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ABSTRACT
Objective: The present study aimed to validate homeostasis model assessment of insulin resistance 
(HOMA-IR) in relation to the insulin tolerance test (ITT) in a model of insulin-resistance in Wistar rats 
induced by a 19-week high-fat diet. Materials and methods: A total of 30 male Wistar rats weighing 
200-300 g were allocated into a high-fat diet group (HFD) (55% fat-enriched chow, ad lib, n = 15) and a 
standard-diet group (CD) standard chow, ad lib, n = 15), for 19 weeks. ITT was determined at baseline 
and in the 19th week. HOMA-IR was determined between the 18-19th week in three different days and 
the mean was considered for analysis. Area under the curve (AUC-ITT) of the blood glucose excur-
sion along 120 minutes after intra-peritoneal insulin injection was determined and correlated with the 
corresponding fasting values for HOMA-IR. Results: AUC-ITT and HOMA-IR were significantly greater 
after 19th week in HFD compared to CD (p < 0.001 for both). AUC-OGTT was also higher in HFD rats  
(p = 0.003). HOMA-IR was strongly correlated (Pearson’s) with AUC-ITT r = 0.637; p < 0.0001. ROC 
curves of HOMA-IR and AUC-ITT showed similar sensitivity and specificity. Conclusion: HOMA-IR 
is a valid measure to determine insulin-resistance in Wistar rats. Arch Endocrinol Metab. 2016;60(2):138-42
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INTRODUCTION

A lthough the hyperinsulinemic euglycemic glucose 
clamp (HEGC) (1) is the gold-standard method 

to evaluate insulin sensitivity and resistance in research, 
important issues such as high-cost, need for pump-
infusion equipment, considerable expertise and length 
greatly limit its clinical applicability (2). Thus, a sim-
pler, less expensive, and less time-consuming alterna-
tive method is desirable to evaluate insulin-sensitivity in 
both clinical practice and experimental research.

Among surrogate methods available to evaluate in-
sulin-sensitivity, the homeostasis model assessment of 
insulin resistance (HOMA-IR) (3) is the most popular 
for epidemiological studies, and has been largely valida-
ted against the HEGC (4-7). HOMA-IR was develo-
ped in 1985, by Matthews (3), as a mathematical model 
that includes interactions between fasting plasma insu-

lin and fasting plasma glucose concentrations, with a 
strong correlation with HEGC. HOMA-IR is a simple 
and particularly helpful tool in the assessment of insulin 
resistance in epidemiological studies, including subjects 
with both glucose intolerance, mild to moderate dia-
betes, and in other insulin-resistance conditions (4-6). 
The applicability of HOMA-IR in experimental research, 
is questioned because of lack of data for  validation in 
most animal species (7). The possibility of evaluating 
insulin sensitivity in animals using a simpler and less 
traumatic method is, thus, highly interesting for expe-
rimental research. In the present study, we examine the 
applicability of HOMA-IR in experimental research, 
validating it against the classical insulin tolerance test 
(ITT), a well-validated method to determine insulin-
-sensitivity (8-13), in a set of Wistar rats that were made 
insulin-resistant by a high-fat diet. 
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MATERIALS AND METHODS

Design

We conducted a controlled experiment in which 15 rats 
were submitted to a high-fat diet (HFD) for 19 weeks, 
and 15 rats were maintained in standard chow (CD) ad 
libitum. The HFD diet was composed of a mix of 45% of 
standard chow and 55% of swine lard. The objective was 
to induce insulin-resistance in some animals to optimize 
a study of association between ITT and HOMA-IR. 
Baseline ITT was performed in all rats. Between the 18th 
and the 19th week, animals were submitted to 5 tests in 
separate days along the same week. These tests included 
a second ITT determination, an oral glucose tolerance 
test (OGTT), and 3 subsequent fasting HOMA-IR 
determinations in 3 different days, in sequence. 

Animals

A total of 30 male Wistar rats weighing 200-300 g were 
included. Animals were housed in pairs at controlled 
room temperature in a 12h light-dark cycle with food 
and water ad libitum. 

Insulin Tolerance Test (ITT)

ITT was performed at the beginning of the study and 
after the 19th week. After a 12-h overnight fast, animals 
were weighted and blood samples collected from the 
tail for serial blood glucose determinations. Regular 
human insulin 0.5 IU/kg (Humulin™ Eli Lilly, São 
Paulo, Brazil) was injected by intra-peritoneal route, 
and blood samples were collected at baseline and after 
15, 30, 45, 60, 90 and 120 minutes. The area under 
curve (AUC-ITT) of blood glucose levels between the 
baseline and 60 minutes, corresponding to the lowest 
glucose value (nadir), was considered for calculation. 

Oral Glucose Tolerance Test (OGTT)

OGTT was obtained only in the day after the ITT, in the 
18th to 19th week. After a 12-h overnight fast and baseli-
ne sampling, a 2 g/kg glucose solution was administered 
orally by gavage, followed by 30, 60, 90 and 120 minutes 
collections of blood samples from the tail for blood glu-
cose determination. All procedures were performed fol-
lowing institutional Animal Welfare Guidelines and were 
approved by the Ethics Committee in Animal Research at 
Hospital de Clínicas de Porto Alegre, Porto Alegre, RS, 
Brazil. The area under the curve determined by glucose 

levels at baseline and 120 minutes after glucose overload 
was considered for calculation of AUC-OGTT.

HOMA-IR determination

In the 3 following days, 12h fasting blood samples were 
obtained for serum insulin and plasma glucose deter-
minations in order to calculate the HOMA-IR. Blood 
samples for insulin were collected from the retro-orbital 
artery using a glass cannula and placed directly into an 
Eppendorf tube. It was then immediately placed in an 
ice-bath and centrifuged at 1000 x g for 10 minutes 
at room temperature, according to the manufacturer’s 
instructions. Serum was stored at -80°C until the assay. 
Rat insulin assay determinations were done by the lu-
minescence method (Luminex™) using kits purchased 
from Linco Research™ (Millipore™, Billerica, MA), 
with detection limit 28 pg/mL.

Blood samples for glucose were obtained from ar-
terial blood collected from the tail. Blood glucose was 
determined by the glucose oxidase method, using glu-
cose strips (Medisense™ Optium Xceed Meter).

The whole procedure lasted for a maximum of 
2-hours for all 30 rats, which were tested for the same 
experiment in a random initial sequence. The sequence 
was randomly defined for the following days in order 
to minimize the effect of fasting time. HOMA-IR was 
determined by the formula (5):      

HOMA IR = serum insulin (mmol/L)*(blood glucose 
(mmol/L)/22.5.Insulin assay

Statistical analysis

AUC-ITT and AUC-OGGT were determined by 
the trapezoidal method with NCSS™ 2007 softwa-
re (NCSS, LLC, Kaysville, UT). Pearson’s correlation 
test and Simple Linear Regression was used to deter-
mine association between HOMA-IR and AUC-ITT. 
We considered the mean of the three determinations of 
HOMA-IR and  analyzed it in two ways: 1: considering 
all values and 2: ruling out the outlier value when ade-
quate. In order to compare HOMA-IR sensitivity and 
specificity in relation to AUC-ITT, we compared ROC 
curves for mean HOMA-IR and AUC-ITT, at different 
cut-off points, and a kappa value for the comparison 
was obtained. Student T-test was performed to com-
pare the mean of body weight, FPG, 2hPG, AUC-O-
GTT, and HOMA-IR between groups. Non-parame-
tric Mann-Whitney Test for independent samples was 
performed to compare the median of AUC ITT and 
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fasting insulin variables between groups at baseline and 
in the 19th week. We used the SPSS™ software version 
21 (IBM Coorporation, Somers, NY) for the statistical 
analyses. Significance was set at p value of 0.05.

RESULTS

At baseline, control diet (CD) and high-fat diet (HFD) 
groups did not differ in relation to AUC-ITT, fasting 
glucose, and body weight. At the 19th week, body weight 
was similar between groups, however, AUC-ITT, fasting 
insulin and HOMA-IR were significantly greater in HFD 
than in CD group (Table 1) (p < 0.001). Also, 2h-glucose 
post-OGTT and the AUC-OGTT were higher in HFD 
rats (p < 0.001) at the 19th week, while fasting plasma 

Table 1. Weight and metabolic parameters at baseline and after 19 weeks 

n

Control diet High-fat diet

p1 p2Baseline 19th week Baseline 19th week

15 15 15 15

Body weight (g) 392.9 ± 31.7 493.6 ± 34.1 385.9 ± 32.6 507.5 ± 47.3 0.525 0.332

AUC ITT 8437.5 [7965.5-9718.3] 6015 [5938.3-6818.7] 7687.5 [7296.1-8419.9] 8145 [7317.7-8525.3] 0.072 < 0.001

FPG (mg/dL) 82 ± 9 94 ± 8 81 ± 5 95 ± 6 0.616 0.866

2hPG (mg/dL) - 113 ± 12 - 131 ± 14 < 0.001

AUC OGTT - 12782 ± 1056.6 - 14172.2 ± 1303.7 0.003

FI (pmol/L) - 455.8 [437.2-716.8] - 818.9 [668.2-183.1] 0.010

HOMA-IR - 2.32 ± 0.75 - 4.58 ± 1.85 < 0.001

AUC: area under curve; ITT: insulin tolerance test; AUC-OGTT: area under the curve for the oral glucose tolerance test; HOMA-IR: homeostasis assessment model of insulin resistance; FPG: fasting 
plasma glucose; 2hPG: glucose 2h after OGTT; FI: fasting insulin; P1: baseline comparisons; P2: 19th week comparisons. Non-parametric Mann-Whitney Test for independent samples was performed 
in AUC-ITT and fasting insulin variables, and data are presented as medians and confidence intervals. Student T-test was performed in weight, FPG, 2hPG, AUC-OGTT, and HOMA-IR variables, and 
data are expressed as means and standard deviations.

Figure 1. Describes the linear regression between AUC-ITT and HOMA-IR defined as the smallest value in three determinations (A), or as the mean of 
three determinations (B). Pearson’s correlation is described aside.

glucose did not differ between groups (Table 1). 
Mean HOMA-IR for three determinations was higher 
in the HFD group at the 19th week (p < 0.001). The 
mean coefficient of variance of HOMA-IR was 34.8%. 
HOMA-IR was strongly correlated with AUC-ITT (p < 
0.0001 and p = 0.0248). The best correlation was found 
when the mean HOMA-IR for three determinations was 
considered and the outlier value (if present) was ruled 
out: (r = 0.637; p < 0.0001) (Figure 1A). Agreement 
between AUC-ITT and HOMA-IR ROC curves was 
highly significant (Kappa = 0.469; p = 0.009) (Figure 2). 
The best agreement for the curves was at the highest 
HOMA-IR values above the median. A 90% sensitivity 
was observed considering the cut-off value for AUC- 
ITT > 6200 and HOMA-IR > 3.9. 
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n = 30
Pearson’s
r = 0.637
p < 0.0001

Regression
r2 = 0.406
r2 adjusted:
0.385
p = 0.0002

n = 30
Pearson’s
r = 0.409
p < 0.0240

Regression
r2 = 0.167
r2 adjusted: 
0.138
p = 0.0248
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DISCUSSION

The present study shows that HOMA-IR has a strong, 
direct correlation with the insulin tolerance test (ITT) 
in Wistar rats, and can be used as a surrogate marker of 
insulin resistance in rats. The current experiment pro-
vides evidence that HOMA-IR is as accurate as ITT to 
detect relative insulin-resistance in rats with 90% sensi-
tivity, which is evidenced by a significant agreement of 
both ROC curves.

We found few similar studies evaluating the asso-
ciation between HOMA-IR and the hyperinsulinemic 
euglycemic glucose clamp (HEGC), and none with the 
ITT. In a study using pregnant female Wistar and Spra-
gue-Dawley rats (14) in which HOMA-IR was valida-
ted against the HEGC, there was a strong association 
with HOMA-IR, which is in similar to our findings. In 
mice, however, the correlations are only modest due to 
increased variability and technical difficulties for perfor-
ming clamp studies (15). In another study comparing 
insulin-based indexes in cats, HOMA-IR was conside-
red the most useful predictor of insulin resistance (16). 

The present study has some limitations. It is im-
portant to mention that we did not use the HEGC as 
the gold standard, but the insulin tolerance test (ITT). 
The ITT determines the sensitivity of insulin receptors 
in tissues by measuring the rate of decrease in blood 
glucose levels before and after intra-venous insulin 
administration (8). This fall yields a curve along time 

creating an area under the curve (AUC) which is used 
as the indicator of insulin sensitivity. The greater the 
AUC, the lower is the sensitivity to insulin. ITT stron-
gly correlates with the HEGC (8,10,11) and is highly 
reproducible in humans (12,13). More recently, it was 
also validated in mice with few adaptations, including 
injection of insulin by intra-peritoneal route (17). ITT 
may have some pitfalls such as the interference of the 
level of the fasting plasma glucose and the possibility 
of late glucose counter-regulation in response to hy-
poglycemia due to prolonged fasting (17). However, 
ITT is considered a valid and well-stablished reprodu-
cible method for the assessment of insulin sensitivity in 
animals, so that it is reasonable to use it as a reference 
method to validate other surrogate markers of insulin 
sensitivity or resistance.

A potentially important topic is that when using 
HOMA-IR in rodents there may be a considerable va-
riability due to changes in insulin and glucose levels, 
according to the duration of fasting (17). In mice, the 
counter-regulatory system response is activated when 
blood glucose is just below 80 mg/dL (18), so that a 
prolonged fast could induce activation, leading to fal-
se interpretation. In the present study, despite the fact 
we used a 12h overnight fast for logistical reasons, we 
substantially minimized this potentially source of varia-
bility by using a mean of triplicate HOMA-IR values 
in three different days, ruling out occasional outlier 
values, if adequate, which may have had a possible im-
pact in the variability of HOMA-IR. A shorter period 
of fasting, such as 5 to 6h, is however, recommended 
by some authors (17,19). 

Another important point is related to the 
interpretation of HOMA-IR in rodents. In humans, 
as HOMA-IR is determined in the fasting, it and 
provides little information about the insulin sensitivity 
in the post-prandial state. This is confirmed by studies 
showing poor correlation between HOMA-IR and 
post-prandial excursions of blood glucose in treated 
diabetic patients (20). The HOMA-IR model is based 
on the premise that fasting circulating glucose/insulin 
levels are determined by a crosstalk between the liver 
and the pancreas. This reflects changes in hepatic 
insulin-sensitivity, but is limited for reflecting changes 
in peripheral insulin sensitivity. Even though it can be 
considered a good predictor of total insulin-sensitivity 
(14), considering the metabolic differences between 
humans and rodents, it remains to be stablished if all the 
inferences in humans can be extrapolated to rodents.

Figure 2. ROC curve comparing sensitivity and specificity between  
AUC-ITT and HOMA-IR.

ITT: insulin tolerance test; HOMA-IR: homeostasis assessment model of insulin resistance; 
ROC curve was performed in AUC ITT and HOMA-IR. Significance level, p < 0.05.

Source of the Curve
ITT
HOMA
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The advantages of using HOMA-IR for studying 
insulin sensitivity in animal research are notorious. It 
is a simple method with no need for special expertise, 
causing minimal stress to animals, and it is virtually free 
from the risk of hypoglycemia, which is a common pro-
blem when using HEGC or ITT. HOMA-IR may then 
be used in experimental research in rodents, as a surro-
gate marker of insulin resistance. Future studies are still 
necessary, however, to standardize methodology and 
interpretation of data for a broader use of HOMA-IR 
in rodents and in other species.

Contributor statements: Luciana C. Antunes designed the study, 
wrote the protocol, reviewed studies, drafted the article, con-
ducted the statistical analysis, and interpreted the data. Manoela 
N. Jornada, Jessica L. Elkfury and Kelly C. Foletto collected data. 
Marcello C. Bertoluci suggested the study and participated in the 
study design, interpreted the data, drafted the article, and was 
responsible for the final approval of this version.

Acknowledgments: this study was supported by Fundo de In-
centivo à Pesquisa, Hospital de Clínicas de Porto Alegre (FIPE/
HCPA), Porto Alegre, RS, Brazil. The authors would also like to 
thank Hospital de Clínicas de Porto Alegre, Graduate Research 
Group (GPPG), Animal Experimentation Unity (UEA/HCPA), 
Marta Cioato, and Fabiola Meyer.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1.	 DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a 

method for quantifying insulin secretion and resistance. Am J 
Physiol. 1979;237(3):E214-23.

2.	 Muniyappa R, Lee S, Chen H, Quon MJ. Current approaches for 
assessing insulin sensitivity and resistance in vivo: advantages, 
limitations, and appropriate usage. Am J Physiol Endocrinol 
Metab. 2008;294(1):E15-26.

3.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985;28(7):412-19.	

4.	 Katsuki A, Sumida Y, Gabazza EC, Murashima S, Furuta M, Araki-
Sasaki R, et al. Homeostasis model assessment is a reliable indi-
cator of insulin resistance during follow-up of patients with type 
2 diabetes. Diabetes Care. 2001;24(2):362-5.

5.	 Haffner SM, Miettinen H, Stern MP. The homeostasis model in the 
San Antonio Heart Study. Diabetes Care. 1997;20(7):1087-92.

6.	 Haffner SM, Kennedy E, Gonzalez C, Stern MP, Miettinen H. A pro-
spective analysis of the HOMA model. The Mexico City Diabetes 
Study. Diabetes Care. 1996;19(10):1138-41.

7.	 Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA 
modeling. Diabetes Care. 2004;27(6):1487-95. 

8.	 Bonora E, Moghetti P, Zancanaro C, Cigolini M, Querena M, Cac-
ciatori V, et al. Estimates of in vivo insulin action in man: compari-
son of insulin tolerance tests with euglycemic and hyperglycemic 
glucose clamp studies. J Clin Endocrinol Metab. 1989;68(2):374-8.

9.	 Gutch M, Kumar S, Razi SM, Gupta KK, Gupta A. Assessment 
of insulin on sensitivity/resistance. Indian J Endocr Metab. 
2015;19(1):160-4.

10.	 Gelding SV, Robins S, Lowe S, Niththyananthan R, Johston DG. 
Validation of low dose short insulin tolerance test for evaluation 
of insulin sensitivity. Clin Endocrinol (Oxf). 1994;40(5):611-5.

11.	 Akinmokun A, Selby PL, Ramaiya K, Alberti KG. The short insulin 
tolerance test for determination of insulin sensitivity: a compari-
son with the euglycemic clamp. Diabet Med. 1992;9(5):432-7.

12.	 Hirst S, Phillips DI, Vines SK, Clark PM, Hales CN. Reproducibility 
of the short insulin tolerance test. Diabet Med. 1993;10(9):839-42.

13.	 Chen CC, Wang TY, Hsu SY, Chen RH, Chang CT, Chen SJ. Is the 
short insulin tolerance test safe and reproducible? Diabet Med. 
1998;15(11):924-7.

14.	 Cacho J, Sevillano J, de Castro J, Herrera E, Ramos MP. Validation 
of simple indexes to assess insulin sensitivity during pregnancy 
in Wistar and Sprague-Dawley rats. Am J Physiol Endocrinol 
Metab. 2008;295:E1269-76.

15.	 Lee S, Muniyappa R, Yan X, Chen H, Yue LQ, Hong EG, et al. Com-
parison between surrogate indexes of insulin sensitivity and re-
sistance and hyperinsulinemic euglycemic clamp estimates in 
mice. Am J Physiol Endocrinol Metab. 2008;294(2):E261-70.

16.	 Appleton DJ, Rand JS, Sunvold GD. Plasma leptin concentrations 
are independently associated with insulin sensitivity in lean and 
overweight cats. J Feline Med Surg. 2002;4(2):83-93. 

17.	 McGuinness OP, Ayala JE, Laughlin MR, Wasserman DH. NIH ex-
periment in centralized mouse phenotyping: the Vanderbilt experi-
ence and recommendations for evaluating glucose homeostasis in 
the mouse. Am J Physiol Endocrinol Metab. 2009;297(4):E849-55. 

18.	 Jacobson L, Ansari T, McGuinness OP. Counterregulatory deficits 
occur within 24 h of a single hypoglycemic episode in conscious, 
unrestrained, chronically cannulated mice. Am J Physiol Endocri-
nol Metab. 2006;290(4):E678-84.

19.	 Ayala JE, Samuel VT, Morton GJ, Obici S, Croniger CM, Shul-
man GI, et al. Standard operating procedures for describing and 
performing metabolic tests of glucose homeostasis in mice. Dis 
Model Mech. 2010;3(9-10):525-34.

20.	 Dabelea D, Pettitt DJ, Hanson RL, Imperatore G, Bennett PH, 
Knowler WC. Birth weight, type 2 diabetes, and insulin resis-
tance in Pima Indian children and young adults. Diabetes Care. 
1999;22(6):944-50.


