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Objective: To investigated the link between the distribution of abdominal fat and the concentration of serum uric acid (SUA) in 
individuals recently diagnosed with type 2 diabetes.
Methods: Studied 364 individuals had been diagnosed with type 2 diabetes within one month, and evaluated factors such as the 
distribution of fat in the abdomen, indicators related to glucose and lipid metabolism. The participants’ SUA concentrations were 
divided into a normal control group (CG) and a hyperuricemia group (HG).
Results: The HG group had elevated abdominal subcutaneous fat area (SFA), visceral fat content (VFA), body mass index (BMI), fasting 
blood glucose (FBG), 2-hour postprandial blood glucose (PBG), glycosylated albumin (GA), serum creatinine (SCr), triacylglycerol (TG), 
and lower values in glomerular filtration rate (eGFR), high-density lipoprotein cholesterol (HDL-C) when compared to the CG group (P < 
0.05). Among the obese individuals, the hyperuricemia subgroup exhibited higher measurements in waistline, hipline, VFA, SFA, BMI, 
PBG, SCr, TG, and lower HDL-C (P < 0.05) compared to the subgroup with normal uric acid levels. In the non-obese group, the 
hyperuricemia subgroup showed higher VFA, SCr, and FBG levels, and lower HDL-C (P < 0.05). There was a positive correlation between 
VFA and serum uric acid (SUA) levels (r = 0.329, P < 0.0001). Logistic regression analysis indicated a 24% increased risk of hyperuricemia 
with every 10cm2 increase in abdominal VFA. Generate the Receiver Operating Characteristic (ROC) curve analysis revealed that VFA was 
the most effective predictor of hyperuricemia and insulin resistance (P < 0.05).
Conclusion: Newly diagnosed type 2 diabetes patients exhibit a strong correlation between abdominal visceral fat and SUA 
concentration, the former is identified as an autonomous risk factor for hyperuricemia and an effective indicator for assessing the 
presence of hyperuricemia and predicting insulin resistance.
Keywords: abdominal fat distribution, newly diagnosed type 2 diabetes, serum uric acid, visceral fat area

Introduction
Newly diagnosed type 2 diabetes holds significant importance in terms of its prevention and treatment, given that it is 
a persistent metabolic condition that can lead to various complications in the advanced stages. Early intervention in type 
2 diabetes has the potential to reduce the risk of complications and improve quality of life.

Research has confirmed the role of serum uric acid (SUA) as an inflammation and metabolic predictor in diabetes and related 
conditions, including diabetic nephropathy.1,2 In a prospective cohort study involving 2690 participants without prior diabetes or 
cardiovascular disease and with hyperuricemia, the findings demonstrated that over a median follow-up of 9.0 years, 548 
participants developed type 2 diabetes, highlighting a connection between uric acid concentration and the incidence of type 2 
diabetes.3 Moreover, not just uric acid itself but also uric acid-based metabolic indices have been associated with obesity and 
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related conditions such as type 2 diabetes,4 hypertension,5 hepatic steatosis6 and metabolic syndrome.7 It is worth noting that the 
connection between obesity and recently diagnosed type 2 diabetes is strong, with an obesity rate of 80–92% in comparison to 
56% in the control group.8,9 Excessive fat buildup in the abdominal region leads to abdominal obesity, which is a significant risk 
factor for diabetes. Previous research indicates that the size of subcutaneous fat area (SFA) and the amount of visceral fat content 
(VFA) play crucial roles in preventing diabetes.10 For these reasons, we are justified to study the correlation between uric acid and 
fat distribution in abdominal region.

Insulin resistance(IR) is widely recognized as being associated with both body fat distribution11 and the onset of type 
2 diabetes. This relationship stems from the fact that adipose tissue releases an abundance of non-esterified fatty acids, 
glycerol, hormones, and pro-inflammatory cytokines.12 Interestingly, recent research suggests that SUA levels also relate 
to IR.13 Based on the available evidence, it becomes apparent that the pathogenesis of IR is shared by type 2 diabetes, 
abdominal obesity, and hyperuricemia. As a result, the concentration of SUA may impact the distribution of abdominal 
fat in individuals who have recently been diagnosed with type 2 diabetes.

This study aimed to explore the correlation between SUA concentration and abdominal fat content specifically in 
individuals with newly diagnosed type 2 diabetes. By doing so, our research establishes a theoretical foundation for 
assessing the risk of hyperuricemia in these patients through the distribution of abdominal fat. Furthermore, we utilized 
VFA as an estimation to evaluate the risk of hyperuricemia in individuals who have recently been diagnosed with type 2 
diabetes. Additionally, we assess the accuracy and effectiveness of VFA as a predictive tool for IR based on the 
classification of uric acid levels. In summary, our research findings suggest that VFA can effectively serve as an indicator 
for assessing the presence of hyperuricemia and predicting the IR status in newly diagnosed type 2 diabetes patients.

Objects and Methods
Study Participant Selection Criteria: Inclusion and Exclusion Criteria
From January 2018 to June 2020, we chose individuals who were recently diagnosed with type 2 diabetes within one 
month from the outpatient clinic of Shanghai Putuo District Central Hospital. The study included a total of 364 patients, 
consisting of 199 males and 165 females, ranging in age from 20 to 67 years. Certain criteria were applied for exclusion, 
including: 1) Patients who have been prescribed insulin or insulin secretagogues in the last month. 2) individuals with 
mental illness, severe liver damage, or cachexia. 3) those experiencing high stress levels or severe infections. 4) 
individuals with symptoms of typical Cushing syndrome or abnormal thyroid function. 5) patients who had taken 
glucocorticoid drugs or anti-epileptic drugs within the three months prior to the study. 6) pregnant or lactating 
women; and 7) individuals unable to independently complete the questionnaire. Before participating in the research, 
the participants provided informed consent, and the study was approved by the Ethics Committee of Shanghai Putuo 
District Central Hospital.

Research Methods
1. We collected the basic details of registered patients, such as their gender, age, height, waistline, hipline, and more. 

Additionally, we computed the body mass index (BMI) using the following formula: BMI = weight (kg)/height 2 

(m2). The height was recorded with a precision of 0.5 cm, while the weight was recorded with a precision of 
0.1 kg. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) using the following formula: fasting 
blood glucose (FBG) * fasting insulin (Fins)/22.5. The formula for calculating the Waist-Hip Ratio (WHR) is as 
follows: WHR = Waist Circumference (cm) / Hip Circumference (cm).

2. Abdominal fat content measurement: To assess abdominal fat, we utilized the Omron HDS-2000 DUALSCAN 
tool. This device is a biomedical impedance device used for measuring VFA and SFA in the body. Its operating 
principle is based on the variation in electrical resistance as current flows through different body tissues. The 
device performs measurements by utilizing two distinct electrical pathways, each dedicated to measuring the 
adipose area in the abdomen: one pathway measures the area devoid of fat, while the other measures the SFA. The 
process involves an abdominal measurement unit that assesses the shape and overall cross-sectional area of the 
abdomen. By employing specific calculation formulas, an estimated value for VFA can be derived. Prior to 
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measurement, we ensured that the participants fasted for a minimum of 8 hours and had evacuated their bowels 
and bladder. The measurements were taken in a calm and warm setting while the participants were lying on their 
backs. Trained professionals carried out the measurements for VFA and SFA.

3. Participants were required to fast for a minimum of 8 hours before blood samples were collected. These blood 
samples were then transferred to the biochemistry laboratory of our hospital to assess various indicators including 
FBG, blood glucose levels 2 hours after eating (PBG), glycosylated albumin (GA), glycosylated hemoglobin 
(HbA1C), Fins, fasting C peptide (F-CP), insulin levels 2 hours after eating (Pins), C peptide levels 2 hours after 
eating (P-CP), total cholesterol (TC), triacylglycerol (TG), low-density lipoprotein cholesterol (LDL-C), high- 
density lipoprotein cholesterol (HDL-C), SUA, blood urea nitrogen(BUN), serum creatinine (SCr), estimated 
glomerular filtration rate (eGFR), and other relevant parameters.

4. We conducted a survey using the Restraint Scale (RS) questionnaire, which is designed to assess restrictive eating 
habits. Trained investigators administered the survey consistently. RS is a tool used to measure common eating 
behaviors and consists of two dimensions: dieting concerns and weight fluctuation. The dieting concerns subscale 
includes 6 items (1, 5–9), while the weight fluctuation subscale includes 4 items (2–4, 10). In total, there are 10 
questions. Each item is scored on a scale of 0–4, representing the response options of never, rarely, sometimes, 
often, and always, respectively. The scores for each dimension are calculated by summing the item scores within 
that dimension, and the total score of the scale is determined by summing the scores from both dimensions.

Based on the BMI index: According to the “Guidelines for the Diagnosis and Treatment of Hyperuricemia and Gout in 
China: 2019” individuals with a BMI of 28 kg/m2 or higher are classified as obese, while those with a BMI between 
18.5 kg/m2 and 28 kg/m2 are considered non-obese. Additionally, individuals with a uric acid concentration exceeding 
360 µmol/L are categorized as the hyperuricemia group (HG).

Based on the HOMA-IR: According to the “Expert Consensus on Clinical Issues Related to Insulin Resistance (2022 
Edition)”, IR is identified by using the highest quartile as a cutoff point. IR is defined as a Homeostatic Model 
Assessment for Insulin Resistance (HOME-IR) value greater than or equal to 4.62, which results in the classification 
of individuals into either the insulin resistant (IR) group or the non-insulin resistant (non-IR) group.

Statistical Processing
To process the data, utilize SPSS 24.0 software. All variables were assessed for normality. For measurement data that 
follow a normal distribution, they are presented as mean ± standard deviation (�� s). For measurement data that do not 
follow a normal distribution, they are presented as median (M), 25th percentile (P25), and 75th percentile (P75). To 
compare normally distributed variables between two groups, the independent-sample t-test was employed. For the 
comparison of non-normally distributed variables, the Wilcoxon rank-sum test was used. Enumeration data are repre-
sented as a percentage (%), and the chi-squared test was used for group comparisons. After considering relevant factors, 
Pearson and Logistic stepwise regression were conducted to analyze the relationship between the VFA area and SUA 
concentration. Generate the Receiver Operating Characteristic (ROC) curve, which involves calculating the area under 
the curve (AUC), to assess the diagnostic efficacy of the test parameter. Additionally, perform an in-depth analysis to 
determine the sensitivity, specificity, and establish an optimal cut-off value for accurate diagnosis. This comprehensive 
approach allows for a thorough evaluation of the test’s diagnostic utility and precision. A statistically significant 
difference was considered when P < 0.05.

Results
Comparison of All Patients Grouped by SUA Concentration
Based on the concentration of uric acid, the patients were divided into two groups: the high uric acid group (HG) with 
SUA ≥ 360 µmol/L and the normal control group (CG) with SUA < 360 µmol/L. A comparison was made between the 
CG and HG groups in terms of various measurements including waistline, weight, height, hipline, VFA, SFA, BMI, RS 
score, RS weight concern, FBG, PBG, F-CP, Fins, Pins, BUN, SCr, GA, and TG.
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The results showed that the HG group had significantly higher values for all these indicators compared to the CG 
group (P < 0.05), with waistline, VFA, and SCr showing an extremely significant difference (P < 0.001). Additionally, 
eGFR and HDL-C were found to be lower in the HG group with statistically significant differences (P < 0.05). However, 
there were no significant differences between the two groups in terms of age, RS dieting attention, HA1C, P-CP, aspartate 
transaminase (AST), alanine transaminase (ALT), TC, and LDL-C indicators (P > 0.05) (Table 1).

Comparison of Various Indicators of Non-Obese Patients Grouped by SUA 
Concentration
In comparison to the CG, the HG exhibited significantly higher levels of VFA, FBG, Pins, and SCr (P < 0.05). 
Conversely, HDL-C levels were lower and significantly different (P < 0.05). However, there were no significant 
differences in the remaining indicators (P > 0.05) (Table 2).

Comparison of Various Indicators of Obese Patients Grouped According to Serum 
Uric Acid Concentration
In comparison to the CG, the HG exhibited significantly higher values for waistline, weight, height, hipline, VFA, SFA, 
BMI, RS score, RS weight concern, PBG, SCr, and TG index (P < 0.05). On the other hand, HDL-C levels were 
significantly lower (P < 0.05) in the high uric acid group. No statistically significant differences (P > 0.05) were observed 
for other indicators (Table 3).

Table 1 Comparison of All Patients Grouped by Serum Uric Acid Concentration

Total Population SUA<360 SUA≥360 T or Z P

Age (y) 56.5±11.77 54.31±14.86 1.07 0.288

Waistline (cm) 96.06±9.50 103.57±12.32 3.69 0.000

Weight (kg) 75.37±12.24 87.37±25.49 3.20 0.002
Height (cm) 166.93±8.71 170.33±7.27 2.33 0.021

Hipline (cm) 98.81±7.53 104.98±10.65 3.43 0.001

VFA (cm2) 105.44±37.61 140.93±43.52 4.92 0.000
SFA (cm2) 221.14±56.75 254.43±84.46 2.51 0.014

BMI (kg/m2) 26.97±3.42 29.3±4.75 3.21 0.002

RS score 8.60±4.82 11.05±5.57 2.30 0.024
RS Diet Concern 4.57±3.20 5.79±3.53 1.78 0.078

RSweight concern 4.04±2.44 5.26±3.06 2.17 0.033

FBG (mmol/L) 8.57±3.10 10.06±4.11 2.66 0.009
PBG (mmol/L) 13.74±5.00 16.34±6.87 2.93 0.004

HA1C (%) 8.90±2.69 9.22±2.49 0.83 0.409

F-CP (ng/mL) 1.46 (0.33, 5.05) 1.86 (0.17, 16.98) 1.77 0.004
Fins (mU/L) 6.65 (0.93, 23.81) 9.24 (2.23, 66.05) 1.65 0.009

P-CP (ng/mL) 4.00±1.54 4.39±1.82 0.95 0.346

Pins (mU/L) 17.02 (1.78, 219.49) 27.91 (3.93, 219.59) 1.73 0.005
BUN (mmol/L) 5.39±1.36 6.16±1.95 2.12 0.037

SCr (umol/L) 62.06±15.19 79.2±25.143 5.30 0.000
eGFR (mL/min) 113.27±25.68 98.92±29.62 3.46 0.001

ALT (U/L) 31.45±8.15 34.19±9.08 0≤≤.70 0.485

AST (U/L) 24.53±7.27 29.10±7.85 1.73 0.086
GA (%) 18.70 (11.20, 60.20) 24.65 (12.60, 61.40) 1.47 0.027

TC (mmol/L) 5.03±1.09 5.14±1.53 0.51 0.609

TG (mmol/L) 1.75±0.87 2.77±0.75 3.52 0.001
HDL-C (mmol/L) 1.18±0.25 1.04±0.25 3.54 0.001

LDL-C (mmol/L) 3.42±0.89 3.46±1.17 0.20 0.846
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Table 2 Comparison of Various Indicators of Non-Obese Patients Grouped by SUA

Non-Obese Group SUA<360 SUA≥360 T P

Age (y) 55.07±11.11 60.30±12.81 1.72 0.090
Waistline (cm) 91.48±7.16 93.26±7.28 0.89 0.376

Weight (kg) 69.38±9.96 71.09±8.38 0.70 0.489

Height (cm) 167.26±8.82 167.26±7.42 0.00 1.000
Hipline (cm) 96.33±6.87 97.41±6.06 0.56 0.579

VFA (cm2) 89.95±33.40 115.52±29.60 3.07 0.003

SFA (cm2) 95.40±43.95 201.52±39.59 0.56 0.581
BMI (kg/m2) 24.70±2.10 25.39±1.83 1.34 0.186

RS score 8.26±5.51 8.71±4.65 0.28 0.778
RS Diet Concern 4.45±3.54 4.71±2.66 0.26 0.797

RS weight concern 3.81±2.59 4.00±2.96 0.24 0.815

FBG (mmol/L) 7.11±1.92 9.68±3.72 3.64 0.001
PBG (mmol/L) 13.61±5.44 16.14±5.97 1.65 0.104

HA1C (%) 8.77±3.27 9.07±2.20 0.39 0.701

F-CP (ng/mL) 1.31 (0.38, 2.82) 1.51 (0.36, 2.81) 0.78 0.376
Fins (mU/L) 6.25 (2.35, 18.59) 8.45 (3.69, 25.13) 0.92 0.367

P-CP (ng/mL) 3.99±2.95 4.59±3.24 0.74 0.462

Pins (mU/L) 13.95 (1.99, 219.49) 33.34 (8.51, 174.15) 1.49 0.024
BUN (mmol/L) 5.57±1.31 7.47±1.67 1.91 0.069

SCr (umol/L) 60.98±13.38 88.61±17.21 3.05 0.005

eGFR (mL/min) 112.19±25.66 105.04±28.00 0.97 0.338
ALT (U/L) 29.56±6.37 23.52±8.47 1.42 0.160

AST (U/L) 23.2±7.30 23.09±7.28 0.04 0.967

GA (%) 25.4 (12.80, 28.70) 18.51 (13.30, 60.20) 0.88 0.421
TC (mmol/L) 5.01±1.06 4.79±1.41 0.68 0.502

TG (mmol/L) 1.77±0.88 2.54±2.87 1.25 0.222

HDL-C (mmol/L) 1.21±0.26 1.05±0.22 2.43 0.018
LDL-C (mmol/L) 3.36±0.86 3.16±0.95 0.82 0.416

Table 3 Comparison of Various Indexes of Obese Patients Grouped by SUA

Obese group SUA <360 SUA≥360 T P

Age (y) 53.06±12.04 48.32±16.04 1.32 0.193
Waistline (cm) 102.85±8.49 110.33±10.06 2.99 0.004

Weight (kg) 83.47±10.3 99.45±11.25 3.05 0.003

Height (cm) 166.48±8.69 172.61±6.34 3.17 0.002
Hipline (cm) 103.65±6.43 109.92±10.13 2.42 0.020

VFA (cm2) 126.42±32.85 159.77±42.92 3.44 0.001

SFA (cm2) 256.00±53.92 293.68±87.83 2.04 0.047
BMI (kg/m2) 30.06±2.22 32.19±4.13 2.53 0.015

RS score 9.14±3.79 12.76±5.71 2.48 0.017

RS Diet Concern 4.76±2.79 6.60±3.93 1.80 0.079
RS weight concern 4.38±2.29 6.16±2.93 2.26 0.029

FBG (mmol/L) 8.9±3.37 10.5±3.24 1.87 0.066

PBG (mmol/L) 13.08±4.15 17.63±5.07 3.79 0.000
HA1C (%) 9.13±2.36 9.49±2.44 0.58 0.566

F-CP (ng/mL) 1.69 (1.05, 5.05) 2.12 (0.30, 4.22) 0.78 0.586

Fins (mU/L) 8.63 (0.93, 23.81) 11.51 (2.23, 29.96) 0.88 0.425
P-CP (ng/mL) 4.26±2.39 4.14±2.69 0.18 0.857

(Continued)
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Correlation Analysis Between SUA Concentration and Various Indicators
After adjusting for age, gender, VFA, SFA, HbA1C, TC, TG, HDL-C, LDL-C, and other variables, there remains 
a significant positive correlation between VFA and SUA levels (r = 0.329, P < 0.0001). Furthermore, there is a significant 
negative correlation between HDL-C and SUA concentration (r = −0.395, P = 0.001). Additionally, TG levels were found 
to be significantly positively correlated with SUA (r = 0.328, P < 0.001) (Table 4).

Analysis of Related Risk Factors for Hyperuricemia
The inclusion of various factors such as age, gender, VFA, SFA, HbA1C, TC, TG, HDL, LDL, and other indicators in the 
logistic stepwise regression analysis indicates that the rise in abdominal VFA and the decline in HDL-C levels are 
autonomous risk factors for hyperuricemia. The likelihood of developing hyperuricemia increases by 24% with every 10 
cm2 increase in VFA, as shown in Table 5.

Table 4 Correlation Analysis of Patients’ SUA and Various Indexes

Index/Correlation Coefficient SUA (umol/L) VFA(cm2) SFA(cm2) BMI (kg/m2)

SUA (umol/L) 0.390 0.156 0.207

VFA(cm2) 0.390 0.539 0.687
SFA(cm2) 0.156 0.539 0.761

BMI (kg/m2) 0.207 0.687 0.761

TG (mmol/L) 0.328 0.190 0.029 0.158
HDL-C (mmol/L) −0.361 −0.179 0.005 −0.116

LDL-C (mmol/L) −0.031 0.139 0.224 0.201

F-CP (ng/mL) 0.130 0.362 0.284 0.406
Fins (mU/L) 0.322 0.344 0.320 0.337

Pins (mU/L) 0.202 0.079 0.026 0.111

Table 3 (Continued). 

Obese group SUA <360 SUA≥360 T P

Pins (mU/L) 16.79 (1.78, 89.66) 29.57 (7.55, 219.59) 1.03 0.236

BUN (mmol/L) 5.17±1.27 5.46±1.28 0.89 0.375
SCr (umol/L) 61.19±17.17 75.13±20.86 2.87 0.006

eGFR (mL/min) 113.02±29.01 104.54±30.52 1.09 0.279

ALT (U/L) 36.00±7.16 42.03±8.18 0.95 0.347
AST (U/L) 25.7±7.49 35.9±8.41 1.87 0.070

GA (%) 25.4 (14.41, 28.49) 20.90 (13.00, 35.80) 1.08 0.197

TC (mmol/L) 5.33±1.14 4.95±1.50 1.10 0.276
TG (mmol/L) 1.97±1.00 2.78±1.94 2.02 0.049

HDL-C (mmol/L) 1.14±0.24 0.99±0.24 2.50 0.015

LDL-C (mmol/L) 3.7±0.92 3.38±1.11 1.22 0.229

Table 5 Analysis of Related Risk Factors for Hyperuricemia

B S.E Wals Sig. Exp(B) 95% CI

Lower Limit Upper Limit

VFA (cm2) 0.024 0.007 13.425 0.000 1.024 1.011 1.038

HDL-C (mmol/L) −2.383 1.001 5.673 0.017 0.092 0.013 0.656
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Analysis of the Area Under the ROC Curve for Hyperuricemia and Insulin Resistance
We conducted an analysis to evaluate the predictive utility of various measures, including VFA, SFA, BMI, 
waistline, and WHR, in estimating the risk of hyperuricemia in individuals newly diagnosed with type 2 diabetes 
using ROC curves. In the overall study population, VFA displayed the highest area under the ROC curve (AUC) for 
predicting hyperuricemia, followed by waistline and BMI, which also exhibited notable AUC values. Specifically, 
SFA, BMI, and waistline had AUC values of 0.764, 0.709, and 0.684, respectively, while VFA had an AUC of 0.645 
(P < 0.05). The optimal cutoff value for VFA was determined as 107.5, with a Youden index of 0.447, sensitivity of 
0.837, and specificity of 0.610. Further subgroup analysis revealed that VFA was the most effective predictor for 
hyperuricemia in individuals with insulin resistance, achieving an AUC of 0.876. In this subgroup, the cutoff value 
for VFA was 92.0, with a Youden index of 0.6, sensitivity of 1.0, and specificity of 0.6 (P < 0.01). Conversely, for 
individuals without insulin resistance, BMI emerged as the superior indicator, with an AUC value of 0.692, while 
VFA had an AUC value of 0.677 (P < 0.05).

Additionally, we assessed the effectiveness of VFA in predicting IR in individuals recently diagnosed with type 2 
diabetes based on their uric acid levels. ROC curves were generated using IR as the state variable and VFA, SFA, BMI, 
waistline, and WHR as the test variables. In the entire study cohort, VFA proved to be the most effective indicator for 
predicting IR, with an AUC of 0.765 (P < 0.001). The optimal cutoff value for VFA was determined as 141.5, with 
a Youden index of 0.518, sensitivity of 0.645, and high specificity of 0.873. Notably, in the HG, VFA exhibited 
outstanding predictive performance, with an AUC of 0.878 (P < 0.001). The cutoff value for VFA in the HG was 135, 
with a Youden index of 0.678, sensitivity of 0.895, and specificity of 0.783. However, in the CG, VFA was not a reliable 
indicator for predicting IR in individuals with newly diagnosed type 2 diabetes (Figure 1, Table 6 and Table 7).

Figure 1 (A) The area under the ROC curve for the risk of hyperuricemia: total sample patients. (B) Hyperuricemia risk ROC curve area: non-insulin resistance group. 
(C) Hyperuricemia Risk ROC Area: Insulin Resistant Group. (D) Insulin resistance risk area under the ROC curve: total sample patients. (E) Insulin resistance risk ROC 
curve area: HG. (F) Insulin resistance risk ROC curve area: CG.
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Discussion
Obesity is frequently seen in individuals with diabetes, particularly visceral obesity.14 Lean individuals who are prone to 
developing diabetes may experience IR in their muscles, leading to excessive fat accumulation. On the other hand, obese 
individuals with diabetes may have higher hormone release from their adipose tissue, including pro-inflammatory 
cytokines, which can contribute to IR. When IR is coupled with dysfunction of pancreatic β-cells, it becomes challenging 
to control blood sugar levels within the normal range.12,15

Abdominal fat, which comprises both visceral and subcutaneous fat, is associated with an elevated risk of various 
diseases, such as cardiovascular disease, type 2 diabetes, and intestinal inflammation.16,17 Some studies suggest that 

Table 6 Area and Analysis Under ROC Curve of the Risk of Hyperuricemia

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

Total population
VFA(cm2) 0.764 0.672–0.857 <0.001 107.5 0.837 0.610 0.447

SFA(cm2) 0.645 0.533–0.758 0.012 253.5 0.535 0.814 0.349

BMI (kg/m2) 0.684 0.579–0.789 0.002 28.95 0.512 0.797 0.309
Waistline(cm) 0.709 0.605–0.813 <0.001 101.5 0.628 0.763 0.391

WHR 0.600 0.487–0.713 0.086 0.9951 0.488 0.729 0.217

Non-IR group
VFA(cm2) 0.677 0.545–0.809 0.017 96.5 0.87 0.522 0.392

SFA(cm2) 0.595 0.444–0.746 0.201 217.5 0.565 0.674 0.239
BMI (kg/m2) 0.692 0.558–0.825 0.01 24.75 0.913 0.478 0.391

Waistline(cm) 0.681 0.535–0.828 0.015 101.5 0.522 0.87 0.392

WHR 0.545 0.390–0.696 0.541 1.00 0.348 0.848 0.196
IR group

VFA(cm2) 0.876 0.746–1.000 0.001 92.0 1.000 0.6 0.6

SFA(cm2) 0.658 0.446–0.869 0.169 255 0.684 0.8 0.484
BMI (kg/m2) 0.629 0.426–0.832 0.261 30.65 0.474 0.9 0.374

Waistline(cm) 0.679 0.475–0.883 0.119 97 0.789 0.5 0.289

WHR 0.624 0.392–0.856 0.281 0.9861 0.632 0.7 0.332

Table 7 Area and Analysis Under ROC Curve of the Risk of Insulin Resistance

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

Total population

VFA(cm2) 0.765 0.656–0.874 <0.001 141.5 0.645 0.873 0.518
SFA(cm2) 0.689 0.570–0.808 0.002 244 0.645 0.759 0.404

BMI (kg/m2) 0.729 0.619–0.838 <0.001 28.25 0.677 0.696 0.373

Waistline(cm) 0.755 0.644–0.865 <0.001 103.5 0.645 0.848 0.493
WHR 0.661 0.545–0.776 0.009 0.9951 0.548 0.747 0.295

SUA <360umol/l group
VFA(cm2) 0.562 0.365–0.759 0.100 75.5 1 0.283 0.283

SFA(cm2) 0.682 0.472–0.891 0.107 215.5 0.8 0.63 0.43

BMI (kg/m2) 0.73 0.546–0.915 0.094 26.55 0.9 0.609 0.509
Waistline(cm) 0.671 0.454–0.887 0.110 104 0.5 0.935 0.435

WHR 0.559 0.342–0.775 0.110 1.0557 0.3 1 0.3

SUA≥360umol/l group
VFA(cm2) 0.878 0.765–0.990 <0.001 135 0.895 0.783 0.678

SFA(cm2) 0.691 0.527–0.856 0.035 258.5 0.684 0.696 0.38

BMI (kg/m2) 0.673 0.500–0.845 0.056 30.25 0.526 0.87 0.396
Waistline(cm) 0.740 0.586–0.894 0.008 112.5 0.474 0.957 0.431

WHR 0.638 0.470–0.807 0.126 0.9917 0.632 0.652 0.284
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having excessively high uric acid concentration can worsen IR and pancreatic β-cell dysfunction,18 ultimately leading to 
obesity and diabetes. Additionally, hyperuricemia is related to metabolic syndrome and cardiovascular disease morbidity 
and death rate.19 This condition can increase the occurrence of cardiovascular events and contribute to the progression of 
diabetes and nephropathy. Hence, it is crucial to investigate the connection between the amount of abdominal fat and the 
presence of hyperuricemia in individuals with diabetes, in order to avoid the onset and progression of diabetic 
complications. Specifically, the occurrence of newly diagnosed type 2 diabetes is strongly correlated with IR and is 
closely associated with elevated uric acid levels.18,20,21 Currently, there is limited research on the link between the 
distribution of abdominal fat and the concentration of SUA in patients who have recently been diagnosed with type 2 
diabetes. The objective of this study is to examine this relationship and establish a theoretical basis for assessing the risk 
of hyperuricemia in individuals with newly diagnosed type 2 diabetes. During the course of this study, we discovered that 
individuals with elevated levels of uric acid in newly diagnosed type 2 diabetes will experience the following alterations: 
various indicators associated with obesity, including waistline, weight, height, hipline, VFA, SFA, and BMI will increase. 
Additionally, glucose and lipid metabolism indicators such as FBG, PBG, F-CP, Fins, Pins, GA, TG will increase, while 
HDL-C will decrease. Renal function indicators, such as BUN and SCr, will increase, and eGFR will decrease. These 
changes suggest that patients with high uric acid concentration tend to be more obese, experience greater weight 
fluctuations, and exhibit more pronounced abnormalities in blood glucose and blood lipid levels. The altered renal 
function indicators indicate a certain degree of kidney damage. This could be attributed to the impact of elevated uric 
acid on the nitric oxide pathway, induction of pro-inflammatory cytokines, activation of the renin-angiotensin system, 
and subsequent exacerbation of kidney damage in diabetic patients.22 Research studies have indicated that in individuals 
diagnosed with type 2 diabetes, particularly those with abdominal obesity, there is a positive association between VFA 
and SUA as well as F-CP levels.18 Our own investigation confirms this correlation between VFA and SUA. Furthermore, 
our study reveals that in newly diagnosed type 2 diabetes patients, an increase in SUA leads to elevated levels of Fins and 
TG, while reducing HDL-C. Previous studies have demonstrated that high uric acid levels can result in abnormal lipid 
profiles, characterized by increased TG and decreased HDL-C levels. An elevation in SUA concentration triggers the 
release of monocyte chemotactic protein and hampers adiponectin production, subsequently impacting adipose cells and 
causing alterations in blood lipid levels. Furthermore, the findings from our research support the theory that elevated 
SUA concentrations contribute to IR and inflammation, both of which influence blood glucose levels.23

Visceral fat found in the abdomen differs from subcutaneous fat, which is mainly located in the mesentery and 
omentum. Visceral fat is directly transported to the liver through the portal vein circulation. It is regulated by a greater 
number of cells, blood vessels, and nerve connections. Additionally, it contains more inflammation and immune cells. 
Adipocytes in visceral fat have higher metabolic activity, are more responsive to the breakdown of fats, and exhibit 
increased resistance to insulin. On the other hand, subcutaneous fat is more inclined to absorb free fatty acids and 
triglycerides in the bloodstream.24 Several studies have demonstrated that the measurement of VFA can be utilized to 
predict coronary collateral circulation dysfunction,25 anticipate postoperative outcomes in gastric cancer patients,26 and 
assess the improved prognosis of acute cholecystitis.27 Therefore, VFA serves as a valuable indicator for research 
purposes. Furthermore, given that previous studies have shown independent associations between uric acid, obesity, and 
diabetes,28–30 it is plausible that the level of abdominal fat may also be indicative of SUA levels in individuals newly 
diagnosed with type 2 diabetes. To enhance the understanding of the connection between the amount of fat in the 
abdomen and the concentration of uric acid, individuals recently diagnosed with type 2 diabetes were categorized into 
two groups: obese and non-obese. The findings from both groups indicated that individuals with high levels of uric acid 
had a greater abdominal VFA and lower levels of HDL. Through logistic stepwise regression analysis conducted in this 
study, it was observed that the likelihood of hyperuricemia increased by 24% for every 10 cm2 rise in abdominal VFA (as 
shown in Table 5). In this study, we also utilized ROC curves to assess the diagnostic performance of VFA and calculate 
the AUC. The findings consistently support the conclusion that VFA is an effective indicator for predicting hyperur-
icemia in patients newly diagnosed with type 2 diabetes (as shown in Figure 1 and Table 6). These results further confirm 
that the increase in abdominal VFA independently contributes to the risk of hyperuricemia.

The development of the disease may be attributed to the buildup of fat around internal organs, the secretion or 
activation of certain pro-inflammatory molecules by fatty tissue, such as IL-6, IL-8, monocyte chemoattractant protein 1 
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(MPC-1), and tumor necrosis Factor α (TNF-α). This process leads to a mild form of inflammation and oxidative stress, 
resulting in IR.31 Additionally, there is a close association between hyperuricemia and IR, as demonstrated in animal 
experiments.32 In our study, we investigated the efficacy of VFA in predicting the risk of IR in individuals newly 
diagnosed with type 2 diabetes, based on their uric acid levels. It is important to highlight that in the HG, VFA exhibited 
outstanding predictive capabilities, thereby reinforcing the connection between hyperuricemia and IR (as shown in 
Figure 1 and Table 7). These two factors are interconnected in the following ways: Uric acid induces IR in pancreatic 
beta cells through the IRS2/AKT pathway,33 and it also promotes the accumulation of fat in liver cells, leading to IR and 
disruption of insulin signaling through the NLRP3 inflammasome.34 Hence, it can be confidently stated that the amount 
of fat in the abdomen serves as a significant indicator for predicting the level of SUA in individuals recently diagnosed 
with type 2 diabetes. Therefore, from a clinical perspective, it is important to measure abdominal fat content in order to 
identify individuals at risk of developing newly diagnosed type 2 diabetes along with hyperuricemia. Additionally, it is 
crucial to adopt appropriate measures to manage waistline, weight, height, hipline, VFA, SFA, blood sugar, and blood 
lipid levels. Specifically, placing emphasis on reducing VFA holds great clinical value in preventing or delaying the onset 
of complications related to diabetic cardio-cerebrovascular and nephropathy.

Our research has several limitations. Firstly, our study is a cross-sectional survey, which cannot establish causal relation-
ships. Secondly, this study is a single-center study with a small sample size, limiting the representativeness of its findings. 
While VFA has good sensitivity in predicting hyperuricemia, its specificity is low, leading to a certain false positive rate. 
Additionally, newly diagnosed diabetic patients may have impaired β-cell function due to elevated blood glucose levels, 
resulting in decreased serum C-peptide and HOMA-IR, which could potentially lead to inaccurate estimates in these 
association studies.

Conclusion
In conclusion, our study highlights the significance of evaluating abdominal fat distribution in assessing the risk and 
prognosis of hyperuricemia in individuals recently diagnosed with type 2 diabetes. We found that higher VFA is an 
independent factor associated with an increased likelihood of hyperuricemia. This study presents a novel quantification of 
the relationship between VFA and SUA levels, providing potential value in predicting SUA level progression among 
newly diagnosed type 2 diabetes patients. These findings emphasize the importance of monitoring VFA in clinical 
practice to better manage hyperuricemia risk in this population.
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