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Background: It has been reported recently that the ratio of uric acid to high-density lipoprotein cholesterol (UHR) is correlated with
several metabolic disorders. The present study aimed to investigate the associations of UHR with body fat content and distribution.
Methods: This study enrolled 300 participants (58 men and 242 women) aged 18 to 65 years. The levels of serum uric acid and high-
density lipoprotein cholesterol were measured by standard enzymatic methods. The overall fat content and segmental fat distribution
were assessed with an automatic bioelectrical impedance analyzer. In the population with obesity, the visceral fat area (VFA) and
subcutaneous fat area (SFA) were measured using magnetic resonance imaging.

Results: Among the study population, 219 individuals (73.0%) were with obesity. The median level of UHR in individuals with
obesity was 33.7% (26.2% - 45.9%), which was significantly higher than that in those without obesity [22.6% (17.0% - 34.4%), P <
0.01]. UHR was positively associated with overall fat content and segmental fat distribution parameters (all P < 0.01). In multivariate
linear regression analysis, compared with body mass index, waist circumference was more closely associated with UHR (standardized
B=10.427, P <0.001) after adjusting for confounding factors. Additionally, total fat mass (standardized = 0.225, P = 0.002) and trunk
fat mass (standardized p = 0.296, P = 0.036) were more closely linked to UHR than total fat-free mass and leg fat mass, respectively.
In the population with obesity, VFA was independently correlated with UHR (P < 0.01), while SFA was not associated with UHR.
Conclusion: UHR was significantly associated with overall fat content and trunk fat accumulation. In the population with obesity,
UHR was positively associated with VFA. Attention should be paid to the role of excessive trunk fat mass in the relationship between
UHR and metabolic disorders.
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Introduction
Obesity is currently recognized as one of the major public health issues in the world, which has a great impact on human
health and imposes a substantial cost on social and economic development. Accumulating evidence has established close
relationships between obesity and a variety of metabolic disorders and cardiovascular diseases. According to the most
recent epidemiologic data, the overweight and obesity rates in the Chinese adult population were 34.3% and 16.4%,
respectively.! Therefore, it is crucial to strengthen the control of obesity and its associated comorbidities.

Elevated uric acid (UA) levels and decreased high-density lipoprotein cholesterol (HDL-c) levels are two common
metabolic abnormalities associated with obesity. UA is a weak organic acid generated from xanthine by xanthine-
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oxidase. It is the ultimate breakdown product of purine nucleotides in circulation. UA is generated mainly in the liver and
small intestine and eliminated by the kidney and intestine. When the body’s purine metabolism is disrupted, or UA
excretion is irregular, serum UA levels are increased. Gout can occur if the quantity of UA in the bloodstream surpasses
its saturation point.” Numerous studies provide evidence that hyperuricemia and gout are independent risk factors for
several disorders, including chronic renal disease, hypertension, type 2 diabetes, and cardiovascular diseases.** In recent
years, some clinical studies have demonstrated an association between increased serum UA levels and aberrant body fat
distribution, especially abdominal fat accumulation.”® HDL-c is an essential serum lipoprotein that transports cholesterol
from peripheral tissues to the liver for degradation, minimizing its buildup in peripheral vascular walls.” HDL-c is
considered a health-beneficial cholesterol and a potential protective factor against atherosclerosis.® A low level of HDL-c
is one of the components of metabolic syndrome. Previous clinical research has demonstrated that intra-abdominal fat
deposition was significantly associated with serum HDL-c levels.” Notably, the combination of serum UA and HDL-c
levels, known as UA/HDL-c (UHR), has been demonstrated to be linked to metabolic disorders. UHR was first proposed
by Kocak et al'® in 2018 as an effective and reliable indicator for predicting metabolic syndrome in individuals with type
2 diabetes. Similarly, another research involving 817 participants discovered that UHR was an independent risk factor for
metabolic syndrome after adjusting for several confounders.''

The connections between UHR and metabolic and cardiovascular diseases have attracted significant attention
recently. Population-based studies have reported positive associations between UHR levels and major adverse cardio-
vascular events, diabetic kidney disease, acute myocardial infarction, and non-alcoholic fatty liver disease.'*' Patients
with metabolic disorders are often accompanied by abnormal body fat distribution, especially abdominal fat accumula-
tion. However, the association between UHR and body fat distribution has yet to be discovered.

The present study aimed to explore the relationship between UHR and body fat distribution. The body mass index
(BMI) and waist circumference (WC) were widely used to assess overall and abdominal obesity. They are both
straightforward and reliable indicators but have some limitations. Neither can they differentiate between fat-free mass
(FFM) and fat mass (FM), nor can they accurately depict the body fat distribution. Therefore, we acquired the overall fat
content and segmental fat distribution with an automatic bioelectrical impedance analyzer. In addition, we also explored
the association between UHR and visceral fat area (VFA) and subcutaneous fat area (SFA) that were measured by
magnetic resonance imaging (MRI) in the population with obesity.

Methods
Study Participants

The present study enrolled individuals who intended to undergo weight loss treatment in the Department of
Endocrinology and Metabolism in the Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of
Medicine from July 2019 to August 2020. The inclusion criteria were being obese (BMI > 28 kg/m?) and aged between
18 and 65 years. The exclusion criteria were as follows: a history of gout or UA lowering therapy, severe hepatic or renal
dysfunction, thyroid dysfunction, a history of thyroid hormone or steroid hormone treatment, and malignancy. A total of
219 individuals with obesity were included. In addition, we enrolled 81 individuals without obesity who underwent
cholecystectomy in the Department of General Surgery as controls. Together, a total of 300 individuals were included in
the final analysis.

The present study was approved by the Ethics Committee of the Sixth People’s Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine (Ethical approval number 2019-KY-011(K); approval date: February 18, 2019;
registration number: ChiCTR1900028513). All participants signed written informed consent for their participation.

Assessments of Overall and Segmental Fat Distribution

Total FM, total fat percentage (fat%), leg FM, leg fat%, trunk FM, and trunk fat% were measured with a body
composition analyzer (MC-780MA; Tanita Corp, Tokyo, Japan) in all participants. In the population with obesity, the
determination of VFA and SFA was carried out by an experienced radiologist, as previously described.'® VFA and SFA
were measured briefly using a 3.0T clinical MRI scanner (Archiva; Philips Medical Systems Amsterdam, Netherlands)
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that captured images of the participant’s supine abdomen between the L4 and L5 vertebrae. The Slice-O-Matic image
analysis program, version 4.2 (Tomovision Inc., Montreal, QC, Canada), was used to segment the VFA and SFA in the
pictures.

Biochemical and Anthropometric Measurements

All participants were asked to rest well (> 8 hours) before the survey, and the blood samples were collected during the
morning visit. The following biochemical variables were determined: fasting plasma glucose (FPG), glycated hemoglo-
bin (HbAlc), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol (TC), triglycerides
(TG), HDL-c, low-density lipoprotein cholesterol (LDL-c), and UA. Height, weight, and WC were determined with
standardized methods."* BMI was calculated as weight (kg)/height* (m?). Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were assessed with standardized methods in the resting state.'”

Definitions of Metabolic Diseases

The participants were diagnosed as obese according to the criterion (BMI > 28 kg/m?) of WS/T428-2013 Adult Weight
Determination criteria.'® Diabetes was diagnosed based on the 2021 American Diabetes Criteria.'® Dyslipidemia was
diagnosed based on the Chinese guidelines.”’ Hypertension was diagnosed according to the 1999 World Health
Organization definition.?! Hyperuricemia was interpreted as a UA level higher than 420 pmol/L.*?

Statistical Analyses

All statistical analyses were performed using SPSS software, version 24.0 (IBM Corp., Armonk, NY, USA). All variables
were examined for normality. Data with normal distribution were represented as means + standard deviations, while data with
skewed distribution were represented as medians with interquartile ranges. Categorical variables were presented as numbers
and percentages. For variables with a normal distribution, the independent-sample #-test was used to analyze the differences
between the obese and non-obese groups. For variables with a skewed distribution, the Wilcoxon rank sum test was used.
Spearman correlation and multivariate linear regression analyses were used to evaluate associations between UHR and body
fat distribution parameters. All reported P values were two-tailed, and statistical significance was set at P < 0.05.

Results

Characteristics of Participants

Table 1 summarized the participants’ clinical characteristics based on their BMI levels. In total, 300 individuals (58 men and
242 women) aged between 18 and 65 years were enrolled. Among these, 219 (73.0%) were diagnosed as obese, 67 (22.3%)
had type 2 diabetes, 48 (16.0%) had hypertension, 202 (67.3%) had dyslipidemia, and 112 (37.3%) had hyperuricemia.
Compared with non-obese individuals, those with obesity had significantly increased serum UA levels [416 (349—476) umol/L
versus 303 (242-358) umol/L, P < 0.01]. Obese and non-obese individuals had comparable HDL-c levels [1.19 (1.01-1.42)
mmol/L versus 1.22 (1.00-1.54) mmol/L, P = 0.34]. The mean UHR level of individuals with obesity was significantly higher
[obese versus non-obese, 33.7% (26.2% - 45.9%) versus 22.6% (17.0%-34.4%), P < 0.01]. Furthermore, individuals with
obesity had elevated FPG, HbAlc, ALT, AST, SBP, DBP, TC, TG, and LDL-c levels (all P <0.05). In terms of body adiposity
indices, individuals with obesity had notably higher overall and segmental fat contents (all P < 0.01).

Correlations of UHR with Body Fat Distribution Parameters

Spearman correlation analysis was performed to evaluate the relationship between UHR and body fat distribution
parameters. As shown in Figure 1, UHR was found to be positively correlated with the indicators of overall obesity,
including BMI (r = 0.41, P < 0.001), total fat% (r = 0.26, P < 0.001), total FM (r = 0.38, P < 0.001), and total FFM (r =
0.45, P < 0.001). Moreover, UHR was also positively correlated with indicators of regional fat accumulation, including
WC (r=0.48, P <0.001), leg fat% (r = 0.26, P < 0.001), leg FM (r = 0.39, P < 0.001), trunk fat% (r = 0.25, P < 0.001),
and trunk FM (r = 0.38, P < 0.001).
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Table | Clinical Characteristics of Participants

Variables Total Non-Obese Obese

N =300 N = 81 N =219
Age (year) 348 = 10.1 425+ 104 31.8 + 8.3%*
BMI (kg/m?) 34.7 (28.4-40.7) 22.9 (21.7-25.2) 38.1 (33.2-42.0)**
WC (cm) 110.0 (96.0-123.0) 82.5 (78.0-90.5) 116.0 (106.0—126.0)**
Total fat% 45.2 (34.6-52.4) 29.1 (23.7-33.8) 48.2 (43.7-54.9)**
Total FM (kg) 43.6 (26.7-58.1) 17.6 (14.7-21.4) 50.9 (41.2-62.5)**
Total FFM (kg) 48.7 (45.2-53.3) 42.8 (39.6-48.0) 49.6 (47.3-54.4)**
Leg fat% 15.0 (12.5-16.9) 11.5(9.2-12.4) 16.0 (14.6—17.5)**
Leg FM (kg) 14.4 (9.4-18.7) 6.7 (5.8-7.7) 16.5 (13.3-20.3)**
Trunk fat% 25.5 (19.6-28.9) 15.4 (13.1-18.7) 27.0 (24.3-30.2)**
Trunk FM (kg) 24.7 (14.8-32.2) 9.4 (7.7-12.2) 28.6 (22.9-34.3)**
SBP (mmHg) 128 (118-137) 120 (108-128) 128 (120~138)**
DBP (mmHg) 82 (73-90) 74 (69-83) 84 (76-92)**
FPG (mmol/L) 5.37 (4.83-6.41) 4.90 (4.50-5.40) 5.55 (4.99-6.84)**
HbAlc (%) 5.8 (5.4-6.5) 5.4 (5.3-5.7) 5.9 (5.5-6.7)**
TC (mmol/L) 4.95 (4.33-5.56) 4.82 (4.12-5.44) 5.06 (4.44-5.74)*
TG (mmol/L) 1.47 (1.12-2.13) 1.33 (0.86—1.65) 1.56 (1.16-2.25)**
HDL-c (mmol/L) 1.17 (0.98-1.42) 1.22 (1.00-1.54) 1.19 (1.01-1.42)
LDL-c (mmol/L) 3.01 £0.87 2.87 + 0.86 3.14 + 0.86*
ALT (U/L) 35 (22-63) 24 (17-35) 42 (25-72)**
AST (U/L) 24 (19-38) 22 (19-26) 25 (19-43)**
UA (umol/L) 389 (311-458) 303 (242-358) 416 (349—476)**
UHR (%) 31.8 (22.8-41.8) 22.6 (17.0-34.4) 33.7 (26.2-45.9)**
Men 40.7 (32.2-54.4) 36.6 (23.8-41.6) 43.8 (35.2-61.2)**
Women 30.3 (21.6-39.0) 20.5 (16.1-29.4) 32.3 (24.7-41.8)**
Hyperuricemia, N (%) 112 (37.3) 36 (44.4) 76 (34.7)
Diabetes, N (%) 67 (22.3) 4 (4.9) 63 (28.8)**
Hypertension, N (%) 48 (16) 3.7 45 (20.5)**
Dyslipidemia, N (%) 202 (67.3) 43 (53.1) 159 (72.6)*

Notes: Data were means * standard deviation or medians (interquartile range). The comparisons were performed
between obese and non-obese groups. For variables with a normal distribution, the independent-samples t test was
used. For variables with a skewed distribution, the Wilcoxon rank sum test was used.** P < 0.01,* P < 0.05.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP,
diastolic blood pressure; fat%, fat percentage; FFM, fat-free mass; FM, fat mass; FPG, fasting plasma glucose;
HbAlc, glycated haemoglobin Alc; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; UHR, uric acid to
high density lipoprotein cholesterol ratio; WC, waist circumference.

Multivariate Linear Regression Analysis of UHR

To further clarify the relationship between UHR and body adiposity indices, the multivariate linear regression analysis
was performed. Three regression models with UHR as the dependent variable were constructed. As shown in Figure 2, in
model 1, BMI and WC were included. After adjusting for age, gender, SBP, DBP, ALT, AST, HbAlc, TG, and LDL-c,
WC was positively correlated with UHR (standardized B = 0.427, P < 0.001), while BMI was not related to UHR
(standardized B = —0.150, P = 0.226). In model 2, BMI and WC were replaced with total FM and FFM, with other
variables constant. Total FM exhibited a positive correlation with UHR (standardized = 0.225, P = 0.002); however,
FFM demonstrated no such correlation (standardized § = 0.072, P = 0.599). Given the critical and opposite functions of
trunk fat and leg fat, model 3 was further created. In model 3, leg FM, trunk FM, and other variables mentioned in model
1 were included. The results showed a positive correlation between trunk FM and UHR (standardized B = 0.296, P =
0.036), while no such correlation was found between UHR and leg FM (standardized p = —0.049, P = 0.733).
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Figure | Spearman correlation analysis of UHR and fat distribution parameters.
Abbreviations: BMI, body mass index; fat%, fat percentage; FFM, fat-free mass; FM, fat mass; UHR, uric acid to high-density lipoprotein cholesterol ratio; WC, waist
circumference.
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Figure 2 Adjusted associations of standardized adiposity measure with UHR. Adjusted associations of fat distribution parameters with UHR. Results were based on linear
regression analyses and expressed as standardized § with a 95% confidence interval in UHR per standard deviation of adiposity measure. The adjustment was for age, gender,
SBP, DBP, ALT, AST, TG, LDL-c, and HbAlc.

Abbreviations: BMI, body mass index; WC, waist circumference; FM, fat mass; FFM, fat-free mass; UHR, uric acid to high-density lipoprotein cholesterol ratio; Cl,
confidence interval.

Relationship Between UHR and Abdominal Fat Distribution in the Population with
Obesity

Given that abdominal fat is an essential component of trunk fat, the association between UHR and abdominal fat
distribution was further explored in individuals with obesity. The VFA and SFA of the population with obesity in the
present study were 188.5 + 70.0 cm? and 434.8 (400.0-538.6) cm?, respectively. Spearman correlation analysis showed
that UHR was positively correlated with VFA (r = 0.19, P = 0.004) and SFA (r = 0.23, P =0.001). As shown in Table 2,
the multivariate linear regression analysis indicated that VFA was independently associated with UHR (standardized § =
0.188, P = 0.008). In contrast, no static significance was observed between UHR and SFA (standardized f = 0.016, P =
0.807). Further analysis was performed to determine the influence of metabolic disorders on the correlations mentioned
above. The results showed that adding diabetes to model 1 did not influence the positive correlation between UHR and
VFA (standardized B = 0.188, P = 0.009). Similarly, when hypertension or dyslipidemia were added to model 2 or model
3, positive associations still existed between VFA and UHR (P < 0.01).
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Table 2 Correlations of VFA and SFA with UHR in Participants with Obesity

Variables Adjusted model Model | Model 2 Model 3
Standardized S t P Standardized S t P Standardized S t P Standardized £ t P

VFA 0.188 2661 0.008 0.188 2.655 | 0.009 0.187 2631 0.009 0.188 2,655 | 0.009

SFA 0.0l16 0.245 | 0.807 0.020 0.300 | 0.765 0.017 0.255 | 0.799 0.016 0.245 | 0.806

Diabetes 0.050 0.537 0.592

Hypertension 0.046 0.666 0.506

Dyslipidemia 0.002 0.027 | 0.978

Notes: Adjusted model: age, gender, SBP, DBP, ALT, AST, TG, LDL-c, and HbAIc. Model I: adjusted model + diabetes. Model 2: adjusted model + hypertension. Model 3:
adjusted model + dyslipidemia.
Abbreviations: VFA, visceral fat area; SFA, subcutaneous fat area; UHR, uric acid to high density lipoprotein cholesterol ratio.

Discussion
The results of the present study suggested that UHR levels are independently associated with total FM and trunk FM. In
individuals with obesity, VFA was observed to be an independent contributor to UHR.

UHR has been proposed as a new indicator for several metabolic and cardiovascular diseases. Yazdi et al'' enrolled
817 individuals, 96 of whom had metabolic syndrome, and they found that UHR effectively identified metabolic
syndrome with a specificity and sensitivity of 55% and 86%, respectively. Zhang et al*> conducted a study that included
6285 Chinese individuals with normal weight (BMI < 24 kg/m?) and found that UHR was independently associated with
increased risks of non-alcoholic fatty liver disease (NAFLD). Another study involving 6258 individuals with normal
serum lipid levels showed that participants in the fifth quantile of UHR at baseline had an approximately 76% increased
risk of NAFLD, suggesting that UHR can be used as an early indicator of NAFLD.?* Insulin resistance is identified as
a core ingredient in the pathogenesis of these metabolic diseases. It is hypothesized that UHR can be used as an early
indicator of insulin resistance, even in individuals with normal weight or metabolic status. In terms of cardiovascular
events, a Chinese study comprising 1953 patients on peritoneal dialysis showed that after a follow-up of 61.3 months,
patients with the highest UHR at baseline were at an increased risk for all-cause mortality of 35% and cardiovascular
mortality of 46%, respectively.”> Furthermore, a large-scale cohort study from Korea demonstrated that UHR was
a reliable predictor of future ischemic heart disease.”® These findings emphasized the importance of UHR in the early
detection of cardiovascular disease.

Central obesity is accepted as a core component of metabolic syndrome. Trunk fat depots, particularly abdominal fat
deposits, have a high lipid turnover rate and are strongly responsive to stress hormones. Conversely, leg fat depots utilize
non-esterified free fatty acids released from the trunk fat depots and confer protection against lipotoxicity.”” Excessive
deposition of trunk fat promotes systemic hypo-inflammation, leading to hyperglycemia and reactive hyperinsulinemia,
which promotes ectopic lipid accumulation and further exacerbates insulin resistance.”’” The present study displayed
associations of UHR with total FM and trunk FM, providing new evidence regarding the relationship between UHR and
adverse metabolic states. Additionally, in the population with obesity, UHR was influenced by VFA rather than SFA. It
might be due to VFA being more strongly associated with inflammation and adverse metabolic status than SFA.
Excessive visceral fat deposit is a detrimental factor driving metabolic disorders by increasing sympathetic excitability,
triggering insulin resistance, inducing pancreatic steatosis, and secreting inflammatory cytokines.”® *® Whether the
correlation between UHR and VFA exists in individuals with normal weight needs further exploration.

The mechanism involving UHR and abdominal fat accumulation is not yet clear. UHR is the ratio of UA to HDL-c;
thus, an increase in the former, a decrease in the latter, or both may contribute to the results. Given the strong relationship
between UHR and metabolic disorders, it has been hypothesized that insulin resistance is responsible for the link between
UHR and metabolic diseases and their comorbidities. Previous animal experiments have confirmed that high UA levels
can activate NLPR3 inflammasome, aggravating hepatic steatosis and insulin resistance.’ Another in vitro experiment
showed that increased UA promotes monocyte chemokine production in adipocytes, mediating inflammation in
adipocytes.®” In addition, Jakubiak et al** have reported that obesity and insulin resistance were the most significant
contributors to the relationship between metabolic syndrome and oxidative stress. The concentration of uric acid in the
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blood is one of the markers of oxidative stress. In turn, high UA levels are also known to activate mitochondrial oxidative
stress-related pathways in hepatocytes, promoting citric acid release into the cytoplasm, which leads to an increased de
novo lipogenesis in hepatocytes and accelerates insulin resistance.>® It is widely accepted that HDL-c has anti-
atherogenic properties. HDL-c exerts antioxidant and anti-inflammatory ability by upregulating the expression of
endothelial nitric oxide synthase, enhancing nitric oxide production, strengthening the integrity of endothelial cells,
and down-regulating the expression of several adhesion molecules.” In light of previous research findings and our
results, it can be speculated that elevated UA and low HDL-c levels work synergistically to promote the development of
metabolic disorders.

The study provided evidence of the relationship between UHR and total fat content and segmental fat distribution,
strengthening the critical role of UHR in obesity and related comorbidities. UHR might serve as a simple and reliable
biomarker of metabolic disorders in the future. This study had some limitations. First, body fat was measured using
a bioelectrical impedance analyzer rather than the gold standard dual-energy X-ray absorptiometry. However, a previous
study evaluating the correlation between these two methods found a correlation coefficient of 0.87 between the two
techniques, supporting the reliability of the estimates made in this study.>® Second, whether the correlation between UHR
and VFA still exists in individuals with normal weight is unclear; thus, further analysis in non-obese populations with
a larger sample size is necessary. Third, the present study could not deduce the causality between UHR and body fat.

Conclusions

The present study demonstrated a significant association of UHR with overall fat content and trunk fat accumulation.
Additionally, it was also observed that UHR was influenced by VFA in individuals with obesity. Attention should be paid
to the role of excessive trunk fat mass in the relationship between UHR and metabolic disorders.
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