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Abstract
Background  The oxidative balance score (OBS) is a composite metric highlights pro-oxidants and antioxidants 
balance, representing the overall burden of oxidative stress. This study aims to examine the association between OBS 
and hyperuricemia in a Chinese population.

Methods  This study was based on population-based cross-sectional survey data of Fujian province from August 
2020 to April 2021. OBS was determined based on 10 food and lifestyle OBS components. The association between 
OBS and hyperuricemia was investigated using logistic regression analysis. Subgroup analyses identified sensitive 
populations. Restricted cubic spline (RCS) was performed to examine the potential dose-response relationship.

Results  A total of 9464 participants were included in the final analysis. An inverse association between OBS and 
hyperuricemia was observed and remained after adjusting for potential confounders. Each additional unit of OBS 
was associated with a 4% and 7% reduction in the risk of hyperuricemia in men [OR: 0.96(0.94,0.99)] and women 
[OR: 0.93(0.90,0.96)], respectively. Participants in the highest quartile had a 22% and 37% lower risk of hypertension 
compared with the lowest quartile of OBS in men [0.78(0.62,0.97)] and women [OR: 0.63(0.49,0.79)], respectively. There 
were significant interactions between OBS and gender, hypertension, and dyslipidemia on hyperuricemia (Pinteraction < 
0.05), except for age, education, and diabetes (Pinteraction > 0.05). A linear dose-response relationship between OBS and 
the risk of hyperuricemia (Pnonlinear = 0.7854) was observed.

Conclusions  An inverse association as well as dose-response relationship between OBS and hyperuricemia 
were observed. Increasing antioxidant levels through lifestyle modification may be an effective way to prevent 
hyperuricemia, especially in women. Large prospective cohort studies and randomized controlled trials are required 
to verify the effect of OBS on hyperuricemia and elucidate its causal mechanism.
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Introduction
Uric acid is a metabolite of purines in the body, and blood 
levels of uric acid reflect dietary intake of purines, syn-
thesis of uric acid by xanthine oxidase, and excretion of 
uric acid [1, 2]. Hyperuricemia is a chronic disease result-
ing from an imbalance in the balance of uric acid metab-
olism, characterized by abnormally elevated serum uric 
acid levels (≥ 7 mg/dL in men, ≥ 6 mg/dL in women, and 
≥ 5.5 mg/dL in children and teenagers) [3]. Global preva-
lence of hyperuricemia is on a gradual rise and the preva-
lence of hyperuricemia ranges from 5 to 25% in different 
countries [4–6]. Zhang et, al [7] uncovered that hyperuri-
cemia prevalence among Chinese adults was estimated to 
be 11.1% in 2015–2016 and 14% in 2018–2019, showing a 
significant escalating trend. Hyperuricemia is an impor-
tant cause of gout, an arthritis characterized by elevated 
serum uric acid level, recurrent acute arthritis, and 
chronic tophaceous gout [8]. Previous studies showed 
that hyperuricemia significantly increased the risk of 
coronary heart disease [9, 10] and chronic kidney disease 
[11, 12]. These highlight a serious concern for the future 
and the growing health burden of hyperuricemia.

The pathogenesis of hyperuricemia is not well char-
acterized. Dietary factors and lifestyle play important 
roles in hyperuricemia. Li et, al. presented a diet rich in 
anthocyanins and flavanones had significantly lower inci-
dence of hyperuricemia [13]. Other studies showed that 
higher mushroom consumption is significantly associ-
ated with lower incidence of hyperuricemia [14, 15]. 
Smoking, hypertension, alcohol drinking, dyslipidemia, 
abdominal obesity, and physical activity were also found 
to be associated with the development of hyperuricemia 
[16–19]. Most researches mainly focused on the influ-
ence of single dietary or lifestyle factors on hyperurice-
mia. However, for individuals, it is often the result of the 
comprehensive action of multiple factors. It is more ben-
eficial to formulate prevention and control strategies and 
measures to explore the influence of the comprehensive 
multi-factor on hyperuricemia.

Diet as well as lifestyle were also important in regu-
lating oxidative stress [20, 21]. Multiple studies dem-
onstrated that oxidative stress is closely associated with 
hyperuricemia [22, 23]. Oxidative stress is a pathologi-
cal state characterized by a disruption of the balance 
between pro-oxidant and antioxidant factors, with pro-
oxidant factors predominating. This imbalance can cause 
cell and tissue damage, leading to inflammation, cellular 
damage and various diseases [24].

The oxidative balance score (OBS) is a composite met-
ric that highlights the overall balance of pro-oxidants and 
antioxidants in the diet and lifestyle, representing the 
overall burden of oxidative stress [25, 26]. Generally, a 
higher OBS indicates a lower exposure to oxidants as well 
as a higher exposure to antioxidants. Growing evidences 

have suggested that OBS was inversely associated with 
several diseases, including diabetes [27], cardiovascular 
diseases [28], chronic kidney disease [29], and nonalco-
holic fatty liver disease [30]. Furthermore, several recent 
researches from National Health and Nutrition Examina-
tion Survey (NHANES) have found an inverse correlation 
between OBS and hyperuricemia [31–33]. Neverthe-
less, all three studies were based on the NHANES data-
base, and these associations in other populations are yet 
unclear. Therefore, this study aims to examine the asso-
ciation between OBS and hyperuricemia in a Chinese 
population, which may contribute new insights for future 
research on the prevention and treatment of hyperurice-
mia or related health problems.

Materials and methods
Study population
This study was based on a Cross-sectional survey data 
of Fujian province from August 2020 to 2021 April. As 
shown in Fig.  1, participants are permanent residents 
who are 18 years of age or older and reside in the admin-
istrative districts of Fujian Province. Exclusion criteria 
for the study population were as follows: (1) participants 
with partially missing data; (2) participants were preg-
nant or lactating; and (3) participants with extreme 
dietary intake. All participants included in the study pro-
vided written informed consent, and fingerprinting was 
used if participants were unable to write.

The study was approved by the Medical Research Eth-
ics Committee of the Second Affiliated Hospital of Fujian 
Medical University and Fuwai Cardiovascular Disease 
Hospital, Beijing, China (No 2020 − 1360). The survey 
was conducted in accordance with the ethical principles 
of the Declaration of Helsinki and the International Con-
ference on the Harmonization of Good Clinical Practice.

Definition of hyperuricemia
The normal range of serum uric acid levels is 210–420 
µmol/L in adult males and 150–357 µmol/L in adult 
females, with women’s blood uric acid levels approach-
ing those of men after menopause [34]. Participants with 
fasting serum uric acid levels ≥ 7.0  mg/dL (420 µmol/L) 
in men and ≥ 6.0  mg/dL (357 µmol/L) in women were 
defined as hyperuricemic patients [34].

Data collection
Participants completed a standardized questionnaire 
developed by the National Coordinating Center of Fu 
Wai Hospital (Beijing, China) through face-to-face inter-
views with trained staff [35]. The questionnaire included 
sociodemographic factors (gender, age, occupation, edu-
cation, marital status, place of residence, economic sta-
tus, health insurance, etc.), behavioral factors (smoking, 
alcohol consumption, physical activity, regular sleep, 
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etc.), personal medical history (hypertension, diabe-
tes, dyslipidemia, hyperuricemia), and family history of 
hypertension. The physical examination includes mea-
surement of height, weight, body fat, waist circumfer-
ence, blood pressure, etc.

Assessment of oxidative balance score
As shown in Table 1, a total of 10 food and lifestyle OBS 
(FoodL-OBS) components were included in this study, 
including 5 pro-oxidants (meat and meat products, 
smoking status, alcohol consumption status, obesity 
and abdominal obesity) and 5 anti-oxidants (vegetables, 
fruits, fish and other aquatic products, tea consumption 
status and physical activity). Scores for each component 
were defined as 0, 1, or 2, except for the abdominal obe-
sity, which was defined as 0 or 1.

Body measurement and assessment of other covariates
Body mass index (BMI) is defined by the following equa-
tion: BMI = weight/height2 (kg/m2). Overweight was 
defined as BMI in the range of 24–28 kg/m2, and obesity 
was defined as BMI ≥ 28  kg/m2 [36]. Abdominal obesity 
was defined as a waist circumference of ≥ 85 cm in men 
and ≥ 80 cm in women [36].

Blood pressure was measured with the OMRON HBP-
1300 Professional Portable Blood Pressure Monitor 
(OMRON, Kyoto, Japan) by health professionals. Accord-
ing to 2018 Chinese guidelines for the management of 
Hypertension, hypertension is defined as a systolic blood 
pressure ≥ 140 mmHg, or a diastolic blood pressure ≤ 90 
mmHg, or being on antihypertensive medication [37]. 
Participants with one or more of the following abnor-
malities were diagnosed with dyslipidemia: total cho-
lesterol ≥ 6.2 mmol/L, total triglyceride > 2.25 mmol/L, 
low-density lipoprotein cholesterol > 4.13 mmol/L or 
high-density lipoprotein cholesterol < 1.03 mmol/L [38]. 
Diabetes was diagnosed as follows: fasting plasma glu-
cose ≥ 7.0 mmol/L or 2-h postprandial glucose ≥ 11.1 

Table 1  Definition of indicators of oxidative balance score
OBS components Assignment scheme*
Dietary components
Consumption of 
vegetables(A)

0 = low, 1 = intermediate, 2 = high

Consumption of fruits(A) 0 = low, 1 = intermediate, 2 = high
Consumption of fish and 
other aquatic products(A)

0 = low, 1 = intermediate, 2 = high

Consumption of meat and 
meat products(P)

0 = high, 1 = intermediate, 2 = low

Lifestyle components
Tea consumption status(A) 0 = never, 1 = occasional (< 1 day/week), 

2 = frequent (≥ 1 day/week)
Physical activity(A) 0 = low (moderate or vigorous activity 

less than once per week), 1 = moderate 
(vigorous activity once a week plus mod-
erate activity once a week, or moderate 
activity 2–4 times a week), 2 = high (vig-
orous activity twice a week or moderate 
activity more than 4 times a week)

Smoking status(P) 0 = regular (≥ 1 day/week), 1 = occasional 
(< 1 day/week), 2 = never

Drinking status(P) 0 = frequent (≥ 1 day/week), 1 = occa-
sional (< 1 day/week), 2 = never

Overweight/obese(P) 0 = obese, 1 = overweight, 2 = normal 
weight

Abdominal obesity(P) 0 = abdominal obesity, 1 = normal
Low, intermediate, and high categories correspond to tertile values among 
participants at the baseline survey. P, pro-oxidant; A, anti-oxidant

Fig. 1  Flow diagram of study subjects included in the analysis
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mmol/L [39], or self-reported doctor-diagnosed diabetes 
or taking diabetes medication.

Statistical analysis
Participants were divided into 4 groups based on quar-
tiles of male and female OBS, respectively. Independent 
Students t-test was used for comparisons of continuous 

variables between two groups, and ANOVA was used 
for comparisons of continuous variables among mul-
tiple groups. Chi-Square test was used for comparisons 
of nominal variables among groups. Univariate and 
multivariable logistic regression analysis were used to 
evaluate the association between OBS and hyperurice-
mia. Subgroup analysis was also performed to examine 
relationship of OBS with hyperuricemia by the following 
subgroups: gender (male or female), age (< 60 years or 
≥ 60 years), education levels (less than high school, high 
school, or more than high school), presence of diabetes 
(yes or no), presence of dyslipidemia (yes or no), and 
presence of hypertension (yes or no). In order to evalu-
ate dose-response association between continuous OBS 
and hyperuricemia, a logistic model with restricted cubic 
spline was used, adjusting for age, gender, education 
level, household income, presence of hypertension, dia-
betes, and dyslipidemia.

Statistical analyses were performed using SPSS version 
19.0.0.1 (IBM SPSS, 2010, Chicago, IL, USA) and R ver-
sion 4.3.2 (R Statistical Computing Project). All P values 
were two-tailed and P values < 0.05 were considered sta-
tistically significant.

Results
Baseline characteristics
A total of 9464 participants from 9790 eligible partici-
pants were included in the statistical analysis. Of the 
9464 participants, 2719 (28.73%) had hyperuricemia. The 
prevalence of hyperuricemia was higher in males (1750, 
37.33%) than in females (969, 20.29%). Participants with 
hyperuricemia were younger and less educated (Table 2). 
Comparison of baseline characteristics showed higher 
prevalence of hypertension, diabetes mellitus, dyslipid-
emia and other cardiovascular diseases among hyperuri-
cemic participants. Total OBS, dietary and lifestyle OBS 
were significantly higher in non-hyperuricemic partici-
pants compared to hyperuricemic participants.

Table 3 summarizes the baseline characteristics of the 
FoodL-OBS quartile array study population. In men, par-
ticipants in the highest FoodL-OBS quartile were more 
likely to have lower prevalence of hyperuricemia and 
hypertension compared with participants in the low-
est FoodL-OBS quartil. Compared with participants 
in the lowest FoodL-OBS quartile, those in the highest 
FoodL-OBS quartile were more likely to be younger and 
to have lower prevalence of hyperuricemia, hyperten-
sion, diabetes, and dyslipidemia in women. In terms of 
socioeconomic status, participants in the higher quar-
tiles of the FoodL-OBS were more likely to have higher 
levels of education and income in both men and women. 
Table  4 shows the clinical characteristics of each of the 
FoodL-OBS indicators in men and women. Consistent 
results in males and females, mean values for vegetables, 

Table 2  Baseline characteristics of all participants with 
hyperuricemia
Variables Overall

(n = 9464)
Non- hyper-
uricemia 
(n = 6745)

hyperurice-
mia 
(n = 2719)

P-
Value

Age (years) 44.66 ± 18.06 44.98 ± 17.52 43.87 ± 19.31 0.007
Gender, n (%) < 0.001
  Female 4776(50.46) 3807(79.71) 969(20.29)
  Male 4688(49.54) 2938(62.67) 1750(37.33)
Age group, 
n (%)

0.164

  < 60 years 7449(78.71) 5334(71.61) 2115(28.39)
  ≥ 60 years 2015(21.29) 1411(70.02) 604(29.98)
Education, 
n (%)

< 0.001

  Less than 
high school

5041(53.27) 3687(73.14) 1354(26.86)

  High school 1755(18.54) 1194(68.03) 561(21.97)
  More than 
high school

2668(28.19) 1864(69.87) 804(20.13)

Hypertension, 
n(%)

< 0.001

  yes 3233(34.16) 1125(34.80) 2108(65.20)
  no 6231(65.84) 4637(74.42) 1594(25.58)
Diabetes, n(%) 0.943
  yes 346(3.66) 100(28.90) 246(71.10)
  no 9118(96.34) 6499(71.28) 2619(28.72)
Dyslipidemia, 
n(%)

< 0.001

  yes 281(2.97) 173(61.57) 108(38.43)
  no 9183(97.03) 6572(71.57) 2611(28.43)
Other car-
diovascular 
diseases, n (%)

0.039

  yes 109(1.15) 68(62.39) 41(37.61)
  no 9355(98.85) 6677(71.37) 2678(28.63)
Household 
income, n (%)

< 0.001

  <20 thou-
sand yuan/year

3206(33.88) 2346(73.18) 860(26.82)

  20–50 thou-
sand yuan/year

3996(42.22) 2846(71.22) 1150(28.78)

  >50 thou-
sand yuan/year

2262(23.90) 1553(68.66) 709(31.34)

OBS 11.33 ± 2.32 11.48 ± 2.29 10.96 ± 2.36 < 0.001
Dietary OBS 3.85 ± 1.57 3.84 ± 1.55 3.86 ± 1.59 0.459
Lifestyle OBS 6.89 ± 1.50 6.99 ± 1.46 6.63 ± 1.56 < 0.001
*P value for the comparison of baseline characteristics of hyperuricemia versus 
non-hyperuricemia in baseline surveys. Significance was set at P < 0.05. OBS, 
oxidative balance score
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fruits, meat, fish, and other aquatic products increased 
with increasing FoodL-OBS quartiles. Significantly 
higher proportions of participants in the lowest quartile 
of the FoodL-OBS were regular smokers, regular drink-
ers, never drinkers of tea, obese, abdominally obese, and 
physically inactive compared to participants in the high-
est quartile of the FoodL-OBS.

Relationship between oxidative balance score and 
hyperuricemia
Table 5 shows the relationship between FoodL-OBS and 
hyperuricemia. We found an inverse association between 
FoodL-OBS and hyperuricemia in both men and women. 
Multivariate logistic regression analyses showed that 
each additional unit of FoodL-OBS was associated with 
a 4% and 7% reduction in the risk of hyperuricemia in 
men [OR: 0.96(0.94,0.99), P < 0.001] and women [OR: 
0.93(0.90,0.96), P < 0.001], respectively. Sensitivity analy-
ses were performed after changing FoodL-OBS from a 

continuous to a categorical variable. In the fully adjusted 
model, participants in the highest quartile had a 22% and 
37% lower risk of hypertension compared with the lowest 
quartile of FoodL-OBS in men [0.78(0.62,0.97), P < 0.001] 
and women [OR: 0.63(0.49,0.79), P < 0.001], respectively.

Subgroup analyses
Researchers conducted subgroup analyses and interac-
tion tests by age, gender, education, hypertension, diabe-
tes, and dyslipidemia to assess whether the relationship 
between FoodL-OBS and hyperuricemia was consistent 
in the general population. The results showed that the 
inverse association between FoodL-OBS and hyperurice-
mia remained in all subgroups. As shown in Fig. 2, there 
were significant interactions between FoodL-OBS and 
gender, hypertension and dyslipidemia on hyperuricemia 
(Pinteraction < 0.05), except for age, education and diabe-
tes (Pinteraction > 0.05). The inverse effect of FoodL-OBS 
on hyperuricemia was stronger in the female population 

Table 3  Baseline characteristics of participants by quartiles of oxidative balance scores for men and women
Character-
istics

Oxidative Balance Score

Men Women

Quartile 1
(< 9)

Quartile 2
(9–10)

Quartile 3
(11–13)

Quartile 4
(> 13)

P-
value

Quartile 1
(< 10)

Quartile 2
(10–11)

Quartile 3
(12–13)

Quartile 4
(> 13)

P-
value

Age(years) 44.24 ± 18.12 44.29 ± 18.13 43.86 ± 18.12 45.92 ± 19.41 0.105 50.70 ± 19.53 45.25 ± 18.48 43.45 ± 17.06 43.09 ± 15.84 < 0.001
Hyperurice-
mia, n(%)

0.003 < 0.001

  yes 324(41.81) 474(39.17) 738(35.60) 214(33.97) 205(27.97) 293(21.25) 292(18.32) 179(16.73)
  no 451(58.19) 736(60.83) 1335(64.40) 416(66.03) 528(72.03) 1086(78.75) 1302(81.68) 891(83.27)
Hypertension, 
n(%)

< 0.001 < 0.001

  yes 392(50.58) 502(41.49) 772(37.24) 189(30.00) 352(48.02) 427(30.96) 383(24.03) 216(20.19)
  no 383(49.42) 708(58.51) 1301(62.76) 441(70.00) 381(51.98) 952(69.04) 1211(75.97) 854(79.81)
Diabetes, n(%) 0.316 < 0.001
  yes 27(3.48) 37(3.06) 78(3.76) 30(4.76) 57(7.78) 55(3.99) 42(2.63) 20(1.87)
  no 748(96.52) 1173(96.94) 1995(96.24) 600(95.24) 676(92.22) 1324(96.01) 1552(97.37) 1050(98.13) 0.026
Dyslipidemia, 
n(%)

0.879

  yes 27(3.48) 43(3.55) 64(3.09) 22(3.49) 31(4.23) 35(2.54) 36(2.26) 23(2.15)
  no 748(96.52) 1167(96.45) 2009(96.91) 608(96.51) 702(95.77) 1344(97.46) 1558(97.74) 1047(97.85)
Education 
level, n (%)

< 0.001 < 0.001

  Less than 
high school

424(54.71) 643(53.14) 986(47.56) 281(44.60) 492(67.12) 784(56.85) 871(54.64) 560(52.34)

  High school 173(22.32) 238(19.67) 505(24.36) 168(26.67) 80(10.91) 184(13.34) 224(14.05) 183(17.10)
  More than 
high school

178(22.97) 329(27.19) 582(28.08) 181(28.73) 161(21.96) 411(29.80) 499(31.30) 327(30.56)

Household 
income, thou-
sand yuan/
year, n (%)

0.018 < 0.001

  <20 250(32.26) 433(35.79) 660(31.84) 174(27.62) 343(46.79) 502(36.40) 536(33.63) 308(28.79)
  20–50 316(40.77) 477(39.42) 894(43.13) 289(45.87) 276(37.65) 593(43.00) 686(43.04) 465(43.46)
  >50 209(26.97) 300(24.79) 519(25.04) 167(26.51) 114(15.55) 284(20.59) 372(23.34) 297(27.76)
*P value for the comparison of the baseline characteristics among quartile groups of oxidative balance score at the baseline survey. Significance was set at P < 0.05
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[0.93(0.90,0.96)] and in the dyslipidemia population 
[0.91(0.81,1.01)]. In addition, the inverse correlation 
effect was significantly higher in those without hyper-
tension [0.93(0.90,0.95)] than in those with hypertension 
[0.97(0.94,0.99)].

RCS analysis
The dose-response relationship between FoodL-OBS and 
risk of hyperuricemia was further evaluated using RCS 
curves. As shown in Fig.  3A, the risk of hyperuricemia 
decreased with increasing FoodL-OBS (Pfor total<0.001). 
The relationship between FoodL-OBS and the risk of 
hyperuricemia was linearly (Pnonlinear = 0.7854). The 
results of the RCS analysis by gender showed that, con-
sistent with the relationship between overall FoodL-OBS 

and the risk of hyperuricemia, FoodL-OBS was inversely 
and linearly associated with the prevalence of hyperuri-
cemia in men (Pnonlinear = 0.9480) and in women (Pnonlinear 
= 0.1988) (Fig.  3B). And the risk of hyperuricemia 
decreased with increasing FoodL-OBS, and the reduction 
in hyperuricemia risk was more pronounced in women 
than in men. This is also consistent with the results of the 
subgroup analysis.

Discussion
To the best of our knowledge, this is the first large pop-
ulation based cross-sectional study that explores the 
association between FoodL-OBS and the risk of hyper-
uricemia in China. In this cross-sectional study, an 
inverse association between FoodL-OBS and the risk of 

Table 5  Association between oxidative balance score and hyperuricemia in men and women
Exposure Men Women

Model 1
[OR(95% CI)]

Model 2
[OR(95% CI)]

Model 3
[OR(95% CI)]

Model 1
[OR(95% CI)]

Model 3
[OR(95% CI)]

Oxidative Balance Score (continuous) 0.96(0.93,0.98) 0.96(0.93,0.98) 0.96(0.94,0.99) 0.90(0.87,0.93) 0.93(0.90,0.96)
Oxidative Balance Score (quartile)
Quartile 1 reference reference reference reference reference
Quartile 2 0.90(0.75,1.08) 0.92(0.76,1.10) 0.93(0.77,1.12) 0.69(0.57,0.85) 0.78(0.63,0.96)
Quartile 3 0.77(0.65,0.91) 0.77(0.65,0.91) 0.80(0.67,0.95) 0.58(0.47,0.71) 0.68(0.55,0.84)
Quartile 4 0.72(0.58,0.89) 0.71(0.57,0.89) 0.78(0.62,0.97) 0.52(0.41,0.65) 0.63(0.49,0.79)
P for trend 0.003 0.002 0.022 < 0.001 < 0.001
Model 1: No covariates were adjusted. Model 2: Hypertension, education level and household income were adjusted. Model 2: Age, hypertension, diabetes, 
dyslipidemia, education level and household income were adjusted

Fig. 2  Subgroup analysis of the association between oxidative balance score and hyperuricemia. Age, sex, education level, hypertension, diabetes and 
dyslipidemia were adjusted. OR, odds ratio; CI, confidence interval
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hyperuricemia was found in both men and women. This 
association was remained when adjusted for significant 
covariates. Significant interactions between FoodL-OBS 
and gender, hypertension and dyslipidemia on hyperuri-
cemia were also found. The inverse effect of FoodL-OBS 
on hyperuricemia was stronger in women, dyslipidemia, 
and hypertension participants. Additionally, FoodL-OBS 
was inversely and linearly associated with the risk of 
hyperuricemia. The risk of hyperuricemia decreased with 
increasing FoodL-OBS and was more markedly reduced 
in women than in men.

Significant association between OBS and hyperuri-
cemia was observed in a few studies [31–33]. In accor-
dance with previous studies, present study demonstrate 
that high FoodL-OBS could decrease the risk of hyper-
uricemia. FoodL-OBS represents the overall burden of 
oxidative stress, which can cause cell and tissue dam-
age, leading to inflammation, cellular damage and vari-
ous diseases [24–26]. Wang et, al. [31] suggested an 
inverse association of OBS with hyperuricemia and goat 
using a population database from the NHANES from 
2007 to 2018. Adults with OBS in the second (OR: 0.85, 
95% CI: 0.72–0.99), third (OR: 0.71, 95% CI: 0.58–0.85), 
and fourth (OR: 0.48, 95% CI: 0.38–0.61) quartiles had 
a reduced risk of hyperuricaemia compared with adults 
with OBS in the first quartile. Another study including 
participants in the NHANES from 2007 to 2018 under-
scored a robust inverse association of OBS with serum 
uric acid levels and the incidence of hyperuricemia [32]. 
The OR (95% CI) was 0.80 (0.67 to 0.97) for the third 
quartile of OBS and 0.55 (0.44 to 0.70) for the fourth 

quartile of OBS compared with the reference category for 
the first quartile of OBS. Using the NHANES database 
from 2011 to 2018, Yang et, al. [33] found that serum uric 
acid levels and prevalence of hyperuricemia in US adults 
exhibited an inverse association with OBS. Compared 
to Quartile 1, participants in Quartile 4 had a 38% lower 
prevalence of hyperuricemia [0.62 (0.55, 0.71)]. Similar 
to the risk estimates from these studies, in the present 
study, participants in the highest quartile had a 22% and 
a 37% lower risk of hypertension compared with the low-
est quartile of FoodL-OBS in men [0.78(0.62,0.97)] and 
women [OR: 0.63(0.49,0.79)], respectively.

There are some possible mechanisms by which OBS is 
related to hyperuricemia. High activity of xanthine oxi-
dase is a contributing factor to hyperuricemia, which 
leads to excessive production of uric acid, which is con-
centrated in the extremities [40]. Xanthine oxidoreduc-
tase is a rate-limiting enzyme in purine catabolism, which 
catalyzes the oxidation of hypoxanthine to xanthine and 
xanthine to uric acid, and produces reactive oxygen spe-
cies (ROS) [22]. Yang et, al. [41] found that inhibition of 
xanthine oxidase protects against diabetic kidney disease 
through the amelioration of oxidative stress. Oxidative 
stress is a condition in which the cell’s antioxidant clear-
ance system is overwhelmed by the overproduction of 
ROS, resulting in the oxygen paradox [42]. Previous study 
indicated that Uric acid promotes the production of ROS 
and activates several inflammatory signaling pathways, 
and then lead to higher oxidative stress level [43]. Liu et, 
al. [22] showed that oxidative stress played an important 

Fig. 3  RCS analysis of the association between FoodL-OBS and hyperuricemia. The association was adjusted for age, gender, education level, household 
income, hypertension, diabetes, and dyslipidemia. (A) RCS curve of the association between FoodL-OBS and hyperuricemia among all participants. (B) 
RCS curve of the association between FoodL-OBS and hyperuricemia among female and male participants. RCS, restricted cubic spline; OR, odds ratio; 
CI, confidence interval
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role in the development of hyperuricemia at a certain 
level.

Subgroup analysis and interaction test revealed that the 
risk of hyperuricemia decreased with increasing FoodL-
OBS, and the reduction in hyperuricemia risk was more 
pronounced in women, dyslipidemia and non-hyper-
tension populations. In consistent with our results, sev-
eral studies indicated that women were at lower level of 
uric acid and lower risk of hyperuricemia [44–47]. This 
perhaps related to a regulation of sex hormones levels, 
which were reported to be independently associated with 
hyperuricemia and were contributed to the development 
of obesity [45, 48]. The prevalence of hyperuricemia was 
observed to decrease with the increase of OBS in various 
subgroups of hypertension and dyslipidemia. Metabolic 
disorders, including hyperuricemia, hypertension, and 
dyslipidemia are closely linked with insulin resistance 
[49]. And the pathological and physiological pathogen-
esis mechanism of insulin resistance may be oxidative 
stress and inflammation [50].

This study has several strengths of note. First, this is 
the first large population-based cross-sectional study 
that examines the association between FoodL-OBS and 
the risk of hyperuricemia in China. Second, the use of 
whole-population random sampling can include accurate 
representative samples and eliminate sampling bias. Last, 
the OBS assessment in this study was calculated based 
on 10 food and lifestyle components, which are simpler 
and easier to use. There are still some shortcomings in 
present study. Firstly, this is a cross-sectional study, and 
the casual inference was not allowed. Secondly, for self-
reported diet and other data, measurement errors are 
inevitable. However, in this study standardized face-to-
face interviews and physical examination performed by 
trained staff have minimized the impact of measurement 
errors. Finally, although a comprehensive set of con-
founders were considered, it is possible that the presence 
of confounders was not measured as an observational 
study. For example, endogenous factors that alter oxi-
dative stress (gut microbiota and genes associated with 
antioxidant enzymes) and environmental factors (air 
and water pollutants, UV radiation, pathogen infection, 
and extreme temperatures). However, we substantiated 
the effects of FoodL-OBS on hyperuricemia, by multiple 
statistical methods including subgroup analysis and RCS 
analysis.

Conclusions
In conclusion, an inverse association as well as dose-
response relationship between FoodL-OBS and hyper-
uricemia were observed. Significant interactions between 
FoodL-OBS and gender, hypertension and dyslipidemia 
on hyperuricemia were also detected. The risk of hyper-
uricemia decreased with increasing FoodL-OBS and was 

more markedly reduced in women than in men. Main-
taining an appropriate body weight, physical activity, a 
non-smoking, non-alcoholic, as well as regular tea-drink-
ing lifestyle, and a healthy dietary pattern could be effec-
tive in reducing the risk of hyperuricemia. And it may 
be more effective in women than in men. However, large 
prospective cohort studies and randomized controlled 
trials are needed to verify the effect of OBS on hyperuri-
cemia and elucidate its causal mechanism.
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