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Introduction
Hyperuricemia (HUA), characterized by the excessive 
production or inadequate excretion of uric acid, is a sig-
nificant global health concern closely associated with 
gout and a variety of other medical conditions, impacting 
individuals of all genders and ages [1, 2]. HUA can serve 
as an independent risk factor for numerous systemic 
diseases, such as cardiovascular diseases, gout, chronic 
kidney disease and hypertension [3]. As of 2016, the 
prevalence of HUA has reached 21% worldwide [4], rang-
ing from 14.6 to 20% in the United States [5]. Notably, 
there is a trend affecting younger individuals, with mean 
age of 38.6 years old. HUA can impose substantial health 
burdens on public health infrastructure [6]. Hence, it is 
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Abstract
Background  Remnant cholesterol (RC) is an important marker for assessing the risk of metabolic syndrome. 
However, the correlation between RC and hyperuricemia (HUA) remains unclear. This study aimed to explore the 
correlation between RC and HUA in American adults.

Methods  A total of 9089 participants from the 2013–2020 National Health and Nutrition Examination Survey were 
investigated. The correlation between RC and the odds of HUA was evaluated using multivariate logistic regression 
analysis. The nonlinear correlation was described using fitted smoothed curves. The correlation in subgroups was 
analyzed based on race, gender, alcohol consumption, age, body mass index, waist circumference, diabetes and 
moderate physical activities.

Results  RC was correlated with uric acid (Spearman’s correlation coefficient = 0.208 in males and 0.215 in females; all 
P < 0.001). Multiple logistic regression analysis indicated a positive correlation between RC and the risk of HUA (odds 
ratio = 1.022 in males and 1.031 in females; all P < 0.001). Subgroup analysis revealed that the correlation was stronger 
in females, participants aged < 50 years, and those without diabetes. Furthermore, the generalized smooth curve 
fitting demonstrated a linear correlation between RC and HUA, without threshold or saturation effects.

Conclusion  Elevated RC significantly and positively correlated with HUA in American adults. This correlation was 
stronger among females, participants aged < 50 years, and those without diabetes.
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imperative to develop a straightforward and expeditious 
detection technique for timely identifying individuals at 
heightened risk of HUA, enabling targeted interventions 
for disease prevention.

RC, an innovative atherogenic lipoprotein, refers to the 
cholesterol content present in triglyceride-rich lipopro-
teins, predominantly comprising chylomicron remnants, 
quite low-density lipoproteins, and intermediate-density 
lipoproteins. Typically, RC can be determined by sub-
tracting the levels of high-density lipoprotein choles-
terol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) from Total cholesterol (TC), as calculated from 
a standard lipid profile [7]. Notably, mechanistic evidence 
indicated that elevated concentrations of RC are associ-
ated with low-grade inflammation, which are geneti-
cally affected by insulin resistance (IR) [8–10]. A study 
of a subject on the epidemiology demonstrated that as 
the level of RC increases, there will be a corresponding 
increase in the prevalence of T2DM, hypertension, and 
lipid disorders [11–14]. Furthermore, the correlation 

between RC and MetS is characterized by a positive feed-
back loop involving IR, chronic inflammation, hyperten-
sion and abnormal lipid metabolism. RC has the impact 
on these factors and its reciprocal correlation with the 
results in the accelerated progression of MetS [15–18].

Previous studies have explored the correlation between 
conventional lipid parameters such as TC or triglycerides 
(TG) and HUA [19–22], while the precise correlation 
between RC and HUA remains unclear. Consequently, 
this study aims to investigate the potential correla-
tion between RC and HUA in American adults without 
receiving lipid-lowering treatment.

Methods
Subjects and research design
The data analyzed obtained from NHANES (2013–2020) 
were analyzed in this study, with a stratified, multi-stage 
probability and complex sample of the uninstituted pop-
ulation in the United States. The cross-sectional surveys 
were conducted by NCHS. Further information regard-
ing NHANES methods can be accessed at www.cdc.gov/
nchs/NHANEs/.

The study focuses exclusively on subjects aged 18 years 
old and above (n = 27,654), among which, 18,565 subjects 
were eliminated: (1) Those with missing data on uric 
acid, lipid profiles; (2) Those with a history of using lipid 
lowering drugs and uric acid-lowering drugs; (3) Those 
with severe diseases such as kidney disease and inflam-
matory disease. Consequently, a total of 9089 subjects 
aged 18–80 years old were involved in the final analysis 
(Fig. 1).

The implementation of NHANES was approved by 
NCHS Ethics Review Board, and all subjects have pro-
vided informed consent in written.

Anthropometric measurements
The following data including history of diabetes, alcohol 
intake, race (non-Hispanic white, non-Hispanic black, 
Hispanic (Mexican-American and other Hispanic), and 
other race/multiracial), physical activity, education and 
physical measurements, including weight, WC, height 
and blood pressure were collected at admission.

TC, glycosylated hemoglobin (HbA1c), LDL-C, uric 
acid (UA), fasting plasma glucose (FPG), TG, alanine 
aminotransferase (ALT), creatinine, glutamyl transpepti-
dase (GGT), aspartate aminotransferase (AST), albumin 
and HDL-C were collected in blood samples. Less than 
3% of values were missed in total. Multiple imputation 
was performed for missing values. The detailed measur-
ing method and acquisition process of each variable are 
available at www.cdc.gov/nchs/nhanes.

Fig. 1  Flowchart of the sample selection from the 2013–2020 NHANES
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Definition of lipid‑related indicators
Serum or plasma TC, HDL-C, and LDL-C were measured 
in participants who fasted for more than 8.5 h while less 
than 24  h in the NHANES laboratory. Specifically, TC 
was measured with the enzymatic assay and HDL-C was 
measured with the immunoassay. LDL-C was calculated 
from the measured values of total cholesterol (TC), tri-
glycerides, and HDL-C according to the Friedewald 
calculation: [LDL-C] = [TC]—[HDL-C]—[TG/5]. The 
concentration of triglycerides in serum or plasma was 
determined with the timed-endpoint method. The 2019 
European Society of Cardiology and European Athero-
sclerosis Society (ESC/EAS) guidelines for the manage-
ment of dyslipidaemias recommend the use of TC minus 
HDL-C and LDL-C for RC calculation [23].

HUA was defined as a uric acid level exceeding 7 mg/
dL in males and 6 mg/dL in females [24]. WC of central 
obesity was defined as ≥ 102 cm in males and ≥ 88 cm in 
females [25]. Lean weight was defined as BMI < 18.5 kg/
m2, normal weight was defined as 18.5 ≤ BMI < 25  kg/
m2, overweight defined as 25 ≤ BMI < 30  kg/m2, obe-
sity defined as BMI ≥ 30  kg/m2. Waist-to-height ratio 
(WHtR) = WC (cm)/height (cm).

Statistical analysis
In this study, continuous data were presented as weighted 
mean ± SD, and categorical variables were represented 
as weighted proportions. The participants were strati-
fied into four quartiles according to the levels of RC (Q1: 
<13.14; Q2: 13.14–20.10; Q3: 20.10-29.96; Q4: >29.96 in 
male group, Q1: <12.06; Q2: 12.06–17.94; Q3: 17.94–
28.89; Q4: >28.89 in female group). To assess disparities 
among the quartiles, the categorical variables were deter-
mined with weighted χ2 test. The correlation between 
RC and the presence of HUA was assessed through 
Binary logistic regression models. In Model 1, no covari-
ate was adjusted. In Model 2, the covariates that change 
at least 10% of the initial regression coefficient of the 
matching risk of RC-related HUA was regarded as con-
founding factors and adjusts them (race, age and WHtR 
were adjusted). In Model 3, it was considered to be a 
fully adjustment since all non-collinear variables were 
adjusted (WHtR, race, age, moderate activities, diabe-
tes, education level, drinking, waist circumference, DBP, 
serum creatinine, TG, ALT, SBP, AST, GGT, FPG, albu-
min were adjusted). Subgroup analyses on key variables 
(gender, age, race, BMI, WC, diabetes, moderate activi-
ties as well as drinking) were also conducted to assess 
the effect stratified by prespecified risk factors and the 
potential interaction effect. The potential nonlinear cor-
relation between RC and HUA probabilities as investi-
gated through a smooth curve fitting. Statistical analysis 
was performed with EmpowerStats software and R, with 
the significance, P < 0.05.

Results
Baseline characteristics
A total of 9089 participants aged from 18 to 80 were 
included in this study, with the prevalence of HUA of 
16.9%. As shown in Table  1, the prevalence of HUA 
reached 13.9% in females and 20.2% in males, respec-
tively. Age, proportion individuals with diabetes, WC, 
BMI, WHtR, SBP, DBP, ALT, AST, GGT, TC, TG, 
uric acid LDL-C and RC levels were all higher in HUA 
patients than those in non-HUA patients with both gen-
ders (P < 0.001).

Correlation between RC and metabolic parameters
The correlation between RC and metabolic parameters, 
as measured by Spearman’s correlation coefficient, can 
be found in Table  2. It was evident that RC was posi-
tively correlated with BMI, WC, WHtR, SBP, DBP, FPG, 
TC, TG, LDL-C, uric acid, and negatively correlated with 
HDL-C (Table 2).

Linear correlation between RC and HUA
Three weighted multivariate regression models were 
developed to examine the correlation between HUA and 
RC (Table  3). In the unadjusted model, RC was posi-
tively correlated with HUA probabilities (OR = 1.021 in 
male and 1.032 in female). The correlation still existed 
in Model 2(OR = 1.022 in male and 1.030 in female) and 
Model 3(OR = 1.022 in male and 1.031 in female). More-
over, compared with the lowest level of RC (Q1) in Model 
3 (P < 0.001), HUA of the subjects in quartiles 3 and 4 
increased. To further investigate the correlation between 
RC and HUA, a generalized additive model and smooth 
curve fittings were adopted (Fig.  2). Among all partici-
pants, RC had a linear correlation with HUA without 
threshold or saturation effects.

Subgroup analysis on correlation between RC and HUA
The consistency of the correlation between RC and the 
odds ratio of HUA across different demographic con-
texts was evaluated through a comprehensive subgroup 
analysis. Due to a small sample size with a BMI less than 
18.5 kg/m2 and a prevalence rate of only 4.5% for hyper-
uricemia, it was not included in the subgroup analysis. 
As shown in Table 4, the positive correlation between RC 
and the odds ratio of HUA was not significantly affected 
by race, BMI, WC, moderate activities and drinking 
(P > 0.05 for all interactions). The correlation between 
RC and HUA odds ratio was stronger among female par-
ticipants (OR = 1.031, P interaction < 0.001), among par-
ticipants with age < 50 years old (OR = 1.029, P < 0.001), 
among non-diabetes (OR = 1.030, P interaction < 0.001).

The generalized additive model and fitted smoothing 
curve are consistent with multivariate logistic regression 
models for the different subgroup (Fig. 3).
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Discussion
This study discovered a strong positive correlation 
between RC and the prevalence of HUA in American 
adults, even after adjusting for various confounding fac-
tors, and exhibited a linear correlation. Through sub-
group analysis and interaction assessment, a stronger 
correlation was discovered in females, participants with 
age < 50 years old and those with non-diabetes. This is 
the first known study of the strong positive correlation 

between RC and the prevalence of HUA and the pres-
ence of age, gender and diabetes differences in American 
adults.

With the material living conditions have been improved 
and unhealthy lifestyles become more prevalent, the inci-
dence rate of HUA continues to rise [5, 26–28]. Notably, 
the Atherosclerosis Risk in Communities Study includ-
ing 9451 Americans regularly consumed high-fructose 
corn syrup, such as sugar-sweetened soda, reported a 

Table 1  Baseline characteristics of the study population stratified by HUA and gender
Male P-value Female P-value
HUA Non-HUA HUA Non-HUA

Number 860 3404 673 4152
Age, year 47.1 ± 18.4 44.5 ± 17.6 < 0.001 52.1 ± 18.1 43.7 ± 16.8
Race, % 0.013 < 0.001
Mexican American 13.3 15.7 7.4 15.9
Other Hispanic 9.0 10.1 9.8 11.6
Non-Hispanic White 33.7 36.0 37.6 32.5
Non-Hispanic Black 25.9 21.0 28.7 22.3
Other Race 18.1 17.2 16.5 17.7
Moderate activities, % 0.561 0.038
Yes 42.0 40.9 37.7 42.9
No 58.0 59.1 62.3 57.1
Diabetes 0.021 < 0.001
Yes 11.3 8.5 11.4 6.8
No 88.7 81.5 88.6 93.2
Education level 0.001 0.551
Less than high school 17.7 23.0 17.9 18.9
High school or above 82.3 77.0 82.1 81.1
drinking, % 0.237 0.168
Current or ever 51.9 49.6 47.5 44.7
Never 48.1 50.4 52.5 55.3
Height, cm 174.7 ± 7.6 174.1 ± 7.6 0.042 160.3 ± 7.4 160.7 ± 6.9 0.186
Weight, cm 97.2 ± 26.4 83.6 ± 19.1 < 0.001 91.4 ± 28.0 74.8 ± 21.1 < 0.001
Body mass index, Kg/m2 31.8 ± 8.1 27.5 ± 5.6 < 0.001 35.3 ± 9.8 28.9 ± 7.6 < 0.001
Waist circumference, cm 107.4 ± 17.5 97.0 ± 15.3 < 0.001 109.8 ± 19.4 95.3 ± 17.0 < 0.001
WhtR 0.61 ± 0.10 0.56 ± 0.09 < 0.001 0.68 ± 0.12 0.59 ± 0.10 < 0.001
Systolic blood pressure, mmHg 127.0 ± 17.5 124.1 ± 17.2 0.001 127.0 ± 20.7 118.7 ± 17.8 < 0.001
Diastolic blood pressure, mmHg 73.5 ± 12.3 71.1 ± 12.4 < 0.001 70.4 ± 13.4 68.4 ± 11.7 0.002
Hemoglobin A1c, % 5.7 ± 0.9 5.7 ± 1.1 0.778 5.8 ± 0.8 5.6 ± 1.0 < 0.001
FPG, mg/dL 109.4 ± 25.0 109.4 ± 34.9 0.997 110.0 ± 25.7 103.9 ± 31.2 < 0.001
ALT, U/L 31.4 ± 22.2 26.7 ± 21.0 < 0.001 21.7 ± 12.7 18.7 ± 16.6 < 0.001
AST, U/L 27.7 ± 16.5 25.3 ± 22.5 0.003 22.7 ± 10.6 20.9 ± 18.4 0.013
GGT, U/L 41.0 ± 46.9 32.0 ± 53.5 < 0.001 31.2 ± 37.5 22.7 ± 31.6 < 0.001
Albumin, mg/dL 4219 ± 380 4253 ± 346 0.017 4017 ± 3420 4031 ± 355 0.343
Creatinine, mg/dL 1.08 ± 0.38 0.95 ± 0.22 < 0.001 75.2 ± 26.0 63.7 ± 18.8 < 0.001
Uric acid, mg/dL 7.97 ± 0.86 5.57 ± 0.89 < 0.001 6.93 ± 0.92 4.43 ± 0.85 < 0.001
Total cholesterol, mg/dL 190.4 ± 40.9 186.7 ± 39.9 0.015 198.1 ± 43.5 190.6 ± 41.2 < 0.001
Triglycerides, mg/dL 145.6 ± 78.7 117.4 ± 68.5 < 0.001 139.2 ± 72.9 103.4 ± 57.1 < 0.001
HDL-cholesterol, mg/dL 46.8 ± 12.9 50.5 ± 13.9 < 0.001 53.9 ± 15.6 59.5 ± 16.6 < 0.001
LDL-cholesterol, mg/dL 116.2 ± 35.2 113.6 ± 35.1 0.050 118.3 ± 38.5 111.1 ± 34.8 < 0.001
RC, mg/dL 27.4 ± 15.6 22.7 ± 13.9 < 0.001 26.0 ± 14.8 20.0 ± 12.0 < 0.001
Values are mean±SD or number (%). P < 0.05 was deemed significant. BMI, body mass index; FPG, fasting blood glucose; HbA1c, glycosylated hemoglobin; TC, total 
cholesterol; TG, triglyceride; HDL-c, High density lipoprotein cholesterol; LDL-c, Low density lipoprotein cholesterol; GGT, glutamyl transpeptidase



Page 5 of 9Zhou et al. Lipids in Health and Disease          (2024) 23:176 

34.8% development rate of HUA during a 6-year follow-
up [29]. In this study, the prevalence of HUA was 16.9% 
among general American adults during 2013–2020. Fur-
thermore, findings from the NHANES indicated a prev-
alence of HUA nearly 20% in general Americans during 
2015–2017 [3]. It was evident that the prevalence of HUA 
in Americans keeps rising, mirroring trends observed in 
other countries globally.

Recent clinical and epidemiological studies have high-
lighted the role of dyslipidemia in the development of 
HUA, with NHANES III revealing a significant correla-
tion between the levels of TG and TC and the levels of 
UA in serum of general adults [21]. Nakanishi et al. dis-
covered that basal TG continued to serve as a significant 
predictor of new-onset HUA, even when patients with 
diabetes mellitus and those on long-term medications for 
specific chronic conditions were excluded [30]. A retro-
spective study of 3884 participants from medical exami-
nations in Gansu, China, revealed a positive correlation 
between elevated TG and HUA [20]. RC is the cholesterol 
found in Triglyceride-Rich Lipoproteins (TRLs), encom-
passing very low-density lipoproteins, intermediate-
density lipoproteins, and chylomicron remnants [31]. 
Cholesterol in TRLs has a more direct impact on the 
risk of cardiovascular disease [32]. A multi-center cohort 
study, with an 18-year follow-up period, demonstrated 
that elevated levels of RC pose a risk for the onset of ath-
erosclerotic cardiovascular disease (ASCVD), beyond 
traditional cardiovascular risk factors such as LDL-C and 
ApoB [33]. Some scholars suggest that RC, rather than 
LDL-C, is linked to the development of cardiovascular 
disease [33]. Further studies have confirmed that RC not 
only predicts the risk for cardiovascular disease, but also 
the risk of metabolic disease [34–36]. HUA and cardio-
vascular diseases share common risk factors [37]. This 
cross-sectional study also confirmed that RC is positively 
correlated with the HUA.

This study showed that RC was positively correlated 
with DBP, BMI, WC, TG, FPG, SBP, TC, LDL-C and neg-
atively correlated with HDL-C, which is consistent with 
previous studies. Additionally, it was found that the cor-
relation between RC and TG was the strongest compared 
to that between RC and that with other components of 
MetS. This is consistent with previous studies, suggest-
ing that TG is primarily transported by remnants and 
that the concentration of TG significantly increases with 
elevated levels of RC [13, 38]. These findings collectively 
suggest a strong correlation between RC levels and meta-
bolic disorders.

Furthermore, whether the correlation between RC and 
HUA was influenced by various established risk factors 
was investigated through stratified analyses. This study 
revealed notable gender disparities in the correlation 
between RC and HUA, with a notably stronger correla-
tion observed in females than that in males. Interest-
ingly, a similar trend has been observed in the correlation 
between RC and the risks of chronic kidney disease, dia-
betes, and NAFLD [39–41]. Although the exact mecha-
nism underlying these gender-specific differences are still 
uncertain, gender hormones such as estrogen may play 
a role. Existing literature supports the influential role of 
estrogen signaling via Estrogen Receptor alpha (ERα) in 

Table 2  Spearmen’s correlation of RC levels with clinical and 
biochemical parameters
Variable Male Female

r P r P
BMI 0.240 < 0.001 0.217 < 0.001
WC 0.265 < 0.001 0.280 < 0.001
WhtR 0.295 < 0.001 0.302 < 0.001
SBP 0.086 < 0.001 0.197 < 0.001
DBP 0.127 < 0.001 0.111 < 0.001
FPG 0.186 < 0.001 0.256 < 0.001
TC 0.400 < 0.001 0.421 < 0.001
TG 0.900 < 0.001 0.867 < 0.001
HDL-C -0.436 < 0.001 -0.358 < 0.001
LDL-C 0.246 < 0.001 0.318 < 0.001
Uric acid 0.208 < 0.001 0.215 < 0.001

Table 3  Association between RC and hyperuricemia by logistic 
regression analysis

Model1 OR (95% CI)
P value

Model2 OR 
(95% CI)
P value

Model3 OR 
(95% CI)
P value

Male
RC 
continuous

1.021 (1.016, 1.026), 
< 0.001

1.022 (1.017, 
1.027), < 0.001

1.022 (1.015, 
1.029), < 0.001

RC(Quartile)
Q1 Reference Reference Reference
Q2 1.47 (1.15, 1.85), 0.002 1.31 (1.02, 1.68), 

0.036
1.29 (0.91, 
1.82), 0.154

Q3 1.87 (1.49, 2.35), 
< 0.001

1.43 (1.12, 1.82), 
0.005

1.54 (1.10, 
2.16), 0.013

Q4 2.52 (2.02, 3.15), 
< 0.001

1.87 (1.47, 2.37), 
< 0.001

2.43 (1.75, 
3.38), < 0.001

P for trend < 0.001 < 0.001 < 0.001
Female
RC 
continuous

1.032 (1.026, 1.038), 
< 0.001

1.030 (1.024, 
1.036), < 0.001

1.031(1.023, 
1.040), < 0.001

RC(Quartile)
Q1 Reference Reference Reference
Q2 1.56 (1.19, 2.06), 0.001 1.41 (1.04, 1.91), 

0.026
1.48 (0.98, 
2.24), 0.066

Q3 1.87 (1.44, 2.44), 
< 0.001

1.47 (1.09, 1.98), 
0.011

1.54 (1.02, 
2.31), 0.039

Q4 3.39 (2.65, 4.35), 
< 0.001

2.51 (1.89, 3.33), 
< 0.001

3.37 (2.30, 
4.95), < 0.001

P for trend < 0.001 < 0.001 < 0.001
Model I: None covariates were adjusted; Model II: age, race and WhtR were 
adjusted; Model III: moderate activities, diabetes, education level, drinking, SBP, 
DBP, FPG, TG, ALT, AST, GGT, serum creatinine, albumin were adjusted
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modulating lipid and glucose metabolism [42]. Therefore, 
the decreased in estrogen levels following menopause 
may result in the dysregulation of lipid metabolism, lead-
ing the increased the susceptibility of females to develop-
ing HUA.

In those at the age < 50 years old or those without dia-
betes, RC was associated with higher odds ratio for HUA 
than that in those older than 50 years or those with diabe-
tes. Diabetic patients generally have lower levels of SUA 

than those without diabetes [43–45]. Decreased preglo-
merular resistance in diabetic patients helps to increase 
glomerular hyperfiltration, further promotes the excre-
tion of UA, and leads to hypouricemia [46, 47]. Similarly, 
the islet function of diabetic patients was often damaged, 
which led to a decrease in insulin secretion in the body, 
downregulating the expression of renal urate transport-
ers, reducing the reabsorption of UA, and reducing 
SUA levels [48]. Additionally, dietary irregularities and 

Fig. 3  Subgroups analysis for the association between RC and hyperuricemia by gender, age, BMI, WC, race, diabetes, moderate activities and drinking

 

Fig. 2  The smooth curve fit for the association between RC and hyperuricemia
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insufficient exercise in young individuals can lead to 
excessive fat accumulation, potentially influencing RC 
[49]. Therefore, HUA usually has a stronger correlation 
with RC in the younger or without diabetes population.

Several plausible mechanisms can be postulated to elu-
cidate the correlation between RC and the development 
of HUA. First of all, the elevation of RC levels in body will 
lead to an induction of heightened production and utili-
zation of free fatty acids, consequently accelerating the 
catabolism of adenosine triphosphate and resulting in an 
augmented production of serum uric acid [50]. Secondly, 
an elevated RC level has been found to be independently 
associated with a reduced estimated glomerular filtration 
rate and an increased risk of renal impairment, poten-
tially leading to a diminished excretion of uric acid [41]. 
Lastly, RC can serve as a surrogate marker for IR [51], 
and IR is a factor closely related to the pathogenesis of 
HUA. IR has been shown that it can enhance renal urate 

reabsorption through the stimulation of URAT1 [52] 
and/or Nadependent anion co-transporter in brush 
border membranes of renal proximal tubule [52, 53]. 
This finding strengthened on previous studies showed a 
pathogenesis among hyperuricemia and dyslipidemia [54, 
55].

Study strengths and limitations
Notably, the study benefits from a large sample size and 
the national representativeness of Americans. In addi-
tion, various indexes in the model were adjusted to 
enhance the reliability of the findings. Nonetheless, this 
study is subject to certain limitations. Firstly, the estab-
lishment of a causal correlation between RC and HUA 
was not feasible through cross-sectional studies. Sec-
ondly, the measurement of RC is not currently a standard 
component of clinical blood lipid testing through direct 
means, thus only RC levels can be calculated. Thirdly, 
American adults are restricted to the study, necessitating 
further prospective cohort research to validate and gen-
eralize the present results in a broader population.

Conclusion
In summary, elevated RC was independently associated 
with HUA in a sizable cohort of American adults. This 
correlation was particularly pronounced among females, 
those under 50 years old, and those without diabetes. The 
RC could serve as an effective biomarker for assessing the 
risk of HUA.
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Table 4  Association between RC and hyperuricemia stratified 
by gender, age, race, BMI, WC, diabetes, moderate activities and 
drinking

OR (95%CI) p value P for in‑
teraction

Stratified by gender 0.035
Male 1.022 (1.015, 1.029), < 0.001
Female 1.031(1.023, 1.040), < 0.001
Stratified by race 0.085
Mexican American 1.018 (1.003, 1.033), 0.017
Other Hispanic 1.028 (1.011, 1.045), 0.001
Non-Hispanic White 1.032 (1.023, 1.041), < 0.001
Non-Hispanic Black 1.039 (1.024, 1.055), < 0.001
Other Race 1.023 (1.010, 1.036), < 0.001
Stratified by age 0.047
Age < 50 years old 1.029 (1.020, 1.035), < 0.001
Age ≥ 50 years old 1.023 (1.015, 1.030), < 0.001
Stratified by BMI 0.767
Normal weight 1.025 (1.011, 1.040), 0.001
Overweight 1.027 (1.017, 1.036), < 0.001
Obesity 1.019 (1.011, 1.027), < 0.001
Stratified by WC 0.672
Central obesity 1.024 (1.020, 1.026), < 0.001
Non central obesity 1.026 (1.016, 1.036), < 0.001
Stratified by diabetes 0.041
Non-diabetes 1.030 (1.022, 1.032), < 0.001
Diabetes 1.023 (1.006, 1.040), 0.008
Stratified by Moderate 
activities

0.765

No 1.026 (1.019, 1.032), < 0.001
Yes 1.026 (1.18, 1.035), < 0.001
Stratified by drinking 0.866
Current or ever drinking 1.029 (1.019, 1.040), < 0.001
Never 1.025 (1.019, 1.031), < 0.001
Gender, age, race, moderate activities, diabetes, education level, drinking, BMI, 
waist circumference (not adjusted for in the subgroup analyses), SBP, DBP, FPG, 
TG, ALT, AST, GGT, serum creatinine and albumin were adjusted
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