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Association of obesity,
triglyceride-glucose and its
derivatives index with risk of
hyperuricemia among college
students in Qingdao, China
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Ruixia Sun' and Ying Chen™

‘Department of Endocrinology and Metabolism, The Affiliated Hospital of Qingdao University,
Qingdao, China, ?2Department of Medicine, Qingdao University, Qingdao, China

Objective: To analyze and compare the associations of hyperuricemia (HUA)
with obesity, triglyceride-glucose (TyG), and its derivatives in college students.
To provide early guidance on risk predictors of HUA in college students.

Methods: This study was a cross-sectional survey including 23,411 participants
(age: 17-20 years). Investigators conducted face-to-face interview surveys and
physical examinations. Automated biochemical methods were used to detect
biochemical indicators such as serum uric acid (UA). Calculation of obesity,
TyG, and their derivatives indices were performed. Logistic regression was used
to analyze the relationship between different indexes and hyperuricemia. OR
value and 95% Cl were also calculated. ROC curve was used for assessing the
predictive ability of different indices of hyperuricemia.

Results: After adjusting for age, SBP, DBP, ALT, AST, TC, BUN, and CREA,
multivariate logistic regression showed that the OR value of LAP in the obesity
index was higher, especially in women (male OR: 4.347, 95%Cl: 3.807, 4.964;
female OR: 4.672, 95%Cl: 3.800, 5.744). The other three quartiles of TyG
derivatives were highly associated with hyperuricemia in men and women
compared with the top quartile (all P< 0.05). The risk of hyperuricemia
increased with an increase in quartiles. For college students, all indicators
could distinguish the presence of hyperuricemia. For men, the area under the
curve (AUC) of TyG-WC was the largest (AUC: 0.694; 95%Cl: 0.684-0.704;
P<0.05), according to the Maximum Youden index 0.290 with cut point value
477.853. In women, TyG-BMI showed a maximum AUC value of 0.702 (95%Cl:
0.685-0.719; P<0.05), according to the maximum Youden index of 0.317 with
cut point value 132.446. The TyG-WC, TyG-WHtR, TyG-LAP, and LAP indices
also had relatively high AUC.
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Conclusion: In clinical practice, LAP, TYG, and their related derivatives may be
used as sensitive indicators for HUA prediction in college students.
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Introduction

Hyperuricemia (HUA) is a metabolic disease caused by
either increased production or insufficient excretion of uric
acid from the body. According to the National Health and
Nutrition Examination Survey of the United States, about 21%
of American adults have HUA (1). The age-standardized
prevalence of HUA is about 11.4% (2). A national survey
showed that the overall prevalence of hyperuricemia in the
Chinese adult population was 11.1% in 2015-16, which
increased to 14.0% in 2018-19 (3). Of note, among young
people aged 18-29, the prevalence of hyperuricemia increased
from 13.4 to 18.0% in three years (3). The rise in prevalence of
HUA globally has gradually become a public health burden.

Previous studies have demonstrated that obesity and insulin
resistance (IR) is associated with HUA (4, 5). A positive
correlation exists between visceral fat deposition and increased
uric acid production (6). However, visceral fat requires a
diagnostic imaging technique, which is expensive. So it is
crucial to find simple and effective surrogate markers for
assessing visceral fat. Moreover, traditional obesity indicators
such as body mass index (BMI), waist circumference (WC), and
waist-height ratio (WHtR) cannot differentiate between visceral
and subcutaneous fat. Some newly proposed obesity-related
indices, such as visceral adiposity index (VAI), lipid
accumulation product (LAP) index, plasma atherosclerosis
index (AIP), cardiometabolic index (CMI), body shape index
(ABSI), and body roundness index (BRI) provides an idea for
predicting the occurrence of related metabolic diseases. There is
a close relationship between insulin resistance (IR) and glucose
with lipid metabolism. The triglyceride-glucose index (TyG) has
been proposed as a simple substitute for IR (7). Studies have
shown the effectiveness of TyG in assessing IR (8). In addition,
its efficiency in assessing IR may be improved when TyG is
combined with some other obesity indicators such as body mass
index (BMI), waist circumference (WC), and waist
circumference ratio (WTHR) (8-10). Nonetheless, IR can lead
to the occurrence and progression of HUA, and timely
identification and intervention of IR may be beneficial in
preventing HUA and its related diseases.

Although obesity indicators and insulin resistance index can
predict the risk of HUA (11, 12), the more suitable indicator for
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predicting the risk of HUA in Chinese college students has yet to
be concluded. Therefore, this study used a cross-sectional survey
to analyze and compare the three indices of visceral adiposity
(LAP index, ABSI, and BRI), general adiposity index (BMI),
abdominal adiposity index (WC and WHIR), with the TyG
index and its derivatives to predict the risk of HUA. In addition,
to identify more appropriate risk predictors of HUA in the
college student population for providing a basis for early
prevention of HUA.

Method
Research subjects and methods:

A total of 23,411 participants (age: 17-20 years old) from the
physical examination population of Qingdao University were
included from September 2017 to October 2019. Exclusion
criteria: (1) chronic kidney disease or renal impairment, (2)
long-term use of uric acid-lowering drugs, (3) malignant tumors
and autoimmune diseases. Investigators conducted interviews
for the gender, age, history, family history of hypertension, etc.
In addition, height, weight, blood pressure, waist, and hip
circumference were measured. Besides alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
triglyceride (TG), total cholesterol (TC), fasting blood glucose
(FPG), urea nitrogen (BUN), creatinine (Cre), uric acid (UA)
and other biochemical indicators were analyzed.

2.2 According to the definition from “Guidelines for
Diagnosis and Treatment of Hyperuricemia and Gout in
China (2019)”, two measurements on different days, UA > 420
pumol/l is considered hyperuricemia (13). Therefore, based on
the previous studies (12, 14), it was calculated using the
following formula:

BMI = weight (kg) /height*(m?),
WHItR = waist circumference (cm) /height(cm),
LAP index (male) = TG(mmol/1)/(WC|cm] — 58),

LAP index (female) = TG(mmol/1)/(WC[cm] — 65),
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TyG index = In(TG[mg/dl] x GLU[mg/dl]/2),
ABSI = WC(cm) /(height[cm])'/? x (BMI2)"/2,
BRI = 364.2 — 365.5 x [1 — (WC/2IT)/(0.5 x height)2]'/?,
TyG - BMI = TyG x BMI,
TyG - WC = TyG x WC,
TyG - WHIR = TyG x WHIR,

TyG — LAP = TyG x LAP.

Statistical analysis

Normally distributed measurement data were expressed as
mean * standard deviation (X +s), and the student t-test was
used to compare groups. While the non-normally distributed
measurement data was expressed as M (P25, P75), and
comparison between groups was assessed using the Rank sum
test. The count data were expressed as frequency (%), and the
Kruskal-Wallis H test was used to compare groups. Logistic
regression analysis was used to analyze the relationship between
different indicators and hyperuricemia; OR value and 95% CI
were calculated. ROC curve analysis was used to show the
predictive ability of different indicators for hyperuricemia. The
Delong test was used to compare the AUC values of multiple
groups. SPSS26.0, R software was used for statistical analysis and
GraphPad Prism 8.0 for the generation of graphs. A two-sided
P<0.05 was considered statistically significant.

Results

Baseline data of the study population
and comparison of clinical
characteristics between the
hyperuricemia and the non-
hyperuricemia group

A total of 23,411 participants, including 11,177 males
(47.74%) and 12,234 females (52.26%) aged 17-20 years, with
an average age of 18.28 £ 0.64 years, were included in the study.
The basic data characteristics of all participants are shown
in Table 1.

Based on the presence or absence of hyperuricemia, the
study population was divided into the non-hyperuricemia group
(NHUA group) and the hyperuricemia group (HUA group). No
significant difference was found in age between the two groups
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(P>0.05). However, compared with the NHUA group, the HUA
group has significantly increased height, weight, systolic blood
pressure (SBP), diastolic blood pressure (DBP), ALT, AST, TG,
TC, FPG, BUN, CREA, TyG index, BMI, WC, WH{R, LAP
index, ABSL, BRI, TyG-BMI, TyG-WC, TyG-WHIR, and TyG-
LAP (P<0.05) (Figure 1).

Analysis of risk factors for hyperuricemia

With hyperuricemia as the dependent variable, TyG index,
BMI, WC, WHItR, LAP index, ABSI, BRI, TyG-BMI, TyG-WC,
TyG-WHIR, and TyG-LAP quartiles were used as independent
groups. Multivariate logistic regression calculated the OR value
and 95% CI. Following the model 3 adjustment for age, SBP,
DBP, ALT, AST, TC, BUN, and CREA, the OR value of LAP in
the obesity index was higher, especially in men, compared with
the top quartile. In men, the other three quartiles of TyG
derivatives were highly associated with hyperuricemia (all
P<0.05), and the risk of developing hyperuricemia increased
with increasing quartiles of TyG derivatives.Similar results were
obtained in women. The results are shown in Table 2 and
Table 3. Model 3, adjusted for male or female variables,
revealed that the OR value of TyG derivatives in the bottom
quartile was higher than that of the single indicator compared
with the top quartile. The results are shown in Tables 3 and 4.

ROC curve analysis of hyperuricemia

The ROC curves of hyperuricemia under different indices
are given in Table 4 and Figure 2. All indicators could
distinguish the presence of hyperuricemia. For men, the area
under the curve (AUC) of TyG-WC was the largest (AUC: 0.694;
95%CI: 0.684-0.704; P<0.05). According to the maximum
Youden index of 0.290, the cut point value was 477.853; TyG-
BMI, TyG-WHIR, TyG-LAP, and LAP index also had relatively
high AUC values. For women, TyG-BMI had a maximum AUC
value of 0.702 (95% CI: 0.685-0.719; P< 0.05); according to a
maximum Youden index of 0.317, the cut point value of 132.446,
TyG-WC, TyG-WHIR, TyG- LAP and LAP index also had
relatively high AUC values.

Discussion
Key findings

With lifestyle changes, and the presence of the obesity
epidemic, hyperuricemia (HUA) has become a global health
problem. Two studies on the Chinese population reported a

12.1% and 15.6% incidence of HUA, respectively (15, 16), while
the trend was more towards the younger population. Another
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TABLE 1 Comparison of baseline characteristics of study participants who developed hyperuricemia or not.

Characteristics Total (n = 23411)

Males,n (%) 11177 (47.74%) 5572 (33.43%)

Age (years) 18.28 + 0.64 18.28 + 0.64
Height (cm) 169.06 + 8.37 167.24 + 8.02
Weight (kg) 61.90 £ 13.18 58.18 £10.23
SBP (mmHg) 111.63 + 12.24 109.26 + 11.55
DBP (mmHg) 70.23 + 7.85 69.59 + 7.60
SUA (umol/I) 374.25 + 102.02 323.28 +58.18
FPG (mmol/l) 4.29 + 0.64 4.24 + 0.62
TC (mmol/l) 3.94 £0.72 3.90 £0.70
TG (mmol/l) 0.69 (0.57-0.87) 0.67 (0.56-0.83)
BUN (mmol/l) 4.50 £ 1.23 432+ 118
Cre (mmol/l) 76.25 + 16.24 72.14 £ 15.21

ALT (mmol/l)
AST (mmol/l)

14.00 (10.00-20.00)
19.00 (17.00-23.00)

TyG index 6.19 + 0.40 6.14 + 0.38
BMI (kg/m2) 21.55 + 3.66 20.75 +2.97
WC (cm) 73.93 +10.28 71.30 + 8.21
WHtR 0.43 £ 0.06 0.43 + 0.05
LAP index 7.32 (3.72,13.20) 6.45 (3.36-11.01)
ABSI 0.74 £ 0.05 0.73 £ 0.05
BRI 2.32 +0.99 2.13 £ 081
TyG-BMI 133.78 + 26.94 126.68 + 20.20
TyG-WC 458.65 + 78.57 429.14 + 56.13
TyG-WHtR 2.71 £ 0.44 2.63 + 0.35
TyG-LAP 44.77 (22.20,82.96) 39.13 (20.06,68.60)

Non-hyperuricemia (n = 16667)

13.00 (10.00,17.00)
19.00 (16.00,22.00)

Hyperuricemia (n = 6744) t/z P-value
5605 (83.11%) 4749.601 < 0.001
18.29 + 0.63 -1.273 0.203
173.57 + 7.47 -57.471 < 0.001
71.10 + 15.00 -64.920 < 0.001
117.48 + 11.93 -48.170 <0.001
71.82 + 8.25 -19.157 < 0.001
500.23 + 73.97 -175.689 <0.001
4.41 + 0.66 -18.640 < 0.001
4.06 +0.77 -15.473 <0.001
0.76 (0.61,0.97) -24.123 < 0.001
493 +1.26 -33.799 < 0.001
86.40 + 14.10 -68.499 < 0.001
18.00 (13.00,28.00) -30.016 < 0.001
21.00 (18.00,26.00) -23.628 < 0.001
6.31 +0.42 -28.933 < 0.001
2354 + 439 -47.938 < 0.001
80.43 + 11.86 -57.783 < 0.001
0.46 + 0.07 -41.616 <0.001
10.85 (5.13,20.60) -35.057 < 0.001
0.75 + 0.05 -19.526 <0.001
278 +1.23 -40.445 < 0.001
146.57 + 31.48 -20.877 < 0.001
480.87 + 82.49 -20.653 < 0.001
2.94 + 0.50 -20.559 < 0.001
67.65 (31.19,132.03) -16.004 < 0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; SUA, serum uric acid; FPG, fasting plasma glucose; TC, total cholesterol; TGs, triglycerides; BUN, blood urea nitrogen; Cre,
creatinine; ALT, alanine aminotransferase; AST, aspartate aminotransferase;TyG index, triglyceride glucose index; BMI, body mass index; WC, waist circumference;WHtR, waist-to-height
ratio; LAP index, lipid accumulation product index; ABSI, a body shape index; BRI, body roundness index.

Japanese-based study observed an incidence of HUA of 31.7 per
1000 persons/year (17). In this study, the detection rate of
hyperuricemia was 28.81%, which was significantly higher
than in previous epidemiological surveys in all age groups.
HUA not only causes gout and chronic kidney disease but also
play an important role in the development of cardiovascular
diseases such as diabetes and hypertension (18, 19). As a young
group of college students, the prevention and management of
HUA deserve specific attention. Thus finding an HUA-sensitive
risk screening index is very crucial. By analyzing the associations
of obesity index, TyG index, and its derivatives with
hyperuricemia in college students, it was found that TyG
derivatives were more strongly associated with the risk of
hyperuricemia than obesity index or TyG index.

HUA and obesity indicators

Previous studies have demonstrated that BMI, WC, and
WHTR are associated with HUA (20-22), and similar results
were obtained in this study. BMI reflects the degree of obesity,
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while WC and WHTR reflect abdominal obesity. However, they
cannot differentiate between subcutaneous and visceral fat. The
visceral fat accumulation is more likely to lead to uric acid
metabolism disorder than subcutaneous fat (6). ABSI and BRI
are newly proposed obesity indicators that reflect the fat
distribution. Previous studies have demonstrated a close
relationship between them and HUA (23, 24), and similar results
were observed in the present study. LAP is a new indicator for
evaluating obesity calculated from WC and fasting TG levels. TG
levels are closely related to visceral fat distribution (4), and it is
closely related to the occurrence of HUA in both men and women.
With the increase of LAP, the risk of HUA in women is higher;
given the higher AUC, LAP showed a relatively higher HUA than
other indicators of obesity Recognition ability, with cutoff values of
8.7 and 11.878 for men and women, respectively. The sensitivity of
the ROC curve was higher in women than in men. Studies from
different populations reported similar predictive power. Of note,
estrogen (E2) regulates the quality of adipose tissue, and there were
differences in the content of fat distribution in different parts and
genders (25). All women in this study were non-menopausal.
Therefore, their estrogen levels were mainly regulated by
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(A) Multivariate logistic regression OR values adjusted for age, SBP, and DBP,BUN, Cre, ALT,AST,TC, and LDL-C in males. (B) Multivariate logistic
regression OR values adjusted for age, SBP, and DBP,BUN, Cre, ALT,AST,TC, and LDL-C in females.OR and 95% confidence interval for the
incidence of hyperuricemia in the high versus low quartile of obesity markers, TyG and its derivatives. The multivariate adjusted OR were
adjusted for age, SBP, DBP, BUN, Cre, ALT,AST,TC, and LDL-C; Cl, confidence intervals; TyG, triglyceride and glucose index; BMI, body mass
index; WC, waist circumference; WHtR, waist-to-height ratio; AIP, atherogenic index of plasma; CMI, cardiometabolic index; VAI, visceral
adiposity index; LAP index, lipid accumulation product index; ABSI, a body shape index; BRI, body roundness index. TyGBMI, TyG-BMI
=TyGxBMI; TyGWC, TyG-WC=TyGxWC; TYGWHtR ,TyG-WHtR=TyGXWH1R; TyG-LAP, TyG-LAP=TyGxLAP. =TyGxBMI.

gonadotropins released by the hypothalamus. The elevated blood
uric acid levels may affect hypothalamic hormone secretion and
lead to decreased gonadotropin production, resulting in decreased
testosterone and E2 production (26). Decreased E2 redistributes fat
in women (27, 28), resulting in increased abdominal fat and
visceral fat. However, it has less effect on fat redistribution in
men. This may explain the more sensitivity of female LAPs to
HUA recognition found in this study.

HUA and TyG-related indicators

Previous studies have demonstrated the close relationship
between HUA and IR (29, 30). The gold standard for IR
assessment is the hyperinsulinemic-euglycemic clamp (HEC)
(31). However, due to its invasiveness, complexity, and time-
consuming, HEC is difficult to apply in clinical practice.
Moreover, the steady-state model assessment of the IR
(HOMA-IR) index is much simpler than HEC (32). Besides,
issues such as cost and reproducibility need to be considered for
insulin testing. TyG was proposed by Simental-Mendia et al. (7)
as a simple, practical, and usable surrogate marker for
identifying insulin resistance. Several studies have shown that
TyG maintains a good agreement with HEC and HOMA-IR
(33). Therefore, in clinical practice, TyG provides more options
for assessing IR and preventing IR-related diseases. Existing
studies have demonstrated that TyG indicators are associated
with diabetes, hypertension, non-alcoholic fatty liver disease,
and atherosclerosis (34-36). In addition, TyG is significantly
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associated with hyperuricemia (37). Our findings concur with
the above results, showing a stable positive correlation between
the TyG index and hyperuricemia. Obesity plays a crucial role in
the pathophysiology of IR. Thus TyG combined with obesity
indicators should theoretically enhance the effect of TyG.
Multiple studies have demonstrated the superiority of TyG
combined with obesity indicators (9, 10). According to
previous studies, women with hyperuricemia have greater
regression coefficients and odds ratios with TyG and its
derivatives than men, which is similar to the present findings.
The results can be explained by gender differences in fat
distribution, glucose, lipid, and urate metabolism (38). It is
worth noting that TyG-WC is the index with the largest odds
ratio with hyperuricemia in women. In men, TyG-WHIR is the
index with the largest odds ratio with hyperuricemia. WHtR is
the index with the largest odds ratio for hyperuricemia (11), and
results may vary based on the different populations. Overall, in
men and women, the predictive effect between TyG derivatives
and hyperuricemia was better than that of TyG and a single
indicator of obesity. Of note, TyG-BMI was a more sensitive
indicator in women and men. The highest index was TyG-
WHIR, and further studies are required to explore the reason.
The main advantage of this cross-sectional study was the
large sample size, which provided more statistical power.
However, this study had some limitations. First, in the
absence of follow-up observations, diet and exercise can greatly
affect the serum uric acid levels leading to biasness. Second,
lack of adjustment for diet, plasma insulin levels, and family
history may have also added bias to the findings. Third, the age
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TABLE 2 Multivariate logistic regression of different indices for HUA (males).

Variables

TyG index
Model 1
Model 2
Model 3
BMI
Model 1
Model 2
Model 3
wC
Model 1
Model 2
Model 3
WHItR
Model 1
Model 2
Model 3
LAP index
Model 1
Model 2
Model 3
ABSI
Model 1
Model 2
Model 3
BRI
Model 1
Model 2
Model 3
TyG-BMI
Model 1
Model 2
Model 3
TyG-WC
Model 1
Model 2
Model 3
TyG-WHIR
Model 1
Model 2
Model 3
TyG-LAP
Model 1
Model 2
Model 3

Quartile 1

<5.9576
Reference
Reference
Reference
<19.3792
Reference
Reference
Reference
<70
Reference
Reference
Reference
<0.3988
Reference
Reference
Reference
<2.9600
Reference
Reference
Reference
<0.7182
Reference
Reference
Reference
<1.6575
Reference
Reference
Reference
<117.7455
Reference
Reference
Reference
<422.9615
Reference
Reference
Reference
<2.4181
Reference
Reference
Reference
<17.6338
Reference
Reference

Reference

Quartile 2

OR (95% CI)

5.9576-6.2011
1.277 (1.148,1.422)
1.283 (1.152,1.429)
1.479 (1.319,1.658)
19.3792-21.5619
1.351 (1.212,1.507)
1.312 (1.176,1.465)
1.194 (1.065,1.338)
70-76
1.475 (1.325,1.641)
1.436 (1.290,1.599)
1.270 (1.136,1.421)
0.3988-0.4332
1.357 (1.217,1.512)
1.316 (1.180,1.468)
1.202 (1.073,1.347)
2.9600-7.3200
1.475 (1.322,1.645)
1.424 (1.275,1.590)
1.315 (1.173,1.474)
0.7182-0.7408
1.211 (1.090,1.345)
1.203 (1.082,1.338)
1.112 (0.995,1.243)
1.6575-2.1908
1.365 (1.224,1.521)
1.324 (1.187,1.476)
1.209 (1.079,1.354)
117.7455-133.1496
1.504 (1.348,1.679)
1.474 (1.320,1.647)
1.429 (1.273,1.603)
422.9615-468.0405
1.507 (1.350,1.682)
1.476 (1.321,1.648)
1.464 (1.305,1.643)
2.4181-2.6781
1.520 (1.362,1.696)
1.487 (1.332,1.660)
1.475 (1.315,1.654)
17.6338-44.8022
1.503 (1.348,1.677)
1.454 (1.302,1.623)
1.345 (1.199,1.508)

P-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
0.002

< 0.001
< 0.001
< 0.001

< 0.001
0.001
0.061

< 0.001
< 0.001
0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

Quartile 3

OR (95% CI)

6.2011-6.4671
1.868 (1.679,2.078)
1.848 (1.660,2.058)
2.071 (1.846,2.324)
21.5619-24.5351
2284 (2.050,2.544)
2.166 (1.940,2.419)
1.889 (1.682,2.121)
76-84
2.230 (2.004,2.481)
2.124 (1.904,2.369)
1.788 (1.594,2.005)
0.4332-0.4800
2.102 (1.887,2.343)
1.983 (1.776,2.214)
1.718 (1.530,1.929)
7.3200-15.0350
2.339 (2.098,2.608)
2209 (1.977,2.469)
1.934 (1.721,2.173)
0.7408-0.7659
1.343 (1.209,1.492)
1.295 (1.165,1.441)
1.138 (1.018,1.273)
2.1908-2.9914
2.106 (1.890,2.346)
1.986 (1.780,2.217)
1.722 (1.534,1.933)
133.1496-154.8333
2.547 (2.283,2.841)
2439 (2.182,2.725)
2279 (2.028,2.562)
468.0405-530.9639
2485 (2.227,2.771)
2.381 (2.131,2.661)
2.229 (1.984,2.506)
2.6781-3.0360
2.429 (2.178,2.709)
2333 (2.090,2.605)
2.234 (1.989,2.510)
44.8022-94.9628
2.393 (2.146,2.668)
2265 (2.027,2.531)
2.019 (1.797,2.269)

P-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
0.023

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

10.3389/fendo.2022.1001844

Quartile 4

OR (95% CI)

26.4671
3243 (2.906,3.618)
3.110 (2.784,3.475)
3.085 (2.732,3.482)
>24.5351
5287 (4.716,5.927)
4.834 (4.285,5.453)
3.906 (3.428,4.451)
>84
5.638 (5.033,6.315)
5.199 (4.613,5.861)
4.138 (3.634,4.712)
>0.4800
5.008 (4.467,5.614)
4,526 (4.017,5.100)
3.656 (3.209,4.165)
>15.0350
5750 (5.122,6.454)
5272 (4.671,5.951)
4.347 (3.807,4.964)
0.7659
1.823 (1.639,2.027)
1.714 (1.539,1.908)
1.455 (1.298,1.630)
>2.9914
5.016 (4.475,5.622)
4.534 (4.025,5.108)
3.664 (3.217,4.174)
>154.8333
6.440 (5.730,7.238)
5.986 (5.298,6.763)
5257 (4.600,6.007)
>530.9639
6.574 (5.846,7.393)
6.109 (5.407,6.904)
5.469 (4.782,6.255)
>3.0360
6.204 (5.522,6.971)
5.697 (5.050,6.428)
5.194 (4.543,5.937)
294.9628
5.878 (5.235,6.600)
5394 (4.779,6.089)
4.502 (3.942,5.142)

P-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

Model 1: unadjusted; model 2: adjusted for age, SBP, and DBP; model 3: adjusted for all variables in model 2 plus BUN, Cre, ALT,AST, and TC. TyG index, triglyceride glucose index; BMI,
body mass index; WC, waist circumference; WHtR, waist-to-height ratio; AIP, atherogenic index of plasma; CMI, cardiometabolic index; VAL, visceral adiposity index; LAP index, lipid

accumulation product index; ABSI, a body shape index; BRI, body roundness index.
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TABLE 3 Multivariate logistic regression of different indices for HUA (females).

Variables

TyG index
Model 1
Model 2
Model 3
BMI
Model 1
Model 2
Model 3
wC
Model 1
Model 2
Model 3
WHItR
Model 1
Model 2
Model 3
LAP index
Model 1
Model 2
Model 3
ABSI
Model 1
Model 2
Model 3
BRI
Model 1
Model 2
Model 3
TyG-BMI
Model 1
Model 2
Model 3
TyG-WC
Model 1
Model 2
Model 3
TyG-WHIR
Model 1
Model 2
Model 3
TyG-LAP
Model 1
Model 2
Model 3

Quartile 1

<5.9261
Reference
Reference
Reference
<18.7500
Reference
Reference
Reference
<65
Reference
Reference
Reference
<0.3970
Reference
Reference
Reference
<4.2270
Reference
Reference
Reference
<0.6976
Reference
Reference
Reference
<1.6297
Reference
Reference
Reference
<113.4858
Reference
Reference
Reference
<392.0616
Reference
Reference
Reference
<2.3990
Reference
Reference
Reference
<25.1407
Reference
Reference

Reference

Quartile 2

OR (95% CI)

5.9261-6.1588
1.334 (1.081,1.647)
1.327 (1.075,1.639)
1.695 (1.364,2.107)
18.7500-20.3125
1.390 (1.105,1.750)
1.378 (1.094,1.735)
1.425 (1.129,1.800)
65-69
1.258 (1.005,1.576)
1.253 (1.000,1.570)
1.224 (0.973,1.538)
0.3970-0.4231
1.212 (0.964,1.525)
1.216 (0.966,1.530)
1.231 (0.975,1.554)
4.2270-7.3200
1.375 (1.089,1.737)
1.356 (1.073,1.713)
1.390 (1.098,1.761)
0.6976-0.7243
1.316 (1.102,1.573)
1.318 (1.102,1.577)
1.282 (1.067,1.540)
1.6297-2.0303
1.210 (0.962,1.522)
1.214 (0.965,1.527)
1.230 (0.974,1.552)
113.4858-124.7447
1.195 (0.945,1.512)
1.177 (0.930,1.488)
1.315 (1.036,1.669)
392.0616-424.6261
1.509 (1.192,1.912)
1.491 (1.177,1.889)
1.620 (1.274,2.059)
2.3990-2.6017
1.391 (1.101,1.759)
1.393 (1.101,1.761)
1.499 (1.182,1.902)
25.1407-44.6600
1.406 (1.114,1.776)
1.378 (1.091,1.740)
1.423 (1.123,1.802)

P-value

0.007
0.009
< 0.001

0.005
0.006
0.003

0.046
0.050
0.084

0.100
0.095
0.081

0.007
0.011
0.006

0.003
0.003
0.008

0.103
0.099
0.082

0.136
0.175
0.024

0.001
0.001
< 0.001

0.006
0.006
0.001

0.004
0.007
0.003

Quartile 3

OR (95% CI)

6.1588-6.3992
2.020 (1.660,2.459)
2.003 (1.644,2.440)
2547 (2.072,3.131)
20.3125-22.2656
1.954 (1.573,2.428)
1.920 (1.544,2.388)
1.955 (1.566,2.440)
69-74
2.266 (1.848,2.778)
2.204 (1.796,2.704)
2.163 (1.757,2.662)
0.4231-0.4557
2.096 (1.701,2.583)
2.073 (1.681,2.556)
2.071 (1.674,2.562)
7.3200-12.0375
2.149 (1.730,2.670)
2.077 (1.671,2.582)
2.114 (1.695,2.637)
0.7243-0.7553
1.230 (1.027,1.474)
1.245 (1.039,1.493)
1.156 (0.960,1.392)
2.0303-2.5655
2.101 (1.705,2.589)
2.076 (1.683,2.560)
2.075 (1.677,2.567)
124.7447-138.7289
1.886 (1.519,2.341)
1.831 (1.474,2.275)
2.020 (1.619,2.521)
424.6261-464.2593
2.303 (1.846,2.873)
2.233 (1.789,2.787)
2.388 (1.906,2.992)
2.6017-2.8479
2253 (1.814,2.799)
2213 (1.781,2.751)
2369 (1.898,2.957)
44.6600-75.4415
2.154 (1.733,2.677)
2.072 (1.666,2.577)
2.145 (1.718,2.677)

P-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

0.024
0.018
0.127

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

10.3389/fendo.2022.1001844

Quartile 4

OR (95% CI)

26.3992
3.072 (2.549,3.703)
2.997 (2.483,3.616)
3545 (2.902,4.331)
>22.2656
5.177 (4.256,6.297)
4.732 (3.875,5.777)
4721 (3.845,5.797)
>74
4.620 (3.836,5.564)
4213 (3.488,5.090)
3.887 (3.201,4.721)
>0.4557
4.508 (3.718,2.583)
4161 (3.424,5.057)
3.944 (3.228,4.819)
>12.0375
5.192 (4.257,6.331)
4730 (3.870,5.781)
4.672 (3.800,5.744)
207553
1.375 (1.152,1.641)
1.387 (1.161,1.657)
1.286 (1.072,1.542)
>2.5655
4.483 (3.697,5.435)
4.138 (3.406,5.029)
3.926 (3.213,4.796)
>138.7289
5263 (4.334,6.392)
4.806 (3.945,5.854)
5.106 (4.163,6.262)
>464.2593
5.574 (4.548,6.830)
5.107 (4.159,6.270)
5280 (4.272,6.527)
>2.8479
5205 (4.262,6.356)
4.839 (3.957,5.918)
5.061 (4.109,6.232)
>75.4415
5223 (4.280,6.373)
4752 (3.886,5.812)
4.748 (3.858,5.842)

P-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
0.007

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

Model 1: unadjusted; model 2: adjusted for age, SBP, and DBP; model 3: adjusted for all variables in model 2 plus BUN, Cre, ALT, AST, TC, and LDL-C. TyG index, triglyceride glucose
index; BMIbody mass index; WC, waist circumference; WHIR, waist-to-height ratio; AIP, atherogenic index of plasma; CMI, cardiometabolic index; VAI, visceral adiposity index; LAP

index, lipid accumulation product index; ABSI, a body shape index; BRI, body roundness index.
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TABLE 4 Comparison of the ability of different indices to predict HUA.

10.3389/fendo.2022.1001844

Variable AUC (95% CI) Cut-off Sensitivity Specificity Youden index P-value
Males

BMI 0.677 (0.667,0.687) 22.60 0.530 0261 0.269 <0.001
wC 0.678 (0.668,0.688) 78.3 0.541 0276 0.265 <0.001
WHIR 0.671 (0.661,0.681) 0.453 0.511 0252 0259 <0.001
TyG index 0.629 (0.618,0.639) 6.215 0.581 0.388 0.193 <0.001
LAP index 0.682 (0.672,0.692) 8.7 0.578 0302 0276 <0.001
ABSI 0.564 (0.554,0.575) 0.739 0.565 0472 0.093 <0.001
BRI 0.671 (0.661,0.681) 2.516 0.511 0252 0.259 <0.001
TyG-BMI 0.692 (0.683,0.702) 137.458 0.585 0297 0288 <0.001
TyG-WC 0.694 (0.684,0.704) 477.853 0.596 0.306 0.290 <0.001
TyG-WHIR 0.688 (0.678,0.698) 2.848 0.500 0222 0278 <0.001
TyG-LAP 0.683 (0.673,0.693) 52.593 0.588 0.309 0279 <0.001
Females

BMI 0.690 (0.673,0.707) 21.72 0.582 0.281 0.301 <0.001
wC 0.683 (0.666,0.701) 70.2 0.675 0397 0278 <0.001
WHIR 0.681 (0.663,0.698) 0.444 0571 0.304 0267 <0.001
TyG index 0.627 (0.610,0.644) 6.220 0.616 0412 0.204 <0.001
LAP index 0.690 (0.673,0.707) 11.878 0.509 0231 0279 <0.001
ABSI 0.527 (0.510,0.545) 0717 0.615 0.558 0.057 0.003
BRI 0.681 (0.663,0.698) 2370 0.571 0304 0267 <0.001
TyG-BMI 0.702 (0.685,0.719) 132.446 0.631 0314 0317 <0.001
TyG-WC 0.696 (0.679,0.713) 457.958 0.542 0258 0285 <0.001
TyG-WHIR 0.694 (0.677,0.711) 2.707 0.627 0.348 0278 <0.001
TyG-LAP 0.689 (0.672,0.706) 74.819 0.505 0228 0278 <0.001

TyG index, triglyceride glucose index; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; LAP index, lipid accumulation product index; ABSI, a body shape

index; BRI, body roundness index.

of our study population was limited. Therefore, the results
should be further validated in other ethnic and age groups.
Fourth, this study was derived from the results of a physical
examination. Thus it lacks data related to high-density

Sensitivity
Sensitivity

T T T T
0.0 0.2 04 06 08 1.0

1 - specificity

Males

FIGURE 2

lipoprotein cholesterol. Moreover, the evaluation of obesity
indicators was not comprehensive. In addition, more
elaborative data is needed to compare other indicators
of obesity.

Identity
— BMI
— WC
WHtR
—TyG
LAP
— ABSI
— BRI
TyGBMI
— TyGWC
— TyGWHtR
~—— TyGLAP

T T T T
02 0.4 06 08 1.0

1 - specificity
Females

Receiver operating characteristic (ROC) curve analysis by sex. TyG index, triglyceride glucose index; BMI, body mass index; WC, waist
circumference; WHtR, waist-to-height ratio; LAP index, lipid accumulation product index; ABSI, a body shape index; BRI, body roundness index.
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Conclusion

In conclusion, LAP, as an obesity indicator, can reflect the
accumulation of visceral fat. It was significantly associated with
the risk of HUA and is more sensitive for identifying
hyperuricemia than traditional obesity indicators. TyG, a non-
insulin-based insulin resistance index, combined with an indicator
of obesity, was significantly associated with HUA risk in both men
and women. Overall, LAP, TYG, and their related derivatives can
potentially be used as sensitive indicators for HUA prediction in
clinical practices. However, further studies with longer
observation periods are required to validate these findings.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

SZ, YY designed the study collected and analysed the data
and wrote the manuscript. ZZ analysed the data. LM, CW
contributed to collecting the data and discussing the
manuscript. MY, XC, TL, RS reviewed and discussed the
manuscript. YC designed the study contributed to the data
analysis and reviewed and edited the manuscript. All authors
have read and approved the final manuscript.

Funding

This work was supported by research project grants from
National Natural Science Foundation of China (81600601)

References

1. Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia in the US
general population: the national health and nutrition examination survey 2007-
2008. Arthritis rheum (2011) 63:3136-41. doi: 10.1002/art.30520

2. Kim Y, Kang J, Kim GT. Prevalence of hyperuricemia and its associated
factors in the general Korean population: An analysis of a population-based
nationally representative sample. Clin Rheumatol (2018) 37:2529-38. doi:
10.1007/s10067-018-4130-2

3. Zhang M, Zhu X, Wu J, Huang Z, Zhao Z, Zhang X, et al. Prevalence of
hyperuricemia among Chinese adults: Findings from two nationally representative
cross-sectional surveys in 2015-16 and 2018-19. Front Immunol (2021) 12:791983.
doi: 10.3389/fimmu.2021.791983

4. GuD, Ding Y, Zhao Y, Miao S, Qu Q. Positively increased visceral adiposity
index in hyperuricemia free of metabolic syndrome. Lipids Health Dis (2018)
17:101. doi: 10.1186/s12944-018-0761-1

5. McCormick N, O'Connor M, Yokose C, Merriman T, Mount D, Leong A,
et al. And rheumatology, assessing the causal relationships between insulin
resistance and hyperuricemia and gout using bidirectional mendelian
randomization. Arthritis & rheumatology (Hoboken, N.J.) (2021) 73:2096-104.
doi: 10.1002/art.41779

Frontiers in Endocrinology

09

10.3389/fendo.2022.1001844

and Natural Science Foundation of Shandong Province
(ZR2021MH363).

Acknowledgments

The authors would like to thank all the reviewers who
participated in the review, as well as MJEditor (www.mjeditor.
com) for providing English editing services during the
preparation of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.1001844/full#supplementary-material

6. Yamada A, Sato KK, Kinuhata S, Uehara S, Endo G, Hikita Y, et al.
Association of visceral fat and liver fat with hyperuricemia. Arthritis Care Res
(2016) 68:553-61. doi: 10.1002/acr.22729

7. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The
product of fasting glucose and triglycerides as surrogate for identifying insulin
resistance in apparently healthy subjects. Metab syndr relat Disord (2008) 6:299—
304. doi: 10.1089/met.2008.0034

8. Sanchez-Garcia A, Rodriguez-Gutiérrez R, Mancillas-Adame L, Gonzalez-
Nava V, Diaz Gonzalez-Colmenero A, Solis RC, et al. Diagnostic accuracy of the
triglyceride and glucose index for insulin resistance: A systematic review. Int |
Endocrinol (2020) 2020:4678526. doi: 10.1155/2020/4678526

9. Bala C, Gheorghe-Fronea O, Pop D, Pop C, Caloian B, Comsa H, et al. The
association between six surrogate insulin resistance indexes and hypertension: A
population-based study. Metab syndr relat Disord (2019) 17:328-33. doi: 10.1089/
met.2018.0122

10. Ramirez-Vélez R, Pérez-Sousa M, Gonzalez-Ruiz K, Cano-Gutierrez CA,
Schmidt-RioValle ], Correa-Rodriguez M, et al. Obesity- and lipid-related
parameters in the identification of older adults with a high risk of prediabetes
according to the American diabetes association: An analysis of the 2015 health,

frontiersin.org


http://www.mjeditor.com
http://www.mjeditor.com
https://www.frontiersin.org/articles/10.3389/fendo.2022.1001844/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1001844/full#supplementary-material
https://doi.org/10.1002/art.30520
https://doi.org/10.1007/s10067-018-4130-2
https://doi.org/10.3389/fimmu.2021.791983
https://doi.org/10.1186/s12944-018-0761-1
https://doi.org/10.1002/art.41779
https://doi.org/10.1002/acr.22729
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1155/2020/4678526
https://doi.org/10.1089/met.2018.0122
https://doi.org/10.1089/met.2018.0122
https://doi.org/10.3389/fendo.2022.1001844
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhou et al.

well-being, and aging study. Nutrients (2019) 11(11):2654. doi: 10.3390/
nullll2654

11. Gu Q, Hu X, Meng J, Ge J, Wang §J, Liu XZ. Associations of triglyceride-
glucose index and its derivatives with hyperuricemia risk: A cohort study in
Chinese general population. Int ] Endocrinol (2020) 2020:3214716. doi: 10.1155/
2020/3214716

12. Kahaer M, Zhang B, Chen W, Liang M, He Y, Chen M, et al. Triglyceride
glucose index is more closely related to hyperuricemia than obesity indices in the
medical checkup population in xinjiang, China. Front Endocrinol (2022)
13:861760. doi: 10.3389/fend0.2022.861760

13. Huang YF, Yang KH, Chen SH, Xie Y, Huang CB, Qing YF, et al. [Practice
guideline for patients with hyperuricemia/gout]. Zhonghua nei ke za zhi (2020)
59:519-27. doi: 10.3760/cma.j.cn112138-20200505-00449

14. Sheng G, Lu S, Xie Q, Peng N, Kuang M, Zou Y. The usefulness of obesity
and lipid-related indices to predict the presence of non-alcoholic fatty liver disease.
Lipids Health Dis (2021) 20:134. doi: 10.1186/s12944-021-01561-2

15. Cao J, Wang C, Zhang G, Ji X, Liu Y, Sun X, et al. Incidence and simple
prediction model of hyperuricemia for urban han Chinese adults: A prospective
cohort study. Int J Environ Res Public Health (2017) 14(1):67. doi: 10.3390/
ijerph14010067

16. Liu XY, Wu QY, Chen ZH, Yan GY, Lu Y, Dai HJ, et al. Elevated triglyceride
to high-density lipoprotein cholesterol (TG/HDL-c) ratio increased risk of
hyperuricemia: A 4-year cohort study in China. Endocrine (2020) 68:71-80. doi:
10.1007/s12020-019-02176-5

17. Nakamura K, Sakurai M, Miura K, Morikawa Y, Yoshita K, Ishizaki M, et al.
Alcohol intake and the risk of hyperuricaemia: A 6-year prospective study in
Japanese men. Nutr metabol Cardiovasc Dis NMCD (2012) 22:989-96. doi:
10.1016/j.numecd.2011.01.003

18. Kanbay M, Jensen T, Solak Y, Le M, Roncal-Jimenez C, Rivard C, et al. Uric
acid in metabolic syndrome: From an innocent bystander to a central player. Eur J
Internal Med (2016) 29:3-8. doi: 10.1016/j.ejim.2015.11.026

19. Feig DI, Kang DH, Johnson R]. Uric acid and cardiovascular risk. New Engl |
Med (2008) 359:1811-21. doi: 10.1056/NEJMra0800885

20. Wang YY, Li L, Cui ], Yin F, Yang F, Yuan DM, et al. Associations between
anthropometric parameters (body mass index, waist circumference and waist to hip
ratio) and newly diagnosed hyperuricemia in adults in gingdao, China: A cross-
sectional study. Asia Pac ] Clin Nutr (2020) 29:763-70. doi: 10.6133/
apjcn.202012_29(4).0011

21. Chen JH, Pan WH, Hsu CC, Yeh WT, Chuang SY, Chen PY, et al. Impact of
obesity and hypertriglyceridemia on gout development with or without
hyperuricemia: A prospective study. Arthritis Care Res (2013) 65:133-40. doi:
10.1002/acr.21824

22. You L, Liu A, Wuyun G, Wu H, Wang P. Prevalence of hyperuricemia and
the relationship between serum uric acid and metabolic syndrome in the Asian
Mongolian area. ] Atheroscl Thromb (2014) 21:355-65. doi: 10.5551/jat.20529

23. Zhang N, Chang Y, Guo X, Chen Y, Ye N, Sun JE. A body shape index and
body roundness index: Two new body indices for detecting association between
obesity and hyperuricemia in rural area of China. European journal of internal
medicine (2016) 29:32-6. doi: 10.1016/j.¢jim.2016.01.019

24. Tu CM, Wei TE, Tseng GS, Chen CC, Liu CW. Serum uric acid is associated
with incident metabolic syndrome independent of body shape index and body
roundness index in healthy individuals. Nutr metabol Cardiovasc Dis NMCD
(2021) 31:3142-51. doi: 10.1016/j.numecd.2021.07.008

Frontiers in Endocrinology

10

10.3389/fendo.2022.1001844

25. McTernan PG, Anderson LA, Anwar AJ, Eggo MC, Crocker J, Barnett AH,
et al. Glucocorticoid regulation of p450 aromatase activity in human adipose tissue:
Gender and site differences. | Clin Endocrinol Metab (2002) 87:1327-36. doi:
10.1210/jcem.87.3.8288

26. Zhang X, Zhu C, Gao J, Mei F, Yin J, Bu L, et al. Gender difference in the
relationship between serum uric acid reduction and improvement in body fat
distribution after laparoscopic sleeve gastrectomy in Chinese obese patients: A 6-
month follow-up. Lipids Health Dis (2018) 17:288. doi: 10.1186/s12944-018-0934-y

27. Ambikairajah A, Walsh E, Tabatabaei-Jafari H, Cherbuin N. Fat mass
changes during menopause: a metaanalysis. Am J obstetr gynecol (2019) 221:393—
409.€50. doi: 10.1016/j.2jog.2019.04.023

28. Loh NY, Humphreys E, Karpe F, Tomlinson JW, Noordam R,
Christodoulides C. Sex hormones, adiposity, and metabolic traits in men and
women: A mendelian randomisation study. Eur ] Endocrinol (2022) 186:407-16.
doi: 10.1530/EJE-21-0703

29. Zong J, Sun Y, Zhang Y, Yuan J, Wang X, Zhang R, et al. Correlation
between serum uric acid level and central body fat distribution in patients with type
2 diabetes. Diabetes Metab syndr Obes Targets Ther (2020) 13:2521-31. doi:
10.2147/DMS0.S260891

30. Adachi SI, Yoshizawa F, Yagasaki K. Hyperuricemia in type 2 diabetic
model KK-A(y)/Ta mice: A potent animal model with positive correlation between
insulin resistance and plasma high uric acid levels. BMC Res Notes (2017) 10:577.
doi: 10.1186/s13104-017-2897-x

31. Kuroda A, Taniguchi S, Akehi Y, Mori H, Tamaki M, Suzuki R, et al.
Accuracy and time delay of glucose measurements of continuous glucose
monitoring and bedside artificial pancreas during hyperglycemic and euglycemic
hyperinsulinemic glucose clamp study. J Diabetes Sci Technol (2017) 11:1096-100.
doi: 10.1177/1932296817735122

32. Wang T, Lu J, Shi L, Chen G, Xu M, Xu Y, et al. Association of insulin
resistance and B-cell dysfunction with incident diabetes among adults in China: A
nationwide, population-based, prospective cohort study. Lancet Diabetes
Endocrinol (2020) 8:115-24. doi: 10.1016/S2213-8587(19)30425-5

33. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-
Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with
the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab (2010) 95:3347—
51. doi: 10.1210/jc.2010-0288

34. Park K, Ahn CW, Lee SB, Kang S, Nam JS, Lee BK, et al. Elevated TyG index
predicts progression of coronary artery calcification. Diabetes Care (2019) 42:1569—
73. doi: 10.2337/dc18-1920

35. Mirr M, Skrypnik D, Bogdanski P, Owecki M. Newly proposed insulin
resistance indexes called TyG-NC and TyG-NHIR show efficacy in diagnosing the
metabolic syndrome. J endocrinol Invest (2021) 44:2831-43. doi: 10.1007/s40618-
021-01608-2

36. Lee SB, Ahn CW, Lee BK, Kang S, Nam JS, You JH, et al. Association
between triglyceride glucose index and arterial stiffness in Korean adults.
Cardiovasc Diabetol (2018) 17:41. doi: 10.1186/s12933-018-0692-1

37. Mazidi M, Katsiki N, Mikhailidis DP, Banach M. The link between insulin
resistance parameters and serum uric acid is mediated by adiposity. Atherosclerosis
(2018) 270:180-6. doi: 10.1016/j.atherosclerosis.2017.12.033

38. Wan H, Zhang K, Wang Y, Chen Y, Zhang W, Xia F, et al. The associations
between gonadal hormones and serum uric acid levels in men and postmenopausal
women with diabetes. Front Endocrinol (2020) 11:55. doi: 10.3389/fendo.2020.00055

frontiersin.org


https://doi.org/10.3390/nu11112654
https://doi.org/10.3390/nu11112654
https://doi.org/10.1155/2020/3214716
https://doi.org/10.1155/2020/3214716
https://doi.org/10.3389/fendo.2022.861760
https://doi.org/10.3760/cma.j.cn112138-20200505-00449
https://doi.org/10.1186/s12944-021-01561-2
https://doi.org/10.3390/ijerph14010067
https://doi.org/10.3390/ijerph14010067
https://doi.org/10.1007/s12020-019-02176-5
https://doi.org/10.1016/j.numecd.2011.01.003
https://doi.org/10.1016/j.ejim.2015.11.026
https://doi.org/10.1056/NEJMra0800885
https://doi.org/10.6133/apjcn.202012_29(4).0011
https://doi.org/10.6133/apjcn.202012_29(4).0011
https://doi.org/10.1002/acr.21824
https://doi.org/10.5551/jat.20529
https://doi.org/10.1016/j.ejim.2016.01.019
https://doi.org/10.1016/j.numecd.2021.07.008
https://doi.org/10.1210/jcem.87.3.8288
https://doi.org/10.1186/s12944-018-0934-y
https://doi.org/10.1016/j.ajog.2019.04.023
https://doi.org/10.1530/EJE-21-0703
https://doi.org/10.2147/DMSO.S260891
https://doi.org/10.1186/s13104-017-2897-x
https://doi.org/10.1177/1932296817735122
https://doi.org/10.1016/S2213-8587(19)30425-5
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.2337/dc18-1920
https://doi.org/10.1007/s40618-021-01608-2
https://doi.org/10.1007/s40618-021-01608-2
https://doi.org/10.1186/s12933-018-0692-1
https://doi.org/10.1016/j.atherosclerosis.2017.12.033
https://doi.org/10.3389/fendo.2020.00055
https://doi.org/10.3389/fendo.2022.1001844
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association of obesity, triglyceride-glucose and its derivatives index with risk of hyperuricemia among college students in Qingdao, China
	Introduction
	Method
	Research subjects and methods:
	Statistical analysis

	Results
	Baseline data of the study population and comparison of clinical characteristics between the hyperuricemia and the non-hyperuricemia group
	Analysis of risk factors for hyperuricemia
	ROC curve analysis of hyperuricemia

	Discussion
	Key findings
	HUA and obesity indicators
	HUA and TyG-related indicators

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


