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Purpose: Visceral fat accumulation can negatively affect uric acid metabolism in healthy adults. The hypertriglyceridemic-waist
(HTGW) phenotype is a predictor of diabetes and cardiometabolic risk. This study aimed to investigate the association between the
HTGW phenotype and asymptomatic hyperuricemia in Korean adults.

Patients and Methods: The study included 23,240 adults, aged 20-80 years who underwent comprehensive health examinations at
a general hospital in Gyeonggi Province, Korea, from January 2020 to December 2022. The HTGW phenotype was defined as the
simultaneous presence of elevated serum triglyceride (TG) levels and increased waist circumference (WC). The diagnostic capability
of the HTGW phenotype for hyperuricemia and its association with the condition were assessed using the receiver operating
characteristic (ROC) curve and logistic regression analysis.

Results: The prevalence of hyperuricemia in the HTGW phenotype was 3.44 times higher than that in the normal TG normal waist
(NTNW) phenotype. Compared with those in the NTNW group, the hazard ratios for developing hyperuricemia in the HTGW group were
2.887 (2.566-3.249, P <0.001) for men and 7.341 (5.139-10.487, P <0.001) for women, and these values remained significant after adjusting
for potential confounders. The stratified analysis revealed that the HTGW phenotype, coupled with diabetes, had the highest probability of
developing asymptomatic hyperuricemia (2.55 times). ROC curve analysis revealed that the area under the curve values of the WC*TG
index for hyperuricemia diagnosis were 0.702, 0.627, and 0.685 for all participants, men, and women, respectively.

Conclusion: Among Korean adults, the HTGW phenotype was closely related to hyperuricemia in both men and women and showed
a particularly strong association in patients with diabetes. It may be used in combination with an indicator that can complement its
accuracy for identifying individuals at high risk of hyperuricemia.
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Introduction

Serum uric acid is produced in humans through oxidation of hypoxanthine and xanthine by xanthine oxidase and xanthine
dehydrogenase, and it is the final metabolite of purine bases (adenine and guanine). Hyperuricemia is a metabolic disease caused
by excessive production of uric acid or decreased excretion through the kidneys, and it is defined as a condition in which the uric
acid level in the blood exceeds the reference range.! Traditionally, hyperuricemia is a known cause of gout and is a risk factor for
obesity, diabetes, stroke, chronic kidney disease, and cardiovascular disease.” Purines in foods affect the blood uric acid levels,
and purine-restricted diets are known to reduce these levels. Large-scale epidemiological studies have also revealed a correlation
between consumption of purine-rich foods and the risk of hyperuricemia and gout development.® Prevalence of hyperuricemia is
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rapidly increasing worldwide due to lifestyle changes; thus, hyperuricemia is emerging as a public health concern.” In Korea, the
prevalence of hyperuricemia in adults aged 19 years or older was reported to be 11.4% based on data from the 2016 Korea
National Health and Nutrition Examination Survey.®

Visceral fat accumulation is reported to have a negative impact on uric acid metabolism in clinically healthy adults.” As
visceral fat increases, the levels of inflammatory substances increase; this negatively affects blood vessels and insulin activity.
Furthermore, elevated blood uric acid levels are associated with inflammatory markers, such as interleukin 6, C-reactive protein,
and tumor necrosis factor-o.'® Therefore, visceral fat accumulation is related to hyperuricemia and adiponectin, and hyperur-
icemia is reported to be one of the factors associated with obesity.'' As a potentially related mechanism, insulin resistance caused
by visceral obesity increases the risk of hyperuricemia by reducing renal uric acid excretion.'* As a measure of abdominal obesity,
waist circumference (WC) is a known predictor of cardiovascular disease, but alone, it is limited when distinguishing between
visceral fat and abdominal subcutaneous fat.'*'* The hypertriglyceridemic-waist (HTGW) phenotype, first proposed by Lemieux
et al in 2000, is defined as the simultaneous presence of elevated serum triglyceride (TG) levels and increased WC.'®> The HTGW
phenotype has been proposed as a simple but sensitive indicator for predicting pre-diabetes, diabetes, atherosclerosis, and
cardiovascular metabolic risk.'>'® In addition, the HTGW phenotype was reported to be a reliable indicator for predicting
abdominal visceral fat accumulation in Chinese adults, with a sensitivity of 81.08% and a specificity of 90.91%.'” In a 4-year
follow-up of 5562 people aged 45 years or older without hyperuricemia, the HTGW phenotype was reportedly associated with
arisk of hyperuricemia, especially in women.'® Moreover, in a rural population in China, individuals with HTGW were 4.54 times
more likely to develop hyperuricemia than those with normal TG normal waist NTNW) levels.'® Another study targeting patients
with rheumatoid arthritis revealed a close relationship between hyperuricemia and the HTGW phenotype.”® However, these
previous studies targeted people of specific ages and diseases, and some studies classified phenotypes into three groups for
comparison. Thus, limitations remain in reaching a final conclusion regarding the relationship between the HTGW phenotype and
hyperuricemia.

Therefore, this study investigated the association between the HTGW phenotype and asymptomatic hyperuricemia
based on four phenotypes in Korean adults aged 20—80 years.

Additionally, the diagnostic capability for asymptomatic hyperuricemia was compared between individual measures
of triglyceride and waist circumference and the combined indicator of TG-WC.

Materials and Methods
Study Population

This was a cross-sectional study targeting adults aged 20-80 years who underwent comprehensive health examinations from
January 2020 to December 2022 at the health examination center of a general hospital in the Gyeonggi area. The total number of
study participants was 23,240 comprising 14,229 men and 9011 women. Missing values, patients with cardiovascular, liver,
kidney, and thyroid disease, and patients receiving treatment for malignant tumors were excluded. To collect data on past medical
history and treatment for malignant tumors, questionnaires were distributed during health checkups, and participants were asked
to complete them. Prior to receiving the data for analyses, the patients’ IDs and names were coded for anonymity to ensure that the
individuals could not be identified. Therefore, the anonymity and confidentiality of the research participants were guaranteed. This
study was approved by the Research Ethics Review Committee of Bundang Jesaeng Hospital (IRB Approval No: DMC 2023-06-
003) and was conducted in compliance with the ethical principles of the Declaration of Helsinki. The agency committee granted an
exemption from obtaining written consent in advance. In addition, this study received approval for exemption from written
consent because the risk to research subjects was extremely low even if consent was waived.

Clinical Measurements

The height was measured using HC1500 (Juntech Co., Seoul, Korea), and the values were entered manually. The weight was
measured with the patients in the upright position using the bio-electrical impedance analyzer, Inbody 720 (Biospace Co. Ltd.,
Seoul, Korea), which was also used for body composition measurements. Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?). WC was measured using a tape measure while standing with feet 25-30 cm apart, distributing
body weight evenly, and exhaling comfortably. Measurements were made to the nearest 0.1 cm with a tape measure at the
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midpoint between the lowest ribs and the highest pelvis (iliac crest). Blood pressure was measured with the automatic blood
pressure monitor HBP-9020 (OMRON, Kyoto, Japan) after resting for 30 min in a sitting position by placing the arm to be
measured on a desk, with the height of the arm aligned with that of the heart. In addition, blood pressure was measured at least
thrice at 1-2 min intervals, and the average value was calculated and presented. Blood tests were performed by collecting blood
samples in a serum separator and EDTA (ethylene-diamine-tetraacetic acid) tubes in the morning after fasting for >8 h. Among the
biochemical measurement items, levels of serum total cholesterol (TC), TG, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN), creatinine, fasting blood glucose (FBG), and uric acid were
analyzed using the TBA-2000FR NEO automatic biochemical analyzer (Toshiba, Tokyo, Japan). TC and TG levels were tested
using the enzymatic colorimetric test, HDL-C level was tested using the enzymatic method, LDL-C level was tested using the
liquid selective detergent assay, FBG level was tested by the hexokinase/glucose-6-phosphate dehydrogenase method, and uric
acid level was tested using the uricase-method. In addition, uric acid level was measured using the peroxidase method, BUN level
using the urease glutamate dehydrogenase method, and creatinine level using the Jaffe reaction method. Glycated hemoglobin
Alc (HbAlc) was measured using Variant II (Bio Rad, CA, USA) equipment according to the principles of high-performance
liquid chromatography. Insulin level was measured using Roche Modular Analytics E170 (Roche, Mannheim, Germany)
equipment based on the principle of electrochemiluminescence immunoassay. The coefficient of variation of each biochemical
test was <5%.

Definitions
High blood pressure follows the hypertension criteria presented in the revised United States hypertension guidelines (Seventh
Report of the Joint National Committee on Prevention, Detection, and Treatment of High Blood Pressure [JNC-7]). Accordingly,
patients were defined as hypertensive if they received antihypertensive treatment, if their systolic blood pressure was >140 mmHg,
or if their diastolic blood pressure was >90 mmHg.*' Diabetes was defined as having an FBG level >126 mg/dL or receiving
diabetes treatment based on the standards of the World Health Organization (WHO).?? The reference values for high LDL-C, TC,
and low HDL-C were defined according to the Adult Treatment Panel III (ATP III) report of the National Cholesterol Education
Program (NCEP). High LDL-C was defined as >160 mg/dL, high TC was defined as >240 mg/dL, and low HDL-C was defined as
<40 mg/dL for men and <50 mg/dL for women.*®> Metabolic syndrome was defined according to the NCEP-ATP Il criteria if
three or more of the five criteria were met.>* In addition, obesity was defined as having a BMI of >25 kg/m?, as suggested by the
International Association for the Study of Obesity and the WHO Western Pacific Region of the International Obesity Task Force.**
The participants were classified into the following four phenotypes according to the cutoff values for TG and WC:'>?* (1) NTNW,
TG level <150 mg/dL and WC <90 cm for men or <85 cm for women; (2) normal TG with enlarged waist NTGW), TG level
<150 mg/dL and WC >90 cm for men or >85 cm for women; (3) high TG with normal waist (HTNW), TG level >150 mg/dL and
WC <90 cm for men or <85 cm for women; and (4) HTGW, TG level >150 mg/dL and WC >90 ¢cm for men or >85 cm for women.
The WC*TG index was calculated as [WC (cm) * TG (mg/dL)] 2 Furthermore, asymptomatic hyperuricemia was
diagnosed when no symptoms were present, and the uric acid level was >7.0 mg/dL (420 pmol/L) in men or >6.0 mg/dL
(360 pmol/L) in women.*’

Statistical Analysis

The data in this study are presented as means and standard deviations for continuous variables, while categorical variables are
presented as numbers and percentages. One-way analysis of variance was performed to analyze differences in anthropometric and
biochemical variables of study participants according to each hypertriglyceridemia-waist phenotype, and in case of significant
differences between groups, the Scheffe post-hoc test for multiple comparisons was applied. In addition, a chi-squared test was
performed to compare categorical variables, such as the prevalence of asymptomatic hyperuricemia according to the HTGW
phenotype. To confirm the association between the HTGW phenotype and hyperuricemia, after controlling for related factors,
logistic regression was performed to calculate the odds ratios (ORs) and 95% confidence intervals (Cls). To confirm the ability to
accurately distinguish asymptomatic hyperuricemia from the individual indicators of TG and WC and the composite indicator of
the WC*TG index, a receiver operating characteristic (ROC) curve was used to measure the area under the ROC curve (AUC). In
addition, TG, WC, and the sensitivity and specificity of the WC*TG index were calculated using the ROC curve. All statistical
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analyses were performed using IBM SPSS Statistics 24.0 (IBM, NY, USA), and statistical significance was set at two-tailed
P<0.05.

Results
Clinical Characteristics of Study Participants

The results of comparing the clinical characteristics of the study participants by classifying them into four groups
according to the TG waist phenotype are presented in Table 1. The NTNW, NTGW, HTNW, and HTGW groups
comprised 15,243 (65.5%), 1920 (8.3%), 4222 (18.2%), and 1855 (8.0%) people, respectively. The average age of the
participants was 45.28+11.11 years, and the NTGW group participants had the highest age. BMI, WC, systolic and
diastolic blood pressures (P = 0.001), HbAlc, insulin, and BUN levels were higher in the HTNW group than in the
NTNW group, higher in the NTGW group than in the HTNW group, and higher in the HTGW group than in the NTGW
group (all P <0.001). TG and uric acid levels were higher in the NTGW group than in the NTNW group, higher in the
HTNW group than in the NTGW group, and higher in the HTGW group than in the HTNW group (all P <0.001). TC,

Table | Characteristics of the Subjects in Each Triglyceride-Waist Phenotypes

Variables Total NTNW NTGW HTNW HTGW P-value
No. of subjects (%) 23,240 15,243 (65.5) 1920 (8.3) 4222 (18.2) 1855 (8.0)

Male (%) 14229 (61.2) | 7799 (51.2) 1370 (71.4) 3458 (81.9) 1602 (86.4) <0.001
Age (year) 45281111 | 44.16£1095 | 49.97+12.52* | 46.35+10.21%° 47.12%11.01% <0.001
BMI (kg/m?) 23.83+3.25 22.6142.59 27.89+2.78° 24424227 28.31+2.60% <0.001
WC (cm) 79.54%9.36 75.58+7.45 92.7245.10° 81.53+5.38%° 93.89+4.94%¢ <0.001
SBP (mmHg) 109.44£14.04 | 106.7513.45 | 115.95+13.71* | 112.61+13.39°® | 117.62+13.77%* | <0.001
DBP (mmHg) 70.49+10.31 68.48+9.80 | 75.16+10.07* | 72.95+10.00° | 76.65+10.07°* 0.001
TC (mg/dL) 192.96+33.99 | 187.10£31.72 | 193.10£32.89* | 207.33+34.71°® | 20831+36.79® | <0.00I
TG (mg/dL) 123.67486.48 | 83.07+30.86 | 101.63+29.47% | 226.67+96.85°° | 24560+102.87°° | <0.001
HDL-C (mg/dL) 56.03+13.77 | 59.97+13.49 | 52.52+11.75% | 47.95£10.54* 45.74+9 .43 <0.001
LDL-C (mg/dL) 118.46+30.96 | 113.50£29.22 | 124.11£29.93* | 128.82+31.87°® | 130.05+33.82® | <0.00I
FBG (mg/dL) 90.26+1833 | 87.26+1452 | 95.33+20.81* | 94.14%21.17° | 100.85+27.64" | <0.00!
HbAlc (%) 5.59£0.70 5.48+0.57 5.810.84° 5.71£0.78%° 5.99+1.00°> <0.001
Insulin (uU/mL) 4.88+3.06 3.99+2.34 6.453.75° 5.79+2.80°° 8.10£3.99°* <0.001
BUN (mg/dL) 13.66+3.59 13.49+3.54 14.59+3.92° 13.68+3.65 14.04+3.34°¢ <0.001
Creatinine (mg/dL) 1.07+0.25 1.04+0.25 1.09£0.16° 1.14+0.30°° 1.15+0.15% <0.001
UA (mg/dL) 5.34+1.47 5.00+1.36 5714144 5.95+1.41%° 6.33+1.49%¢ <0.001
Hypertension (%) 1922 (8.3) 820 (5.4) 296 (15.4) 463 (11.0) 343 (18.5) <0.001
Diabetes (%) 799 (3.4) 268 (1.8) 124 (6.5) 223 (5.3) 184 (9.9) <0.001
Metabolic syndrome (%) | 2253 (9.7) 99 (0.6) 265 (13.8) 628 (14.9) 1261 (68.0) <0.001

Notes: Values are presented as means * standard deviations, BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; FBG, fasting blood glucose; HbAlc, hemoglobin Alc; BUN, blood urea nitrogen; UA, uric acid; NTNW, normal TG and normal waist.
*Significantly different from NTNW at P<0.05, "Significantly different from NTGW at P<0.05, “Significantly different from HTNW at P<0.05.
Abbreviations: NTGW, normal TG with enlarged waist; HTNW, high TG with normal waist; HTGW, high TG with enlarged waist.
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LDL-C, and creatinine levels were higher in the NTGW group than in the NTNW group and higher in the HTNW and
HTGW groups than in the NTGW group (all P <0.001). Additionally, FBG level was higher in the NTGW and HTNW
groups than in the NTNW group, and it was higher in the HTGW group than in the NTNW, NTGW, and HTNW groups
(P <0.001). HDL-C level was lower in the NTGW group than in the NTNW group, lower in the HTNW group than in the
NTGW group, and lower in the HTGW group than in the HTNW group (P <0.001). The prevalence of hypertension,
diabetes, and metabolic syndrome according to the TG waist phenotype differed among the groups, with the HTGW
group showing the highest prevalence (P<0.001).

Differences in the Prevalence of Asymptomatic Hyperuricemia According to the TG

Waist Phenotype
The prevalence of asymptomatic hyperuricemia for all participants in the NTNW, NTGW, HTNW, and HTGW groups,

according to the TG waist phenotype, was 9.8%, 21.8%, 24.7%, and 33.7%, respectively, with a significant difference
between groups (P <0.001; Figure 1a).

After categorizing by sex to determine differences in hyperuricemia prevalence based on the TG waist phenotype, the
prevalence rates for men in the NTNW, NTGW, HTNW, and HTGW groups were 16.5%, 26.5%, 28.2%, and 36.3%,
respectively. Significant differences were observed between these groups. The prevalence of hyperuricemia gradually
increased as the groups progressed from the NTNW group to the HTGW group (P <0.001). In women, the prevalence of
hyperuricemia among the NTNW, NTGW, HTNW, and HTGW groups was 2.7%, 10.0%, 8.8%, and 17.0%, respectively,
with a significant difference identified between the groups (P <0.001). Moreover, the prevalence of hyperuricemia was
highest in the HTGW group for both men and women (Figure 1b).

Risk Ratio for Developing Hyperuricemia According to the TG Waist Phenotype
The adjusted ORs and 95% Cls of hyperuricemia for the TG waist phenotype are presented in Table 2.

In men, compared with that in the NTNW group, the risk ratios for developing hyperuricemia were 1.990 (1.809-
2.188, P <0.001) and 2.887 (2.566-3.249, P <0.001) in the HTNW and HTGW groups respectively. The differences
appeared significant even after adjusting for potential confounders. In women, compared with that of the NTNW group,
the risk ratios of the HTNW and HTGW groups were 3.446 (2.586-4.592, P <0.001) and 7.341 (5.139-10.487,
P <0.001), respectively, indicating a high risk of developing hyperuricemia. The differences were significant even
after adjusting for potential confounders. After comparing the risk ratio of hyperuricemia in the HTGW group with

(a) (b)
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P <0.001 2.7 | @@ Men £ <0.001 36.3
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o) 9.8 ) 10.0
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Triglyceride waist phenotype Triglyceride waist phenotype

Figure | Prevalence of hyperuricemia by sex and triglyceride waist phenotypes; (a) All subjects, (b) Gender classification.
Abbreviations: NTNW, normal TG and normal waist; NTGW, normal TG with enlarged waist; HTNW, high TG with normal waist; HTGW, high TG with enlarged waist.
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Table 2 Odds Ratios for Hyperuricemia at Different Levels of Triglyceride Waist Phenotypes

Crude Model Model | Model 2
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Total

NTNW Reference Reference Reference

NTGW 2.571 (2.278-2.901) <0.001 1.181 (1.020-1.369) 0.026 1.203 (1.036-1.398) 0.016

HTNW 3.031 (2.775-3.310) <0.001 1.865 (1.698-2.049) <0.001 1.440 (1.285-1.614) <0.001

HTGW 4.694 (4.204-5.240) <0.001 1.679 (1.462-1.929) <0.001 1.388 (1.189-1.621) <0.001
Men

NTNW Reference Reference Reference

NTGW 1.824 (1.596-2.086) <0.001 1.166 (0.996—1.366) 0.056 1.193 (1.015-1.402) 0.032

HTNW 1.990 (1.809-2.188) <0.001 1.783 (1.616-1.967) <0.001 1.408 (1.249-1.587) <0.001

HTGW 2.887 (2.566-3.249) <0.001 1.655 (1.430-1.916) <0.001 1.380 (1.172-1.626) <0.001
Women

NTNW Reference Reference Reference

NTGW 3.983 (2.917-5.440) <0.001 1.436 (0.961-2.145) 0.077 1.424 (0.943-2.151) 0.093

HTNW 3.446 (2.586—4.592) <0.001 2.549 (1.886-3.445) <0.001 1.725 (1.192-2.497) 0.004

HTGW 7.341 (5.139-10.487) <0.001 2.650 (1.711-4.104) <0.001 2.082 (1.289-3.362) 0.003

Notes: Model | was adjusted for age, sex, and BMI. Model 2 was adjusted for model | plus SBP, DBP, TC, HDL-C, LDL-C, and FBG.

Abbreviations: NTNW, normal TG and normal waist; NTGW, normal TG with enlarged waist; HTNW, high TG with normal waist;

HTGW, high TG with enlarged waist; OR, odds ratio; Cl, confidence interval.
that of the non-HTGW group, the risks of developing hyperuricemia in the HTGW group after controlling for age, sex,
and BMI in all participants, men, and women were 1.294 (1.146-1.460, P <0.001), 1.295 (1.140-1.470, P <0.001), and
1.888 (1.284-2.776, P <0.001), respectively. However, after additional control for systolic and diastolic blood pressures,
TC, HDL-C, LDL-C, and FBG, no significant difference was identified in the risk ratio of developing hyperuricemia in
the HTGW group, compared with that of the non-HTGW group (Table 3).

Table 3 Association of HTGW Phenotype and Hyperuricemia

Crude Model Model | Model 2
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Total

Non- HTGW Reference Reference Reference

HTGW 3.175 (2.862-3.523) <0.001 1.294 (1.146—1.460) <0.001 1.080 (0.949-1.230) 0.243
Men

Non- HTGW Reference Reference Reference

HTGW 2.173 (1.946-2.427) <0.001 1.295 (1.140-1.470) <0.001 1.087 (0.949-1.246) 0.229
Women

Non- HTGW Reference Reference Reference

HTGW 5.330 (3.770-7.536) <0.001 1.888 (1.284-2.776) 0.001 1.457 (0.966-2.196) 0.072

Notes: Model | was adjusted for age, sex, and BMI. Model 2 was adjusted for model | plus SBP, DBP, TC, HDL-C, LDL-C, and FBG.
Abbreviations: HTGW, high TG with enlarged waist; OR, odds ratio; Cl, confidence interval.
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Risk Ratio of Hyperuricemia by the TG Waist Phenotype in Various Risk Factors
After adjusting for potential confounding factors in various risk factors, the risk ratios of hyperuricemia according to the TG
waist phenotype are presented in Table 4. In participants aged <60 years, the risk ratios for hyperuricemia in the NTGW,
HTNW, and HTGW groups were 1.215 (1.031-1.430, P = 0.020), 1.463 (1.298-1.650, P <0.001), and 1.396 (1.184—1.646,
P <0.001), respectively. The risk ratio significantly increased, and the HTNW group had the highest risk ratio for hyperur-
icemia. However, in participants aged >60 years, no significant relationship was identified in the development of hyperur-
icemia according to the TG waist phenotype. In individuals with obesity with BMI values >25 kg/m?, the risk ratio for
hyperuricemia in the NTGW group was 1.204 (1.020-1.422, P=0.029), that in the HTNW group was 1.495 (1.278-1.748,
P<0.001), and that in the HTGW group was the highest at 1.518 (1.273-1.811, P<0.001). In participants without high LDL-C,
high TC, and diabetes, the risk ratio of hyperuricemia was higher in the NTGW, HTNW and HTGW groups than that in the
NTNW group, with the risk ratio in the HTNW group being the highest (1.477 [1.304-1.672, P<0.001], 1.411 [1.244-1.600,
P<0.001], 1.384 [1.232-1.555, P<0.001], respectively). In participants without low HDL-C, the risk ratios for hyperuricemia
in the NTGW, HTNW, and HTGW groups were 1.296 (1.101-1.526, P = 0.002), 1.388 (1.220-1.578, P <0.001), and 1.423
(1.192-1.698, P <0.001), respectively. Thus, the risk ratio increased significantly.

Usefulness of HTGW Measurement Variables for Predicting Hyperuricemia

The usefulness of HTGW measurement variables for identifying hyperuricemia through the ROC curve is presented in
Table 5. For WC, the AUC values with their 95% CIs were 0.712 (0.704-0.721, P <0.001), 0.614 (0.603—0.625,
P <0.001), and 0.693 (0.664-0.721, P <0.001) for all participants, men, and women, respectively. For TGs, used to

Table 4 Odds Ratios for Hyperuricemia According to Triglyceride Waist Phenotypes by Various Risk Factors

Subgroups NTNW NTGW HTNW HTGW
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Age (year)

<60 Reference 1.215 (1.031-1.430) 0.020 1.463 (1.298-1.650) <0.001 1.396 (1.184-1.646) <0.001

260 Reference 1.052 (0.707-1.566) 0.803 1.248 (0.855-1.822) 0.251 1.254 (0.788-1.995) 0.340
BMI (kg/m?)

<25.0 (non-obesity) Reference 2.346 (1.514-3.633) <0.001 1.330 (1.123-1.575) 0.001 1.545 (0.842-2.835) 0.160

225.0 (obesity) Reference 1.204 (1.020-1.422) 0.029 1.495 (1.278-1.748) <0.001 1.518 (1.273-1.811) <0.001
High LDL-C

No Reference 1.232 (1.049-1.446) 0.011 1.477 (1.304-1.672) <0.001 1.398 (1.181-1.654) <0.001

Yes Reference 1.013 (0.653-1.572) 0.954 1.232 (0.920-1.651) 0.161 1.315 (0.881-1.962) 0.181
High TC

No Reference 1.214 (1.037-1.422) 0.016 1.411 (1.244-1.600) <0.001 1.282 (1.080-1.522) 0.005

Yes Reference 0.987 (0.592-1.644) 0.959 1.427 (1.051-1.937) 0.022 1.818 (1.221-2.707) 0.003
Low HDL-C

No Reference 1.296 (1.101-1.526) 0.002 1.388 (1.220-1.578) <0.001 1.423 (1.192-1.698) <0.001

Yes Reference 0.768 (0.514-1.148) 0.199 1.327 (1.017-1.732) 0.037 1.078 (0.767-1.516) 0.665
Diabetes

No Reference 1.207 (1.036—1.405) 0.016 1.384 (1.232-1.555) <0.001 1.311 (1.118-1.537) 0.001

Yes Reference 0.615 (0.188-2.011) 0.421 1.998 (0.888—4.492) 0.094 2.546 (1.041-6.226) 0.041

Note: Adjusted for age, sex, BMI, SBP, DBP, TC, HDL-C, LDL-C, and FBG.
Abbreviations: BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; NTNW, normal TG
and normal waist; NTGW, normal TG with enlarged waist; HTNW, high TG with normal waist; HTGW, high TG with enlarged waist, OR, odds ratio; Cl, confidence interval.

Diabetes, Metabolic Syndrome and Obesity 2024:17 hetps: 1733

Dove!


https://www.dovepress.com
https://www.dovepress.com

Oh et al Dove

Table 5 Areas Under the Receiver Operating Characteristic Curve (AUC) of the
Indicators to Detect Hyperuricemia

Variable AUC 95% CI Sensitivity | Specificity | P-value
Total WC (cm) 0.712 | 0.704-0.721 0.735 0.582 <0.001
TG (mg/dL) | 0.682 | 0.673-0.691 0.640 0.629 <0.001
TG*WC | 0.702 | 0.693-0.711 0.627 0.672 <0.001
Men WC (cm) 0.614 | 0.603-0.625 0.631 0.537 <0.001
TG (mg/dL) | 0.617 | 0.606-0.628 0.558 0.612 <0.001
TG *WC | 0.627 | 0.617-0.638 0.602 0.588 <0.001
Women | WC (cm) 0.693 | 0.664-0.721 0.678 0.639 <0.001
TG (mg/dL) | 0.666 | 0.637-0.696 0.586 0.684 <0.001
TG *WC | 0.685 | 0.656-—0.715 0.689 0.613 <0.001

Abbreviations: WC, waist circumference; TG, triglyceride; AUC, area under the ROC curve; Cl, con-
fidence interval.

identify hyperuricemia, the AUC values with 95% CIs were 0.682 (0.673-0.691, P <0.001), 0.617 (0.606—0.628,
P <0.001), and 0.666 (0.637-0.696, P <0.001) for all participants, men, and women, respectively. The AUC values for
the WC*TG index with their 95% CIs were 0.702 (0.693-0.711, P <0.001), 0.627 (0.617-0.638, P <0.001), and 0.685
(0.656-0.715, P <0.001) for all participants, men, and women, respectively.

Discussion

In this study, the likelihood of developing asymptomatic hyperuricemia was 1.39 times higher in participants with the
HTGW phenotype than in Korean adults with the NTNW phenotype. Specifically, the HTGW phenotype with diabetes
had a 2.55 times higher probability of developing asymptomatic hyperuricemia than did the NTNW phenotype.
Furthermore, among the HTGW measurement variables, the WC*TG index for men and the WC for women had the
highest predictive ability for hyperuricemia. However, the AUC value of the HTGW phenotype was less than 0.7; this
indicates limitations to its effective application in Korean adults. WC is a predictive indicator of insulin resistance and
cardiovascular risk, and it has been suggested as a surrogate marker for measuring abdominal visceral fat.*® However,
because WC alone is not sufficient to distinguish between visceral fat and subcutaneous fat, TG levels were adopted as an
additional indicator to measure visceral obesity.>*® The HTGW phenotype was proposed based on the roles of
dyslipidemia and abdominal obesity as sensitive markers of cardiometabolic risk.'>*' Therefore, the HTGW phenotype
is presented as an index to more comprehensively evaluate visceral fat accumulation.?’ People with visceral obesity have
high blood uric acid levels, and men with visceral obesity are especially known to have a high risk of developing gout.'*
Based on the results of this study, the prevalence of hyperuricemia in the HTGW phenotype was the highest among the
four phenotypes, and the prevalence of hyperuricemia in the HTGW phenotype was 3.44 times higher than that in the
NTNW phenotype. In addition, similar results were obtained in both men and women, which is consistent with the
findings of Amadi et al'* in Nigerian patients with hypertension, which showed that the prevalence of hyperuricemia was
significantly higher in the HTGW phenotype than in the NTNW phenotype. The HTGW phenotype is associated with
hyperuricemia and has been suggested to be a strong risk factor for hyperuricemia.'®** Chen et al'® reported that the
HTGW phenotype was significantly associated with hyperuricemia in the Chinese population. In addition, the likelihood
of developing hyperuricemia in the HTGW phenotype was 4.59 times in men and 3.55 times in women, indicating
a stronger association in men.'> Another study discovered that the HTGW phenotype had a higher risk of hyperuricemia
than did the NTNW phenotype, and this association was more pronounced in women than in men.'®
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The results of this study indicate that men with the HTGW phenotype were 1.38 times more likely to develop
asymptomatic hyperuricemia than those with the NTNW phenotype, and women with the HTGW phenotype were 2.08
times more likely to develop asymptomatic hyperuricemia. This association was independent of age, sex, and other
potential confounders. Increased visceral fat in postmenopausal women indicates a strong association between the
HTGW phenotype and hyperuricemia.’® However, as this study did not evaluate pre- and post-menopausal women to
investigate the relationship, future research on this relationship is necessary. Additionally, compared with that in the
NTNW phenotype, the risk of developing hyperuricemia in the HTNW phenotype was the highest at 1.44 times, followed
by the HTGW phenotype at 1.39 times. The higher risk may be attributed to the relationship between hyperuricemia and
TG, which is stronger than that between hyperuricemia and abdominal obesity.

The balance between the production and excretion of uric acid is a determining factor in maintaining a constant
concentration of uric acid in the blood.'® Elevated TG levels can cause fat to accumulate in the ectopic tissue, causing
fatty liver and pressure on the kidneys due to excessive fatty tissue.*>** Abnormal uric acid reabsorption and production
of uricase in the kidneys are reported to be the causes of hyperuricemia.®> In addition, xanthine oxidase, which is
involved in uric acid production, shows a positive correlation with TGs, and in the Fredrickson classification, type IV
hyperlipoproteinemia is reported to have a high frequency of hyperuricemia.>*>® Therefore, this mechanism could
explain the high risk of hyperuricemia in the HTGW and HTNW phenotypes.

The results of this study, based on stratified analysis, suggest that the HTGW phenotype, coupled with diabetes, had
the highest probability of developing asymptomatic hyperuricemia (2.55 times). Three main causes of diabetes are
associated with uric acid. First, inflammatory responses and diabetes are closely related, and an increase in uric acid
levels produces interleukin, tumor necrosis factor, and C-reactive protein, causing an inflammatory response. A recent
study revealed that in people with obesity, the uric acid-to-HDL-C ratio is related to the visceral fat area rather than the
subcutaneous fat area.>® Excessive visceral fat accumulation causes metabolic disorders, such as insulin resistance, by
hyperexciting the sympathetic nerves and inducing the secretion of inflammatory cytokines.**! Second, though uric acid
acts as an antioxidant within the cells, it promotes oxidation through the production of reactive oxygen species, which
cause lipid peroxidation and DNA and cell damage.** Third, uric acid reduces the proliferation of vascular endothelial
cells and the secretion of nitric oxide, causing vascular endothelial dysfunction and insulin resistance.*®

Previous research suggests that the HTGW phenotype can be used as an indicator to identify individuals at high risk
of hyperuricemia.'” Our study revealed that the AUCs were the highest for the WC*TG index in men (0.627) and for the
WC in women (0.693); however, the AUC value of the WC*TG index was less than 0.7, indicating that it is not an
optimal index for identifying individuals at a risk for hyperuricemia. Therefore, we suggest that the HTGW phenotype be
combined with another index for higher predictive accuracy.

This study has value as a large-scale study that includes extensive adjustment for anthropometric variables and
clinical factors. However, several potential limitations must be considered. First, due to the cross-sectional study design,
the causal relationship between the HTGW phenotype and asymptomatic hyperuricemia could not be determined.
Second, all study participants were limited to one region in Korea, which limits the generalization of the results.
Third, although many confounders were adjusted in the analysis, potential influences such as diet, exercise, smoking
and drinking, drug use, and genetic factors were not taken into consideration. Therefore, additional research is needed to
understand the metabolic mechanism of the relationship between asymptomatic hyperuricemia and the HTGW

phenotype.

Conclusion

This study investigated the association between the HTGW phenotype and asymptomatic hyperuricemia in Korean
adults. The prevalence of hyperuricemia was the highest in the HTGW phenotype, and the likelihood of developing
asymptomatic hyperuricemia was 1.39 times higher in participants with the HTGW phenotype than in those with the
NTNW phenotype. In particular, a strong association was observed between the HTGW phenotype and asymptomatic
hyperuricemia in participants with diabetes. Additionally, the AUCs for the HTGW phenotype for identifying individuals
at a high risk of hyperuricemia were 0.627 for men and 0.685 for women. Therefore, in individuals with the HTGW
phenotype, the blood uric acid levels should be monitored to prevent hyperuricemia. We also suggest combining the
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HTGW phenotype with an indicator that can complement its accuracy for identifying individuals at a high risk of
hyperuricemia development.

Abbreviations

AUC, area under the receiver operating characteristic curve; BMI, body mass index; BUN, blood urea nitrogen; CI,
confidence interval; FBG, fasting blood glucose; HbAlc, glycated hemoglobin Alc; HDL-C, high-density lipoprotein
cholesterol; HTGW, hypertriglyceridemic-waist; HTNW, high triglyceride with normal waist; LDL-C, low-density
lipoprotein cholesterol; NTGW, normal triglyceride with enlarged waist; NTNW, normal triglyceride normal waist;
OR, odds ratio; ROC, receiver operating characteristic; TC, total cholesterol; TG, triglyceride; WC, waist circumference.
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