hll=— 1 1.73(1.26,2.39) 1.26(1.10,1.43)
Q4 —-— 1.50(1.10,2.06) 1.57(1.39,1.79)
P for trend <0.001 <0.001
Model 2
Q1 . 1.00(reference) 1.00(reference)
Q2 —m— - 0.84(0.59,1.19) 1.17(1.03,1.34)
Q3 = 1.35(0.96,1.89) 1.23(1.08,1.41)
Q4 —m—= 0.98(0.70,1.37) 1.49(1.30,1.70)
P for trend 0.027 <0.001
Model 3
Q1 | | 1.00(reference) 1.00(reference)
Q2 —-- 0.81(0.55,1.18) 1.09(0.95,1.26)
Q3 B — 1.38(0.96,1.99) 1.16(1.00,1.34)
Q4 —a——. 0.94(0.65,1.36) 1.40(1.21,1.62)
P for trend 0.082 <0.001
I T T T 1
0 0.5 1 1.5 2
Odds ratio
FIGURE 6

Associations between hyperuricemia and DII stratified by diabetes
Cl, confidence interval; DII, Dietary Inflammatory Index, OR odds
ratio. Model |: Unadjusted; Model II: Adjusted for age, race, and sex;
Model IlI: Adjusted for family PIR, education level, BMI, drinking,
smoking, cotinine, ALT, AST, BUN, GGT, LDH, hypertension, and
ACR in addition to Model II.
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B Less than high school
B GED or Equivale
M _College or above

OR (95%Cl)

Less than high school GED or Equivale College or above

Model 1
Q1 | | 1 1.001 1.001
Q2 - 1.25(0.93,1.68) 1.09(0.84,1.41)  1.16(0.99,1.36)
Q3 - HEH— 1.40(1.06,1.86) 1.19(0.93,1.53)  1.36(1.16,1.59)
Q4 — -+l 1.91(1.47,2.50) 1.30(1.02,1.67)  1.60(1.36,1.89)
P for trend <0.001 0.025 <0.001
Model 2
Qi | | 1 1.00 1.00
Q2 - 1.08(0.79,1.46) 0.99(0.76,1.29)  1.18(1.00,1.39)
Q3 — i 1.10(0.83,1.48) 1.05(0.81,1.37)  1.40(1.19,1.64)
Q4 —HE- 1.33(1.01,1.76) 1.11(0.85,1.44)  1.60(1.35,1.89)
P for trend 0.032 0.376 <0.001
Model 3
Qi | | 1 1.00 1.0
Q2 —_-—— 1.06(0.76,1.46) 0.96(0.73,1.28)  1.08(0.91,1.28)
Q3 i 1.15(0.84,1.57) 1.02(0.77,1.34)  1.30(1.09,1.55)
Q4 s 1.35(1.00,1.83) 1.06(0.80,1.40)  1.45(1.20,1.74)

P for trend
0 05 1 15 2
QOdds ratio

0.03 0.005 <0.001

FIGURE 7

Associations between hyperuricemia and DIl stratified by education
level. Cl, confidence interval; DIl, Dietary Inflammatory Index, OR
odds ratio. Model |: Unadjusted; Model II: Adjusted for age, race, and
sex; Model lll: Adjusted for family PIR, BMI, drinking, smoking,
cotinine, ALT, AST, BUN, GGT, LDH, hypertension, and ACR in
addition to Model II.

was no significant association between DII score and hyperuricemia
in the population with lower education level.

3.10 Stratification analysis stratified by
albumin-to-creatinine ratio

Figure 8 showed the relationship between DII levels and
hyperuricemia under different ACR level groupings. No statistical
correlations were found after adjusting for all the potential risk
factors in subgroups of Al (<3 mg/mmol) (P=0.133) and A3 (>30
mg/mmol) (P=0.186). Whereas in subgroup of A2 (3-30 mg/
mmol), it was found that the risk factor of hyperuricemia was
higher with increasing DII levels, and it was a significant statistical
correlation (P for trend <0.05). Compared to Q1 level in the model
III, the risk of hyperuricemia was increased by 36% at Q4 level
(OR=1.36, 95%CI=1.17-1.59).

3.11 Curve fitting analysis

The relationship between DII and hyperuricemia was classically
linear by smoothed curve fitting (Figure 9). At lower levels of the
DII score, there was no significant increase in the risk of

hyperuricemia, but as the DII score increased, so did the risk of
hyperuricemia, especially at higher levels of the DII score.

4 Discussion

This study found that the DII score was associated with
hyperuricemia. Further stratification analysis, including sex,
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B A1(<3 mgimmol) OR (95%Cl)
W A2(3-30 mg/mmol)
B A3(>30 mgimmol) A1(<3 A2(3-30 A3(>30
Model 1
Q1 | | 1.00(reference)  1.00(reference) 1.00(reference)
Q2 -l 1.31(0.86,2.00)  1.19(1.04,1.37)  0.87(0.62,1.23)
Q3 b=+ 1.36(0.88,2.10)  1.28(1.12,1.47)  1.31(0.96,1.80)
Q4 - 1.65(1.06,2.58)  1.55(1.351.78)  1.29(0.95,1.74)
P for trend 0.026 <0.001 0.019
Model 2
Q1 | | 1.001 e) 1 1.00
Q2 - 1.23(0.80,1.90)  1.17(1.02,1.35)  0.78(0.55,1.11)
Q3 == 1.28(0.82,2.01)  1.24(1.07,1.43) 1.14(0.82,1.58)
Q4 Ha-— 1.45(0.89,2.33)  1.44(1.25,1.66)  1.05(0.76,1.44)
P for trend 0.122 <0.001 0.321
Model 3
Q1 | | 1. 1.00(r 1.00{
Q2 . 1.18(0.74,1.89)  1.10(0.951.28)  0.74(0.51,1.07)
Q3 - 1.13(0.69,1.84)  1.20(1.03,1.40)  1.16(0.81,1.66)
Q4 -l 1610094274 1.36(1.17,1.59)  1.10(0.78,1.56)
P for trend 0.133 <0.001 0.186
T T T 1
0 1 2 3
Odds ratio
FIGURE 8

Associations between hyperuricemia and DII stratified by albumin
creatinine ratio. Cl, confidence interval; DII: Dietary Inflammatory
Index, OR odds ratio. Model I: Unadjusted; Model II: Adjusted for
age, race, and sex; Model lll: Adjusted for family PIR, education level,
BMI, drinking, smoking, cotinine, ALT, AST, BUN, GGT, LDH and
hypertension in addition to Model .

hypertension, drinking, BMI, diabetes, education level and ACR.
This study indicated that the DII score was strongly associated with
hyperuricemia, and the likelihood of hyperuricemia increased with
the intake of more pro-inflammatory foods, this conclusion is
consistent with the findings of Chen Ye et al. (47) in their
investigation of dietary inflammatory index and risk of
hyperuricemia in adult Chinese residents, in addition to the study
by Hao Wang et al. (48). Especially in females, males, aged 45-65,
non-Hispanic white population, non-Hispanic black population,
individuals who had smoked in the past and those who had never
smoked, individuals with 1<PIR<2 and PIR>4, individuals without
diabetes, individuals with hypertension, individuals with
25<BMI<30 and BMI>30, individuals with a college education or
above and less than high school and participants with
moderate ACR.

Diet had long been of interest to researchers as a risk factor that
was highly correlated with many diseases and can be controlled by
artificial interventions. Current studies suggested that the intake of
red meat, seafood, alcohol, or fructose may increase the risk of
hyperuricemia, whereas the intake of dairy products or soy foods
may reduce the risk of hyperuricemia (49). The association between
high protein, coffee diet, and hyperuricemia differed between males
and females (49). A cross-sectional analysis showed that higher
consumption of soft drinks and fructose was associated with a
higher risk of hyperuricemia (50). These discoveries made it
worthwhile to conduct more in-depth studies on the relationship
between the inflammatory effects associated with diet and the risk of
hyperuricemia, providing new perspectives on clinical
disease management.

The sex-stratified results of the stratification analysis
demonstrated that the prevalence of hyperuricemia was positively
correlated with DII in all populations, and it was more obvious in
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Smooth curve fittings of DIl and hyperuricemia. The red curve represents the relationship between DIl and hyperuricemia, and the area between the
blue dashed lines represents the 95% confidence interval obtained from the fit.

females. Moreover, in subgroup analyses, women were more
sensitive to dietary inflammation than men. Nitric oxide (NO)
may be a potential influencing factor in the gender-specific
differences in uric acid metabolism, with previous studies
suggesting that Estrogen can mediate and regulate the expression
of nitric oxide synthase (eNOS) through genes, and eNOS is the
source of NO produced by endothelial cells (51, 52). Estradiol may
affect serum uric acid levels by affecting renal function (53).
However, previous studies had shown that only progestin was
found to reduce uric acid levels, whereas estradiol intake was not
associated with uric acid reduction in females (54, 55). Therefore,
the role of sex differences in the occurrence of hyperuricemia
needed to be further investigated.

The relationship between BMI and hyperuricemia showed a
positive association, indicating that body fat was related to the risk
of hyperuricemia and that obesity may serve as a link between diet
and hyperuricemia (56). Wang et al. showed that the higher the
BM]I, the higher the serum uric acid level in a healthy population
(57). The association between obesity and serum uric levels may be
related to superfluous uric acid productivity and poor renal
excretion. This suggested that weight loss and weight loss diets
may help prevent hyperuricemia.

As we all know, alcohol can increase uric acid in serum, which
was a proven risk factor for hyperuricemia (58-60). Alcohol was
associated with hyperuricemia by increasing purine content and/or
participating in inflammation. Our study also validated the results
of previous studies in the alcoholic vs. non-alcoholic hyperuricemia
group. Therefore, it was recommended to reduce or stop all types of
alcohol intake to reduce the risk of hyperuricemia or to help
patients with hyperuricemia to better treat and slow the
progression of hyperuricemia.

In the stratification analysis stratified by hypertension, the DII
score was associated with hyperuricemia. A statistically significant
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correlation between the DII score and hyperuricemia risk was found
in participants with hypertension based on the subgroup analysis
and interaction test, suggesting an interaction between
hypertension and DII. At present, an etiological link between uric
acid and hypertension had been established based on
epidemiological and clinical data, but the exact mechanism of this
association had not been well established. Several cross-sectional,
cohort, and interventional studies had reported hyperuricemia as an
independent risk factor for hypertension (61-65). The biological
basis of uric acid-induced hypertension may affect endothelial cell
function and reduce NO (66).

In this study, we observed a positive correlation between a
slightly elevated pro-inflammatory diet and the prevalence of
hyperuricemia in diabetic patients. Conversely, among the non-
diabetic population, an increased level of pro-inflammatory diet was
associated with a higher risk of developing hyperuricemia. The
causes of diabetes included, but were not limited to, insulin
resistance, which referred to the reduced sensitivity of cells to
glucose uptake or insulin stimulation when faced with normal or
elevated glucose concentrations, and was more common in
individuals with type 2 diabetes, obesity, and hypertension (67). If
insulin resistance was present, pancreatic -cells must secrete more
insulin, resulting in compensatory hyperinsulinemia. Previous
studies had shown that hyperinsulinemia may regulate
hypertension by activating renin-angiotensin, further reducing
renal blood flow, and increasing the reabsorption of urate and
xanthine, leading to hyperuricemia (68). Moreover, there may be a
bidirectional causal relationship between hyperuricemia and insulin
resistance. A recent study investigating the role of uric acid in
glucose metabolism based on a uricase-gene-deficient
hyperuricemia mouse model suggested that the relationship
between hyperuricemia and diabetes may not be mediated
through islet B-cell survival (69). This finding is partially in
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dispute with the results of this study. Although the study found that
a slightly elevated level of a pro-inflammatory diet was also
associated with an increased risk of hyperuricemia in diabetic
patients, the increased risk of hyperuricemia was more
pronounced at higher levels of a pro-inflammatory diet. Since the
relationship between diabetes and hyperuricemia and the etiology
of both need to be further confirmed, therefore, the correlation
underlying the association between hyperuricemia and diabetes
required further attention.

Educational background as a factor associated with disease risk
also received attention in this study. A relatively higher risk of
hyperuricemia was observed among US citizens with higher
education (college or above) in stratified analysis. Subgroup
analysis showed that people with a college education or above
and less than high school were associated with hyperuricemia. At
present, the effects of education levels on hyperuricemia were
disparate in different regions or different studies. In developing
countries, an increased risk of hyperuricemia had generally been
observed among people with low to moderate levels of education,
whereas people with higher levels of education had comparatively
better metabolic health (70, 71). This may be due to the latter being
more concerned about their health. However, a meta-analysis of 9
studies based on populations from China, the US and Japan showed
that higher education level was associated with hyperuricemia (72).
Pan et al. speculated that the reason for this phenomenon may be
that people with higher levels of education may consume more
processed foods (72). Additionally, education level was not analyzed
in the recent studies on DII and hyperuricemia. Hence, considering
the differences in economy, culture, living habits and other aspects
in different countries and even regions, further targeted studies
should be carried out on the relationship between education level
and hyperuricemia.

The relationship between uric acid or hyperuricemia and kidney
damage or kidney disease had attracted the attention of scientists
for decades. For stratified analysis based on ACR in this study, it
was found that moderate ACR levels were significantly associated
with hyperuricemia. Although the complex mechanism between
them was not fully understood, it was generally believed that uric
acid played an important role in the occurrence and development of
kidney disease. Studies had shown that uric acid can activate
immune responses and promote the development of pro-
inflammatory and pro-fibrotic for renal structural cells (73). On
the other hand, renal insufficiency or renal disease can further affect
uric acid excretion. Moreover, recent studies had shown that
hyperuricemia increases the risk of renal insufficiency in diabetic
patients. Therefore, the association between ACR and
hyperuricemia was worthy of further study in order to better
guide the prevention, diagnosis and treatment of the disease.

Recently, a few studies had indicated an association between DII
and hyperuricemia. The populations used by Kim et al. (74), Ye
etal. (47) Wang et al. (48) are from South Korea, China and the US,
respectively. This study was also based on NHANES, but compared
with Wang et al. (48), this study included a broader population, and
the subgroup analysis and stratification analysis were more
comprehensive. The results from Wang et al. (48) were consistent
with the general trend of the results of this study, further validating
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the accuracy of the conclusions of this study. Kim et al. indicated
that the risk of hyperuricemia was positively correlated with the DII
among females (74), but no significant results were found for males,
while Ye et al. suggested that the lower the DII scores, the lower the
risk of hyperuricemia in all sexes (47). Likewise, another study by
Wang et al. found a positive association between DII and
hyperuricemia in US adults (75), but the conclusion needed to be
verified by more prospective studies, whereas the present study
included more data and analyzed the relationship between DII and
hyperuricemia at different levels, and concluded that there was a
“U-shaped” relationship between DII and hyperuricemia. In
contrast, none of the subgroup analyses in the analysis of Wang
et al. were significant, compared with our subgroup analyses that
found significance in the subgroups of age, gender, and
hypertension. In addition, the results of Wang et al. showed a
linear relationship between DII and hyperuricemia, while not
discussing the analysis of it, which we doubt, and the robustness
of the results should be more cautious. The conclusion that there
was a “U-shaped” relationship between DII and hyperuricemia may
be related to differences in the scope of inclusion and
confounding factors.

4.1 Limitations

This study had several limitations. Firstly, the participants
included in this study were over 20 years of age, and these
outcomes may not be generalizable to the younger age group.
Secondly, the observational nature of this study did not establish
causality. Thirdly, because place of residence also had an impact on
dietary structure, but the NHANES data did not provide
information on the place of residence of the participants, we were
unable to conduct analyses of the effect of place of residence on diet
and hyperuricemia. Finally, dietary information was assessed once
within 24h in the NHANES databases, the variability of daily diet
was not accounted for, and measurement error could still be present
in the self-reported diet. Therefore, more high-quality prospective
studies were needed to verify the correlation between hyperuricemia
and the DIL

5 Conclusion

In summary, this study showed that the risk of hyperuricemia
increased at slightly higher DII scores (i.e., with pro-inflammatory
diets), but not significantly at lower levels (i.e., with anti-
inflammatory diets). Higher DII scores were significantly
associated with a higher risk of hyperuricemia. Controlling the
intake of pro-inflammatory foods may help reduce the risk of
hyperuricemia, dietary modifications may be a potential way to
prevent and control hyperuricemia. These factors, including sex,
BMI, alcohol consumption, hypertension, diabetes, education level
and ACR, may be one of the important risk factors leading to
hyperuricemia. These results alert the public that pro-inflammatory
diets may increase the risk of developing hyperuricemia, but further
research is needed to confirm this conclusion. Nonetheless, this
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study provides some indications for the prevention of
hyperuricemia and the burden of disease.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Author contributions

XL: Data curation, Formal analysis, Investigation, Methodology,
Project administration, Resources, Software, Validation, Writing -
original draft, Writing - review & editing. T-YC: Data curation,
Formal analysis, Methodology, Project administration, Resources,
Writing - original draft. T-YG: Data curation, Formal analysis,
Funding acquisition, Investigation, Project administration, Writing
- original draft. K-QS: Data curation, Formal analysis,
Methodology, Resources, Software, Writing — original draft. F-
QY: Data curation, Formal analysis, Funding acquisition,
Methodology, Project administration, Writing — original draft. Y-
XY: Conceptualization, Data curation, Investigation, Methodology,
Project administration, Resources, Software, Validation, Writing -
original draft, Writing - review & editing. CZ: Conceptualization,

References

1. El Ridi R, Tallima H. Physiological functions and pathogenic potential of uric
acid: A review. ] Adv Res. (2017) 8:487-93. doi: 10.1016/j.jare.2017.03.003

2. Badve SV, Brown F, Hawley CM, Johnson DW, Kanellis J, Rangan GK, et al.
Challenges of conducting a trial of uric-acid-lowering therapy in CKD. Nat Rev
Nephrol. (2011) 7:295-300. doi: 10.1038/nrneph.2010.186

3. Jalal DI, Chonchol M, Chen W, Targher G. Uric acid as a target of therapy in
CKD. Am ] Kidney Dis. (2013) 61:134-46. doi: 10.1053/j.ajkd.2012.07.021

4. Li C, Hsieh MC, Chang SJ. Metabolic syndrome, diabetes, and hyperuricemia.
Curr Opin Rheumatol. (2013) 25:210-6. doi: 10.1097/BOR.0b013e32835d951e

5. Grayson PC, Kim SY, LaValley M, Choi HK. Hyperuricemia and incident
hypertension: a systematic review and meta-analysis. Arthritis Care Res (Hoboken).
(2011) 63:102-10. doi: 10.1002/acr.20344

6. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia
and coronary heart disease: a systematic review and meta-analysis. Arthritis Care Res
(Hoboken). (2010) 62:170-80. doi: 10.1002/acr.20065

7. LiL, Yang C, Zhao Y, Zeng X, Liu F, Fu P. Is hyperuricemia an independent risk
factor for new-onset chronic kidney disease?: A systematic review and meta-analysis
based on observational cohort studies. BMC Nephrol. (2014) 15:122. doi: 10.1186/1471-
2369-15-122

8. Crawley WT, Jungels CG, Stenmark KR. Fini MA. U-shaped association of uric
acid to overall-cause mortality and its impact on clinical management of
hyperuricemia. Redox Biol. (2022) 51:102271. doi: 10.1016/j.redox.2022.102271

9. Petreski T, Ekart R, Hojs R, Bevc S. Hyperuricemia, the heart, and the kidneys - to
treat or not to treat? Ren Fail. (2020) 42:978-86. doi: 10.1080/0886022X.2020.1822185

10. Cui N, Dong X, Liao W, Xue Y, Liu X, Li X, et al. Association of eating out
frequency and other factors with serum uric acid levels and hyperuricemia in Chinese
population. Eur J Nutr. (2022) 61:243-54. doi: 10.1007/s00394-021-02634-9

11. Pathmanathan K, Robinson PC, Hill CL, Keen HI. The prevalence of gout and
hyperuricaemia in Australia: An updated systematic review. Semin Arthritis Rheumatol.
(2021) 51:121-8. doi: 10.1016/j.semarthrit.2020.12.001

12. Uaratanawong S, Suraamornkul S, Angkeaw S, Uaratanawong R. Prevalence of
hyperuricemia in Bangkok population. Clin Rheumatol. (2011) 30:887-93.
doi: 10.1007/s10067-011-1699-0

Frontiers in Endocrinology

10.3389/fendo.2024.1398917

Data curation, Methodology, Project administration, Resources,
Software, Validation, Visualization, Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia in the US
general population: the National Health and Nutrition Examination Survey 2007-2008.
Arthritis Rheumatol. (2011) 63:3136-41. doi: 10.1002/art.30520

14. Chen-Xu M, Yokose C, Rai SK, Pillinger MH, Choi HK. Contemporary
prevalence of gout and hyperuricemia in the United States and decadal trends: the
national health and nutrition examination survey, 2007-2016. Arthritis Rheumatol.
(2019) 71:991-9. doi: 10.1002/art.40807

15. Mandal AK, Mount DB. The molecular physiology of uric acid homeostasis.
Annu Rev Physiol. (2015) 77:323-45. doi: 10.1146/annurev-physiol-021113-170343

16. Howard SC, Jones DP, Pui CH. The tumor lysis syndrome. N Engl ] Med. (2011)
364:1844-54. doi: 10.1056/NEJMra0904569

17. Chang WC. Dietary intake and the risk of hyperuricemia, gout and chronic
kidney disease in elderly Taiwanese men. Aging Male. (2011) 14:195-202. doi: 10.3109/
13685538.2010.512372

18. Ahluwalia N, Andreeva VA, Kesse-Guyot E, Hercberg S. Dietary patterns,
inflammation and the metabolic syndrome. Diabetes Metab. (2013) 39:99-110.
doi: 10.1016/j.diabet.2012.08.007

19. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and
developing a literature-derived, population-based dietary inflammatory index. Public
Health Nutr. (2014) 17:1689-96. doi: 10.1017/S1368980013002115

20. Cavicchia PP, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, et al. A new
dietary inflammatory index predicts interval changes in serum high-sensitivity C-
reactive protein. J Nutr. (2009) 139:2365-72. doi: 10.3945/jn.109.114025

21. Cui X, Jin Y, Singh UP, Chumanevich AA, Harmon B, Cavicchia P, et al.
Suppression of DNA damage in human peripheral blood lymphocytes by a juice
concentrate: a randomized, double-blind, placebo-controlled trial. Mol Nutr Food Res.
(2012) 56:666-70. doi: 10.1002/mnfr.201100496

22. Giugliano D, Ceriello A, Esposito K. The effects of diet on inflammation:
emphasis on the metabolic syndrome. ] Am Coll Cardiol. (2006) 48:677-85.
doi: 10.1016/j.jacc.2006.03.052

23. Vissers LET, Waller M, van der Schouw YT, Hebert JR, Shivappa N, Schoenaker
D, et al. A pro-inflammatory diet is associated with increased risk of developing
hypertension among middle-aged women. Nutr Metab Cardiovasc Dis. (2017) 27:564—
70. doi: 10.1016/j.numecd.2017.03.005

frontiersin.org


https://doi.org/10.1016/j.jare.2017.03.003
https://doi.org/10.1038/nrneph.2010.186
https://doi.org/10.1053/j.ajkd.2012.07.021
https://doi.org/10.1097/BOR.0b013e32835d951e
https://doi.org/10.1002/acr.20344
https://doi.org/10.1002/acr.20065
https://doi.org/10.1186/1471-2369-15-122
https://doi.org/10.1186/1471-2369-15-122
https://doi.org/10.1016/j.redox.2022.102271
https://doi.org/10.1080/0886022X.2020.1822185
https://doi.org/10.1007/s00394-021-02634-9
https://doi.org/10.1016/j.semarthrit.2020.12.001
https://doi.org/10.1007/s10067-011-1699-0
https://doi.org/10.1002/art.30520
https://doi.org/10.1002/art.40807
https://doi.org/10.1146/annurev-physiol-021113-170343
https://doi.org/10.1056/NEJMra0904569
https://doi.org/10.3109/13685538.2010.512372
https://doi.org/10.3109/13685538.2010.512372
https://doi.org/10.1016/j.diabet.2012.08.007
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.3945/jn.109.114025
https://doi.org/10.1002/mnfr.201100496
https://doi.org/10.1016/j.jacc.2006.03.052
https://doi.org/10.1016/j.numecd.2017.03.005
https://doi.org/10.3389/fendo.2024.1398917
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

24. Deng FE, Shivappa N, Tang Y, Mann JR, Hebert JR. Association between diet-
related inflammation, all-cause, all-cancer, and cardiovascular disease mortality, with
special focus on prediabetics: findings from NHANES III. Eur ] Nutr. (2017) 56:1085-
93. doi: 10.1007/s00394-016-1158-4

25. Shivappa N, Godos J, Hébert JR, Wirth MD, Piuri G, Speciani AF, et al. Dietary
inflammatory index and colorectal cancer risk-A meta-analysis. Nutrients. (2017)
9:1043. doi: 10.3390/nu9091043

26. Shivappa N, Godos J, Hebert JR, Wirth MD, Piuri G, Speciani AF, et al. Dietary
inflammatory index and cardiovascular risk and mortality-A meta-analysis. Nutrients.
(2018) 10:200. doi: 10.3390/nu10020200

27. Sun M, Wang L, Wang X, Tong L, Fang J, Wang Y, et al. Interaction between
sleep quality and dietary inflammation on frailty: NHANES 2005-2008. Food Funct.
(2023) 14:1003-10. doi: 10.1039/D2FO01832B

28. Zhao S, Gao W, Li J, Sun M, Fang ], Tong L, et al. Dietary inflammatory index
and osteoporosis: the National Health and Nutrition Examination Survey, 2017-2018.
Endocrine. (2022) 78:587-96. doi: 10.1007/s12020-022-03178-6

29. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update on NHANES
dietary data: focus on collection, release, analytical considerations, and uses to inform
public policy. Adv Nutr. (2016) 7:121-34. doi: 10.3945/an.115.009258

30. Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National health
and nutrition examination survey: plan and operations, 1999-2010. Vital Health Stat 1.
(2013) 56):1-37.

31. Mallat SG, Al Kattar S, Tanios BY, Jurjus A. Hyperuricemia, hypertension, and
chronic kidney disease: an emerging association. Curr Hypertens Rep. (2016) 18:74.
doi: 10.1007/511906-016-0684-z

32. Ricci C, Schutte AE, Schutte R, Smuts CM, Pieters M. Trends in alcohol
consumption in relation to cause-specific and all-cause mortality in the United
States: a report from the NHANES linked to the US mortality registry. Am J Clin
Nutr. (2020) 111:580-9. doi: 10.1093/ajcn/nqaa008

33. Elliott WJ. Systemic hypertension. Curr Probl Cardiol. (2007) 32:201-59.
doi: 10.1016/j.cpcardiol.2007.01.002

34. Whelton PK, Carey RM, Aronow WS, Casey DE Jr., Collins KJ, Dennison
Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection, evaluation, and management of
high blood pressure in adults: executive summary: A report of the american college of
cardiology/american heart association task force on clinical practice guidelines. ] Am
Coll Cardiol. (2018) 71:2199-269. doi: 10.1161/CIR.0000000000000597

35. The American Chronic Kidney Disease Association. National Institute for
Health and Care Excellence: Guidelines. London: National Institute for Health and
Care Excellence (NICE (2020).

36. American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care. (2011) 34 Suppl 1:562-9. doi: 10.2337/dc11-S062

37. American Diabetes Association. (2) Classification and diagnosis of diabetes.
Diabetes Care. (2015) 38 Suppl:S8-s16. doi: 10.2337/dc15-S005

38. Bagheri A, Soltani S, Hashemi R, Heshmat R, Motlagh AD, Esmaillzadeh A.
Inflammatory potential of the diet and risk of sarcopenia and its components. Nutr J.
(2020) 19:129. doi: 10.1186/s12937-020-00649-2

39. Li A, Chen Y, Schuller AA, van der Sluis LWM, Tjakkes GE. Dietary
inflammatory potential is associated with poor periodontal health: A population-
based study. J Clin Periodontol. (2021) 48:907-18. doi: 10.1111/jcpe.13472

40. Shivappa N, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, et al. A
population-based dietary inflammatory index predicts levels of C-reactive protein in
the Seasonal Variation of Blood Cholesterol Study (SEASONS). Public Health Nutr.
(2014) 17:1825-33. doi: 10.1017/S1368980013002565

41. Li S, Zeng M. The association between dietary inflammation index and bone
mineral density: results from the United States National Health and nutrition
examination surveys. Ren Fail. (2023) 45:2209200. doi: 10.1080/
0886022X.2023.2209200

42. HuPW, Yang BR, Zhang XL, Yan XT, Ma JJ, Qi C, et al. The association between
dietary inflammatory index with endometriosis: NHANES 2001-2006. PloS One.
(2023) 18:€0283216. doi: 10.1371/journal.pone.0283216

43. Kim TK. T test as a parametric statistic. Korean ] Anesthesiol. (2015) 68:540-6.
doi: 10.4097/kjae.2015.68.6.540

44. Rosner B, Glynn RJ, Lee ML. Incorporation of clustering effects for the Wilcoxon
rank sum test: a large-sample approach. Biometrics. (2003) 59:1089-98. doi: 10.1111/
j.0006-341X.2003.00125.x

45. Stoltzfus JC. Logistic regression: a brief primer. Acad Emerg Med. (2011)
18:1099-104. doi: 10.1111/j.1553-2712.2011.01185.x

46. LaValley MP. Logistic regression. Circulation. (2008) 117:2395-9. doi: 10.1161/
CIRCULATIONAHA.106.682658

47. Ye C, Huang X, Wang R, Halimulati M, Aihemaitijiang S, Zhang Z. Dietary
inflammatory index and the risk of hyperuricemia: A cross-sectional study in chinese
adult residents. Nutrients. (2021) 13:4504. doi: 10.3390/nul13124504

48. Wang H, Qin S, Li F, Zhang H, Zeng L. A cross-sectional study on the association
between dietary inflammatory index and hyperuricemia based on NHANES 2005-
2018. Front Nutr. (2023) 10:1218166. doi: 10.3389/fnut.2023.1218166

Frontiers in Endocrinology

14

10.3389/fendo.2024.1398917

49. Li R, Yu K, Li C. Dietary factors and risk of gout and hyperuricemia: a meta-
analysis and systematic review. Asia Pac J Clin Nutr. (2018) 27:1344-56. doi: 10.6133/
apjcn.201811_27(6).0022

50. Siqueira JH, Mill JG, Velasquez-Melendez G, Moreira AD, Barreto SM, Bensefior
IM, et al. Sugar-sweetened soft drinks and fructose consumption are associated with
hyperuricemia: cross-sectional analysis from the Brazilian longitudinal study of adult
health (ELSA-brasil). Nutrients. (2018) 10:981. doi: 10.3390/nul10080981

51. Favre ], Vessieres E, Guihot AL, Proux C, Grimaud L, Rivron J, et al. Membrane
estrogen receptor alpha (ERa) participates in flow-mediated dilation in a ligand-
independent manner. Elife. (2021) 10:¢68695. doi: 10.7554/eLife.68695

52. Miller VM, Duckles SP. Vascular actions of estrogens: functional implications.
Pharmacol Rev. (2008) 60:210-41. doi: 10.1124/pr.107.08002

53. Anton FM, Garcia Puig J, Ramos T, Gonzalez P, Ordas J. Sex differences in uric
acid metabolism in adults: evidence for a lack of influence of estradiol-17 beta (E2) on
the renal handling of urate. Metabolism. (1986) 35:343-8. doi: 10.1016/0026-0495(86)
90152-6

54. Hoque KM, Dixon EE, Lewis RM, Allan J, Gamble GD, Phipps-Green AJ, et al.
The ABCG2 Q141K hyperuricemia and gout associated variant illuminates the
physiology of human urate excretion. Nat Commun. (2020) 11:2767. doi: 10.1038/
541467-020-16525-w

55. Liu L, Zhao T, Shan L, Cao L, Zhu X, Xue Y. Estradiol regulates intestinal
ABCG2 to promote urate excretion via the PI3K/Akt pathway. Nutr Metab (Lond).
(2021) 18:63. doi: 10.1186/s12986-021-00583-y

56. Wang J, Chen S, Zhao J, Liang J, Gao X, Gao Q, et al. Association between
nutrient patterns and hyperuricemia: mediation analysis involving obesity indicators in
the NHANES. BMC Public Health. (2022) 22:1981. doi: 10.1186/s12889-022-14357-5

57. Wang H, Wang L, Xie R, Dai W, Gao C, Shen P, et al. Association of serum uric
acid with body mass index: A cross-sectional study from Jiangsu Province, China. Iran |
Public Health. (2014) 43:1503-9.

58. Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G. Alcohol intake and
risk of incident gout in men: a prospective study. Lancet. (2004) 363:1277-81.
doi: 10.1016/S0140-6736(04)16000-5

59. Choi HK, Curhan G. Beer, liquor, and wine consumption and serum uric acid
level: the Third National Health and Nutrition Examination Survey. Arthritis
Rheumatol. (2004) 51:1023-9. doi: 10.1002/art.20821

60. Song P, Wang H, Xia W, Chang X, Wang M, An L. Prevalence and correlates of
hyperuricemia in the middle-aged and older adults in China. Sci Rep. (2018) 8:4314.
doi: 10.1038/s41598-018-22570-9

61. Kuwabara M, Niwa K, Nishi Y, Mizuno A, Asano T, Masuda K, et al.
Relationship between serum uric acid levels and hypertension among Japanese
individuals not treated for hyperuricemia and hypertension. Hypertens Res. (2014)
37:785-9. doi: 10.1038/hr.2014.75

62. Loeftler LF, Navas-Acien A, Brady TM, Miller ER 3rd, Fadrowski JJ. Uric acid
level and elevated blood pressure in US adolescents: National Health and Nutrition
Examination Survey, 1999-2006. Hypertension. (2012) 59:811-7. doi: 10.1161/
HYPERTENSIONAHA.111.183244

63. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pressure of
adolescents with newly diagnosed essential hypertension: a randomized trial. Jama.
(2008) 300:924-32. doi: 10.1001/jama.300.8.924

64. Soletsky B, Feig DI. Uric acid reduction rectifies prehypertension in obese
adolescents. Hypertension. (2012) 60:1148-56. doi: 10.1161/
HYPERTENSIONAHA.112.196980

65. Agarwal V, Hans N, Messerli FH. Effect of allopurinol on blood pressure: a
systematic review and meta-analysis. J Clin Hypertens (Greenwich). (2013) 15:435-42.
doi: 10.1111/j.1751-7176.2012.00701.x

66. Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis ], Watanabe S, et al. Is there a
pathogenetic role for uric acid in hypertension and cardiovascular and renal disease?
Hypertension. (2003) 41:1183-90. doi: 10.1161/01.HYP.0000069700.62727.C5

67. Ferrannini E, Natali A, Capaldo B, Lehtovirta M, Jacob S, Yki-Jarvinen H. Insulin
resistance, hyperinsulinemia, and blood pressure: role of age and obesity. European
Group for the Study of Insulin Resistance (EGIR). Hypertension. (1997) 30:1144-9.
doi: 10.1161/01.HYP.30.5.1144

68. Hayden MR, Tyagi SC. Uric acid: A new look at an old risk marker for
cardiovascular disease, metabolic syndrome, and type 2 diabetes mellitus: The urate
redox shuttle. Nutr Metab (Lond). (2004) 1:10. doi: 10.1186/1743-7075-1-10

69. Lu J, He Y, Cui L, Xing X, Liu Z, Li X, et al. Hyperuricemia predisposes to the
onset of diabetes via promoting pancreatic 3-cell death in uricase-deficient male mice.
Diabetes. (2020) 69:1149-63. doi: 10.2337/db19-0704

70. Stephens CR, Easton JF, Robles-Cabrera A, Fossion R, de la Cruz L, Martinez-
Tapia R, et al. The impact of education and age on metabolic disorders. Front Public
Health. (2020) 8. doi: 10.3389/fpubh.2020.00180

71. Zhang X, Meng Q, Feng J, Liao H, Shi R, Shi D, et al. The prevalence of
hyperuricemia and its correlates in Ganzi Tibetan Autonomous Prefecture, Sichuan
Province, China. Lipids Health Dis. (2018) 17:235. doi: 10.1186/s12944-018-0882-6

72. Pan Z, Huang M, Fang M, Xie X, Huang Z. Socioeconomic differences in
hyperuricemia and gout: a systematic review and meta-analysis. Endocrine. (2020)
69:286-93. doi: 10.1007/s12020-020-02281-w

frontiersin.org


https://doi.org/10.1007/s00394-016-1158-4
https://doi.org/10.3390/nu9091043
https://doi.org/10.3390/nu10020200
https://doi.org/10.1039/D2FO01832B
https://doi.org/10.1007/s12020-022-03178-6
https://doi.org/10.3945/an.115.009258
https://doi.org/10.1007/s11906-016-0684-z
https://doi.org/10.1093/ajcn/nqaa008
https://doi.org/10.1016/j.cpcardiol.2007.01.002
https://doi.org/10.1161/CIR.0000000000000597
https://doi.org/10.2337/dc11-S062
https://doi.org/10.2337/dc15-S005
https://doi.org/10.1186/s12937-020-00649-2
https://doi.org/10.1111/jcpe.13472
https://doi.org/10.1017/S1368980013002565
https://doi.org/10.1080/0886022X.2023.2209200
https://doi.org/10.1080/0886022X.2023.2209200
https://doi.org/10.1371/journal.pone.0283216
https://doi.org/10.4097/kjae.2015.68.6.540
https://doi.org/10.1111/j.0006-341X.2003.00125.x
https://doi.org/10.1111/j.0006-341X.2003.00125.x
https://doi.org/10.1111/j.1553-2712.2011.01185.x
https://doi.org/10.1161/CIRCULATIONAHA.106.682658
https://doi.org/10.1161/CIRCULATIONAHA.106.682658
https://doi.org/10.3390/nu13124504
https://doi.org/10.3389/fnut.2023.1218166
https://doi.org/10.6133/apjcn.201811_27(6).0022
https://doi.org/10.6133/apjcn.201811_27(6).0022
https://doi.org/10.3390/nu10080981
https://doi.org/10.7554/eLife.68695
https://doi.org/10.1124/pr.107.08002
https://doi.org/10.1016/0026-0495(86)90152-6
https://doi.org/10.1016/0026-0495(86)90152-6
https://doi.org/10.1038/s41467-020-16525-w
https://doi.org/10.1038/s41467-020-16525-w
https://doi.org/10.1186/s12986-021-00583-y
https://doi.org/10.1186/s12889-022-14357-5
https://doi.org/10.1016/S0140-6736(04)16000-5
https://doi.org/10.1002/art.20821
https://doi.org/10.1038/s41598-018-22570-9
https://doi.org/10.1038/hr.2014.75
https://doi.org/10.1161/HYPERTENSIONAHA.111.183244
https://doi.org/10.1161/HYPERTENSIONAHA.111.183244
https://doi.org/10.1001/jama.300.8.924
https://doi.org/10.1161/HYPERTENSIONAHA.112.196980
https://doi.org/10.1161/HYPERTENSIONAHA.112.196980
https://doi.org/10.1111/j.1751-7176.2012.00701.x
https://doi.org/10.1161/01.HYP.0000069700.62727.C5
https://doi.org/10.1161/01.HYP.30.5.1144
https://doi.org/10.1186/1743-7075-1-10
https://doi.org/10.2337/db19-0704
https://doi.org/10.3389/fpubh.2020.00180
https://doi.org/10.1186/s12944-018-0882-6
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.3389/fendo.2024.1398917
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

73. Jung SW, Kim SM, Kim YG, Lee SH, Moon JY. Uric acid and inflammation in
kidney disease. Am J Physiol Renal Physiol. (2020) 318:F1327-f40. doi: 10.1152/
ajprenal.00272.2019

74. Kim HS, Kwon M, Lee HY, Shivappa N, Hebert JR, Sohn C, et al. Higher pro-
inflammatory dietary score is associated with higher hyperuricemia risk: results from

Frontiers in Endocrinology

15

10.3389/fendo.2024.1398917

the case-controlled korean genome and epidemiology study_Cardiovascular disease
association study. Nutrients. (2019) 11:1803. doi: 10.3390/nu11081803

75. Wang L, Liu H, Wang D, Huang X, Hong X, Wang Y, et al. The correlation
between dietary inflammatory index and risk of hyperuricemia in the U.S. population.
Med (Baltimore). (2023) 102:¢33374. doi: 10.1097/MD.0000000000033374

frontiersin.org


https://doi.org/10.1152/ajprenal.00272.2019
https://doi.org/10.1152/ajprenal.00272.2019
https://doi.org/10.3390/nu11081803
https://doi.org/10.1097/MD.0000000000033374
https://doi.org/10.3389/fendo.2024.1398917
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Pro-inflammatory diets promote the formation of hyperuricemia
	1 Introduction
	2 Materials and methods
	2.1 Participant selection
	2.2 Assessment of covariates
	2.3 Evaluation criterion and inclusion and exclusion criteria
	2.3.1 Hyperuricemia
	2.3.2 BMI
	2.3.3 Drinking
	2.3.4 Hypertension
	2.3.5 Diabetes

	2.4 Dietary inflammatory index
	2.5 Statistical analysis

	3 Results
	3.1 Characteristics of study population
	3.2 Association between DII and hyperuricemia
	3.3 Subgroup analysis
	3.4 Stratification analysis stratified by gender
	3.5 Stratification analysis stratified by BMI
	3.6 Stratification analysis stratified by hypertension
	3.7 Stratification analysis stratified by drinking
	3.8 Stratification analysis stratified by diabetes
	3.9 Stratification analysis stratified by education level
	3.10 Stratification analysis stratified by albumin-to-creatinine ratio
	3.11 Curve fitting analysis

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


