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Abstract
Insulin resistance is the primary pathogenesis leading to type 2 diabetes. The HOMA model is widely used to assess insulin 
resistance. This study aims to examine the HOMA1-IR and HOMA2-IR indices in patients with type 2 diabetes diagnosed for 
the first time. A comparative cross-sectional study including two groups: the patient group was patients with type 2 diabetes 
diagnosed for the first time (n=101), and the control group was healthy people (n=98). Statistical analysis was performed 
using SPSS 22.0 software. The study showed that patients with type 2 diabetes had an average value of HOMA1-IR of 3.79 and 
HOMA2-IR of 1.79, significantly higher than that of healthy people. With a cutoff value of 1.96, the sensitivity and specificity 
of HOMA1-IR to distinguish between disease and non-disease were 91.1% and 96.9%, respectively. For HOMA2-IR with a 
cutoff of 0.96, the sensitivity and specificity were 62.4% and 86.7%, respectively. Patients with type 2 diabetes diagnosed for 
the first time had higher HOMA1-IR and HOMA2-IR than healthy people; HOMA1-IR and HOMA2-IR were higher in type 2 
diabetic patients with dyslipidemia than in type 2 diabetic patients without dyslipidemia. HOMA1-IR had higher sensitivity 
and specificity than HOMA2-IR in distinguishing type 2 diabetes from healthy people.
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Introduction

Diabetes mellitus (DM) is a common metabolic dis-
order characterized by chronic hyperglycemia. Accord-
ing to statistics published by the International Diabetes 
Federation (IDF), in 2021, there were approximately 537 
million adults worldwide with DM; it is predicted that 
by 2030, there will be 643 million people, and by 2045, 
783 million people will be living with DM [1]. Type 2 DM 
accounts for approximately 90% of people with DM. 
The occurrence of the disease is due to the interaction 

between genetic factors, environment, obesity, insulin 
resistance, and abnormalities of pancreatic islet cells 
[2, 3]. Insulin resistance causes a compensatory reac-
tion that increases blood insulin, causing long-term 
damage to pancreatic islet β cells, leading to disorders 
in maintaining blood glucose balance and developing 
into type 2 diabetes [4].

To assess insulin resistance in patients with type 2 
diabetes, the Homeostasis Model Assessment (HOMA) 
model is commonly used. This model considers the inter-
action between insulin and glucose kinetics. The classic 
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HOMA model (HOMA1-IR) is widely used because of its 
simplicity. However, the limitation of this model is that 
it does not consider factors such as renal glucose loss, 
glucose utilization in the brain, and differences be-
tween hepatic and peripheral tissue insulin resistance. 
HOMA2 (HOMA2-IR) is an experimentally derived 
model that overcomes the disadvantages of the HOMA1 
model [5]. HOMA1-IR and HOMA2-IR are calculated 
based on fasting plasma glucose and insulin concen-
trations. To eliminate treatment-related factors that 
cause errors in the results, we examined the HOMA1-IR 
and HOMA2-IR indices in patients with type 2 diabetes 
diagnosed for the first time, thereby providing thresh-
old values of these indices to distinguish between type 2 
diabetes and non-diabetes.

Material and methods

Subjects

A cross-sectional, controlled study was conducted 
on 101 patients with type 2 diabetes diagnosed for the 
first time and 98 ordinary people of similar age to the 
disease group, with no pathology detected after routine 
health check-ups.

The newly diagnosed T2DM patients were chosen 
according to the ADA 2019 criteria [6]. Exclude from 
the study if the patient has one of the following factors: 
The patient does not meet the selection criteria. The 
patient is using drugs that affect blood glucose levels, 
such as thiazide diuretics, corticosteroids, beta-block-
ers, and estrogen-containing contraceptives. Type 2 
diabetes patients with cirrhosis, kidney failure, ne-
phrotic syndrome, pyelonephritis, myocardial infarc-

tion, and cancer. The control group contained healthy 
people who were similar in age and gender to the T2DM 
group, ranging in BMI from 18 to 22 and having no dis-
ease. No other comorbidities. 

Clinical examination and testing

All patients were asked about their medical history, 
such as the onset of symptoms, hypertension, medica-
tion history etc. Clinical examination detected associ-
ated diseases, measured height and weight, calculated 
BMI, and measured waist circumference, pulse, and 
blood pressure. Blood samples were taken according to 
a uniform procedure. Patients were required to fast for 
at least 8 hours to take blood samples.

Biochemical indices were analyzed on the AU5800 
automated testing system of Beckman, USA). %HbA1c 
was quantified by high-performance liquid chroma-
tography on the PREMIER9210 machine of Beckman, 
USA. Trinity Biotech, USA. Plasma insulin was quan-
tified by chemiluminescence on the DXI 800 system of 
Beckman, USA.

HOMA 1 – IR Index calculated by formula [7]: 

HOMA-IR=[FPG (mmol/L) × Fasting IRI (µU/L)]/22.5

HOMA2-IR values were calculated using the HOMA 
Calculator software.

Statistical analysis

The data were statistical using Microsoft Office 
Excel 2019 and SPSS22.0. Normally distributed varia-
bles were expressed as mean (±) and standard deviation 
(SD). Correlation and linear regression within variables 

Table 1: General characteristics of the study subjects.

Characteristic Control group (n=98) Patient group (n=101) p

Male 59 (60.2%) 64 (63.4%)
>0.05*

Female 39 (39.8%) 37 (36.6%)

Age (years) 50.71±6.36 52.36±9.26 >0.05**

Systolic blood pressure 116.38±5.2 127.28±12.36 <0.001**

Diastolic blood pressure 71.22±6.05 79.4±10.2 <0.001**

BMI 21.58±0.84 23.43±1.18 <0.001**

Fasting blood glucose (mmol/l) 4.94±0.38 12.59±3.39 <0.001**

HbA1C (%) 4.98±0.36 9.74±2.16 <0.001**

Total cholesterol (mmol/L) 4.67±0.34 5.57±1.24 <0.001**
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were analyzed using Pearson or Spearman analysis. 
p<0.05 was considered to be statistically significant.

Ethical consideration 

All participants were dispensed with written in-
formed consent. The protocol was approved by the 
Ethical Review Committee of Vietnam Military Hos-
pital 103 (Reference No.176/2021/MH103-IRB issued 
28/07/2021). The study was also conducted using good 
clinical practice following the Declaration of Helsinki.

Results

There was no difference in mean age and gender 
ratio between the two groups. There was a statistically 
significant difference in blood pressure, BMI, fasting 
blood glucose, HbA1C, blood lipids, and fasting blood 
insulin between the case and control groups (P<0.05) 
(Table 1).

In patients with a first-time diagnosis of type 2 dia-
betes, the mean value of HOMA1-IR was 3.79, and that 

of HOMA2-IR was 1.29. The HOMA1-IR index in both 
the case and control groups was statistically signifi-
cantly higher than that of HOMA2-IR (Table 2).

The analysis showed a statistically significant 
difference in the HOMA1-IR and HOMA2-IR indices 
between the control group and the first-time diag-
nosed diabetes group. Specifically, the HOMA1-IR 
and HOMA2-IR of the control group were statistically 
significantly lower than those of the diabetes group 
(p<0.001) (Figure 1).

ROC curve analysis of the HOMA1-IR index be-
tween the diabetic and control groups showed 
AUC=0.967, p<0.0001; HOAM2-IR had AUC=0.785, 
p<0.0001 (Figure 2).

The diagnostic sensitivity and specificity of 
HOMA-IR index ≥1.92 were very high, 91.1% and 96.9%, 
respectively; those of HOMA2-IR index ≥0.96 were 
62.4% and 86.7%, respectively, lower than HOMA1-IR 
(Table 3).

In patients with a first-time diagnosis of type 2 di-
abetes with dyslipidemia, HOMA1-IR and HOMA2-IR 
were statistically significantly higher than in patients 
without dyslipidemia (Table 4).

Note: * – Chi-square test; ** – Independent – Samples T-test.

Characteristic Control group (n=98) Patient group (n=101) p

HDL-C (mmol/L) 1.31±0.20 1.11±0.2 <0.001**

LDL-C (mmol/L) 2.22±0.21 3.4±1.07 <0.001**

Triglyceride (mmol/L) 1.18±0.29 3.52±3.03 <0.001**

Insulin (mIU/L) 5.79±1.71 6.86±3.0 <0.05**

Table 1: Continued.

Table 2: Characteristics of HOMA1-IR and HOMA2-IR indices in the study subjects.

Note: * – Mann Whitney U test.

Value
Patient group (n=101) Control group (n=98)

HOMA1-IR HOMA2-IR HOMA1-IR HOMA2-IR

Mean 3.79 1.29 1.27 0.75

Median 3.52 1.11 1.32 0.77

SD 1.80 1.50 0.39 0.22

Minimum value 1.02 0.46 0.61 0.40

Maximum value 11.72 15.38 2.48 1.41

Quartile 1 2.51 0.80 0.91 0.55

Quartile 3 4.54 1.36 1.57 0.90

p* <0.0001 <0.0001
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Discussion

Insulin and glucose concentrations are essential 
to calculate insulin resistance indexes [8]. Increased 
fasting blood insulin concentration directly reflects 
the increased insulin secretion of pancreatic β cells 
and indirectly reflects insulin resistance [9]. The re-
sults in Table 1 show that the fasting blood insulin con-
centration in the patient group had a median value of 
6.86 µU/L, which was statistically higher than that of 
the control group with p<0.05. Thus, there was an ap-
parent increase in blood insulin concentration in the 
type 2 diabetes group compared to the control group. 

The difference between the two groups in our study is 
similar to the results of Azadi S.M. et al. (2023); the av-
erage blood insulin concentration of type 2 diabetes pa-
tients was 10.07±3.55 µU/mL, statistically higher than 
that of the control group with p<0.05 [10].

There are many methods and evaluation indexes 
to assess insulin resistance. The method considered 
the most accurate or “gold standard” is the “glucose 
clamp” method. However, this method is very com-
plicated and difficult to perform, so it is rarely applied 
in epidemiological research and clinical practice. The 
endogenous assessment method (HOMA- Hemostat-
ic model assessment) is the most popular because it is 

Figure 1: Comparison of HOMA1-IR and HOMA2-IR indexes between study groups. p – Mann Whitney U test.

Figure 2: ROC curve analysis of HOAM1-IR and HOMA2-IR in discriminating between diabetes and healthy people.

http://www.rjdnmd.org


Thi MH et al.  Survey of HOMA1-IR and HOMA2-IR indexes in first-diagnosed type 2 diabetes patients

24 https://doi.org/10.46389/rjd-2025-1823 © 2025 The Authors

simple, easy to perform, and reasonably accurate com-
pared to the method “clip glucose” [8, 9]. Since both 
HOMA1-IR and HOMA2-IR indices are calculated based 
on fasting plasma glucose and insulin concentrations, 
we chose to study patients with type 2 diabetes diag-
nosed for the first time who had not been treated. With 
this subject, treatment factors affecting the concentra-
tion of substances were eliminated, thereby obtaining 
more accurate and objective HOMA indices. The re-
sults of our study showed that in patients with type 2 
diabetes diagnosed for the first time, the mean value of 
the HOMA1-IR index was 3.79, higher than HOMA2-IR 
was 1.29, and both were statistically significantly high-
er than the control group with p<0.0001. The study by 
Azadi S.M. et al. showed that the HOMA1-IR index of 
the type 2 diabetes group was 3.93±1.53, statistically 
significantly higher than the control group at 0.68±0.4 
with p<0.05 [10]. Author Aliusef.M. H et al. also con-
cluded that the average value of HOMA1-IR was sta-
tistically significantly higher than the average value 
of HOMA-IR [11]. The above data confirm that there 
is very clear insulin resistance in patients with type 2 
diabetes. The mean HOMA-1 IR value is significantly 
higher than the mean HOMA-2 IR value, so determin-
ing insulin resistance status by HOMA-1 IR alone may 
miss some patients.

The HOMA1-IR index differentiated the diabetic 
group from the non-diabetic group with AUC=0.967, 
p<0.0001, cutoff threshold of 1.92, with sensitivity and 
specificity for diagnosing diabetes of 91.1% and 96.9%. 
The HOMA2-IR index differentiated the diabetic group 
from the non-diabetic group with AUC=0.765, p<0.001, 
and a cutoff threshold of 0.96, with sensitivity and 
specificity of 62.4% and 86.7%, respectively. In a study 
comparing the values of HOMA1-IR and HOMA2-IR in 
assessing glucose tolerance, Meshra. B. et al. concluded 
that HOMA1-IR correlated better with fasting and post-
prandial plasma glucose and measures of obesity than 
HOMA2-IR. Therefore, HOMA1-IR should be preferred 
over HOMA2-IR for predicting glucose intolerance [12].

Diabetes is a non-communicable disease that is in-
creasing rapidly worldwide. The disease causes many 
burdens in terms of labor loss, treatment and control 
costs, complications and mortality. One of the many 
causes of treatment failure and loss of control is insu-
lin resistance [13, 14]. When insulin resistance occurs, 
blood sugar is difficult to control and thus promotes 
many serious complications. Dyslipidemia is a factor 
that promotes the progression of diabetes [15]. Our 
study showed an increased trend of HOMA1-IR and 
HOMA2-IR in the group of type 2 diabetic patients with 
dyslipidemia compared with the group without dys-

Table 3: Sensitivity and specificity of HOMA1-IR, HOMA2-IR in discriminating between diabetes and healthy.

Index Cutoff Sensitivity (%) Specificity (%)

HOMA1-IR 1.92 91.1 96.9

HOMA2-IR 0.96 62.4 86.7

Table 4: Relationship between HOMA1-IR and HOMA2-IR with dyslipidemia in type 2 diabetes patients.

Note: * – Mann Whitney U test.

Value
HOMA1-IR HOMA2-IR

Non dyslipidemia 
(n=25)

Dyslipidemia 
(n=76)

Non dyslipidemia 
(n=25)

Dyslipidemia 
(n=76)

Mean 3.2 3.98 1.0 1.38

Median 2.6 3.67 0.85 1.13

SD 1.7 1.78 0.45 1.69

Minimum value 1.02 1.19 0.46 0.48

Maximum value 7.69 11.71 2.11 15.38

Quartile 1 2.2 2.77 0.65 0.88

Quartile 3 4.02 4.65 1.21 1.37

p* <0.05 <0.05
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lipidemia (Table 4). Bautista. F. P. et al. also gave simi-
lar research results when evaluating insulin resistance 
in newly diagnosed overweight and obese diabetic pa-
tients [16]. This suggests a relationship between lipid 
disorders and insulin resistance and supports previous 
data that insulin resistance was significantly increased 
in overweight/obese T2DM patients.

Conclusion

The study showed that patients with type 2 diabe-
tes at the first diagnosis had a mean HOMA1-IR index 
value of 3.79 and HOMA2-IR of 1.79, which was statis-
tically significantly higher than that of healthy people. 
With a cutoff value of 1.96, the sensitivity and specific-
ity of HOMA1-IR to distinguish between disease and 
non-disease were 91.1% and 96.9%, respectively. For 
HOMA2-IR with a cutoff of 0.96, the sensitivity and 
specificity were 62.4% and 86.7%, respectively. HO-
MA1-IR and HOMA2-IR were higher in type 2 diabetic 
patients with dyslipidemia than in type 2 diabetic pa-
tients without dyslipidemia.

Acknowledgments 

We thank all patients for their participation in this 
study, Military Medical University for supporting the 
research team with facilities and personnel to conduct 
the research and Military Hospital 103 for creating fa-
vorable conditions for the research to be conducted.

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Federation, I.D., IDF Diabetes Atlas. Vol. 10th edition. 2021.
2.	 Guo, H., H. Wu, and Z. Li, The Pathogenesis of Diabetes. Inter-

national Journal of Molecular Sciences, 2023. 24(8): p. 6978.

3.	 Galicia-Garcia, U., et al., Pathophysiology of Type 2 Diabetes 
Mellitus. International Journal of Molecular Sciences, 2020. 
21(17).

4.	 Dali-Youcef, N., et al., Metabolic inflammation: connecting obe-
sity and insulin resistance. Annals of Medicine, 2013. 45(3): p. 
242-53.

5.	 Song, Y.S., et al., Comparison of the Usefulness of the Updat-
ed Homeostasis Model Assessment (HOMA2) with the Original 
HOMA1 in the Prediction of Type 2 Diabetes Mellitus in Kore-
ans. Diabetes Metab J, 2016. 40(4): p. 318-25.

6.	 Standards of Medical Care in Diabetes-2019 Abridged for Prima-
ry Care Providers. Clin Diabetes, 2019. 37(1): p. 11-34.

7.	 Matthews, D.R., et al., Homeostasis model assessment: insulin 
resistance and beta-cell function from fasting plasma glucose 
and insulin concentrations in man. Diabetologia, 1985. 28(7): p. 
412-9.

8.	 Gastaldelli, A., Measuring and estimating insulin resistance 
in clinical and research settings. Obesity (Silver Spring), 2022. 
30(8): p. 1549-1563.

9.	 Park, S.Y., J.F. Gautier, and S. Chon, Assessment of Insulin Se-
cretion and Insulin Resistance in Human. Diabetes Metab J, 
2021. 45(5): p. 641-654.

10.	 Azadi, S.M., et al., Elevated angiopoietin-like protein 3 serum 
levels in diabetic nephropathy patients and its association with 
renal function and lipid profile. BMC Nephrology, 2023. 24(1): p. 
172.

11.	 Aliusef, M.H., et al., Clustering patterns of metabolic syn-
drome: A cross-sectional study in children and adolescents in 
Kyiv. Frontiers in Pediatrics, 2022. 10.

12.	 Meshra.B, Aslam.M, and Goyal.s, HOMA1-IR as a better predic-
tor for glucose intolerance then HOMA2-IR. International Dia-
betes Federation 2017 Congress, 2017.

13.	 Lee, S.H., S.Y. Park, and C.S. Choi, Insulin Resistance: From 
Mechanisms to Therapeutic Strategies. Diabetes Metab J, 2022. 
46(1): p. 15-37.

14.	 Yaribeygi, H., et al., Insulin resistance: Review of the underly-
ing molecular mechanisms. J Cell Physiol, 2019. 234(6): p. 8152-
8161.

15.	 Ide, S., Y. Maezawa, and K. Yokote, Updates on dyslipidemia in 
patients with diabetes. J Diabetes Investig, 2023. 14(9): p. 1041-
1044.

16.	 Bautista, F.P., G. Jasul, Jr., and O.A. Dampil, Insulin Resistance 
and β-Cell Function of Lean versus Overweight or Obese Filipi-
no Patients with Newly Diagnosed Type 2 Diabetes Mellitus. J 
ASEAN Fed Endocr Soc, 2019. 34(2): p. 164-170.

http://www.rjdnmd.org

