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Abstract
Background: The aim of this study was to research the association between the hypertriglyceridemic-waist
(HTGW) phenotype and uric acid in a large general population.

Methods: A total of 9015 participants from the cross-sectional study were enrolled. The hypertriglyceridemic-waist
(HTGW) phenotype was de�ned as elevated waist circumference (WC) and elevated triglyceride (TG)
concentration. Linear and Multiple logistic regression models were used for measuring the association between
HTGW phenotype and uric acid.

Results: Total prevalence of hyperuricemia was 17.3% and the prevalence of hyperuricemia were 31.6 % in HTGW
phenotype. Subjects with HTGW phenotype were more likely to have hyperuricemia (OR=1.47, 95%CI: 1.11–1.95,
P=0.007) compared with subjects with NTNW group. Furthermore, the strati�ed analysis showed that the
strongest positive association of HTGW phenotype with hyperuricemia was found in the subgroup of presence of
CKD. The associations were all fully adjusted for confounding factors.

Conclusion: Our study suggested a positive association between the HTGW phenotype and hyperuricemia in
Chinese people. Further prospective studies are warranted to con�rm our �ndings and to investigate the
underlying biological mechanisms.

Introduction
Serum uric acid (SUA) is the end product of purine metabolism in humans. Most circulating uric acid (UA) is freely
�ltered in the kidneys, which excrete approximately 60–70% of the total UA from the body[1]. Previous study
hypothesized that higher SUA levels might have been bene�cial during hominoid evolution because of the
antioxidant properties of UA[2]. Furthermore, UA in excess may cause nephrolithiasis and gout which will lead to
many other human diseases[3]. In patients with hyperuricaemia (HUA), HUA is an independent risk factor for
insulin resistance, cardiovascular disease (CVD)[4], nonalcoholic fatty liver disease (NAFLD)[5, 6], type 2 diabetes
mellitus, metabolic syndrome, and atherosclerosis[7, 8]. Impaired renal function may increase SUA concentration
by decreasing renal excretion[8].In a cross-sectional study in China, hypertriglyceridaemia, hypercholesterolaemia,
overweight or obesity were risk factors for HUA[9].

The hypertriglyceridemic waist (HTGW) phenotype was �rst proposed in 2000, and de�ned as the presence of an
elevated waist circumference, together with high levels of triglycerides (TGs)[10]. Compared to elevated TG or
enlarged WC used alone, the HTGW phenotype is superior in evaluating excess visceral adiposity, and is also a
useful clinical tool for identifying individuals with higher risk of abnormal metabolism[11]. Previous studies
showed the strong positive epidemiological associations of the HTGW phenotype with the risk of cardiovascular
events (CVD)[12, 13], prediabetes and diabetes[14, 15], hypertension[16]. Only one study in human found the
HTGW phenotype was associated with hyperuricemia[17]. But they focused on the patients with high risk of CVD.
To this day, no study has reported the relationship of HTGW with uric acid in a large Chinese general population.
Therefore, our study aimed to prospectively (1) describe the epidemiological and clinical characteristics of the
population across the HTGW phenotype and (2) verify whether patients with the HTGW phenotype had a higher
risk of hyperuricemia.

Materials And Methods
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Study population
The study participants were consecutively recruited from a population-based, cross-sectional study in the health
center of Ruijin Hospital, Luwan branch, Huangpu district, Shanghai. First, from March to August 2020,
individuals aged 40 years or older who were natives of Shanghai municipality or those who had lived in Shanghai
for at least 5 years who underwent health checks in this health center were enrolled. Second, we invited
participants to participate in the study by telephone. Participants were excluded if they met one of the following
criteria: unable to consent; pregnancy; or critical illness such as cancer, organ transplant or dialysis treatments. At
this stage, 10824 participants were called. Third, 9214 participants provided informed consent and were recruited
(response rate 85.1%). The exclusion criteria were as follows: missing blood pressure data (n = 2); missing
triglyceride levels (n = 122); and missing waist circumference (n = 75). Finally, 9015 subjects were included in the
analysis. (Fig. 1)

The study protocol (No. LWEC2020024) was approved by the Ethics Committee of the Shanghai Ruijin Hospital,
Luwan branch, Shanghai Jiao Tong University School of Medicine. Informed consent was obtained from all
participants included in our study. We con�rmed that all methods were performed in accordance with the relevant
guidelines and regulations.

Clinical, Anthropometric And Laboratory Measurements
An experienced personnel �nished all interviews including the questionnaire covering sociodemographic
characteristics, medical history, family history and lifestyle factors. Body mass index (BMI) was calculated as
weight (in kilograms) divided by height (in meters squared). BMI < 24 kg/m2 was de�ned as normal weight, while
BMI ≥ 24 kg/m2 was de�ned as overweight/obese, as determined by the Cooperative Meta-Analysis Group of the
Working Group on Obesity in China criteria[18]. Blood pressure (BP) was measured by a trained physician with an
electronic sphygmomanometer (Omron HEM-7200 Monitor, Batteries, and Stopwatch). The blood pressure was
measured 3 times at 5-minute intervals after the participants in this study were required to rest in a seated
position for at least 5 minutes. The mean of the 3 readings was calculated. Waist circumference (WC) was
measured 1 cm above the umbilicus. Drinking and smoking status were divided into never drinking/smoking and
past or current drinking/smoking. Educational level was categorized as whether below high school or not.
Physical activity included occupational and leisure-time physical activity, which were merged and regrouped into
the self-reported high level of both occupational and leisure-time physical activity or below[19].

Blood samples were obtained after fasting for at least 8 h. Serum samples were aliquoted and frozen at a central
laboratory. Glycated hemoglobin (HbA1c) was measured by a high-performance liquid chromatography (MQ-
2000PT) (HPLC) automatic HbA1c analyzer (MEDCONN, Huizhong Medical Science and Technology Co., Ltd,
Shanghai, China; Shanghai Huachen Biological Reagent Co., Ltd, Shanghai, China). Alutamic oxaloacetic
transaminase (AST), Glutamic pyruvic transaminase (ALT), fasting plasma glucose (FPG), total cholesterol (TC),
high-density lipoprotein (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were also measured (AU680
Chemistry Analyzer, Beckman Coulter, Brea, CA, USA). TG was measured with assay kits from Beckman Coulter
(catalog number: AUZ5612, assay sensitivity: 0.01 mmol/L, intra-assay variability: 6.25%), as was FPG (catalog
number: AUZ4686, assay sensitivity: 0.04 mmol/L, intra-assay variability: 2.5%). Serum UA was analysed with a
Beckman Coulter AU 680 device with the original kit (Brea, California, USA). The validity and accuracy of UA were
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6% and 4%, respectively. The eGFR was determined using the Chinese modi�ed Chronic Kidney Disease
Epidemiology Collaboration[20].

De�nition Of Variables
Hypertension was diagnosed as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or a
self-reported previous physician’s diagnosis of hypertension. HUA was de�ned as serum UA > 420 µmol/L for men
and > 360 µmol/L for women[21].

De�nitions Of Htgw And The Rest Of The Phenotypes
Participants were grouped into four phenotype groups according to the measurements of TG and WC: (1) Normal
waist circumference and normal triglycerides (NWNT): TG ≤ 1.7 mmol/L, WC < 90 cm for men and WC < 80 cm for
women; (2)Normal waist circumference and elevated triglycerides (NWET):TG > 1.7 mmol/L, WC < 90 cm for men
and WC < 80 cm for women; (3) Elevated waist circumference and normal triglycerides (EWNT ):TG ≤ 1.7 mmol/L,
WC ≥ 90 cm for men and ≥ 80 cm for women;(4) Hypertriglyceridemic waist (HTGW):TG > 1.7 mmol/L, WC ≥ 90
cm for men and ≥ 80 cm for women[22].

Statistical Analyses
Data analyses were performed using IBM SPSS version 25 statistical software (IBM Corp., Armonk, NY, USA). P < 
0.05 indicated signi�cance (two-sided). Continuous variables are presented as mean ± standard deviation (SD),
and categorical variables are presented as percentages (%) as appropriate. Pearson’s correlation was used to
analyze the relationship between uric acid and each potentially associated factor, including FBG, HBA1c, blood
glucose, blood pressure, lipids, eGFR, WC and ALT after adjusted by sex, age, BMI. Both linear and logistic
regression analysis were used to test for our phenotype groups and hyperuricaemia. Model 1 was adjusted for
age, sex, BMI, current smoking and current drinking. Model 2 was adjusted for Model 1 plus TC, LDL, FBG, HbA1c,
eGFR, systolic blood pressure, diastolic blood pressure, diabetes, anti-diabetes agents, hypertension, anti-
hypertension drug.

For sensitivity analyses, we repeated the analyses to examine the association of triglyceride waist phenotypes
with hyperuricemia. We performed strati�ed analyses and potential effect modi�cations by age (< 60 years, ≥ 60
years), BMI (< 24 kg/m2, ≥ 24 kg/m2), presence or absence of CKD, presence or absence of hypertension and
presence or absence of diabetes. The same confounding factors as above were adjusted for the analyses.

Results
Baseline clinical characteristics

Table 1 showed the baseline anthropometric parameters and biochemical indices according to four triglyceride
and waist phenotypes. Participants in HTGW group were older and had a signi�cantly higher BMI, WC, SBP, and
DBP than the NTNW group; Higher levels of TC, TG, LDL-C, FBG, HbA1c, UA; and lower levels of HDL-C and eGFR
was found in the HTGW phenotype group (P < 0.001, Table 1). Participants in HTGW group also had a higher
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prevalence of overweight or obesity, hypertension, diabetes and CKD than those in the other three groups (P <
0.001). The prevalence of was hyperuricemia 17.3% (1559/9015) according Table 1. Participants in the HTGW
group had the highest prevalence of hyperuricemia (605/1909 (31.6)) among the four subgroups (P <
0.001). Participants in the NWET and EWNT groups had a higher prevalence
of hyperuricemia (464/1321 (27.9%) 93/2375 (12.3%) respectively) than those in the NWNT group
(295/3410 (8.6%)) (P < 0.001).

 Correlation of UA with other parameters

Table 2 showed that was positively associated with TG (r = 0.215, P < 0.001) and WC (r = 0.095, P < 0.001). ALT
and eGFR were also associated with UA in our cohort after adjusted for age, sex and BMI. Moreover, SUA also had
a positive correlation with blood glucose (FPG, HbA1c), lipids (TC, LDL) and blood pressure (DBP). 

Association of the different triglyceride waist phenotypes with hypertension

Table 3 showed that in logistic regression models, the HTGW phenotype was positively associated with the risk of
hyperuricemia in participants. Subjects with the HTGW phenotype were 3.48 times (95% con�dence interval (CI)
2.90–4.19) more likely to have hyperuricemia than those with the NWNT phenotype after adjusting for age, sex,
BMI, current smoking and current drinking. After further adjustment for TC, LDL, FBG, HbA1c, eGFR, systolic blood
pressure, diastolic blood pressure, diabetes, anti-diabetes agents, hypertension, anti-hypertension drug, the OR
(95% CI) of hyperuricemia was 3.43 (2.84, 4.13) for participants with the HTGW phenotype. The HTGW phenotype
was associated with hyperuricemia after full adjustments in men (2.89, 95% CI: 2.23-3.79, p<0.001) and women
(4.10, 95% CI: 3.07-5.48, p<0.001) after strati�cation by sex (P < 0.0001 for interaction with sex).

Association of HTGW phenotype with UA level 

Table 4 indicated that compared to the NWNT group, after adjusting for age, sex, BMI, current smoking and
current drinking and other confounder risks, the HTGW phenotype was signi�cantly associated with UA level, with
an unstandardized coe�cient of 0.07(95% CI, 0.09, 0.28, P<0.001). These association were all consistency
between man and women (all P<0.05, Table 4)

Association of HTGW phenotypes with hyperuricaemia in different subgroups

In Table 5, we further examined the association of triglyceride waist phenotypes with hyperuricemia in different
subgroups of age, BMI, presence or absence of CKD, presence or absence of hypertension and presence or
absence of diabetes. The association between the HTGW phenotype and the risk of hyperuricemia was consistent
in almost all subgroups. We found the strongest positive association of HTGW phenotype with CKD in the
subgroup of presence of CKD (OR=3.98, 95%CI:1.26-12.59). In the risk of hyperuricemia, no signi�cant interaction
effects were observed between the triglyceride waist phenotype and all subgroup variables.

Discussion
In present large population-based, cross-sectional study, we explored the association of triglyceride waist
phenotypes with hyperuricemia in the Chinese general population. We found that the HTGW phenotype was
associated with an increased risk of hyperuricemia compared with the other three phenotype groups. Subjects
with the HTGW phenotype were 3.48-fold more likely to have hyperuricemia than those with the NWNT phenotype.
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The major �nding of this current study was that the HTGW phenotype was indicated as a strong risk factor for
hyperuricemia for both sexes in Chinese population. In addition, this positive relationship was independent of age,
sex, BMI, history of hypertension, obesity, CKD and diabetes.

Hyperuricemia, which presents a high risk of CKD, CVD and metabolic syndrome [23, 24], is responsible for
enormous health care burdens worldwide. This is especially true in China due to rapid lifestyle changes and
obesity prevalence. Our study showed a prevalence of hyperuricemia in our cohort of 17.3%, 50.7% for men and
49.2% for women, slightly higher than previous studies.[9, 25]. This discrepancy is because of these studies were
performed in different populations and different years. The hyperuricemia prevalence of the NWNT, NWET, EWNT,
and HTGW phenotype groups was 8.6%, 27.9%, 12.3% and 31.6%, respectively. UA is initially �ltered in the kidney.
Acute renal failure is associated with increased concentrations of circulating SUA (decreased renal excretion)[8].
Given the large social burden and strong association between hyperuricemia in the general population and
chronic diseases such as diabetes, hypertension, and CKD, it is critical to identify high-risk asymptomatic
individuals with hyperuricemia. Furthermore, our study observed that the distribution of phenotype groups varied
by sex. The proportion of HTGW and NWET phenotypes in women was higher than in men, which may be due to
the higher prevalence of central obesity and dyslipidemia in elderly Chinese women[26].

Risk factors for HUA were also evaluated in our study. We found elevated TC, elevated TC, overweight or obesity,
high DBP and high glucose level were risk factors for HUA. Consistent with our results, in previous studies,
hypertriglyceridemia was considered the strongest risk factor for HUA [27]. China has the largest obese population
in the world[28]. In this case, the prevalence of HUA increased in the four triglyceride waist phenotypes. We should
therefore pay more attention to preventing its consequences.

The evidence provided by this study showed that the SUA in the HTGW group was 348.28umol/l, which was
higher than that in the NTNW group. Participants in HTGW were 3.43 times more likely to develop hyperuricemia
than participants in NWNT group, independent of age, sex, diabetes and other potential confounding factors.
These �ndings were consistence with previous studies[17]. However, the evidence about HTGW and
hyperuricaemia is still unclear. On the other hand, subjects with the HTGW phenotype had both elevated glucose
(FBG, 6.70 mmol/l vs. 4.75 mmol/l) and poor glucose control (HBA1c, 6.50% vs. 5.49%) compared to the NTNW
group. We further found that the prevalence of diabetes, hypertension, obesity in the HTGW phenotype group was
higher than in the NTNW group (19.6% versus 8,4%, 73.9% versus 53.9%, and 19.6% versus 8.4%, respectively).
Several potential mechanisms might be responsible for a higher risk of hyperuricemia in subjects with the HTGW
phenotype even after adjusting all confounders. The HTGW phenotype identi�ed a subgroup with greater visceral
adiposity[11], which increased the release of free fatty acids into the portal vein and induced insulin resistance
(IR)[29].IR has been shown to correlate linearly with a decline in renal function[30]. Excess fatty acids and
increased TG concentrations can lead to the accumulation of fat in ectopic tissues such as the kidneys and liver,
leading to steatohepatitis and kidney compression [31]. The other probable mechanism of this phenomenon was
the association between obesity and fatty kidney disease. The term “fatty kidney”, �rst named in the literature in
1883[32], suggests that hyperlipidemia is the cause of the characteristic renal lipid accumulation and
nephrotoxicity[33]. Obesity itself is associated with increased tubular sodium reabsorption, followed by initial
hyper�ltration and subsequent estimated gradual decline in glomerular �ltration rates [34]. Adipocytes are able to
secrete all components of the RAAS and are upregulated in obesity[34]. It is well known that the balance between
uric acid production and excretion determines its level. Abnormal renal uric acid reabsorption and the production
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of liver enzyme urase lead to hyperuricemia. Our �ndings suggest that the HTGW phenotype carries a higher risk
of hyperuricemia and may further support these mechanisms.

In the strati�ed analyses, the independent positive association of HTGW phenotypes with hyperruricemia risk still
persisted across almost all subgroups; The strongest association between HTGW phenotype and edema blood
risk was found in subgroups with CKD, suggesting that predict of HTGW phenotype for hyperuricemia may be
better for patients with CKD. Consistence with other studies, diabetes, obesity, hypertension and CKD were the
obvious risk factors of hyperuricemia in Chinese patients[9].

Several limitations in this study needed to be considered. First, temporal and contingent relationships cannot be
evaluated with cross-sectional design. Further point of view studies are needed to demonstrate these results and
potential mechanisms. Second, the de�nition of HTGW is currently diverse, and there is no specialized cutoff set
for Chinese populations. Third, despite adjusting for multiple variables, there may be other confounding factors
such as diet, family history of CKD, and recent drug use. Fourth, given the non-nationally representative of this
study, caution is required to generalize the obtained results. Further studies with a large number of general
participants or randomized controlled trials are still required.

Conclusions
In conclusion, a strong association between the HTGW phenotype and water hyperuricemia has been observed in
the general population in China. HTGW phenotypes are more likely to hypreruricemia than NWNT people.
Therefore, more attention should be paid to TG concentration and waist circumference in clinical screening and
intervention. In addition, large-scale prospective studies of uncertain sex-speci�c associations and other
underlying mechanisms remain critical in the future.
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Tables
Table 1. Characteristics of the participants in each phenotype group (n = 9015).

 BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,
fasting blood glucose; TC, total cholesterol; TG, HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol, eGFR estimated glomerular �ltration rate; UA, uric acid;

Table 2 The Correlation of UA with other parameters after adjusted by sex, age and BMI

    r P value

WC (cm)

Fasting glucose(mmol/l)

0.095

-0.084

<0.001

<0.001

HbA1c (%) -0.075 <0.001

SBP (mmHg) 0.020 0.056

DBP (mmHg) 0.026 0.015

ALT (U/L) -0.043 0.662

TC (mmol/l) 0.069 <0.001

LDL (mmol/l) 0.050 <0.001

TG (mmol/l) 0.215 <0.001

eGFR (mL/m/1.73 m2) -0.361 <0.001

 Table 3. Odds ratios for Hyperuricemia at different levels of triglyceride waist phenotypes



Page 11/15

NWNT NWET EWNT HTGW P for
trend

No. of participants
(%)

3410(37.8) 1321(14.7) 2375(26.3) 1909(21.2)  

Age at baseline
(year)

60.25±10.91 63.13±9.56 63.63±9.0 64.08±9.68 0.077

Male (%) 1716(50.3) 733(55.4) 712(29.9) 772(33.6) 0.192

BMI (kg/m2) 23.21±2.98 24.37±3.21 25.19±3.21 25.85±3.10 <0.001

WC cm 81.54±8.49 83.95±8.45 86.15±8.34 87.72±8.23 <0.001

SBP (mmHg) 126.59±16.58 129.17±17.45 137.30±18.31 140.25±18.71 0.013

DBP (mmHg) 85.90±10.78 84.50±10.53 86.53±9.92 85.79±10.07 <0.001

FBG (mmol/L)

HbA1C (%)

4.75±1.19

5.49±0.68

5.03±1.70

5.62±1.03

5.39±1.63

5.81±0.97

6.70±1.71

6.50±0.97

<0.001

<0.001

TG (mmol/L) 1.54±1.42 1.68±0.94 1.70±1.15 1.68±1.19 <0.001

TC (mmol/L) 4.78±0.75 5.02±0.85 5.39±0.81 6.70±0.93 <0.001

HDL-C (mmol/L) 1.62±0.33 1.45±0.33 1.33±0.29 1.17±0.27 <0.001

LDL-C (mmol/L)   2.97±0.71 3.28±0.74 3.45±0.79 3.33±0.80 <0.001

eGFR (mL/m/1.73
m2)

101.89±11.13 92.87±12.01 87.89±11.25 82.53±12.09 <0.001

UA (umol/l) 300.98±78.12 319.38±79.10 331.38±82.41 348.28±87.51 <0.001

CKD, (%) 106(3.2) 88(6.6)  207(8.7) 168(8.8 <0.001

Hyperuricemia, (%) 295(8.6) 369(27.9) 293(12.3) 605(31.6) <0.001

Male, (%) 212(71.9) 138(37.3) 200(68.3) 241(39.8) <0.001

Hypertension, (%) 1839(53.9) 855(64.7) 1637(68.9) 1525(79.9) <0.001

Diabetes (%) 286(8.4) 153(11.6) 370(15.6) 594(19.6) <0.001

Overweight/obesity,
(%)

1046(30.7) 635(48.1) 1669(70.3) 1777(93.1) <0.001

Education (≥high
school), %

180(5.3) 61(4.6) 171(7.2) 120(6.3) <0.001

High physical
activity, %

286(8.4) 95(7.2) 114(4.8) 61(3.2) <0.001
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Hyperuricemia

Model 1 P value Model 2 P value

Total 

NWNT ref ref ref ref

NWET 1.43(1.18,1.73) <0.001 1.44(1.19,1.75) <0.001

EWNT 2.75(2.30,3.29) <0.001 2.72(2.26,3.26) <0.001

HTGW  3.48(2.90,4.19) <0.001 3.43(2.84,4.13)             <0.001

Men  

NWNT ref ref ref ref

NWET 1.19(1.04,1.56) 0.021 1.22 (1.13,1.59) 0.015

EWNT 2.48(1.99,3.09) <0.001 2.48(1.97,3.11) <0.001

HTGW  2.91(2.25,3.76) <0.001 2.89(2.23,3.79) <0.001

Women

NWNT ref ref ref ref

NWET 1.77(1.32,2.36) <0.001 1.76 (1.31,2.36) <0.001

EWNT 3.08(2.24,4.22) <0.001 3.03 (2.20,4.17)  <0.001

HTGW 4.21(3.16,5.59)   <0.001 4.10 (3.07,5.48)  <0.001

Model 1was adjusted for age, sex (only in the total population), BMI, current smoking and current drinking.

Model 2 was adjusted for model 1 plus TC, LDL, FBG, HbA1c, eGFR, systolic blood pressure, diastolic blood
pressure, diabetes, anti-diabetes agents, hypertension, anti-hypertension drug 

Table 4. Associations of triglyceride waist phenotypes with uric acid level 
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Uric acid level(μmol/L)    

β (95%CI) P value β (95%CI) P value

Total        

NWNT ref ref ref ref

NWET 0.02(0.01,0.04) 0.002 0.03(0.01,0.05) 0.025

EWNT 0.11(0.09, 0.14) <0.001 0.09(0.08, 0.13) <0.001

HTGW 0.17(0.13 0.18) <0.001 0.07(0.09, 0.28) <0.001

Men        

NWNT ref ref ref ref

NWET 0.03(0.01, 0.06) 0.009 0.03(0.02,0.06) 0.043

EWNT 0.13(0.10, 0.17) <0.001 0.12(0.09,0.16) <0.001

HTGW 0.15(0.03, 0.33) <0.001 0.17(0.04,0.36) <0.001

Women        

NWNT ref ref ref ref

NWET 0.03(0.01, 0.05) 0.029 0.03(0.01,0.05) 0.015

EWNT 0.08(0.05, 0.12) 0.001 0.07(0.05,0.11) <0.001

HTGW 0.19(0.13, 0.29) <0.001 0.17(0.11,0.27) <0.001

Model was adjusted for age, sex (only in the total population), current smoking and current drinking, BMI, TC, LDL,
FBG, HbA1c, systolic blood pressure, diastolic blood pressure, diabetes, anti-diabetes agents, hypertension and
anti-hypertension agents.

Table 5. Odds ratios for Hyperuricemia according to triglyceride waist phenotypes by various subgroups
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Figures
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Figure 1

Flow chart describing the enrollment of the subjects in this study


