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Background: Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic diseases worldwide, and insulin
resistance is the core pathophysiological basis for its development. This study aims to explore the relationship between various
metabolic-related indicators and insulin resistance in patients with T2DM, and to analyze the correlation between obesity indi-
cators, glucose and lipid metabolism indicators, and serum uric acid with insulin resistance, providing a reference for clinical
identification of insulin resistance.
Methods: This was a single-center retrospective study, consecutively enrolling 263 patients with type 2 diabetes who received
treatment at our center between August 2022 and August 2025. Patients were divided into a non-insulin-resistant group (n = 211)
and an insulin-resistant group (n = 52) based on the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR). Base-
line clinical data and laboratory parameters were collected, including body mass index, waist-to-hip ratio, fasting blood glucose,
2-hour postprandial blood glucose, lipid profile, glycated hemoglobin, fasting C-peptide, and serum uric acid. The triglyceride-
glucose (TyG) index was also calculated. Logistic regression analysis was performed to screen for metabolic indicators associated
with insulin resistance, and receiver operating characteristic (ROC) curve analysis was then conducted to evaluate the discrimi-
native ability of these indicators for insulin resistance.
Results: Patients in the insulin resistance group had significantly higher levels of body mass index (BMI), waist-to-hip ratio
(WHR), triglycerides, fasting blood glucose, TyG index, fasting C-peptide, glycated hemoglobin (HbA1c), systolic blood pressure,
diastolic blood pressure, and serum uric acid than the non-insulin resistance group (all p < 0.05), and a higher proportion of
patients with hypertension (65.38% vs. 46.45%, p = 0.014). Multivariate logistic regression analysis showed that WHR, TyG
index, fasting C-peptide, and serum uric acid were independently associated with insulin resistance. The area under the curve
(AUC) for assessing insulin resistance using the combined indicators was 0.81 (95% CI: 0.74–0.88), with a sensitivity of 79.0%
and a specificity of 71.0%.
Conclusion: In patients with type 2 diabetes, WHR and serum uric acid levels are significantly correlated with insulin resistance
status. These indicators reflect various metabolic characteristics from different perspectives, including obesity, glucose and lipid
metabolism, and pancreatic β-cell function, and may provide preliminary insights into the metabolic abnormalities associated
with insulin resistance in patients with type 2 diabetes.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the most
common chronic metabolic diseases worldwide. Its inci-
dence has been rising in recent years, posing a serious threat
to public health [1]. The occurrence of T2DM is closely re-
lated to a variety of metabolic abnormalities, among which
insulin resistance (IR) is considered to be one of its core
pathophysiological bases [2]. IR refers to the weakening
of the biological response of peripheral tissues to insulin,
which leads to a reduction in glucose uptake and utiliza-
tion, thereby resulting in glucose metabolic dysfunction [3].
Long-term insulin resistance not only elevates blood glu-

cose levels but also increases the compensatory workload of
pancreatic β cells, eventually leading to β-cell dysfunction
and promoting the development and progression of T2DM
[4]. In addition to playing a key role in the development and
progression of diabetes, IR is also closely related to a vari-
ety of cardiovascular metabolic diseases [5,6]. IR can pro-
mote atherosclerosis underlyingmechanisms such as induc-
ing chronic low-grade inflammatory response, enhancing
oxidative stress levels, promoting lipid metabolism disor-
ders, and damaging vascular endothelial function, thereby
increasing the risk of cardiovascular events [7]. Thus, IR
is a fundamental pathophysiological mechanism underlying
glucose dysregulation and a major risk factor for cardio-
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vascular diseases, warranting increased clinical attention.
Previous research indicates that insulin resistance is com-
monly associated with obesity, dyslipidemia, and hyperten-
sion, and these metabolic disturbances are implicated in the
development of metabolic diseases [8]. Therefore, inves-
tigating multiple metabolic factors associated with insulin
resistance is of great significance for a deeper understand-
ing of its metabolic characteristics.

Obesity is considered one of the most important risk
factors for insulin resistance [9]. Numerous studies have
shown that abdominal obesity is particularly associated
with insulin resistance. Adipose tissue is not only an energy
storage organ, but also an active endocrine organ that can
secrete a variety of adipokines and inflammatory factors,
such as tumor necrosis factor-α (TNF-α) and interleukin-6
(IL-6). These inflammatory mediators can interfere with
insulin signaling, thereby reducing the body’s sensitivity to
insulin [10,11,12]. Therefore, adipose tissue dysfunction in
obesity is considered to be closely associated with insulin
resistance. In addition to obesity-related indicators, a vari-
ety of conventional metabolic indicators are also considered
to be related to insulin resistance. For instance, dyslipi-
demia is a key contributor to insulin resistance, typically
characterized by elevated triglycerides and reduced HDL
cholesterol [13,14]. In addition, some composite metabolic
indicators, such as the triglyceride-glucose index (TyG in-
dex), have also been recognized as key contributors to in-
sulin resistance in recent years and proposed as a simple
alternative indicator [15]. TyG can reflect insulin sensitiv-
ity to a certain extent and is associated with the risk of var-
ious diseases such as metabolic syndrome, cardiovascular
disease and diabetic complications [16].

Although existing research suggests possible associ-
ations between various obesity-related and metabolic in-
dicators and insulin resistance, results remain inconsistent
across different studies. Prior research has mainly con-
centrated on the general population or individuals with
metabolic syndrome, while evidence specifically in patients
with T2DM remains limited. Furthermore, the diversity
of metabolic indicators used across studies has resulted in
inconsistent clinical relevance. Thus, a systematic assess-
ment of common metabolic indicators in relation to insulin
resistance in T2DM patients is essential to better character-
ize their metabolic profile and to develop practical clinical
biomarkers.

Based on this, this study enrolled patients with T2DM
as research subjects and systematically analyzed the asso-
ciation between metabolic indicators and insulin resistance
by collecting various clinical and metabolic-related indica-
tors, including obesity-related indices and lipid metabolism
profiles. The aim was to explore the clinical relevance of
various common metabolic indicators in insulin resistance
in T2DM patients and provide a basis for more convenient
identification of insulin resistance in clinical practice.

Methods

Participants
This is a single-center retrospective study conducted

at Xianju County People’s Hospital. Consecutive clinical
data of patients with type 2 diabetes who received outpatient
or inpatient treatment in the Department of Endocrinology
at this center between August 2022 and August 2025 were
collected. The study protocol followed the ethical princi-
ples of the Declaration of Helsinki and was approved by
the Ethics Committee of Xianju County People’s Hospi-
tal (approval number: 2026-Y-39). As this was a retro-
spective observational study, only patients’ past medical
records and laboratory test results obtained from routine
clinical treatment were collected. No additional interven-
tions were performed, and no additional risk or burden was
imposed on patients. Furthermore, all patient information
was anonymized, ensuring that individual identities could
not be traced, thus effectively protecting patient privacy.
This study was reviewed by the Ethics Committee and met
the relevant ethical requirements for waiver of informed
consent.

The inclusion criteria were: (1) age ≥18 years; (2)
diagnosed with type 2 diabetes per the American Diabetes
Association (ADA) criteria [17]; (3) clinical data including
fasting blood glucose, 2-hour postprandial blood glucose,
lipid profile, glycated hemoglobin and C-peptide and other
related laboratory tests; (4) having complete basic demo-
graphic data and clinical indicator records, including body
mass index (BMI) and waist-to-hip ratio (WHR).

The exclusion criteria were as follows: (1) type 1 di-
abetes, gestational diabetes, or other special types of dia-
betes; (2) acute metabolic disorders such as severe acute
infection, diabetic ketoacidosis, or hyperosmolar hyper-
glycemia; (3) a previous diagnosis of severe liver failure,
end-stage renal disease, or malignant tumors, or other dis-
eases that may significantly affect metabolic status; (4)
long-term use of glucocorticoids or other drugs that may
significantly affect glucose and lipid metabolism; and (5)
incomplete clinical data or missing key laboratory indica-
tors. Patients who met the inclusion criteria and had no ex-
clusion criteria were ultimately included in the final analy-
sis.

Data Collection
Relevant clinical data were obtained by reviewing the

hospital’s electronic medical record system and laboratory
information management system. Collected baseline data
comprised demographic and clinical variables: age, sex,
BMI, WHR, diabetes duration, smoking, drinking, hyper-
tension, and other comorbidities. Blood pressure, including
systolic blood pressure (SBP) and diastolic blood pressure
(DBP), was also recorded at admission or during outpatient
visits.
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All laboratory indicators were derived from patients’
routine clinical test results. Patients fasted for at least 8–12
hours before blood collection, and venous blood samples
were collected the followingmorning for relevant biochem-
ical indicator testing. Fasting blood glucose (FBG) and 2-
hour postprandial plasma glucose (2-hour PPG) were mea-
sured using the hexokinase method on a fully automated
biochemical analyzer. Total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), triglycerides (TG), and
low-density lipoprotein cholesterol (LDL-C) were mea-
sured enzymatically on a fully automated biochemical an-
alyzer. Serum uric acid (UA) levels were measured us-
ing the uricase method. Glycosylated hemoglobin (HbA1c)
was measured using high-performance liquid chromatogra-
phy (HPLC). Fasting C-peptide (FCP) was detected using
chemiluminescent immunoassay.

The homeostasis model assessment of insulin resis-
tance (HOMA-IR) was used to assess the insulin resistance
of patients. According to the modified Homa formula pro-
posed by Li et al. [18], HOMA-IR was calculated as:
HOMA-IR = 1.5 + fasting blood glucose (mmol/L) × fast-
ing C-peptide (pmol/L) / 2800. In addition, the TyG index
was also calculated in this study, with the formula: TyG
index = ln [triglycerides (mg/dL) × fasting blood glucose
(mg/dL)/2]. The relationship between various metabolic-
related indicators and insulin resistance was further eval-
uated using the above indicators. According to previous
study, patients were divided into the non-insulin resistance
group (HOMA-IR <2.31) and the insulin resistance group
(HOMA-IR ≥2.31) based on the HOMA-IR levels [19].
The cutoff value of 2.31 was selected based on previous epi-
demiological studies conducted in Chinese adults and has
been adopted in several studies involving Chinese popula-
tions. Although this threshold was not specifically estab-
lished in patients with T2DM, it provides a pragmatic ref-
erence for stratifying insulin resistance in the present study.
In the calculation of HOMA-IR, the fasting C-peptide val-
ues were originally measured in nmol/L as presented in Ta-
ble 1. These values were converted to pmol/L by multi-
plying by 1000 (1 nmol/L = 1000 pmol/L) before applying
the formula. For the TyG index, the fasting blood glucose
and triglyceride values were originallymeasured inmmol/L
(as shown in Table 1). They were converted to mg/dL us-
ing standard conversion factors: 1 mmol/L of glucose = 18
mg/dL, and 1 mmol/L of triglycerides ≈ 88.57 mg/dL.

Data Statistics and Analysis Methods
All statistical analyses were performed using SPSS

26.0 statistical software (IBM Corp., Armonk, NY, USA).
First, normality was tested for continuous variables. Nor-
mally distributed continuous data were presented as mean
± SD (x̄ ± s), and non-normally distributed data as me-
dian (interquartile range). Categorical variables were sum-
marized as frequency and percentage (n, %). Partici-
pants were classified into insulin-resistant and non-insulin-

resistant groups according to insulin resistance-related in-
dicators. Between-group comparisons used independent-
samples t-tests or Mann-Whitney U tests for continuous
variables (depending on normality), and χ2 tests for cate-
gorical variables.

To assess variables associated with IR, logistic regres-
sion analysis was conducted. Variables from baseline data
were included in univariate analysis. The TyG index, a
composite indicator combining fasting blood glucose and
triglycerides, integrates information on glucose and lipid
metabolism and is more representative than single blood
glucose or lipid indicators; therefore, it was included as a
core metabolic variable in the analysis. For hypertension-
related factors, this study selected hypertension comorbidi-
ties (presence/absence) as a categorical variable in univari-
ate analysis, rather than including both systolic and diastolic
blood pressure. This was primarily because hypertension
comorbidities reflect a patient’s long-term hypertension sta-
tus, with clear and stable clinical significance, while single
blood pressure measurements are subject to short-term fluc-
tuations influenced by factors such as emotions and physi-
cal activity at the time of visit. Variables with p < 0.05 in the
univariate analysis were further included in a multivariate
logistic regression model. Backward stepwise regression
(exclusion criterion: p > 0.10) was applied to select vari-
ables, identify factors independently associated with insulin
resistance, and calculate the odds ratio (OR) and its 95%
confidence interval (95%CI). To facilitate a more clinically
meaningful interpretation of the OR, the WHR was multi-
plied by 100 before being included in the logistic regression
analysis; that is, each 1-unit increase in WHR corresponds
to a 0.01 increase in the original waist-to-hip ratio. All other
continuous variables were included in the analysis in their
original units. All statistical tests were two-tailed, with p <
0.05 considered statistically significant.

Results

Baseline Data
This study ultimately included 263 patients with type

2 diabetes, who were divided into a non-insulin resistance
group (n = 211) and an insulin resistance group (n = 52)
based on their HOMA-IR levels. The baseline data of the
two groups are shown in Table 1.

Regarding demographic characteristics, there were no
statistically significant differences between the two groups
in age, sex composition, duration of diabetes, smoking his-
tory, alcohol consumption history, other comorbidities, TC,
HDL-C, LDL-C, or 2 h PPG (all p > 0.05). Compared
with the non-insulin resistance group, the insulin resistance
group showed significantly higher levels of BMI, WHR,
SBP, DBP, TG, FBG, TyG index, FCP, HbA1c, UA, and
a higher proportion of patients with hypertension (all p <
0.05).
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Table 1. Comparison of baseline data between the two groups.
Variables Non-insulin resistant group (n = 211) Insulin resistance group (n = 52) Statistic p

Age (years) 57.14 ± 11.96 54.63 ± 12.05 t = 1.35 0.177
BMI (kg/m2) 26.64 ± 2.72 27.78 ± 3.31 t = –2.60 0.010
WHR 0.91 (0.87, 0.95) 0.93 (0.90, 0.97) Z = –3.48 <0.001
Diabetes course (years) 8.36 ± 2.94 8.11 ± 2.77 t = 0.55 0.581
LDL (mmol/L) 2.54 ± 0.47 2.67 ± 0.50 t = –1.77 0.079
HDL (mmol/L) 1.07 (0.91, 1.26) 1.06 (0.99, 1.15) Z = –0.27 0.791
TC (mmol/L) 4.48 ± 1.13 4.59 ± 1.14 t = –0.61 0.539
TG (mmol/L) 1.43 ± 0.44 1.63 ± 0.59 t = –2.40 0.019
FBG (mmol/L) 5.87 ± 1.53 7.38 ± 1.91 t = –5.30 <0.001
2 h PPG (mmol/L) 16.64 ± 2.84 16.78 ± 2.58 t = –0.31 0.758
TyG, Mean ± SD 8.72 ± 0.43 9.06 ± 0.50 t = –4.95 <0.001
FCP (nmol/L) 1.01 (0.79, 1.21) 1.36 (0.81, 2.28) Z = -3.46 <0.001
HbA1c (%) 7.75 ± 1.83 8.43 ± 1.81 t = –2.41 0.017
SBP (mmHg) 137.64 ± 17.78 143.27 ± 15.59 t = –2.09 0.037
DBP (mmHg) 86.21 ± 6.56 88.48 ± 7.12 t = –2.19 0.029
UA (μmol/L) 361.32 ± 102.44 440.70 ± 104.93 t = –4.98 <0.001
Gender, n (%) χ2 = 0.27 0.600

Male 110 (52.13) 25 (48.08)
Female 101 (47.87) 27 (51.92)

Smoking, n (%) χ2 = 1.33 0.249
No 154 (72.99) 42 (80.77)
Yes 57 (27.01) 10 (19.23)

Drinking, n (%) χ2 = 0.68 0.411
No 177 (83.89) 46 (88.46)
Yes 34 (16.11) 6 (11.54)

Hypertension, n (%) χ2 = 5.99 0.014
No 113 (53.55) 18 (34.62)
Yes 98 (46.45) 34 (65.38)

Other complications, n (%) χ2 = 0.08 0.784
No 166 (78.67) 40 (76.92)
Yes 45 (21.33) 12 (23.08)

BMI, Body Mass Index; WHR, Waist-to-hip ratio; LDL, Low-density lipoprotein cholesterol; HDL, High-density lipoprotein
cholesterol; TC, Total cholesterol; TG, Triglycerides; FBG, Fasting blood glucose; 2h PPG, 2-hour postprandial plasma glucose;
TyG, Triglyceride-glucose index; FCP, Fasting C-peptide; HbA1c, Glycosylated hemoglobin; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; UA, Uric acid.

Univariate Regression Analysis
Univariate logistic regression analysis showed that

BMI, WHR, TyG index, FCP, HbA1c, hypertension, and
UAwere significantly associated with insulin resistance (all
p < 0.05). See Table 2 for detailed univariate analysis re-
sults.

Multivariate Logistic Regression Analysis
Multivariate analysis showed that WHR, TyG index,

FCP, and UA independently associated with insulin resis-
tance (all p < 0.05). Specifically, elevated WHR, TyG in-
dex, FCP, and UA levels were all significantly correlated
with insulin resistance. The results of the multivariate lo-
gistic regression analysis are detailed in Table 3.

Discriminative Ability Assessment

Receiver operating characteristic (ROC) curves were
plotted based on the independent factors identified by mul-
tivariate analysis, and the area under the curve (AUC) was
calculated (Fig. 1). The combined use of the above indica-
tors yielded an AUC of 0.81 (95% CI: 0.74–0.88), indicat-
ing good discriminative ability. The optimal cutoff value
was determined to be 0.162 based on the Youden index,
corresponding to a sensitivity of 79.0% and a specificity of
71.0%.

Discussion

IR is a central pathophysiological driver of T2DM on-
set and progression, contributing not only to glucose dys-
regulation but also to lipid abnormalities, obesity, and mul-
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Table 2. Results of univariate regression analysis.
Variables β SE Z p OR (95% CI)

Gender
Male 1.00 (Reference)
Female 0.16 0.31 0.52 0.600 1.18 (0.64~2.16)

Smoking
No 1.00 (Reference)
Yes –0.44 0.38 –1.15 0.251 0.64 (0.30~1.37)

Drinking
No 1.00 (Reference)
Yes –0.39 0.47 –0.82 0.413 0.68 (0.27~1.72)

Hypertension
No 1.00 (Reference)
Yes 0.78 0.32 2.41 0.016 2.18 (1.16~4.10)

Other complications
No 1.00 (Reference)
Yes 0.10 0.37 0.27 0.784 1.11 (0.54~2.28)

Age –0.02 0.01 –1.35 0.177 0.98 (0.96~1.01)
BMI 0.13 0.05 2.53 0.011 1.14 (1.03~1.27)
WHR 0.12 0.03 3.47 <0.001 1.12 (1.05~1.20)
Diabetes course –0.03 0.05 –0.55 0.580 0.97 (0.87~1.08)
LDL 0.56 0.32 1.75 0.080 1.76 (0.93~3.31)
HDL –0.27 0.72 –0.37 0.709 0.76 (0.19~3.13)
TC 0.08 0.14 0.62 0.538 1.09 (0.83~1.42)
2 h PPG 0.02 0.06 0.31 0.757 1.02 (0.91~1.13)
TyG 1.78 0.39 4.74 <0.001 5.91 (2.74~12.75)
FCP 1.65 0.32 5.07 <0.001 5.19 (2.75~9.81)
HbA1c 0.21 0.09 2.36 0.018 1.23 (1.04~1.47)
UA 0.007 0.002 4.559 <0.001 1.007 (1.004~1.010)

Table 3. Results of multivariate analysis.
Variables β SE Z p OR (95% CI)

Hypertension
No 1.00 (Reference)
Have 0.63 0.38 1.66 0.100 1.88 (0.89~3.96)

WHR 0.10 0.04 2.57 0.010 1.10 (1.02~1.19)
TyG 1.35 0.44 3.10 0.002 3.85 (1.64~9.04)
FCP 1.30 0.36 3.67 <0.001 3.68 (1.83~7.40)
UA 0.01 0.00 3.55 <0.001 1.01 (1.01~1.01)

tiple cardiovascular risk factors [2,5,8,20]. Investigating
the associations between various metabolic indicators and
insulin resistance (IR) in T2DM patients is crucial for un-
derstanding their metabolic profiles and clinical manage-
ment. This single-center retrospective study analyzed clin-
ical and biochemical data from 263 T2DM patients. Com-
pared with non-IR patients, the IR group showed significant
differences in obesity, glucose-lipid metabolism, and other
metabolic indicators. Multivariate logistic regression fur-
ther identified WHR, TyG index, FCP, and UA as indepen-
dently associated with IR, suggesting their potential clinical
relevance to metabolic abnormalities in T2DM.

Obesity, especially abdominal obesity, is considered
an important factor in the development of insulin resistance
[21]. The results of this study showed that the BMI and
WHR of patients in the insulin resistance group were sig-
nificantly higher than those in the non-insulin resistance
group, and WHR remained significantly associated with
insulin resistance in the multivariate analysis. These re-
sults suggest that abdominal fat distribution may be more
closely related to insulin resistance than overall obesity in-
dicators. As an important indicator of abdominal obesity,
an increase in WHR primarily suggests abdominal fat ac-
cumulation, particularly an increase in visceral adipose tis-
sue. Previous studies have shown that visceral adipose tis-
sue contributes to insulin resistance through the secretion
of adipokines and free fatty acids that interfere with insulin
signaling [22,23,24]. Therefore, an increase in WHR may
indicate an increase in visceral fat accumulation, which is
closely related to insulin resistance.

This study also suggests a significant correlation be-
tween the TyG index and insulin resistance. Previous stud-
ies have shown that the TyG index has good agreement with
HOMA-IR and is considered one of the simple alternative
indicators for assessing insulin resistance [25,26,27]. The
results of this study are consistent with previous studies.
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Fig. 1. ROC curve. ROC, receiver operating characteristic.

FCP is a byproduct of insulin secretion by pancreatic β cells,
and its level can reflect the endogenous insulin secretion
capacity [28]. In insulin resistance, the body often needs to
compensate by increasing insulin secretion in order tomain-
tain normal blood glucose levels, which is often accompa-
nied by increased FCP levels [29]. In this study, FCP lev-
els were significantly higher in the insulin resistance group
than in the non-insulin resistance group and remained in-
dependently associated with insulin resistance in the mul-
tivariate analysis. This result suggests that in patients with
T2DM, higher FCP may reflect a compensatory hyperin-
sulin secretion state, which is closely related to insulin re-
sistance. Consistent with our findings, a study by Shajith
Anoop et al. [30] also found that higher FCP levels were
significantly associated with insulin resistance and visceral
fat accumulation in patients with type 2 diabetes. Hype-
ruricemia is common in patients with obesity, metabolic
syndrome and T2DM, and is closely related to insulin re-
sistance [31]. Potential mechanisms include reduced re-
nal uric acid excretion due to insulin resistance and uric
acid-induced oxidative stress, which impairs insulin sig-
naling [32,33,34]. Thus, our findings align with previous
reports, indicating that serum uric acid may contribute to
metabolic disturbances in T2DM patients. Regarding lipid

indicators, triglyceride levels differed significantly between
the two groups in this study, but no independent correlation
was observed in the multivariate analysis. HDL-C, LDL-C,
and TC also showed no significant differences between the
groups. This may be because lipid levels are influenced by
various factors, such as diet, medication use, and lifestyle.
Therefore, a comprehensive analysis in the clinical context
is still necessary when interpreting lipid indicator results.

Overall, this study suggests complex interrelation-
ships among obesity-related indicators, glucose and lipid
metabolism indicators, and metabolic-related indicators in
patients with T2DM. Factors such as abdominal obesity,
glucose and lipid metabolism disorders, and compensatory
insulin secretionmay be collectively associated with insulin
resistance. A comprehensive assessment of these indicators
provides a more complete understanding of the metabolic
status of T2DM patients.

This study still has certain limitations. First, as a
single-center retrospective study, selection bias and infor-
mation bias may exist, limiting the generalizability of the
findings. Second, the study did not include some indica-
tors closely related to insulin resistance (such as fasting in-
sulin and inflammatory factors), which may have affected
the results. In addition, the HOMA-IR cutoff value of 2.31
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was adopted from previous studies conducted in Chinese
adult populations rather than being specifically validated
in Chinese patients with T2DM. Therefore, the applicabil-
ity of this threshold to all patients with T2DM should be
interpreted with caution. Third, detailed information on
glucose-lowering medications, statins, and urate-lowering
therapy was not available in this retrospective study. Since
such medications may influence levels of TG, UA, HbA1c,
and insulin resistance, their potential confounding effects
cannot be fully excluded. Future prospective studies with
standardized medication documentation are warranted to
further validate the findings. Fourth, detailed renal func-
tion markers (e.g., eGFR, Scr) were not collected in this
retrospective study. Although patients with end-stage re-
nal disease were excluded according to our criteria, mild-
to-moderate renal impairment may influence uric acid lev-
els and could potentially affect the observed associations.
Future studies should incorporate renal function measures
to further clarify the relationship between serum uric acid
and insulin resistance. Finally, because this study was
cross-sectional, causal relationships cannot be established.
Prospective studies are therefore required to confirm these
findings.

Conclusion

WHR, TyG index, FCP, and serum uric acid lev-
els are significantly correlated with insulin resistance
in patients with T2DM. These indicators reflect vari-
ous metabolic characteristics, including obesity, glucose
and lipid metabolism, and pancreatic β-cell function, and
provide valuable insights into metabolic abnormalities in
T2DM patients.
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