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Evaluation of the Relationship Between Five Different Insulin
Resistance Indices and Glycemic Control in Patients with
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ABSTRACT

Introduction: This study was designed for comparing the performance of insulin resistance (IR) indices in individuals with prediabetes
and type 2 diabetes mellitus (T2DM).

Methods: Participants were classified into four categories according to HbA1c using the American Diabetes Association criteria:
control group (<5.7%) (n=192), prediabetes (5.7%-6.4%) (n=147), regulated T2DM (6.5%-7.0%) (n=28), and non-regulated T2DM
(>7.0%) (n=61). Patient records and laboratory information system data were reviewed to determine serum glucose, triglyceride,
high-density lipoprotein cholesterol (HDL-C), insulin, and to determine homeostatic model assessment of IR (HOMA-IR), insulin
sensitivity index (ISI/McAuley index), quantitative insulin sensitivity check index (QUICKI), triglyceride to HDL-C ratio (TG/HDL-C), and
triglyceride-glucose (TyG) index.

Results: The non-regulated T2DM group had higher HOMA-IR and TyG levels and lower QUICKI values than the prediabetic and
regulated T2DM groups. TyG and HOMA-IR indices have a positive correlation with HbA1c (r=0.547 and r=0.456, respectively).
According to the receiver operating characteristic analysis, TyG had the highest area under the curve (AUC) of 0.749 (0.705-0.789)
to identify patients with HbA1c >5.70%, and the Turkish population-specific cut-off value was set at 8.55. Findings from the binary
logistic regression highlighted that TyG, HOMA-IR, TG/HDL-C, QUICKI, and ISl indices were associated with patients with HbA1c >5.70%,
independent of age and sex.

Conclusion: Among the evaluated IR indices, the TyG index demonstrated the highest correlation coefficient with HbA1c. In addition,
it yielded the largest AUC, indicating superior diagnostic performance compared to the other indices. These findings suggest that the
TyG index may serve as a useful marker of IR in individuals with prediabetes and T2DM.
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Introduction

Arising health concern, type 2 diabetes mellitus (T2DM) increases the risk
of macrovascular and microvascular complications due to hyperglycemia
and insulin resistance (IR) (1). The prognosis of patients with T2DM is
largely determined by the level of disease control; chronic hyperglycemia
is associated with a higher risk of microvascular complications, as
evidenced by studies (2). Therefore, achieving effective glycemic control
and improving insulin sensitivity are crucial for minimizing the likelihood
of T2DM-associated complications. Recognizing the individuals who are
at an elevated risk of DM and determining the course of the disease are
key strategies for preventing and managing diabetes.

Over the last few decades, many different methods have been used to
measure IR and determine glycemic control. The hyperinsulinemic-
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euglycemic clamp is commonly used as the gold standard method for
assessing IR, although it is complicated and requires specialized expertise
(3). The most commonly used method of measurement is the homeostatic
model assessment of IR (HOMA-IR), which is an easier, although less
accurate, method (4). It requires fasting insulin levels, which is relatively
expensive and not available in many laboratories. Therefore, an easy-to-
use, reliable, and affordable index for evaluating glycemic control and IR
is crucial. Recently, several novel and readily accessible tools have been
developed to predict IR.

This study aimed to evaluate and compare the performance of IR
indices, including HOMA-IR, triglyceride to high-density lipoprotein
cholesterol ratio (TG/HDL-C), triglyceride-glucose (TyG) index, insulin
(ISI/McAuley index), and quantitative insulin

sensitivity index
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sensitivity check index (QUICKI), in predicting patients diagnosed with
prediabetes and T2DM.

Methods

Ethics approval for this study was approved by the University of Health
Sciences Tiirkiye, Istanbul Traning and Research Hospital, Clinical
Research Ethics Committee (approval number: 16, date: 25.01.2025). All
stages of this study were designed in accordance with the rules of the
Declaration of Helsinki. Medical records of 428 patients who attended
the Family Medicine outpatient clinic at University of Health Sciences
Tuirkiye, istanbul Training and Research Hospital between January and
December 2018 were retrospectively reviewed. We included participants
aged 18-65 years who were tested for HbA1c, fasting glucose, fasting
insulin, fasting TG, and HDL-C levels by reviewing their patient folders
and laboratory information system records. Patients with type 1
diabetes mellitus, those who are pregnant, have cardiovascular diseases,
malignancy, hematological disorders, liver or kidney diseases, or
autoimmune disorders were excluded from this study.

We categorized patients with HbA1c concentrations higher than 5.7%
into three groups: prediabetic (5.7%-6.4%) (n=147), regulated T2DM
(6.5%-7.0%) (n=28), and non-regulated T2DM (>7.0%) (n=61), using
criteria set by the American Diabetes Association (5,6). Patients with
HbA1c levels below 5.7% were taken as the control group (n=192).

Laboratory Parameters

All measurements were performed using venous blood samples after
an overnight fast of at least 8 hours. Fasting glucose, total cholesterol
(TC), HDL-C, and TG levels were analyzed using the analytical chemistry
system AU5800 (Beckman Coulter Inc., Brea, California, US). Insulin
levels were quantified via the DxI800 (Beckman Coulter Inc., Brea,
California, US). Measurement of HbA1c was performed with the ADAMS
Alc HA8180V (Arkray, Kyoto, Japan). HOMA-IR values were derived by
the following formula: fasting insulin (mU/L) x fasting glucose (mg/dL) /
405 (7). TyG index calculated as In [fasting Triglyceride (mg/dL) x fasting
glucose (mg/dL)/2] (8). Triglyceride/HDL-C was calculated as TG (mg/dL)/
HDL-C (mg/dL). QUICKI figured out as 1/[log(fasting insulin, mIU/L) +
log(fasting glucose, mg/dL)] (9). ISI (McAuley Index) calculated as e(2.63-
0.28%InFI-0.31*InTG) (TG refers to triglyceride levels in mmol/L and FI
refers to fasting insulin levels in mIU/L) (10).

Statistical Analysis

The Shapiro-Wilk test was conducted to evaluate the distribution of
the data. Continuous data are presented as mean * standard deviation
or median (25" and 75" percentiles), and discrete data as numbers
(percentages). Discrete data were analyzed using the Pearson chi-
square test. Comparative studies among the groups were conducted by
employing one-way ANOVA and the Kruskal-Wallis analysis according
to the distribution characteristics of the data. Bonferroni-adjusted
p-values were used to control for type 1 errors in multiple pairwise
comparisons (n=6), with the threshold for statistical significance set
at p<0.008. The association between each index and both HbA1c and
HOMA-IR was evaluated using Spearman correlation analysis. To assess
the discriminative power of the indices in identifying individuals with
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elevated HbA1c levels (>5.70%), receiver operating characteristic (ROC)
analysis was applied. Binary logistic regression was conducted, both
univariate, and multivariate, for patients with HbA1c levels higher than
5.70%. Considering the multicollinearity among the IR indices, separate
logistic regression analyses were performed for each index to assess their
individual predictive relationships with the outcome variable. Statistical
evaluation and graphical representation were applied using SPSS 26
(IBM C.A., US) and GraphPad Prism v. 8.3.0 (GraphPad Software, US).
Although a general threshold value of p<0.05 was applied for statistical
significance, a criterion of p<0.008 was employed for multiple pairwise
comparisons (n=6) due to the Bonferroni correction.

Results

Of all the groups included in the study, 165 (38.6%) were men and 263
(61.4%) were women. The mean age of the patients was 5011 years.
There was no difference in age between the prediabetic, regulated
T2DM, and non-regulated T2DM groups. The non-regulated T2DM
group had a higher proportion of males than the prediabetic and
control groups. Age, glucose, insulin, TC, TG, HOMA-IR, TyG, and TG/
HDL-C were higher in the prediabetic group than in the control group.
QUICKI and ISI were lower in the prediabetic population than in the
controls. Age, glucose, TG, TyG, HOMA-IR, and TG/HDL-C were higher
in the regulated T2DM group than in the control group, whereas
QUICKI and ISI indices were lower in the regulated T2DM group than
in the control group. Age, glucose, insulin, TG, TyG, HOMA-IR, and TG/
HDL-C levels were higher in the non-regulated T2DM group than in
the controls, whereas QUICKI and ISI indices were lower in the non-
regulated T2DM group than in controls. Glucose levels and TyG index
were higher in the regulated T2DM group than in the prediabetic
group. Glucose, TyG, HOMA-IR, and TG/HDL-C levels were higher in the
non-regulated T2DM group than in the prediabetic group, whereas
HDL-C, QUICKI were lower in the non-regulated T2DM group than in
the prediabetic group. TyG and HOMA-IR levels were higher in the non-
regulated T2DM group than in the regulated T2DM group, whereas
the QUICKI was lower in the non-regulated T2DM group than in the
regulated T2DM group (Table 1 and Figure 1).

TyG level (r=0.547, p<0.001), TG/HDL-C (r=0.306, p<0.001), and HOMA-
IR (r=0.456, p<0.001) have positive correlations with HbATc level.
QUICKI (r=-0.457, p<0.001) and ISI (r=-0.345, p<0.001) had a negative
correlation with HbA1c levels. The correlation coefficient between TyG
and HbA1c was higher than those between other indices. HOMA-IR
levels were positively correlated with TyG (r=0.559, p<0.001) and TG/
HDL-C ratio (r=0.485, p<0.001). Conversely, QUICKI (r=-1.000, p<0.001)
and ISI (r=-0.821, p<0.001) were negatively correlated with HOMA-IR
(Table 2 and Figure 2).

Among the indices assessed through ROC analysis for identifying
individuals with HbA1c >5.70%, TyG had the largest area under the curve
(AUQ) of 0.749 [95% confidence interval (Cl) =0.705-0.789]. The AUC
value for HOMA-IR was 0.727 (95% Cl =0.682-0.769). QUICKI had an AUC
level of 0.724 (95% Cl =0.679-0.766). The ISI had an AUC of 0.675 (95%
Cl =0.629-0.720). TG/HDL-C ratio had an AUC of 0.635 (95% CI =0.587-
0.681) (Table 3 and Figure 3).
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Table 1. Comparison of demographic characteristics and laboratory findings between the groups

Parameter

Age (years)

Gender n (%)
Female
Male

Glucose (mg/dL)
Insulin (mU/L)

Control
(n=192)

46.0 (35.0-55.0)

120 (62.5%)
72 (37.5%)

89.5 (84.0-95.5)
6.69 (4.64-10.1)

Pre-diabetic
(n=147)

57.0 (50.3-62.0) a2

104 (70.7%)
43 (29.3%)

101 (94.3-109)a2
8.61(5.98-13.0) a2

Regulated T2DM

Non-regulated T2DM

TC (mg/dL) 212 (175-240) 227 (193-258) a'
TG (mg/dL) 103 (72.5-155) 129 (95.3-191) a2
HDL-C (mg/dL) 49.0 (40.0-60.0) 51.0 (43.0-58.9)
LDL-C (mg/dL) 138 (108-161) 145 (121-173)

TyG index 8.48+0.54 8.84%0.53 a’
HOMA-IR 1.49 (1.01-2.38) 2.16 (1.47-3.31) a2
QUICKI 0.36 (0.34-0.38) 0.34 (0.32-0.36) a?
TG/HDL-C 2.17 (1.27-3.47) 2.65 (1.77-4.04) @'
ISI 7.62 (6.28-9.33) 6.64 (5.61-7.83) a2

(n=28) (n=61) p*
55.5 (51.0-59.5) a 57.0 (52.8-61.0) & <0.001
. .

e o <0001
119 (108-127) @2, b’ 178 (136-227)2, b? <0.001
8.19 (5.94-11.9) 10.4 (6.29-16.3) <0.001
228 (186-282) 220 (187-260) 0.012
165 (129-194) a2 157 (107-233) @2 <0.001
49.0 (40.0-57.0) 45.0 (39.0-53.3) b’ 0.044
147 (111-185) 134 (109-159) 0.077
9.12+0.36 a2 b’ 9.63%0.77 @, b?, @ <0.001
2.68 (1.80-3.46) @2 4.75 (3.05-7.07) @, b?, C' <0.001
0.33(0.32-0.35) @2 0.30 (0.29-0.32) a2, b?, ' <0.001
318 (2.51-4.34) a' 3.58 (2.20-6.13) @2, b <0.001
6.34 (5.67-7.11) 5.89 (4.92-7.40) a* <0.001

“p<0.05, considered statistically significant. Bonferroni correction was used for pairwise comparisons of the four groups, with significance set at p<0.008. a': p<0.008, a*: p<0.001, a:
Comparison with controls, b': p<0.008, b* p<0.001, b: Comparison with prediabetics, c': p<0.008, ¢ p<0.001, c: Comparison with regulated type 2 DM group

DM: Diabetes mellitus, TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for insulin resistance, QUICKI: Quantitative insulin sensitivity check index, TG/HDL-C: Triglyceride-
to-high-density lipoprotein cholesterol, ISI: Insulin sensitivity index, T2DM: Type 2 diabetes mellitus, LDL-C: Low-density lipoprotein cholesterol
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Figure 1. Comparison of the TyG index among the control, prediabetic,
regulated T2DM, and non-regulated T2DM groups.

*p<0.008, **p<0.001, TyG: Triglyceride glucose, T2DM: Type 2 diabetes
mellitus

In the univariate logistic regression analysis applied to identify patients
with HbA1c levels higher than 5.70%, TyG, HOMA-IR, and TG/HDL-C
indices showed positive predictive values, whereas QUICKI and ISl indices
demonstrated negative predictive values. Independent of age and sex,
TyG, HOMA-IR, TG/HDL-C, QUICKI, and ISI indices were significantly
associated with HbA1c levels higher than 5.70% (Table 4).

Discussion

IR is an essential trigger in the development of microvascular and
macrovascular complications. In addition according to the diabetes
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complications and control trial study (11), glycemic control with HbA1c
maintained under 7.0% significantly decreased the likelihood of
microvascular and macrovascular complications. We aimed to identify
the most specific, sensitive, and inexpensive biochemical predictor
of IR in prediabetic and diabetic patients. Therefore, IR indices were
investigated as potential indicators in patients with prediabetes and
diabetes, who were divided into three categories based on HbAlc
values. Ethnicity, socioeconomic characteristics, and dietary patterns of
the population have been shown to cause differences in IR. Few studies
have suggested cut-offs for TyG, TG/HDL-C, QUICKI, and ISI values in
Turkish prediabetic and diabetic adult populations. The study by Aslan
Cin et al. (12) on TyG and TG/HDL-C indices was conducted in an obese
adolescent cohort, and found TG/HDL-C >2.16, TyG >8.50, and HOMA-IR
>2.52. Dundar et al. (13) determined separate cut-offs for TyG in obese
girls and boys. In adults, Kirtil et al. (14) found the value for the TyG
index in individuals with impaired glucose tolerance to be 4.44 using
the [FG (mg/dL) x TG (mg/dL)]/2 formula. For QUICKI, Gokcel et al. (15)
study on the Turkish adult hospital population also found a value of
0.347£0.028. Faki et al. (16) revealed that the TyG index is associated
with diabetic nephropathy in patients with T2DM.

Although elevated TG and reduced HDL-C levels, when considered
separately, are commonly detected in individuals with T2DM and IR,
they are weaker risk indicators than TG/HDL-C. Performance of TG/
HDL-C has been outlined as being almost the same as those for fasting
insulin concentration in determining IR in overweight individuals (17).
In a cohort study by Liu et al. (18), as in our study, an increased TG/
HDL-C level was reported to be a significant indicator for T2DM risk,
independent of gender and age. Similar to our findings, numerous
earlier research have identified a positive relationship between TG/
HDL-C and the occurrence of T2DM (19-21). According to Chauhan et
al. (22), high TG/HDL-C levels may contribute to the early detection of
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Figure 2. Correlations between HbA1c and (a) TyG, (b) HOMA-IR, (c) QUICKI, (d) ISI, and (e) TG/HDL-C ratio in all groups
TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for insulin resistance, QUICKI: Quantitative insulin sensitivity check index, TG/HDL-C:

Triglyceride-to-high-density lipoprotein cholesterol, ISI: Insulin sensitivity index

Table 2. Correlations between indices and HbA1c (%) and HOMA-IR in all groups

HbA1c (%)
Parameter

r p
TyG index 0.547 <0.001
HOMA-IR 0.456 <0.001
QUICKI -0.457 <0.001
ISI -0.345 <0.001
TG/HDL-C 0.306 <0.001

HOMA-IR
r

0.559
1.000
-1.000
-0.821
0.485

p

<0.001
<0.001
<0.001
<0.001
<0.001

TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for insulin resistance, QUICKI: Quantitative insulin sensitivity check index, TG/HDL-C: Triglyceride-to-high-density

lipoprotein cholesterol, ISI: Insulin sensitivity index
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atherosclerotic complications, even in prediabetes. In support of this,
we found a significant difference (p<0.008) in TG/HDL-C values between
the prediabetic and control groups. Chen et al. (23) highlighted the
association between higher baseline TG/HDL-C or TyG levels and an
elevated risk of T2DM in prediabetic individuals. Similar to our findings,
TyG showed superior predictive power for the risk of DM.

Several studies have reported that TyG is related to the risk of DM and
may be avaluable biomarker (24-27). In our study, we found that among
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Figure 3. Receiver operating curve analysis of IR indices in determining
individuals with HbA1c levels >5.7%

TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for
insulin resistance, QUICKI: Quantitative insulin sensitivity check index,
TG/HDL-C: Triglyceride-to-high-density lipoprotein cholesterol, ISI: Insulin
sensitivity index, ROC: Receiver operating characteristic

the indices investigated, TyG best demonstrated the development and
progression of diabetes in the Turkish adult population [AUC=0.749,
(95% CI =0.705-0.789), with 79.7% sensitivity and 57.3% specificity].
When we examined the development of diabetes using the correlations
of the indices with HbA1c and HOMA-IR, we found that TyG was their
best indicator (r=0.547, p<0.001; r=0.559, p<0.001, respectively).
Navarro-Gonzalez et al. (27) suggested a TyG index cutoff value of 8.8
forincident IR and T2DM. In our study, we determined the cut-off level
for the TyG index to be 8.55 in the prediabetic and diabetic groups.
Additionally, Lee et al. (25) identified a TyG index cut-off level of 8.86 in
men and 8.52 in women for predicting T2DM in middle-aged Koreans.
Our cut-off value may be slightly lower because of the inclusion of the
prediabetes group in the evaluation, and ethnic differences. This value
is predictive for future studies conducted in larger populations in our
country.

Katz et al. (28) defined QUICKI as potentially useful in clinical research.
In an investigation by Yokoyama et al. (29), QUICKI was highly correlated
with Clamp-IR in T2DM patients with relatively wide fasting plasma
glucose ranges. In a study conducted by Sarafidis et al. (30), QUICKI
was confirmed as a valid tool for assessing T2DM patients; however,
they stated that further studies should be conducted for McAuley’s
index. According to a study by Straczkowski et al. (31), in individuals
with normal glucose tolerance, fasting insulin levels in plasma may be
sufficient as a crude indicator of insulin sensitivity because beta cell
function is intact. However, in cases of prediabetes and diabetes, indices
based on logarithmically transformed data, such as QUICKI and plasma
glucose levels, are recommended. In our study, we found an important
difference between the prediabetic, diabetic, and control groups for
both tests (Table 1), and significant negative correlations between
QUICKI-HbA1c, QUICKI-HOMA-IR, McAuley index-HbA1c and McAuley
index-HOMA-IR in all groups (Table 2).

Table 3. Receiver operating curve analysis of the indices for patients with HbA1c levels higher than 5.70%

Index AUC 95% Cl

TyG Index 0.749 0.705-0.789
HOMA-IR 0.727 0.682-0.769
QUICKI 0.724 0.679-0.766
ISI 0.675 0.629-0.720
TG/HDL-C 0.635 0.587-0.681

Cut-off Sensitivity Specificity p

>8.55 79.7% 57.3% <0.001
>1.56 79.7% 54.2% <0.001
<0.35 75.9% 55.7% <0.001
<6.98 63.1% 64.6% <0.001
>2.06 73.3% 49.5% <0.001

TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for insulin resistance, QUICKI: Quantitative insulin sensitivity check index, TG/HDL-C: Triglyceride-to-high-density
lipoprotein cholesterol, ISI: Insulin sensitivity index, AUC: Area under the curve, Cl: Confidence interval

Table 4. Binary logistic regression analysis for patients with HbA1c levels higher than 5.70%

Unadjusted
Parameter

OR (95% Cl) p
TyG 5.40 (3.61-8.09) <0.001
HOMA-IR 1.62 (1.39-1.89) <0.001
QUICKI 0.00 (0.00-0.00) <0.001
ISI 0.73 (0.66-0.81) <0.001
TG/HDL-C 1.19(1.08-1.31) <0.001

Adjusted®

OR (95% Cl) p

4.12 (2.65-6.41) <0.001
1.65 (1.39-1.95) <0.001
0.00 (0.00-0.00) <0.001
0.76 (0.68-0.85) <0.001
112 (1.01-1.23) 0.029

*Adjusted for age and sex. Dependent variable: control (HbA1c <5.70%) vs. patient groups (HbA1c >5.70%)

TyG: Triglyceride glucose, HOMA-IR: Homeostatic model assessment for insulin resistance, QUICKI: Quantitative insulin sensitivity check index, TG/HDL-C: Triglyceride-to-high-density

lipoprotein cholesterol, ISI: Insulin sensitivity index, Cl: Confidence Interval, OR: Odds ratio
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A study has shown that an elevated TyG index and HOMA-IR in T2DM
patients are associated with a higher risk of diabetic kidney disease
(DKD). Using HOMA-IR in combination with the TyG index provided higher
sensitivity and specificity in predicting DKD than HOMA-IR alone (32). The
correlation between the TyG index and albuminuria in T2DM patients
was found to be higher than the correlations with other IR indices, such
as HOMA-IR, visceral adiposity index, and lipid accumulation product
(33). In some studies, an independent association between the TyG index
and diabetic retinopathy was identified in patients with T2DM, even after
controlling for confounding variables (34,35). Among patients with T2DM,
those diagnosed with cardiac autonomic neuropathy (CAN) exhibited
significantly elevated TyG index and elevated HbA1c levels, in comparison
to their counterparts without CAN (36,37). In patients with T2DM, the
TG/HDL-C ratio demonstrated the highest AUC (0.721) for predicting
coronary artery disease, whereas TyG-waist circumference exhibited the
highest specificity (78%) (38). In another study, ROC analyses showed that
metabolic score for IR had a higher AUC and better predictive power than
the TyG index in defining major adverse cardiovascular events (39). IR
indices may play an important role in identifying and managing the risk
of complications in patients with T2DM. Their use may enhance early
detection, risk stratification, and personalized intervention, ultimately
improving patient outcomes.

Study Limitations

Because our study was cross-sectional and had a relatively small sample
size, a study with more data points is necessary to clarify cause-and-
effect relationships. In addition, instead of the hyperinsulinemic
euglycemic clamp, HOMA-IR was used to determine IR in this study.
Finally, some factors, such as body mass index, possible comorbidities,
diet, characteristics of standard of living, and the use of statins or other
drugs, could not be included in the study.

Conclusion

Among the evaluated IR indices, the TyG index demonstrated the
highest correlation coefficient with HbA1c. In addition, it yielded the
largest AUC, indicating superior diagnostic performance to the other
indices. These findings indicate that the TyG index may serve as a useful
indicator of IR in individuals with prediabetes and T2DM.
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