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Introduction: Not all type 2 diabetes mellitus (T2DM) patients exhibit insulin resistance (IR). Our objective is to identify the most
effective sex-specific index for predicting IR in T2DM. This will be achieved through a comparative analysis of the sex-specific
attributes of waist to hip circumference ratio (WHR), visceral fat area to hip circumference ratio (VHR), and visceral fat area to
subcutaneous fat area ratio (VSR).

Methods: Receiver operating characteristic curve analysis was conducted to estimate the area under the curve for WHR, VHR, and
VSR. Subsequently, logistic regression was employed to analyze the relationship between VHR and IR.

Results: There were significant differences between males and females in anthropometric measurements, biochemical data, and
obesity prevalence. ROC analysis revealed that the area under the curve (AUC) for predicting male IR was 0.67, 0.71, and 0.62 for
WHR, VHR, and VSR, respectively. For females, the AUC values were 0.63, 0.69, and 0.60, respectively. In multivariate logistic
regression analysis, adjusting for confounding factors, compared to the lowest tertile of VHR, the odds ratio (OR) of the highest tertile
was 2.2 (95% CI: 1.47-3.3, P<0.001) for males and 2.1 (95% CI: 1.24-3.57, P=0.005) for females.

Conclusion: VHR emerges as the most reliable predictor of IR risk in individuals with T2DM.
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Introduction

The global incidence of diabetes mellitus, notably type 2 diabetes mellitus (T2DM), has markedly surged in recent
years.! Visceral obesity stands out as a principal risk factor for both T2DM? and insulin resistance (IR).> Currently,
there’s a prevailing understanding that obesity, IR, and T2DM mutually exacerbate each other. Despite IR being a key
pathogenic factor in T2DM, not all patients with the condition exhibit IR.

Currently, the normal blood glucose-hyperinsulinemia clamp method (Gold Standard) is regarded as the benchmark
for assessing IR. However, its invasiveness and high cost restrict its utility in widespread clinical settings.* As a viable
alternative, insulin resistance measured by the homeostasis model assessment (HOMA-IR) offers simplicity and cost-
effectiveness, making it widely embraced as a reliable measure for evaluating IR.” Nevertheless, calculating HOMA-IR
necessitates fasting plasma insulin levels, which may be subject to variability due to changes in detection methods,
particularly in the specificity of insulin molecule recognition by specific antibodies. This potential source of error could
compromise the accuracy of HOMA-IR. Consequently, researchers are exploring the utilization of readily available
anthropometric and biochemical variables to assess IR, aiming to overcome these limitations. Previous research has
demonstrated that the association between visceral fat and IR surpasses that of other obesity indices such as body mass
index (BMI) and waist circumference (WC).° Males typically exhibit a higher visceral fat area (VFA) than females,
whereas females may have a greater subcutaneous fat area (SFA). This divergence in fat distribution could influence the
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risk of IR.” Waist to hip circumference ratio (WHR), visceral fat area to hip circumference ratio (VHR), and visceral fat

area to subcutaneous fat area ratio (VSR) are frequently used metrics for evaluating central obesity,® '°

yet consensus on
the superior indicator remains elusive.

Hence, our objective is to identify the most effective sex-specific index for predicting the onset of IR by assessing the
sex-specific characteristics of WHR, VHR, and VSR. Furthermore, we assessed whether this indicator serves as an

independent risk factor for the development of IR.

Methods
Study Design and Participants

All participants in this retrospective cross-sectional survey were sourced from the Department of Endocrinology at Yuxi
People’s Hospital, Yunnan Province, spanning from March 2021 to August 2023. Comprehensive laboratory tests were
conducted on these participants, and baseline information regarding their lifestyle habits, dietary patterns, and demographics
was recorded. After excluding non-T2DM patients and those with incomplete data, a total of 1882 patients were included in
the final analysis. This study was ethically approved by the Ethics Committee of the Sixth Affiliated Hospital of Kunming
Medical University (No. 2024kmykdx6f003) and adhered to the principles outlined in the Declaration of Helsinki. This study
did not involve the collection of personal information from patients. Given that the exemption of informed consent would not
adversely affect the rights or welfare of the subjects, we obtained approval for this exemption from the Ethics Committee.

Measurements and Definitions

This study gathered various physical measurements, including systolic blood pressure (SBP), diastolic blood pressure
(DBP), height, weight, WC, hip circumference (HC), VFA, and SFA. Blood pressure was measured three times using
a standard sphygmomanometer after a 10-minute rest, and the average was recorded. Trained nurses measured height and
weight of subjects dressed in light clothing without shoes. BMI was computed by dividing weight in kilograms by the
square of height in meters and categorized into normal weight (BMI < 25), overweight (BMI > 25 and < 30), or obese (BMI
> 30) groups.'' WC, measured at the anterior iliac crest level, andHC, measured at the maximum hip circumference, were
assessed using inelastic measuring tape. VFA and SFA were determined via direct segmented multi-frequency bioelectrical
impedance analysis (HDS-2000, Omron, China), a reliable method for evaluating body fat and lean mass. Measurements
were conducted on an empty stomach, concurrently with the blood test. Patients were instructed to stand upright, barefoot,
and clad in light attire, ensuring full contact of palms, thumbs, heels, and soles with the electrodes. With arms slightly apart,
patients maintained this posture for 3—4 minutes, and data were automatically recorded. WHR was calculated as WC
divided by HC, while VHR was calculated as VFA divided by HC, and VSR as VFA divided by SFA.

Fasting blood samples were collected before administering hypoglycemic drugs or insulin and analyzed using the Roche
Cobas 6000 automatic biochemical analyzer. Fasting plasma glucose (FPG) levels were measured using the hexokinase
method, while total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides (TG), and uric acid (UA) were determined using enzyme colorimetry. Serum insulin concentration
was quantified via immunoradiometry. HOMA-IR was computed by multiplying FPG (mmol/L) by fasting insulin (u[U/mL)
and dividing by 22.5.'% According to the epidemiological survey in China, IR was defined as HOMA-IR > 2.69."

Statistical Analysis

In this study, participants were stratified by gender and IR status. Continuous variables with a normal distribution were
presented as mean = standard deviation, while those with skewed distributions were described using median and
interquartile range. Categorical variables were expressed as percentages (%). Continuous variable analysis employed
Student’s #-test or Mann—Whitney U-test, while categorical variable analysis utilized the chi-square test. The area under
the curve (AUC) of WHR, VHR, and VSR was estimated via ROC curve analysis. Following identification of the most
suitable index for assessing IR risk, demographic and biochemical characteristics of the study population, categorized by
VHR tertiles, were compared using one-way analysis of variance (ANOVA) or Kruskal-Wallis test for continuous
variables and the chi-square test for categorical variables. Lastly, multivariate logistic regression analysis was performed,
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with different covariates analyzed by gender to determine the odds ratios (ORs) and 95% confidence intervals (Cls) for
IR prediction. P < 0.05 was considered significant. All the analyses were performed with the statistical software packages
R (http://www.R-project.org, The R Foundation).

Results
Baseline Characteristics of the Study Population According to Gender the Presence of

Incident IR

The retrospective study included 1882 participants, comprising 1199 males and 683 females, with a mean age of 53.9 +
11.2 years. Significant differences were observed between males and females in various baseline variables, including
anthropometric measurements, biochemical data, and obesity prevalence. While males tended to be younger than
females, no statistical differences were noted in SFA, HOMA-IR, and LDL-C. However, males exhibited significantly
higher BMI, WC, HC, VFA, and other indicators compared to females (P < 0.001) (Table 1).

When comparing IR patients with the non-IR group, no statistical difference in age was found between males and
females. However, IR patients displayed higher BMI, WC, HC, VFA, SFA, FPG, UA, and TG levels compared to the
non-IR group. Additionally, patients with IR exhibited significantly higher WHR, VHR, and VSR compared to the non-
IR control group (P < 0.001) (Table 2).

WHR, VHR and VSR for the Prediction of Incident IR
ROC analysis revealed that the AUC for predicting male IR was 0.67, 0.71, and 0.62 for WHR, VHR, and VSR,
respectively. Correspondingly, the AUC for predicting female IR was 0.63, 0.69, and 0.60 for WHR, VHR, and VSR,

Table | Baseline Characteristics of the Study Population According to Gender

Variables Total (n = 1882) | Male (n = 1199) | Female (n = 683) P
Age (years) 539+%112 526 % 111 562 £ 10.9 < 0.001
SBP (mmHg) 1229 + 17.0 121.5 + 16.4 1252 + 17.7 < 0.001
DBP (mmHg) 719 £ 108 73.0 £ 10.6 70.0 £ 10.9 < 0.001
BMI (kg/m?) 255 %34 257 £ 3.1 252 %38 0.002
WC (cm) 89.3 £87 91079 862 +92 < 0.001
HC (cm) 96.0 = 6.8 96.4 + 6.3 954 +76 < 0.001
VFA (cm?) 90.2 + 36.0 945 * 36.6 82.6 + 33.6 < 0.001
SFA (cm?) 176.6 + 56.7 1749 £ 51.3 179.7 + 65.0 0.081
WHR 09 0.1 09 0.1 09 0.1 < 0.001
VHR 09+03 1.0 £03 09+03 < 0.001
VSR 0502 05 %0.1 05%0.1 < 0.001
FPG (mmol/L) 94 +37 9.6 3.7 9.0 + 3.6 0.002
HOMA-IR 43+34 42+32 45+38 0.084
UA (mmol/L) 3412 £89.5 357.5 + 86.8 312.6 £87.0 < 0.001
TC (mmol/L) 4412 44+ 12 45+ 1.1 0.048
TG (mmol/L) 1.9 (1.3,29) 1.9 (1.3, 3.1) 1.8 (1.3, 2.6) 0.006
HDL-C (mmol/L) .1 £03 1.0 £03 1.2+03 < 0.001
LDL-C (mmol/L) 2509 25+09 2509 0.39
BMI, n (%) < 0.001
Normal Weight 862 (45.8) 501 (41.8) 361 (52.9)

Over Weight 839 (44.6) 590 (49.2) 249 (36.5)

Obesity 181 (9.6) 108 (9) 73 (10.7)

Abbreviations: IR, insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; WC, waist circumference; HC, hip circumference; VFA, visceral fat area; SFA, subcutaneous fat area;
WHR, waist to hip circumference ratio; VHR, visceral fat area to hip circumference ratio; VSR, visceral fat area
to subcutaneous fat area ratio; FPG, fasting plasma glucose; HOMA-IR, insulin resistance measured by the
homeostasis model assessment; UA, uric acid; TC, Total cholesterol; TG, triglycerides; HDL-C, high density
lipoprotein; LDL-C, low-density lipoprotein.
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Table 2 Baseline Characteristics of the Study Population According to the Presence of Incident IR

Variables Male Female

non-IR (n = 407) | IR (n =792) P non-IR (n = 232) | IR (n = 451) P
Age (years) 534 + 104 522+ 115 0.086 56.9 £ 9.6 559+ 11.4 0.241
SBP (mmHg) 1185 £ 16.6 123.1 £ 16.1 | <0.001 1242 £ 17.2 125.7 £ 18.0 0.275
DBP (mmHg) 705 £ 10.7 743 £ 104 | <0.001 684 + 99 708 £ 11.3 0.008
BMI (kg/m?) 244 +29 264 + 3.0 < 0.001 238 + 33 26.0 + 3.7 < 0.001
WC (cm) 87377 929 +72 < 0.001 822+79 88.3 + 9.1 < 0.001
HC (cm) 944 + 6.1 97.5 + 6.1 < 0.001 928 £ 6.5 967 £+ 78 < 0.001
VFA (cm?) 769 + 335 103.5 £ 348 | <0.001 68.4 + 30.2 90.0 + 329 < 0.001
SFA (cm?) 152.7 £ 46.7 186.3 £49.9 | <0.001 158.6 £ 58.4 190.5 £ 65.6 | <0.001
WHR 0.9 £ 0.1 1.0 £ 0.1 < 0.001 0.9 = 0.1 0.9 = 0.1 < 0.001
VHR 08+ 0.3 1. £0.3 < 0.001 07 £03 09 +03 < 0.001
VSR 0502 0.6 0.1 < 0.001 0.4 +0.1 05+02 < 0.001
FPG (mmol/L) 79+34 104 + 35 < 0.001 75 %36 98 + 34 < 0.001
HOMA-IR 1.8+0.7 55+33 < 0.001 19 £ 0.6 59 + 40 < 0.001
UA (mmol/L) 345.7 + 86.1 363.5 + 86.6 | <0.001 293.0 + 78.8 3226 £ 894 | <0.001
TC (mmol/L) 42 £ 1.1 45+ 1.2 < 0.001 45 +09 45+ 12 0.909
TG (mmol/L) 1.4 (1.0, 2.1) 2.3 (1.6, 3.6) | <0.001 1.4 (1.1, 2.0) 2.0 (1.5,2.9) | <0.001
HDL-C (mmol/L) 1. £0.3 1.0 £ 0.2 < 0.001 1.3+03 1.1 £0.3 < 0.001
LDL-C (mmol/L) 25+09 24+09 0.365 26 +08 25+09 0.13
BMI, n (%) < 0.001 < 0.001
Normal Weight 235 (57.7) 266 (33.6) 173 (74.6) 188 (41.7)
Over Weight 158 (38.8) 432 (54.5) 49 (21.1) 200 (44.3)
Obesity 14 (3.4) 94 (11.9) 10 (4.3) 63 (14)

Abbreviations: IR, insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist
circumference; HC, hip circumference; VFA, visceral fat area; SFA, subcutaneous fat area; WHR, waist to hip circumference ratio; VHR,
visceral fat area to hip circumference ratio; VSR, visceral fat area to subcutaneous fat area ratio; FPG, fasting plasma glucose; HOMA-IR,
insulin resistance measured by the homeostasis model assessment; UA, uric acid; TC, Total cholesterol; TG, triglycerides; HDL-C, high
density lipoprotein; LDL-C, low-density lipoprotein.

respectively (Figure 1). Notably, VHR emerged as the superior predictor for IR onset in T2DM patients, regardless of
gender, outperforming both WHR and VSR.

Incident IR and Baseline Characteristics According to the Tertiles of VHR

When stratifying patients into three groups based on the third tertile of VHR, we noted that while there was no significant age
difference among males (P=0.496), a statistically significant difference was observed among females (P=0.007). Additionally,
various indicators including SBP, DBP, BMI, WC, HC, VFA, SFA, UA, and TG exhibited a notable upward trend (P<0.001).
Conversely, HDL-C, indicative of cardiometabolic protection, exhibited a reverse trend (P<0.001) compared to markers of
adverse metabolic conditions. Furthermore, an increase in VHR corresponded to a higher incidence of obesity (Table 3).

Risk of Incident IR According to VHR

In the multivariate logistic regression analysis, different covariates were applied for each gender. However, regardless of the
covariates used, the highest tertile of VHR at baseline significantly correlated with a high risk of IR in both unadjusted and
adjusted models. Among males, adjusting for SBP, DBP, and BMI in Model I revealed an OR of 2.59 (95% CI, 1.76-3.83)
for the highest tertile (T3) of VHR compared to the lowest tertile (T1). After further adjustment for UA, TC, TG, and HDL-
C in Model II, the correlation slightly weakened but remained significant (OR: 2.2, 95% CI: 1.47-3.3, P<0.001). For
females, after adjusting for age in Model I, the OR for the highest tertile (T3) compared to the lowest tertile (T1) of VHR
was 5 (95% CI, 3.26-7.67). Subsequent adjustment for SBP, DBP, and BMI in Model II slightly weakened the correlation
but remained significant (OR: 2.95, 95% CI: 1.78-4.88, P<0.001). Even after further adjustment for UA, TG, and HDL-C in
Model I1I, the relationship persisted (OR: 2.1, 95% CI: 1.24-3.57, P = 0.005) (Table 4).
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Figure | The operating characteristic curves of male and female WHR, VHR and VSR predict the incidence of insulin resistance in type 2 diabetes mellitus. WHR waist to
Hip circumference ratio, VHR visceral fat area to hip circumference ratio, VSR visceral fat area to subcutaneous fat area ratio, AUC the area under the curve.

Discussion

In this retrospective study, we assessed the impact of WHR, VHR, and VSR on IR among patients with T2DM. We found
that a significant association between higher baseline VHR values and elevated IR risk in both males and females, even

after adjusting for various confounding variables.

The application of bioelectrical impedance technology to measure VFA'* is based on the electrical properties of

biological tissues, as different tissues (eg, fat, muscle, water) exhibit varying levels of impedance to electrical currents. In

Table 3 Baseline Characteristics According to the Tertiles of VHR in Male and Female

Variables Male Female
TI T2 T3 P TI T2 T3 P

(n = 400) (n =399) (n = 400) (n = 228) (n =227) (n =228)
Age (years) 528 + 11.2 529+ 10.5 52.1 £ 11.6 0.496 544 + 105 57.1 £ 10.1 57.1 £ 11.7 0.007
SBP (mmHg) 1173 £ 161 | 1214+ 16.1 | 1259 £ 159 | <0.001 | 120.7 £ 17.1 | 1258+ 17.3 | 129.1 £ 17.8 | < 0.001
DBP (mmHg) 70.1 £ 103 73.0 £ 105 759 + 104 | <0.00l 685+ 98 700 £ 11.2 715+ 114 0.015
BMI (kg/m?) 235+23 256 +2.2 28.1 + 3.0 < 0.001 229 +29 249 +28 279 + 3.7 < 0.001
WC (cm) 848 + 6.3 914 +54 96.9 + 6.6 < 0.001 796 7.0 858 + 6.4 933 +£83 < 0.001
HC (cm) 93.1 £ 57 96.5 +5.0 99.7 £ 6.2 < 0.001 919 £ 6.5 949 + 6.5 993 +78 < 0.001
VFA (cm?) 557 + 18.1 93.7 £ 10.1 1342 £ 224 | <0.001 | 488 = 14.7 798 £ 9.2 119.3 £ 242 | <0.001
SFA (cm?) 1345 + 343 | 173.8 £33.0 | 2164 £ 477 | <0.001 | 141.1 £49.1 | 176.0 £ 474 | 221.8 + 68.9 | < 0.001
FPG (mmol/L) 9.1 + 4.1 95+ 35 10.0 + 3.4 0.004 86+ 38 92 +38 93 %33 0.077
HOMA-IR 3.0+£23 4.1 +£26 55+39 < 0.001 3.6 +£36 4.6 + 4.0 54 %36 < 0.001
UA (mmol/L) 331.4 £ 80.8 | 3589 +£82.3 | 382.0 +89.7 | <0.001 | 288.8 +85.3 | 3142 +80.6 | 334.8 £ 89.1 | <0.00I
TC (mmol/L) 42+ 1.0 44 = 1.1 45+ 14 0.009 44 +09 4.6 = 1.1 45+ 12 0.163
TG (mmol/L) 1.5 (1.0, 2.1) | 2.0 (1.4,35) | 24 (1.6,3.7) | <0.001 | 1.4 (I.1, 1.9) | 1.9 (1.5, 2.6) | 2.1 (1.6, 3.0) | <0.001
HDL-C (mmol/L) 1.1 £0.3 1.0 £ 0.2 1.0 £ 0.2 < 0.001 13+£03 12+£03 1.1 £0.3 < 0.001
LDL-C (mmol/L) 25+09 24+08 25+09 0.618 25+08 25+09 25+09 0.644
BMI, n (%) < 0.001 < 0.001
Normal Weight 291 (72.8) 157 (39.3) 53 (13.2) 182 (79.8) 129 (56.8) 50 (21.9)
Over Weight 108 (27) 232 (58.1) 250 (62.5) 42 (18.4) 89 (39.2) 118 (51.8)
Obesity 1 (0.2) 10 (2.5) 97 (24.2) 4 (1.8) 9 (4) 60 (26.3)

Abbreviations: VHR, visceral fat area to hip circumference ratio; IR, insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; WC, waist circumference; HC, hip circumference; VFA, visceral fat area; SFA, subcutaneous fat area; FPG, fasting plasma glucose; HOMA-IR, insulin
resistance measured by the homeostasis model assessment; UA, uric acid; TC, Total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein; LDL-C,
low-density lipoprotein.
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Table 4 Adjusted or with 95% ClI for IR According to the VHR Tertile

Tertiles Non-adjusted Model Model | Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Male
Tertile | Ref. Ref. Ref. -
Tertile 2 2.39 (1.79~3.19) 1.71 (1.26~2.33) 1.4 (1.02~1.94) -
Tertile 3 5.36 (3.87~7.41) 2.59 (1.76~3.83) 2.2 (1.47~3.3) -
P <0.001 <0.001 <0.001 -
Female
Tertile | Ref. Ref. Ref. Ref.
Tertile 2 2.45 (1.67~3.59) 2.59 (1.75~3.82) | 2.09 (1.39~3.15) | 1.62 (1.06~2.49)
Tertile 3 4.7 (3.08~7.16) 5 (3.26~7.67) 295 (1.78~4.88) | 2.1 (1.24~3.57)
P <0.001 <0.001 <0.001 0.005

Notes: Male Model |: Adjusted for SBP+ DBP+ BMI; Model 2: Adjusted for Model |+UA+ TC+ TG+ HDL-C; Female
Model I: Adjusted for age; Model 2: Adjusted for Model 1+ SBP+ DBP+ BMI; Model 3: adjusted for Model 2+ UA+
TG+ HDL-C.

Abbreviation: VHR, visceral fat area to hip circumference ratio; IR, insulin resistance.

this method, a weak alternating current is applied to the body, and the impedance is measured to estimate body
composition. Specifically, low-frequency currents are passed through specific body parts (such as the limbs), and the
extent to which different tissues hinder the current is detected—muscle has high conductivity, while fat slows down the
signal. Double-scanning technology, which involves measuring twice under different conditions, allows for more
accurate assessment of visceral fat content.

Our study revealed several intriguing findings. Despite males generally being younger than females, they exhibited
higher values across most physical measurement and laboratory examination metrics compared to females, with
statistical significance, particularly in VFA. This discrepancy suggests that males tend to have substantially higher
visceral fat areas than females. Physiologically, androgens, such as testosterone, are more active in males, promoting
abdominal fat cell formation while inhibiting hip and thigh fat cell formation. Conversely, estrogen predominance in
females fosters fat cell development in the buttocks and thighs.'> This hormonal variance accounts for the observed
difference in fat distribution between genders, making abdominal fat accumulation more prevalent in males. Despite
having a higher basal metabolic rate, males are more prone to accumulating fat, particularly as visceral fat, compared to
females, who are inclined to store it as subcutaneous fat.'®

Currently, the global prevalence of T2DM has surged, presenting a significant public health challenge.'” While IR
typically precedes T2DM development,'® not all patients with the condition exhibit IR. Unlike type 1 diabetes, T2DM
arises from relatively insufficient insulin secretion, allowing pancreatic function to remain intact in patients.' Successful
compensatory increases in insulin secretion by islet P cells can maintain normal FPG levels.”’ However, inadequate
insulin secretion to counter insulin resistance leads to elevated FPG levels.”' Identifying predictive factors for IR in
T2DM is crucial for devising tailored management strategies. VFA provides a more precise evaluation of health risks
associated with visceral fat accumulation than traditional BMI measurements. Even among individuals with normal BMI,
excessive visceral fat poses health risks, underscoring the value of measuring VFA. Studies have indicated that WC may
be more predictive of T2DM risk than BMI.*? Similarly, a causal relationship exists between high WHR and type 2
diabetes and cardiovascular risk.”> Additionally, visceral fat demonstrates a stronger association with IR or type 2
diabetes than other obesity indicators, such as BMI or WC.*** Studies have also identified higher VFA and VSR at
baseline as independent risk factors for T2DM development.>> Moreover, VHR exhibits a positive correlation with IR
irrespective of gender, making it a reliable predictor of insulin resistance.’

After establishing VHR as the optimal predictor of IR, we further examined its relationship with IR, adjusting for
potential confounding factors. The results revealed a consistent positive correlation between VHR and IR across genders,
even after adjusting for confounders. However, due to the study’s limited size, the age distribution skewed towards
middle-aged and elderly individuals, and the lack of age stratification represent significant shortcomings. Some studies
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suggest that young individuals with T2DM are more prone to insulin deficiency, while elderly individuals are more
susceptible to IR.* Additionally, our study focuses solely on a specific population of patients with T2DM, potentially
leading to incomplete representation of the results. To address these limitations, future research will replicate and expand
the study across different datasets or populations to ensure the stability and universality of the findings.

Conclusion

After comparing WHR, VHR, and VSR in predicting IR risk among patients with T2DM, our study identified VHR as
the most effective indicator for forecasting IR risk in this population. Additionally, we observed that VHR’s predictive
power is more pronounced in males than in females, highlighting its role as a predictor of IR risk. This finding
underscores the significance of early detection and intervention of IR in personalized T2DM management strategies.

Funding

There is no funding to report.

Disclosure
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this
article.

References

—_

. Yang J, Zhang H, Cao Y, et al. The Association of Dietary Magnesium and Prediabetes in Childbearing Chinese Women: results from China
Nutrition and Health Surveillance (2015-2017). Nutrients. 2022;14(21):4580. doi:10.3390/nu14214580
2. Jia R, Huang M, Qian L, et al. The Depletion of Carbohydrate Metabolic Genes in the Gut Microbiome Contributes to the Transition From Central
Obesity to Type 2 Diabetes. Front Endocrinol. 2021;12:747646. doi:10.3389/fendo.2021.747646
.Deng X, Cai Z, Li Y, et al. Increased Circulating Levels of Ectodysplasin A in Newly Diagnosed Type 2 Diabetic Patients. Front Endocrinol.
2021;12:737624. doi:10.3389/fend0.2021.737624
4. Chen Y, Guo J, Zhang Q, Zhang C. Insulin Resistance is a Risk Factor for Early Miscarriage and Macrosomia in Patients With Polycystic Ovary
Syndrome From the First Embryo Transfer Cycle: a Retrospective Cohort Study. Front Endocrinol. 2022;13:853473. doi:10.3389/
fendo.2022.853473
. Yuan Y, Sun W, Kong X. Comparison between distinct insulin resistance indices in measuring the development of hypertension. China Health
Nutrit Survey Front Cardiovasc Med. 2022;9:912197. doi:10.3389/fcvm.2022.912197
6. Jung SH, Ha KH, Kim DJ. Visceral Fat Mass Has Stronger Associations with Diabetes and Prediabetes than Other Anthropometric Obesity
Indicators among Korean Adults. Yonsei Med J. 2016;57(3):674. doi:10.3349/ym;j.2016.57.3.674
7. Saccon TD, Mousovich-Neto F, Ludwig RG, et al. SARS-CoV-2 infects adipose tissue in a fat depot- and viral lineage-dependent manner. Nat
Commun. 2022;13(1):5722. doi:10.1038/s41467-022-33218-8
.Lin M, Li N, Heizhati M, et al. Chinese Visceral Adiposity Index Is Associated With Incident Renal Damage in Patients With Hypertension and
Abnormal Glucose Metabolism: a Longitudinal Study. Front Endocrinol. 2022;13:910329. doi:10.3389/fendo.2022.910329
9. Zhang S, Huang YP, Li J, et al. The Visceral-Fat-Area-to-Hip-Circumference Ratio as a Predictor for Insulin Resistance in a Chinese Population
with Type 2 Diabetes. Obes Facts. 2022;15(4):621-628. doi:10.1159/000525545
10. Kim EH, Kim HK, Lee MJ, et al. Sex Differences of Visceral Fat Area and Visceral-to-Subcutaneous Fat Ratio for the Risk of Incident Type 2
Diabetes Mellitus. Diabetes Metab J. 2022;46(3):486—498. doi:10.4093/dmj.2021.0095
11. Jin JJ, Zheng T, Xu XX, et al. Comprehensive analysis of the differential expression and prognostic value of COL1A2 in colon adenocarcinoma.
Aging. 2022;14(18):7390-7407. doi:10.18632/aging.204261
12. Téth ME, Sarkoézy M, Sziics G, et al. Exercise training worsens cardiac performance in males but does not change ejection fraction and improves
hypertrophy in females in a mouse model of metabolic syndrome. Biol Sex Differ. 2022;13(1):5. doi:10.1186/s13293-022-00414-6
13.Yin J, Li M, Xu L, et al. Insulin resistance determined by Homeostasis Model Assessment (HOMA) and associations with metabolic syndrome
among Chinese children and teenagers. Diabetol Metab Syndr. 2013;5:71. doi:10.1186/1758-5996-5-71
14. Fang H, Berg E, Cheng X, et al. How to best assess abdominal obesity. Curr Opin Clin Nutr Metab Care. 2018;21:360-365. doi:10.1097/
MC0.0000000000000485
15. Moon S, Park JH, Jang EJ, et al. The Cut-off Values of Surrogate Measures for Insulin Sensitivity in a Healthy Population in Korea according to the
Korean National Health and Nutrition Examination Survey (KNHANES) 2007-2010. J Korean Med Sci. 2018;33(29):e197. doi:10.3346/
jkms.2018.33.e197
16. Bai R, Ying X, Shen J, et al. The visceral and liver fat are significantly associated with the prevalence of hyperuricemia among middle age and
elderly people: a cross-sectional study in Chongqing, China. Front Nutr. 2022;9:961792. doi:10.3389/fnut.2022.961792
17. Chen SM, Hee SW, Chou SY, et al. Activation of Aldehyde Dehydrogenase 2 Ameliorates Glucolipotoxicity of Pancreatic Beta Cells.
Biomolecules. 2021;11(10):1474. doi:10.3390/biom11101474
18. Liang H, Sathavarodom N, Colmenares C, et al. Effect of acute TLR4 inhibition on insulin resistance in humans. J Clin Investig. 2022;132(21):
€162291. doi:10.1172/JCI1162291

w

W

o0

Diabetes, Metabolic Syndrome and Obesity 2024:17 hetps: 3941

Dove:


https://doi.org/10.3390/nu14214580
https://doi.org/10.3389/fendo.2021.747646
https://doi.org/10.3389/fendo.2021.737624
https://doi.org/10.3389/fendo.2022.853473
https://doi.org/10.3389/fendo.2022.853473
https://doi.org/10.3389/fcvm.2022.912197
https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.1038/s41467-022-33218-8
https://doi.org/10.3389/fendo.2022.910329
https://doi.org/10.1159/000525545
https://doi.org/10.4093/dmj.2021.0095
https://doi.org/10.18632/aging.204261
https://doi.org/10.1186/s13293-022-00414-6
https://doi.org/10.1186/1758-5996-5-71
https://doi.org/10.1097/MCO.0000000000000485
https://doi.org/10.1097/MCO.0000000000000485
https://doi.org/10.3346/jkms.2018.33.e197
https://doi.org/10.3346/jkms.2018.33.e197
https://doi.org/10.3389/fnut.2022.961792
https://doi.org/10.3390/biom11101474
https://doi.org/10.1172/JCI162291
https://www.dovepress.com
https://www.dovepress.com

Cao et al Dove

19.

20.

21.

22.

23.

24.

25.

26.

Lin Z, Zhao Y, Song L, et al. Deletion of B-Arrestin2 in Mice Limited Pancreatic f-Cell Expansion under Metabolic Stress through Activation of
the INK Pathway. Mol Med. 2016;22(1):74-84. doi:10.2119/molmed.2015.00155

Paul SK, MdS 1, Hasibuzzaman MM, et al. Higher risk of hyperglycemia with greater susceptibility in females in chronic arsenic-exposed
individuals in Bangladesh. Scienc Total Environ. 2019;668:1004—1012. doi:10.1016/j.scitotenv.2019.03.029

Kim AR, Choi Y, Kim SH, Moon HS, Ko JH, Yoon MY. Development of a Novel ssDNA Sequence for a Glycated Human Serum Albumin and
Construction of a Simple Aptasensor System Based on Reduced Graphene Oxide (rGO). Biosensors. 2020;10(10):141. doi:10.3390/bios10100141
Tilles-Tirkkonen T, Aittola K, Mannikko R, et al. Eating Competence Is Associated with Lower Prevalence of Obesity and Better Insulin Sensitivity
in Finnish Adults with Increased Risk for Type 2 Diabetes: the StopDia Study. Nutrients. 2019;12(1):104. doi:10.3390/nul12010104

Neves JS, Guerreiro V, Carvalho D, Serrdo R, Sarmento A, Freitas P. Metabolically Healthy or Metabolically Unhealthy Obese HIV-Infected
Patients: mostly a Matter of Age? Front Endocrinol. 2018;9:681. doi:10.3389/fendo.2018.00681

Huang CH, Lin CH, Huang HH, Tsai GJ. Development of Fermented Shrimp Shell Product with Hypoglycemic and Hypolipidemic Effects on
Diabetic Rats. Metabolites. 2022;12(8):695. doi:10.3390/metabo12080695

Boonloh K, Kukongviriyapan V, Kongyingyoes B, Kukongviriyapan U, Thawornchinsombut S, Pannangpetch P. Rice Bran Protein Hydrolysates
Improve Insulin Resistance and Decrease Pro-inflammatory Cytokine Gene Expression in Rats Fed a High Carbohydrate-High Fat Diet. Nutrients.
2015;7(8):6313-6329. doi:10.3390/nu7085292

Gromova LV, Polozov AS, Savochkina EV, et al. Effect of Type 2 Diabetes and Impaired Glucose Tolerance on Digestive Enzymes and Glucose
Absorption in the Small Intestine of Young Rats. Nutrients. 2022;14(2):385. doi:10.3390/nu14020385

Diabetes, Metabolic Syndrome and Obesity Dove

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity is an international, peer-reviewed open-access journal committed to the rapid publication of the
latest laboratory and clinical findings in the fields of diabetes, metabolic syndrome and obesity research. Original research, review, case reports,
hypothesis formation, expert opinion and commentaries are all considered for publication. The manuscript management system is completely
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-journal

3942 n i in u Dove Diabetes, Metabolic Syndrome and Obesity 2024:17


https://doi.org/10.2119/molmed.2015.00155
https://doi.org/10.1016/j.scitotenv.2019.03.029
https://doi.org/10.3390/bios10100141
https://doi.org/10.3390/nu12010104
https://doi.org/10.3389/fendo.2018.00681
https://doi.org/10.3390/metabo12080695
https://doi.org/10.3390/nu7085292
https://doi.org/10.3390/nu14020385
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Design and Participants
	Measurements and Definitions
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Population According to Gender the Presence of Incident IR
	WHR, VHR and VSR for the Prediction of Incident IR
	Incident IR and Baseline Characteristics According to the Tertiles of VHR
	Risk of Incident IR According to VHR

	Discussion
	Conclusion
	Funding
	Disclosure

