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Purpose: Cardiometabolic index (CMI) has been suggested as innovative measures for assessing the cardiometabolic status. 
However, there is a lack of relevant studies on exploring the relationship between CMI and insulin resistance (IR). Consequently, 
this study aims to examine the relationship between CMI and IR in subjects with type 2 diabetes mellitus (T2DM).
Patients and Methods: A cross-sectional study was performed on 2493 patients with T2DM (including 1505 males and 988 
females). IR was measured through the homeostatic model assessment of insulin resistance (HOMA-IR), which was defined as HOMI- 
IR≥2.69. The relationship between CMI and IR was evaluated with Spearman's correlation, ROC analysis, multiple logistic regression, 
generalized smooth curve fitting and subgroup analysis.
Results: CMI was correlated with HOMA-IR in patients with T2DM (Spearman correlation coefficient = 0.391 in females and 0.346 
in males, P<0.001). Through the multiple logistic regression analysis, CMI was significantly correlated with IR (OR=1.30, 95% 
CI=1.15–1.47 in males and OR=1.62, 95% CI=1.32–1.99 in females). In addition, a non-linear correlation between CMI and IR risk 
was identified. The AUC of CMI (AUC = 0.702 for males and 0.733 for females, all p < 0.01) was the largest compared with 
traditional indexes of adiposity and blood lipids. According to the subgroup analysis, the two had a more significantly positive 
correlation in females, the elderly and subjects with HbA1c < 7%.
Conclusion: In patients with T2DM, elevated CMI is significantly correlated with IR, as a useful index of IR.
Keywords: high density lipoprotein cholesterol, cardiometabolic index, waist-to-height ratio, insulin resistance, type 2 diabetes 
mellitus

Introduction
Given that IR is recognized as a prominent factor in various pathological conditions, including diabetes mellitus, 
atherosclerosis, hypertension and metabolic syndrome (MetS), it is imperative to accurately assess IR. The hyperinsu
linemic-euglycemic clamp is considered as a gold standard for measuring IR in studies.1 However, its practicality is 
limited for routine clinical use due to issues of replicability, cost and accessibility.1–5 As a substitute, HOMA-IR is 
commonly employed in adults.6 Nevertheless, the calculation of HOMA-IR necessitates the measurement of fasting 
plasma insulin, which is not typically performed in clinical settings. Therefore, an accurate, simple and cost-effective 
diagnostic test is needed to predict IR.

The correlation between obesity, dyslipidemia and IR has been extensively documented in the literature.7,8 Specifically, the 
TG/HDL-C ratio has emerged as a valuable index for predicting the susceptibility to NAFLD and effectively evaluating IR in 
NAFLD.9–11 The Waist-to-height ratio (WHtR) is a composite measure that incorporates both height and waist circumference 
(WC). Compared with the conventional single-body measurement index, WHtR demonstrates superior capability in identifying 
abdominal obesity, assessing cardiac metabolic risk, IR and various noncommunicable diseases.12–15 Recently, Wakabayashi et al 
introduced a novel index known as CMI.16 CMI is calculated by multiplying WHtR with the TG/HDL-C ratio, thereby 
integrating lipid and obesity parameters into a straightforward and reproducible marker for the effective detection of NAFLD 
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and diabetes.16,17 Furthermore, a number of recent studies have demonstrated a strong relationship between CMI and various 
diseases affecting people’s health conditions, such as stroke, hypertension, kidney diseases and cardiovascular diseases.18–21 

These findings suggest that CMI is of great values as an index for metabolic diseases. However, there is currently a lack of 
relevant studies on exploring potential links between CMI and IR.

Therefore, this study aims to explore the relationship between IR and CMI in patients with T2DM through 
a comprehensive cross-sectional analysis and to determine whether CMI can be used as a novel and practical biomarker 
for diagnosing IR.

Materials and Methods
Study Design
In this cross-sectional study, 2493 patients with T2DM admitted to the Department of Endocrinology of the Second 
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University between January 2020 to 
August 2022 were included. The study has received the approval from the hospital’s ethical review committee 
(Approval Number: LCKY2020-01), and written consent was obtained from all patients with T2DM following the 
Declaration of Helsinki. Inclusion criteria encompassed a T2DM diagnosis based on WHO criteria, age of 20 years or 
older, and the availability of complete clinical and biochemical parameters data. Exclusion criteria included were (1) 
Patients with acute complications (diabetic ketoacidosis, diabetic hyperosmolar coma, or lactic acidosis); (2) Patients 
with recent history of surgery, trauma, severe infection, immune diseases, and malignant tumors; (3) Patients with 
T1DM, pregnancy, previous history of hyperthyroidism, hypothyroidism, cardiovascular diseases, kidney, liver and 
muscle diseases.

Anthropometric Measurements
The data collected upon admission included a history of hypertension, duration of diabetes mellitus (DD), hypoglycemic 
drugs, smoking habits, alcohol intake and physical measurements such as blood pressure, height, weight and WC. Specifically, 
the definitions of hypertension, smoking and alcohol status have been previously described in this study.22 Obesity and 
overweight were defined as BMI ≥ 28 kg/m2 and 24kg/m2≤BMI <28 kg/m2, respectively.

Biochemical Measurements
Blood samples were collected in patients on an empty stomach and 2h after breakfast on the second day of admission. 
LDL-C, alanine aminotransferase (ALT), glutamyl transpeptidase (GGT), HbA1c, UA, 2-h PPG, TC, 2-hour postprandial 
C-peptide (2h PCP), fasting C-peptide (FCP), albumin, TG, creatinine, HDL-C, FPG and aspartate transaminase (AST) 
were determined as previously described.22 Total number of missing values was less than 2%. Multiple imputation was 
performed for missing values.

Assessment of IR
HOMA-IR formula was used to evaluate IR. HOMA-IR=1.5+FPG [mmol/L] × FCP [pmol/L]/2800.23 IR was defined as 
HOMI-IR≥2.69, based on an epidemiology survey conducted in China.24,25

Cardiometabolic Index
It was worth noting that CMI was considered a continuous variable, and its calculation involved the formula [WC (cm)/ 
height (cm)]×[TG (mmol/L)/HDL-C (mmol/L)].16

The non-insulin-based markers of IR were calculated based on previously reported formulas, as follows:26

Visceral Adiposity Index (VAI) was calculated as follows:
For males: VAI = WC/(39.68 + (1.88 × BMI)) × (TG/1.03) × (1.31/HDL-C);
For females: VAI = WC/(36.58 + (1.89 × BMI)) × (TG/0.81) × (1.52/HDL-C).
Dysfunctional Adiposity Index (DAI) was calculated as follows:
For males: DAI = WC/(22.79 + (2.68 × BMI)) × (TG/1.37) × (1.19/HDL-C);
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For Females: DAI = WC/(24.02 + (2.37 × BMI)) × (TG/1.32) × (1.43/HDL-C).Statistical 
Analysis
Differences in WhtR and CMI were observed between genders, leading to separate analyses of males and females. The 
normal distribution of the data were determined through Kolmogorov–Smirnov tests. For continuous variables, normally 
distributed data were expressed by means and standard deviations (SDs), while asymmetrically distributed data were 
expressed by medians (interquartile ranges, IQRs). To compare the two groups, the Mann–Whitney U-test or t-test was 
adopted for continuous variables, while chi-square test was employed for categorical variables. In addition, Spearman's 
correlation was utilized to explore the relationship between CMI and metabolic risk factors. Patients were divided into 
quartiles based on their CMI levels (≤0.49, 0.49–0.79, 0.79–1.27, ≥1.27 in females, ≤0.53, 0.53–0.86, 0.86–1.54, ≥1.54 in 
males), with the first quartile representing the lowest one (as reference group) and the fourth quartile representing the 
highest. A binary logistic regression model was employed to examine the relationship between CMI quartiles and IR. In 
Model 1, no covariate was adjusted. Model 2 was adjusted for BMI and age. Based on Model 2, DD, hypoglycemic 
drugs, SBP, DBP, HbA1c, serum creatinine, serum albumin, uric acid, ALT, AST, GGT, drinking and smoking were 
added to Model 3. Subgroup analysis was conducted to stratify the patients according to HbA1c, BMI, gender and age. In 
order to identify the potential non-linear relationship between CMI and IR probabilities, the generalized smooth curve 
fitting were adopted. The diagnostic efficacy of CMI in detecting IR was evaluated through the ROC curve analysis. The 
statistical analysis was conducted with EmpowerStats software and R, with the significance determined at P < 0.05.

Results
Characteristics of Participants
As depicted in Table 1, the prevalence of IR was found to be 18.1% of males and 21.1% of females. The HOMA-IR, 
proportion of subjects with hypertension and hypoglycemic drugs, weight, WC, BMI, WhtR, SBP, FPG, ALT, AST, GGT, 
creatinine, FCP, 2-h PCP, TG, uric acid and CMI levels was observed to be higher in patients with IR compared to those 
without IR of both genders (P<0.001). Female subjects with IR were found to be significantly older than the non-IR 
subjects (P<0.001). Additionally, IR subjects exhibited lower levels of LDL-C and HDL-C in comparison to non-IR 
subjects.

Table 1 Baseline Characteristics of the T2DM Patients Stratified by Insulin Resistance and Gender

Male P-value Female P-value

IR positive IR Negative IR Positive IR Negative

N 231 1274 172 816

Age, years 54.6±16.6 55.3±14.1 0.526 66.6±13.8 61.3±13.5 <0.001

Duration of diabetes, year 5.0±6.2 4.2±5.6 0.040 8.8±7.0 8.5±7.1 0.117
Hypertension, n (%) 58.6 42.0 <0.001 67.6 48.3 <0.001

Height, cm 169.8±6.3 169.0±7.3 0.113 155.9±6.0 156.8±6.8 0.116

Weight, kg 76.9±15.3 69.6±11.8 <0.001 62.7±10.4 59.0±10.1 <0.001
Body mass index, Kg/m2 26.6±4.4 24.5±10.5 <0.001 25.7±3.6 24.1±7.3 0.006

Waist circumference, cm 92.7±12.7 88.2±22.2 0.003 88.5±10.5 84.6±11.1 <0.001
Waist-to-height ratio 0.55±0.07 0.52±0.13 0.009 0.57±±0.07 0.54±0.08 <0.001

Systolic blood pressure, mmHg 146.4±23.6 139.1±26.7 <0.001 149.4±24.5 141.5±27.8 0.001

Diastolic blood pressure, mmHg 87.4±7.2 84.2±25.0 0.051 82.5±1.7 81.7±7.9 0.264
Current smoking, % 40.2 41.8 1.000 0 1.3 0.601

Current drinking, % 11.3 10.2 0.726 1.8 0 0.504

Metformin, % 53.5 37.4 <0.001 66.7 53.5 <0.001
α-glucosidase inhibitors, % 36.1 26.1 <0.001 49.0 29.1 <0.001

Thiazolidinediones, % 8.8 2.1 <0.001 11.8 5.8 <0.001

Hemoglobin A1c, mmol/L 8.9±2.2 9.5±2.3 0.001 8.6±1.7 9.5±2.3 <0.001

(Continued)
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Correlation Between CMI and Metabolic Parameters
The correlation between CMI and the metabolic parameters can be seen in Table 2 with Spearman correlation. It was 
observed that in males, there was a positive correlation between CMI and BMI (r=0.429), WC (r=0.388), DBP (r=0.166), 
HbA1c (r=0.094), TC (r=0.228), FPG (r=0.098), FCP (r=0.363) and HOMA-IR (r=0.346). In females, BMI (r=0.322), 
WC (r=0.344), SBP (r=0.076), DBP (r=0.141), TC (r=0.152), FPG (r=0.141), FCP (r=0.397) and HOMAI-IR (r=0.391) 
were correlated with CMI (all P<0.001) (Table 2).

Table 1 (Continued). 

Male P-value Female P-value

IR positive IR Negative IR Positive IR Negative

FPG, mmol/L 8.1±2.3 6.3±1.7 <0.001 8.3±2.0 6.8±2.1 <0.001

2-h PPG, mmol/L 16.0±3.8 16.4±3.8 0.222 16.9±4.0 17.2±3.9 0.360
FCP, ng/mL 1.99±0.80 0.66±0.37 <0.001 1.94±0.73 0.65±0.37 <0.001

2-h PCP, ng/mL 4.63±2.51 2.53±1.82 <0.001 4.68±2.54 2.42±1.80 <0.001

HOMA-IR 3.32±0.69 2.00±0.29 <0.001 3.34±0.64 2.02±0.30 <0.001
Albumin, g/dl 41.0±5.5 40.4±4.2 0.081 41.4±6.2 39.8±3.6 <0.001

Creatinine, umol/L 100.9±79.1 74.6±28.9 <0.001 73.1±40.6 57.2±32.8 <0.001

Uric acid, umol/L 421.1±117.3 355.9±98.5 <0.001 377.4±123.8 300.4±89.3 <0.001
ALT, U/L 38.8±45.7 30.7±39.0 0.006 29.6±21.7 23.3±28.0 0.007

AST, U/L 31.9±40.7 25.1±19.6 <0.001 27.6±16.3 22.4±13.6 <0.001

GGT, U/L 66.2±83.9 51.5±117.3 0.076 50.1±60.1 29.6±49.4 <0.001
Total cholesterol, mmol/L 4.60±1.49 4.56±1.36 0.629 4.58±1.37 4.68±1.20 0.315

Triglycerides, mmol/L 2.88±3.24 1.98±1.98 <0.001 2.57±1.98 1.74±1.15 <0.001

HDL-cholesterol, mmol/L 0.94±0.33 0.99±0.28 0.019 1.00±0.29 1.14±0.31 <0.001
LDL-cholesterol, mmol/L 2.65±1.03 2.84±1.08 0.013 2.66±1.15 2.90±1.06 0.007

CMI 1.78±1.68 1.18±1.23 <0.001 1.63±1.42 0.93±0.76 <0.001

Notes: Values are mean±SD or number (%). P<0.05 was deemed significant (comparison between IR positive and IR negative). 
Abbreviations: FPG, fasting plasma glucose; HDL-c, High density lipoprotein cholesterol; ALT, alanine aminotransferase; GGT, glutamyl 
transpeptidase; AST, aspartate transaminase; LDL-c, Low density lipoprotein cholesterol; 2-h PPG, 2-h postprandial plasma glucose; 2h PCP, 
2-hour postprandial C-peptide; FCP, fasting C-peptide; HOMA, homeostatic model assessment of insulin resistance; CMI, cardiometabolic index.

Table 2 Spearmen’s Correlation of CMI Levels with 
Clinical and Biochemical Parameters

Variable Male Female

r P r p

BMI 0.429 <0.001 0.322 <0.001

WC 0.388 <0.001 0.344 <0.001

SBP 0.033 0.201 0.076 0.017
DBP 0.166 <0.001 0.141 <0.001

HbA1c 0.094 0.001 0.024 0.503

TC 0.228 <0.001 0.152 <0.001
LDL-C −0.002 0.946 0.038 0.231

FPG 0.098 <0.001 0.141 <0.001

FCP 0.363 <0.001 0.397 <0.001
HOMA-IR 0.346 <0.001 0.391 <0.001

Abbreviations: BMI, body weight index; WC, waist circumference; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosy
lated hemoglobin; TC, total cholesterol; LDL-C, low density lipoprotein 
cholesterol; FPG, fasting plasma glucose; FCP, fasting C-peptide; HOMA, 
homeostatic model assessment of insulin resistance; CMI, cardiometa
bolic index.
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Correlation Between CMI and IR
Table 3 presents the results of binary logistic analysis examining the relationship between CMI and IR in patients with 
T2DM. The analysis was adjusted for BMI, age (Model 2), DD, hypoglycemic drugs, SBP, DBP, HbA1c, serum 
creatinine, serum albumin, uric acid, ALT, AST, GGT, drinking and smoking (Model 3), higher CMI quartiles was 
correlated with an increased risk of IR (P<0.001). Moreover, a positive correlation was also observed in the non-linear 
relationship between CMI and IR assessed by smooth curve fittings (Figure 1).

Table 3 Association of the Insulin Resistance with CMI Quartiles

Crude Model Model I Model II

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Male

Q1 Ref Ref Ref
Q2 1.70 (0.98–2.96) 0.060 1.67 (0.96–2.91) 0.068 1.65(0.89–3.07) 0.112

Q3 2.75 (1.63–4.63) <0.001 2.72 (1.61–4.58) <0.001 2.97(1.68–5.25) <0.001

Q4 4.70 (2.91–7.59) <0.001 4.67 (2.87–7.61) <0.001 3.91(2.19–6.98) <0.001
Female

Q1 Ref Ref Ref

Q2 2.14 (1.12–4.08) 0.021 1.99 (1.04–3.82) 0.039 1.16(0.59–2.26) 0.668
Q3 4.02 (2.20–7.38) <0.001 3.54 (1.92–6.54) <0.001 2.56(1.40–4.68) 0.002

Q4 6.87 (3.82–12.38) <0.001 6.45 (3.55–11.71©) <0.001 2.87 (1.49–5.52) 0.002

Notes: Crude model: adjusted for none. Model I: adjusted for age and BMI. Model II: adjusted for age, BMI, DD, 
hypoglycemic drugs, SBP, DBP, HbA1c, serum creatinine, serum albumin, uric acid, ALT, AST, GGT, drinking, smoking. 
Abbreviations: BMI, body mass index; DD, duration of diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; GGT, glutamyl transpeptidase; AST, 
aspartate transaminase; CMI, cardiometabolic index.

Figure 1 The smooth curve fit for the association between CMI and prevalence of IR. Solid redline represents the smooth curve fit between variables. Blue bands represent 
the 95% of confidence interval from the fit. Adjusted for: age, BMI, DD, hypoglycemic drugs, SBP, DBP, HbA1c, serum creatinine, serum albumin, uric acid, ALT, AST, GGT, 
drinking and smoking.
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Subgroup Analysis to Assess the Relationship Between CMI and IR
To evaluate the impact of subgroups on the relationship between CMI and IR, subgroup analyses were conducted based 
on age, BMI, HbA1c and gender (Table 4). It was found that the p values for the subgroups were less than 0.005. CMI 
was independently correlated with IR, and this independently relationship was more obvious in female patients with 
T2DM, with age≥60 years old and HbA1c<7%. In addition, when the non-linear relationship was characterized by 
smooth curve fittings, the positive correlation between CMI and IR did survive in most groups (Figure 2).

The Predictive Value of CMI for IR
The ROC of CMI, TG/HDL, WHtR, VAI, DAI, BMI, WC and uric acid to diagnose IR is shown in Figure 3. Table 5 shows 
that the AUC for CMI in the ROC analysis was 0.702 (95% CI: 0.665–0.738) in males, 0.733 (95% CI: 0.690–0.777) in 
females, which was considerably higher than that of TG/HDL, WHtR, VAI, DAI, BMI, WC and uric acid (P < 0.001), 
suggesting that CMI may be a better index for IR than traditional indexes of adiposity and blood lipids, although its diagnostic 
accuracy is still somewhat limited.

Discussion
In this study, compelling evidence were presented supporting a positive correlation between CMI and an increase in 
HOMA-IR and the risk of IR among a large cohort of patients with T2DM. This relationship remains consistent across 
various demographic factors, including age, BMI, gender and HbA1c. Furthermore, the findings reveal a non-linear 
relationship between CMI and the risk of IR.

The analysis on the ROC indicates that CMI outperforms TG/HDL, WHtR, VAI, DAI, BMI, WC and uric acid in 
detecting IR, suggesting that CMI serves as a highly specific and sensitive marker for IR. CMI represents a novel clinical 
marker that combines the measurements of TG/HDL-C ratio and WHtR. Wakabayashi et al discovered it for the first time 
in 2015, which proved its important role in evaluating DM.16 Subsequent investigations have expanded upon this finding, 
revealing a strong correlation between CMI and conditions such as cardiovascular disease, hypertension, kidney disease 
and stroke,18–21 which indicates its potential as a metabolic disease index. Nevertheless, there is currently a dearth of data 
regarding the relationship between CMI and IR. In this sense, this study has successfully confirmed the relationship 
between CMI and IR in patients with T2DM, utilizing a substantial sample size for the first time.

Table 4 Association Between CMI and Insulin Resistance Stratified 
by Age, BMI and Hypertension

OR (95% CI) p Value P for Interaction

Stratified by gender 0.029

Male 1.30 (1.15–1.47), <0.001

Female 1.62 (1.32–1.99), <0.001
Stratified by age 0.016

Age<60 years old 1.23 (1.08, 1.41), 0.003

Age≥60 years old 1.74 (1.43, 2.12), <0.001
Stratified by BMI 0.142

BMI<24kg/m2 1.65 (1.33, 2.03), <0.001

BMI≥24kg/m2 1.26 (1.11, 1.42), <0.001
Stratified by HbA1c 0.020

HbA1c<7% 2.33 (1.43, 3.80), 0.001

HbA1c≥7% 1.35 (1.21, 1.50), <0.001

Notes: Gender, age, BMI, hypertension (not adjusted for in the subgroup analyses), 
DD, hypoglycemic drugs, serum creatinine, serum albumin, uric acid, ALT, AST, GGT, 
drinking, smoking were adjusted. 
Abbreviations: BMI, body mass index; DD, duration of diabetes mellitus; ALT, alanine 
aminotransferase; GGT, glutamyl transpeptidase; AST, aspartate transaminase; CMI, 
cardiometabolic index.
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Figure 3 Receiver operating characteristic curves of TG/HDL, WHtR, VAI, DAI, BMI, WC and uric acid to identify IR.

Figure 2 Subgroups analysis for the association between CMI and prevalence of IR by gender, age, BMI and HbA1c level.
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The distribution of body fat accumulation plays a significant role in the development of DM and progression of IR, as 
indicated by previous studies.27,28 Previous studies have established a robust correlation between various conventional 
obesity indexes, such as BMI and WC, and IR. Moreover, the WHtR and WC have been proposed as superior measures 
to BMI in identifying cardiovascular risk factors, including IR and T2DM.13,14 The TG/HDL-C ratio is a reliable and 
simple measurement of IR that has been extensively studied in relation to T2DM.13,29,30 In summary, when combined 
with WHtR and TG/HDL-C, it is believed that CMI can provide a comprehensive assessment of obesity and dyslipide
mia, thus making it a practical tool for identifying IR. As shown in Figure 3, the results showed that CMI had the largest 
AUC compared with TG/HDL, WHtR, BMI and WC, indicating its superior performance in detecting IR.

Previous studies have also highlighted the relationship between CMI and various metabolic-inflammatory diseases. For 
instance, a study conducted by Ichiro Wakabayashi et al examined a cohort of 10,196 subjects undergoing health check-ups 
and found a positive correlation between elevated CMI values and hyperglycemia and risk of diabetes.16 Zou et al 
discovered that CMI could effectively predict NAFLD in general population in Japanese.31 Luo et al found that high 
CMI values were positively associated with incident cardiovascular disease in patients with obstructive sleep apnea and 
hypertension.32 Sun et al investigated 11,956 rural residents in China and found that CMI is independently and positively 
associated with the risk of ischemic stroke.20 Another study by Alleva demonstrated a significant positive correlation 
between CMI and metabolic syndrome in females suffering from obesity.33 The findings align with these previous studies, 
as a correlation between CMI and various factors including BMI, WC, DBP, TC and FPG was observed in patients with 
T2DM, albeit the correlation is not strong. These results highlight the potential value of CMI in future clinical applications 
and warrant further promotion.

Age, HbA1c and BMI were significantly correlated with HOMA-IR. Therefore, further subgroup analysis showed 
a significant interaction between HbA1c levels, age and gender between CMI and IR risk. The study revealed that the 
correlations were more pronounced in female participants, those who were older, and those with HbA1c levels below 7%. 
Importantly, for the above population, IR is often neglected. Consequently, CMI should be recognized as a crucial 
determinant for identifying IR, particularly in this population.

Table 5 The Results of ROC Analysis of CMI, TG/HDL, WHtR, VAI, DAI, BMI, WC and 
Uric Acid for the Diagnosis of IR

Nutritional Indices Cut-off Sensitivity (%) Specificity (%) AUC 95% CI

Male

CMI 0.77 77.5 53.3 0.702 0.665–0.738

TG/HDL 1.49 76.6 48.4 0.652 0.615–0.688
WHtR 0.55 42.4 76.6 0.612 0.571–0.653

VAI 1.93 77.4 48.0 0.664 0.615–0.689

DAI 1.30 76.5 48.3 0.659 0.610–0.684
BMI 24.6 68.0 57.7 0.658 0.620–0.697

WC 98.8 69.3 88.0 0.616 0.574–0.658
UA 368.5 67.7 61.1 0.674 0.634–0.714

Female

CMI 0.89 74.8 61.9 0.733 0.690–0.777
TG/HDL 1.63 66.3 62.1 0.688 0.645–0.731

WHtR 0.52 79.7 40.4 0.612 0.568–0.656

VAI 3.09 68.6 61.8 0.689 0.642–0.729
DAI 1.79 68.6 61.2 0.685 0.638–0.725

BMI 23.7 73.3 50.6 0.638 0.595–0.681

WC 81.8 79.1 40.7 0.599 0.555–0.643
UA 347.5 55.2 74.7 0.689 0.642–0.737

Abbreviations: CMI, cardiometabolic index; TG/HDL, triglycerides/ high density lipoprotein cholesterol; WhtR, 
waist-to-height ratio; VAI, visceral Adiposity Index; DAI, dysfunctional Adiposity Index; BMI, body mass index; WC, 
waist circumference; UA, uric acid.
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IR was associated with long term damage to organs, especially eyes, kidney, nerves and the heart in patients with 
T2DM.34 CMI usage is simple and low cost, which has a strong correlation with IR and has some predictive power. This 
allows clinicians to find IR in a timely manner in clinical work to delay or even prevent the development of diabetes 
mellitus. It will improve the T2DM patient’s life and life treatment and save economic costs.

The specific mechanism through which CMI contributes to IR remains unclear. The observed relationship between 
abnormal lipid metabolism and subjects with assessed CMI may provide an explanation for these findings. In the case of 
obese subjects with a high WhtR, an excess of free fatty acids can impede insulin’s function in glucose metabolism, 
thereby leading to the development of IR.35 Additionally, subjects with abdominal obesity may experience a decrease in 
binding affinity and reduction in the quantity of insulin receptors on target tissues, resulting in a diminished capacity to 
respond to glucose.36,37 Moreover, an elevated triglyceride (TG) status plays a role in the development of IR similar to 
that of abdominal obesity. Additionally, reduced levels of HDL-C may adversely affect the functioning of beta cells, and 
lead to decreased insulin output and sensitivity.37,38 In summary, there exists a “vicious cycle” between IR and high CMI.

The advantage of this study is that we have well characterized the subjects on a large population basis and tested whether 
there are differences in CMI and IR among different populations through subgroup analysis, thereby enhancing the depend
ability of the findings. Nevertheless, certain limitations should be acknowledged. Firstly, the establishment of a causal 
relationship between CMI and IR is precluded by the utilization of cross-sectional research design. Secondly, the adoption 
of the HOMA-IR was proposed as an evaluation tool. However, it is important to note that HOMA-IR has been associated with 
FPG, which exhibits a strong correlation with hepatic IR, but not to muscle IR.39 Additional research is necessary to 
investigate the relationship between CMI and IR with the gold standard hyperinsulinemic-euglycemic clamp. Moreover, it 
is important to note that the research population was limited to subjects with T2DM. Consequently, a prospective cohort study 
involving a larger and more diverse population, including subjects without DM, is needed to validate and promote the current 
findings, and this correlation with IR that could support further evidence for the treatment of diabetes in primary prevention.

Conclusion
In summary, the extensive cross-sectional study demonstrates that CMI serves as a novel and useful biomarker for 
biochemical and anthropometric parameters, exhibiting an independent and positive correlation with IR, and appears to 
have higher IR AUC values than traditional indexes of adiposity and blood lipids.
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