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Aim: The aim of this study was to investigate the association between serum uric acid (SUA) levels and four insulin resistance
surrogates in patients with type 2 diabetes (T2DM). The four non-insulin-based indexes of insulin resistance (IR) include the glucose
and triglycerides index (TyG), TyG index with body mass index (TyG-BMI), ratio of triglycerides to high-density lipoprotein
cholesterol (TG/HDL-c) and metabolic score for insulin resistance (METS-IR).

Methods: A total of 687 patients with T2DM were enrolled in the current study. Patients were stratified into three groups according to
their levels of SUA. Spearman correlation was used to analyze the correlation between SUA and clinical variables. Multiple linear
regression analysis was used to assess the association between SUA and the four insulin resistance surrogates. Receiver operating
characteristic (ROC) analyses and the area under the ROC curve (AUC) were then used to assess the ability of TyG, TyG-BMI, TG/
HDL-c, and METS-IR to discriminate hyperuricemia (HUA) in T2DM.

Results: SUA in T2DM was significantly positively correlated with TyG (r 0.406 P < 0.01), TyG-BMI (r 0.272 P < 0.01), TG/HDL-c
(r 0.493 P < 0.01), and METS-IR (r 0.238 P < 0.01). Furthermore, higher values of the four insulin resistance surrogates were
independently correlated with higher SUA levels in T2DM patients (P < 0.01 for all) after adjusting for confounding factors. TyG,
TyG-BMI, TG/HDL-c, and METS-IR all had a significant discriminative ability for HUA in patients with T2DM. The AUC values
were 0.693 (95% CI 0.645-0.741), 0.649 (95% CI 0.599-0.699), 0.768 (95% CI 0.726-0.811), and 0.660 (95% CI 0.609-0.710),
respectively.

Conclusion: The present study suggests that TyG, TyG-BMI, TG/HDL-c and METS-IR had a significant correlation with SUA in
T2DM. TG/HDL-c was the best marker among the four insulin resistance surrogates for the identification of HUA in T2DM.
Keywords: type 2 diabetes, serum uric acid, insulin resistance, TyG, TyG-BMI, TG/HDL-c, METS-IR

Introduction

Type 2 diabetes (T2DM) is a metabolic disease characterized by persistent hyperglycemia. For T2DM patients, in
addition to glucose metabolic disorder, persistent hyperglycemia chronically damages tissues and organs such as the
retina, heart and kidney, severely threatening patients’ lives and health." Serum uric acid (SUA) is the metabolic end
product of purine nucleotides, and at physiological concentrations, SUA plays positive roles in antioxidation, DNA
damage resistance, antiosteoporosis and delay of the decline in cognitive function, etc. However, at too high of
a concentration, SUA can induce HUA; in addition to its ability to induce gout and chronic kidney disease, HUA has
been demonstrated to have a close relationship with obesity, dyslipidemia, diabetes, hypertension and cardiovascular
diseases and is an independent risk factor for the occurrence of various diseases.” ® With the improvement of people’s
living standards and changes in dietary structure, the incidence rates of T2DM and HUA have been increasing yearly,
which has become a considerable challenge in the field of public health.””
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Insulin resistance (IR) is an important characteristic of patients with T2DM. IR is caused by insulin-dependent tissues
becoming less sensitive to the effect of insulin, which leads to metabolic imbalance. At the same time, there is
a significant correlation between IR and HUA.'® The “gold standard” for the diagnosis of IR is a measurement of the
glucose disposal rate using a hyperinsulinemic-euglycemic clamp (HEC). However, the invasiveness and complexity of
this procedure limit its clinical use.'' Homeostasis model assessment for IR (HOMA-IR), an index for evaluating IR, is
currently widely used, but its application is limited by the requirements for insulin measurement.'” In recent years, some
non-insulin-based IR indexes, such as the triglyceride-glucose index (TyG)," triglyceride-glucose-body mass index
(TyG-BMI),'* triglycerides-to-high-density lipoprotein cholesterol ratio (TG/HDL-c),'> and metabolic score for IR
(METS-IR),'® have been developed to compensate for the shortcomings of traditional IR indicators as new alternative
predictors of IR. These indexes can be calculated through simple routine biochemical tests and are suitable for clinical
and epidemiological research. However, there are few research reports on the relationship of TyG, TyG-BMI, TG/HDL-c,
and METS-IR with the SUA level in T2DM patients. To provide a clinical reference, this study aims to analyze the
association between these four non-insulin-based IR indicators and SUA levels in T2DM and their predictive value
for HUA.

Methods

Study Population

A total of 687 adult T2DM patients who were hospitalized in the endocrinology department at Tianjin First Central
Hospital from June 2017 to October 2019 were retrospectively selected as the research subjects. The inclusion criteria
were (1) diagnosis of type 2 diabetes according to the World Health Organization'” criteria; (2) age >18 years; (3) no
documented ketoacidosis, hyperosmolar nonketotic diabetic coma or lactic acidosis in the 3 months before enrollment;
(4) no use of drugs that affect uric acid metabolism and lipid-lowering in the past 3 months; and (5) complete clinical
data. Patients with any fever or infectious diseases, serious cardiovascular and cerebrovascular disease, obstructive
uropathy, malignant tumor, rheumatic disease, or acute internal medicine and surgical diseases and those who were
pregnant or lactating were excluded. This study was approved by the ethics review board of Tianjin First Center Hospital
and complied with the Helsinki Declaration. The requirement for informed patient consent was waived because no
interventions or further examinations were performed.

Data Collection

Demographic information and medication history were collected by physicians. All the patients were given hypogly-
cemic drugs. Height and weight were measured by electronic scales. Two seated blood pressure measurements were
obtained by a well-trained nurse using a mercury sphygmomanometer after the patients rested quietly for at least 5 min
following a standard protocol, with the average of the two measurements used for the analysis. The patients fasted for at
least 8 hours overnight, and blood and urine samples were collected the following morning. All blood and urine samples
were tested immediately after collection. The tests included hemoglobin A1C (HbAlc) (Bio-Rad VARIANTII TURBO,
America), fasting blood glucose (FBG), serum uric acid (SUA), blood urea nitrogen (BUN), creatinine (CR), triglyceride
(TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c),
and albumin excretion rate (AER) (Roche Cobas ¢ 701, Germany).

Definitions

Hyperuricemia (HUA) was defined as an SUA level > 420 umol/L in males or > 360 umol/L in females.'® Diabetic
nephropathy (DN) was defined as an AER of > 30 mg/24 h or an AER of > 20 ug/min in at least two of three consecutive
overnight urine collections.'® Hypertension was defined as an average of two measurements of systolic blood pressure
(SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg or current use of antihypertensive agents. The
estimated glomerular filtration rate (¢GFR) was calculated using the Chinese modification of diet in renal disease
(MDRD) equation: eGFR (mL/min/1.73 m?) =175 x (serum creatinine (mg/dl)) T1234 (age)fo‘”g x (0.79 for
females).?’ Body mass index (BMI) was calculated as weight divided by the square of height. Non-insulin—based IR
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indexes included TyG, TyG-BMI, TG/HDL-c and METS-IR. These were calculated using the following formulas: TyG =
In [TG (mg/dL)x FBG (mg/dL)/2];"* TyG-BMI= TyGx BMI;'* TG/HDL-c=TG (mg/dL)/HDL-c (mg/dL);"> and
METS-IR = {In [2 x FPG (mg/dL)+ TG (mg/dL)] x BMI (kg/m2)/In [HDL-c (mg/dL)]}."®

Statistical Analysis

Data were analyzed using SPSS 25.0 software (SPSS Inc., Chicago, IL, USA). Categorical variables are expressed as
numbers (percentages) and were compared using the chi-squared test. Continuous variables with a normal distribution are
expressed as the mean + standard deviation, and those without a normal distribution are expressed as the median (25th
and 75th percentiles). Comparisons of the clinical parameters in three groups were analyzed by one-way ANOVA
(normally distributed data) or the Kruskal-Wallis H-test (nonnormally distributed data). Spearman correlation was used
to analyze the correlations between SUA levels and other variables. Multiple linear regression analysis was used to assess
the associations between SUA and the four insulin resistance surrogates in patients with T2DM. Receiver operating
characteristic (ROC) analyses and the area under the ROC curve (AUC) were then used to assess the ability of TyG,
TyG-BMI, TG/HDL-c, and METS-IR to discriminate HUA in T2DM patients. The significance level was set at P < 0.05.

Results

Clinical Characteristics

There were 377 (54.88%) men and 310 (45.12%) women in the study. The average ages were 50.7 + 17.2 and 55.9 = 16.1
years for men and women, respectively. According to the reference range for SUA,?! all subjects were divided into three
groups, as shown in Table 1. There was no significant difference in age, diabetes duration, SBP, DBP, height, prevalence
of DN or hypertension among the three groups. In the higher SUA group, there was a significantly higher proportion of
men,; significantly higher weight, BMI, CR, BUN, TG, TC, and AER; and significantly lower HbAlc, eGFR and HDL-c
compared with the other two groups. The higher SUA group had significantly lower FBG, while LDL-c were
significantly increased. As shown in Figure 1, TyG, TyG-BMI, TG/HDL-c, and METS-IR were significantly increased
in the higher SUA group (P < 0.001).

Correlation Between SUA and Clinical Variables

Spearman correlation analysis results are shown in Table 2. SUA was significantly positively correlated with diabetes
duration, height, weight, BMI, BUN, CR, TG, TC, LDL-c, and AER, while SUA was significantly negatively correlated
with HDL-c, HbAlc, FBG, and eGFR (P < 0.05 for all). SUA was not correlated with age, SBP or DBP (P > 0.05 for all),
although it was significantly positively correlated with TyG, TyG-BMI, TG/HDL-c, and METS-IR (Figure 2, P < 0.05
for all).

Multiple Linear Regression Analysis of Four Non-Insulin-Based IR Indexes Correlated
with SUA in Participants with Type 2 Diabetes

Furthermore, to explore the role of four non-insulin-based IR indexes in SUA metabolism, multiple linear regression
analysis was performed to assess whether the four non-insulin-based IR indexes were independently correlated with SUA
in participants with type 2 diabetes. As presented in Table 3, the results showed that TyG, TyG-BMI, TG/HDL-c, and
METS-IR were positively associated with SUA in the unadjusted model (P < 0.01 for all), and this association remained
significant after adjustment for age, sex and diabetes duration (P < 0.01 for all) and for SBP, DBP, BUN, CR, TC, LDL-c,
HbAlc, AER and eGFR in type 2 diabetic participants (P < 0.01 for all).

AUC:s and Cutoff Values of the Four Non-Insulin-Based IR Indexes for the Prediction
of HUA in Type 2 Diabetic Participants

The AUC values, cutoff values, sensitivity and specificity of the four IR surrogates in discriminating HUA in type 2
diabetic participants are shown in Table 4 and Figure 3. TyG, TyG-BMI, TG/HDL-c, and METS-IR all had significant
discriminative ability for HUA in patients with T2DM. The AUC values were 0.693 (95% CI 0.645-0.741), 0.649 (95%
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Table | Comparisons of Clinical Characteristics of T2DM Patients with Different SUA Levels

SUA<I80umol/l (n=77) | 180 umol/l <SUA<300umol/l (n=324) | SUA>300 umol/l (n=286) P
Hypertension (%) 50(64.93%) 222(68.52%) 214(74.82%) 0.115
DN (%) 58(75.32%) 236(72.84%) 227(79.37%) 0.170
Sex male (%) 35(45.45%) 166(51.23%) 176(61.54%) 0.008
Age (year) 50.32+16.58 54.20+16.85 52.48+17.03 0.148
Diabetic duration (year) 7.00(2.00,11.50) 7.50(3.00,12.00) 9.00(4.00,13.00) 0.139
SBP (mmHg) 146.56223.43 145.39+22.25 147.24+20.41 0570
DBP (mmHg) 82.92+15.03 83.90+15.64 83.81+15.13 0.878
Height (cm) 167.528.69 166.74£8.39 168.2618.76 0.092
Weight (kg) 71.09£17.19 71.21£15.26 75.75£16.34% 0.001
BMI (kg/m2) 25.33£5.76 25.60+5.03 26.67+4.87% 0015
BUN (mmol/L) 5.19+1.59 5.73+1.81° 6.54+2.02% <0.001
CR (umol/L) 60.61+19.58 65.77+19.38 73.95+24.14° <0.001
TG (mmol/L) 1.12(0.88,1.48) 1.69(1.05,2.31) 3.14(1.77,481)® <0.001
TC (mmol/L) 5.24%131 5.38+1.24 5.82+1.11% <0.001
HDL-c (mmol/L) 1.30£0.44 1.28+0.37 1.17£0.31% <0.001
LDL-c (mmol/L) 343+1.14 3.60+1.16 3.77+1.13° 0.045
HbAlc (%) 10.70(9.25,12.75) 10.10(7.70,12.47) 8.55(6.70,10.70) <0.001
FBG (mmol/L) 12.04(9.20,14.53) 10.00(7.61,12.64)* 9.98(7.59,12.76) <0.001
AER (mg/24h) 99.51(30.30,232.56) 128.33(26.74,288.54) 211.55(52.82,723.78)® <0.001
eGFR (mL/min/1.73m?) 128.58(94.78,165.29) 112.07(87.37,155.50) 104.09(81.67,139.36)* <0.001

Notes: *compared with SUA<|80umol/l group, P<0.05; ®compared with 180 umol/l <SUA<300umol/l group, P<0.05.

Abbreviations: T2DM, type 2 diabetes; SUA, serum uric acid; DN, diabetic nephropathy; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index;
BUN, blood urea nitrogen; CR, creatinine; TG, triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
HbAIc, hemoglobin AIC; FBG, fasting blood glucose; AER, albumin excretion rate; eGFR, estimated glomerular filtration rate.

CI 0.599-0.699), 0.768 (95% CI 0.726-0.811), and 0.660 (95% CI 0.609-0.710), respectively. The cutoff values
(sensitivity, specificity) were TyG 9.55 (75.9%, 53.1%), TyG-BMI 255.50 (66.2%, 62.5%), TG/HDL-c 1.79 (76.6%,
65.1%), and METS-IR 46.33 (57.9%, 71.0%).

Discussion

This study is the first to evaluate the correlations between four non-insulin-dependent IR indexes and SUA levels in
patients with T2DM and the predictive value of the four indicators for HUA. The present study found that the four easily
measurable surrogate indexes of IR were significantly associated with the presence of HUA in T2DM. Our participants
are patients with T2DM. Another study has shown that even in subjects at risk for T2DM, SUA concentrations were
significantly associated with impaired IR and insulin secretion.”” IR is the common factor in many pathological and
physiological conditions, including obesity, dyslipidemia, T2DM, abnormal glucose tolerance, hypertension and arterio-
sclerosis, and is a prevalent phenomenon in human disease.*® IR can be present up to 20 years before the onset of T2DM,
and in patients without diabetes, it has been an independent predictor of cardiovascular disease and mortality.**** Recent
studies also highlight the role of SUA as an emerging non-traditional independent risk factor that correlates with obesity,
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Figure | Comparison of four non-insulin-based IR indexes at different serum uric acid (SUA) levels. (A) difference of triglyceride and glucose index (TyG) among the three
groups; (B) difference of TyG index with body mass index (TyG-BMI) among the three groups; (C) difference of the ratio of triglycerides divided by high-density lipoprotein
cholesterol (TG/HDL-c) among the three groups; (D) difference of metabolic score for insulin resistance (METS-IR) among the groups.

metabolic syndrome, type 2 diabetes, preclinical cardiac and extracardiac organ damage, as well as cardiovascular
events.”> 2" As shown in the study, HUA was closely related to and mutually beneficial with IR.*® The potential
mechanism by which IR causes HUA is as follows: in the body under IR, the intermediate products of the glycolysis
process are shifted to phosphoribosyl pyrophosphate and 5-ribose phosphoric acid, increasing the production of SUA;*’
IR can cause hyperinsulinemia and promote reabsorption of uric acid by kidney tubules; and IR can then increase the
synthesis of fat cells in the liver, resulting in abnormal metabolism of purines and an increase in the SUA level.*® In
addition, the renal glucose threshold of T2DM patients is usually reduced, which further promotes Na-H ion exchange in
kidney tubules, resulting in an increase in urate reabsorption, causing an increase in SUA levels.’' The possible
mechanism by which HUA causes IR is as follows: in the case of HUA, urate crystals are apt to separate out and
precipitate in pancreatic islets, resulting in impaired function of pancreatic islet B cells and causing glucose and lipid
metabolism disorders. Uric acid could mediate IR and impaired insulin secretion through the development of mitochon-
drial oxidative stress and the impairment of insulin-dependent stimulation of nitric oxide in endothelial cells.**** Uric
acid can cause an increase in monocyte chemoattractant protein-1, which plays a critical role in inflammatory reactions in
fat cells.*® Uric acid was found to directly inhibit insulin signaling and induce insulin resistance which is considered to be
the underlying mechanism of hepatic steatosis.** In addition, uric acid can reduce the synthesis of adiponectin, which is
the specific insulin action enhancer of fat cells and a medium against inflammatory reactions. Thus, HUA may result in
endocrine disorder of fat cells by producing inflammatory reactions at low levels and insulin resistance.*”

Even though the close relationship between HUA and IR has been well demonstrated, using this theory to guide the
prevention and management of HUA in clinical practice is still one step away and that is IR assessment. We used IR
surrogates, which can be calculated according to the biochemical indexes of the human body, and had the advantages of
simplicity, convenience and economy. The TyG index, which combines FBG and lipid profiles, was first reported to be a useful
surrogate for IR in 2008."* Several studies have demonstrated that TyG has shown excellent predictive performance in
detecting IR compared with HOMA-IR and HEC.*® TG/HDL-c, which contains pivotal components of hyperlipidemia, has
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Table 2 Correlations Between SUA Level and
Clinical Variables

r P

SUA (umol/l) 1.000

Age (year) —0.045 0.242
Diabetic duration (year) 0.110 0.004
SBP (mmHg) 0.046 0.227
DBP (mmHg) 0.050 0.187
Height (cm) 0.106 0.005
Weight (kg) 0.177 <0.001
BMI (kg/m2) 0.147 <0.001
BUN (mmol/L) 0.293 <0.001
CR (umol/L) 0.255 <0.001
TG (mmol/L) 0.492 <0.001
TC (mmol/L) 0.208 <0.001
HDL-c (mmol/L) —0.138 <0.001
LDL-c (mmol/L) 0.106 0.005
HbAIc (%) —0.278 <0.001
FBG (mmol/L) —0.090 0.018
AER (mg/24h) 0.175 <0.001
eGFR (mL/min/1.73m?) —-0.210 <0.001
TyG 0.406 <0.001
TyG-BMI 0.272 <0.001
TG/HDL-c 0.493 <0.001
METS-IR 0.238 <0.001

Abbreviations: SUA, serum uric acid; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; BMI, body mass index; BUN,
blood urea nitrogen; CR, creatinine; TG, triglyceride; TC, total
cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol; HbAlc, hemoglobin AIC;
FBG, fasting blood glucose; AER, albumin excretion rate; eGFR,
estimated glomerular filtration rate; TyG, triglyceride and glucose
index; TyG-BMI, TyG index with body mass index; TG/HDL-c, the
ratio of triglycerides divided by high-density lipoprotein choles-
terol; METS-IR, metabolic score for insulin resistance.

been proposed as a predictor of IR and an easily obtainable atherogenic marker.>’*® It was reported that TG/HDL-c ratio better
indicates atherosclerotic disturbances than TG and HDL-c, alone and might be reliable in screening for metabolic
disturbances.*® In 2016, Er et al'* found that a new index formed by combining the TyG index with BMI can better reflect
the state of IR. Compared with lipid parameters, the lipid ratio, blood glucose parameters, the TyG index and obesity-related
parameters, TyG-BMI has the largest AUC in identifying IR. Bello-Chavolla et al reported that METS-IR was a promising tool
for screening insulin sensitivity and a novel score for evaluating cardiometabolic risk in healthy and at-risk subjects.'® TyG-
BMI and METS-IR include not only a lipid index and FBG but also an obesity index, BMI.
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Figure 2 Correlation between serum uric acid (SUA) and four non-insulin-based IR indexes in T2DM. (A) correlation between SUA and triglyceride and glucose index
(TyG); (B) correlation between SUA and TyG index with body mass index (TyG-BMI); (C) correlation between SUA and the ratio of triglycerides divided by high-density
lipoprotein cholesterol (TG/HDL-c); (D) correlation between SUA and metabolic score for insulin resistance (METS-IR).

The correlation of TyG and TG/HDL-c with SUA in T2DM and their predictive value in discriminating HUA were higher
than those of TyG-BMI and METS-IR. In Eastern China, one large-scale cross-sectional study showed that TG/HDL-c and
TyG were significantly associated with HUA in both sexes.*® Another study based on the Chinese population found that
METS-IR’s ability to identify metabolic unhealthy was not as good as that of TyG.*' Obesity plays a critical role in the
pathophysiology of IR;** thus, the combination of TyG with BMI should theoretically enhance the role of TyG. Bello-
Chavolla et al also suggested that METS-IR had better diagnostic performance for incident T2DM than TyG and TG/HDL-c in
Mexican subjects, which is mainly attributed to the addition of BMI to the calculation formula of METS-IR.'® However, our
study showed a contrasting result. The contradiction may result from the drawback of BMI, which has a weak capacity to
distinguish muscle and fat, especially in Asian individuals.* In addition, the predictive value of TG/HDL-c (AUC 0.768) for
HUA in T2DM is higher than that of TyG (AUC 0.693). IR and HUA are often accompanied by dyslipidemia, such as
hypertriglyceridemia and low HDL-c levels.***> The mechanism of dyslipidemia and HUA requires large amounts of free
fatty acids (FFAs) for triglyceride synthesis, and FFAs are associated with the de novo synthesis of purines and thus accelerate
uric acid production.*® The relationship between FBG, one of the components of TyG, and the uric acid level was an inverted
U-shape. When FBG increases to a certain threshold, elevated urine glucose levels lead to competitive inhibition of
reabsorption of uric acid and increase the excretion of uric acid.** Our subjects were type 2 diabetic patients, and their fasting
blood glucose levels were higher than those in the general population. Due to the aforementioned mechanism, although TG/
HDL-c is the simplest of the four indicators, it had the strongest correlation with HUA in our study.

There are some limitations of the present study. First, this was a cross-sectional observational study. A causal relationship
cannot be established directly based on the results of this study. Second, we continuously collected all participants at
a particular location over a period of time; thus, our participants are representative of hospitalized patients with T2DM but
not the general population with T2DM. Indeed, prospective cohort studies are required to evaluate the predictive potential of
the four non-insulin-based indexes of IR for the development of HUA in patients with T2DM. Third, we did not directly
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Table 3 Multiple Regression Analysis of Four Non-Insulin-Based IR Indexes Correlated with

SUA in T2DM
TG TyG-BMI TG/HDL-c METS-IR
Model | B 53.543 0.496 25.200 2.606
T 11.327 7416 113.354 6.945
F 128.290 54.994 178.332 48233
R? 0.157 0.073 0.205 0.064
P <0.001 <0.001 <0.001 <0.001
Model 2 B 52.622 0.456 25.122 2.39
T 11.24 6.728 13.500 6.323
F 37.854 16.953 52.260 15.590
R2 0.177 0.085 0.230 0.078
P <0.001 <0.001 <0.001 <0.001
Model 3 B 41.620 0.334 20.426 2.112
T 9.706 5.520 11.972 6.303
F 30.326 23.505 35.583 24.496
R? 0.357 0.299 0.396 0.308
P <0.001 <0.001 <0.001 <0.001

Notes: Model |, unadjusted model; Model 2, basic adjusting model, adjusted for age, gender and diabetic duration; Model
3, fully adjusted model, additionally adjusting for systolic blood pressure (SBP), diastolic blood pressure (DBP); blood urea
nitrogen (BUN); creatinine (CR); total cholesterol (TC); low-density lipoprotein cholesterol (LDL-c); hemoglobin AIC
(HbAIc); estimated glomerular filtration rate (eGFR), and albumin excretion rate (AER).
Abbreviations: IR, insulin resistance; SUA, serum uric acid, T2DM, type 2 diabetes; TyG, triglyceride and glucose index;
TyG-BMI, TyG index with body mass index; TG/HDL-c, the ratio of triglycerides divided by high-density lipoprotein
cholesterol; METS-IR, metabolic score for insulin resistance.

Table 4 AUCs and Cutoff Values of Four Non-Insulin-Based IR Indexes for the Prediction of HUA in

T2DM
AUC (95% CI) P Cut-off value | Sensitivity | Specificity | Youden Index
TyG 0.693 (0.645,0.741) | <0.01 9.552 75.9% 53.1% 0.290
TyG-BMI 0.649 (0.599,0.699) | <0.01 255.503 66.2% 62.5% 0.287
TG/HDL-c | 0.768 (0.726,0.811) | <0.01 1.795 76.6% 65.1% 0.417
METS-IR 0.660 (0.609,0.710) | <0.01 46.327 57.9% 71.0% 0.289

Abbreviations: AUC, area under the curve; IR, insulin resistance; HUA, hyperuricemia; T2DM, type 2 diabetes; Cl, confidence
interval; TyG, triglyceride and glucose index; TyG-BMI, TyG index with body mass index; TG/HDL-c, the ratio of triglycerides
divided by high-density lipoprotein cholesterol; METS-IR, metabolic score for insulin resistance.

measure insulin indicators in all the study population, so we did not include HOMA-IR to compare with the four insulin

resistance surrogates. Fourth, the lack of similar research makes it impossible to fully compare the results.

Conclusions

In conclusion, we showed that four non-insulin-based indexes of IR were significantly associated with HUA in patients
with T2DM. We found that TG/HDL-c was the best marker among the four IR surrogates for the identification of HUA in
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Figure 3 Receiver operating characteristic (ROC) curves for predicting HUA in T2DM.

Abbreviations: HUA, hyperuricemia; TyG, triglyceride and glucose index; TyG-BMI, TyG index with body mass index; TG/HDL-c, the ratio of triglycerides divided by high-

density lipoprotein cholesterol; METS-IR, metabolic score for insulin resistance.

T2DM. The present results not only further confirmed IR is a common risk factor for T2DM and HUA but also provided
a simpler and more economical choice for distinguishing IR. Improving insulin resistance may be an important target for

the treatment and prevention of HUA in patients with T2DM.
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