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Abstract 

Background To investigate the association between the Homeostasis Model Assessment of Insulin Resistance 
(HOMA‑IR) and Homeostasis Model Assessment of Beta‑cell function (HOMA‑B) with the incidence of diabetes and 
pre‑diabetes subtypes.

Methods A total of 3101 normoglycemic people aged 20–70 years were included in the 6‑year follow‑up study. 
Multinomial logistic regression was used to calculate the incidence possibility of isolated Impaired Fasting Glucose 
(iIFG), isolated Impaired Glucose Tolerance (iIGT), Combined impaired fasting glucose & impaired glucose tolerance 
(CGI), and Diabetes Mellitus (DM) per standard deviation (SD) increment in HOMA‑IR and HOMA‑B in the crude and 
multivariable model.

Results In the multivariate model, an increase in one SD change in HOMA‑IR was associated with a 43, 42, 75, and 
92% increased risk of iIFG, iIGT, CGI, and DM, respectively. There was a positive correlation between the increase in 
HOMA‑B and the incidence of iIGT; however, after adjusting the results for metabolic syndrome components, it was 
inversely correlated with the incidence of iIFG [Odds Ratio = 0.86(0.75–0.99)].

Conclusions HOMA‑IR is positively correlated with diabetes and pre‑diabetes subtypes’ incidence, and HOMA‑B is 
inversely correlated with the incidence of iIFG but positively correlated with iIGT incidence. However, none of these 
alone is a good criterion for predicting diabetes and pre‑diabetes.

Keywords Prediabetes, Impaired glucose tolerance, Impaired fasting glucose, HOMA‑IR, HOMA‑B, Diabetes, 
Prediabetic state

Introduction
Type 2 diabetes is a growing disease worldwide, imposing 
a severe burden on society along with its complications 
[1–4]. In Iran, the incidence rate of type 2 diabetes in the 
urban population over 20 years is more than 1 % annu-
ally [5]. The incidence rate of pre-diabetes is significantly 
higher and estimated to be more than 4 % each year, indi-
cating a very high prevalence of diabetes soon [6].

Pre-diabetes is associated with a high risk of micro and 
macrovascular complications [7–10]. As a result, early 
detection of people susceptible to pre-diabetes, lifestyle 
modifications, and effective medications is necessary to 
prevent developing pre-diabetes and its complications in 
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these people [4, 11]. 30-year results of the Da Qing Diabe-
tes Prevention Outcome Study showed that lifestyle inter-
vention in people with pre-diabetes could reduce 40% 
development of diabetes and delay its onset by 3·96 years 
[12]. Insulin resistance and dysfunction of pancreatic beta 
cells are important factors in the pathophysiology of dia-
betes and pre-diabetes, contributing to different degrees 
among pre-diabetic subgroups according to different 
races and ethnicities [13–16]. There are various meth-
ods for measuring insulin resistance and insulin secre-
tion dysfunction. Hyperinsulinaemic euglycemic clamp 
and hyperglycemic clamp are the best methods; however, 
their application has been limited due to the difficulty 
of preformation, time-consuming implementation, and 
high costs [17]. The most common method used in epi-
demiological studies is HOMA-B and HOMA-IR formu-
las. There is a high correlation between the results of this 
method and the results of the clamp method [18–20]. A 
cut-off point seems to be a good diagnostic measure for 
different populations and races [19].

Studies conducted in different communities have used 
different ligation methods or HOMA to investigate the 
association between insulin resistance or impaired insu-
lin secretion and pre-diabetes subtypes and also have 
produced different results. On the other hand, these 
studies have been mainly cross-sectional that are inappli-
cable for predicting the incidence of pre-diabetes. More-
over, no separate study has determined the appropriate 
cut-off points for HOMA-IR and HOMA-B to predict the 
incidence of diabetes and pre-diabetes in our commu-
nity. Consequently, this study was conducted on Tehran 
Lipid and Glucose Study (TLGS) population to prospec-
tively answer if there is a prospective association between 
“insulin resistance or insulin secretion disorder” and “dia-
betes and pre-diabetes subtypes” in our society.

Methods
Study population
This study was performed on the Tehran Lipid and Glu-
cose Study population, representing the Tehran popu-
lation. The methodology of TLGS has already been 
published [5]. This study has been performed on 12,819 
individuals who participated in the fourth examination 
cycle of the study, of which we exclude people younger 
than 20 and over 70, those with diabetes or pre-diabetes, 
pregnant women, steroid users, and those with missing 
data on fasting blood sugar (FBS) and two-hour blood 
sugar (2hpp BS) at baseline. After exclusion, a total of 
3101 people remained who were followed up to the sixth 
examination cycle in triennial intervals (mean period 
of 6 years). During follow-up, people with missing data 
on outcomes were excluded, and finally, 2399 subjects 
remained in the study. Participants were followed up for 

the incidence of pre-diabetes or diabetes or the last fol-
low-up time, and each happened first (Fig. 1).

Clinical and laboratory measurements
After obtaining written informed consent, all participants 
were referred to trained physicians. Demographic data, 
disease records, family history of non-communicable dis-
eases, smoking habits, physical activity assessment, and 
physical examination, including anthropometric meas-
urements, were collected and performed by physicians.

Blood samples were taken after 12–14 hours of over-
night fasting, between 7 and 9 am, and centrifuged within 
30–45 minutes of collection. Plasma glucose was meas-
ured 2 hours after receiving 75 g of oral glucose using 
an enzymatic calorimetry method with glucose oxidase 
technique on the day of sample collection. The coef-
ficients of variation (CV) for inter and intra-test at the 
beginning and follow-up of the TLGS were 2.2% for glu-
cose. The serum was used to measure fasting insulin (FI) 
too. After collecting the samples, insulin was measured 
by electrochemiluminescence immunoassay method 
using the Roche Diagnostics kits and a Roche/Hitachi 
Cobas e-411 analyzer (GmbH, Manheim, Germany). 
Lyophilized quality control material (Lyphochek Immu-
noassay Plus Control, Bio-Rad Laboratories) was used to 
monitor the accuracy of assays. Intra- and inter-assay CV 
were 1.2% & 3.5%, respectively.

Definitions
Diabetic patients included those with FBS ≥ 126 mg/dl or 
BS2hpp ≥ 200 mg/dl at the beginning or during the study 
or those who received antidiabetic therapy. Subjects with 
BS2hpp < 140 mg/dl and FBS < 100 mg/dl were consid-
ered as free of diabetes, isolated impaired fasting glucose 
(iIFG) was considered in cases with FBS between 100 
and 125 mg/dl and BS2hpp < 140 mg/dl, isolated impaired 
glucose tolerance (iIGT) included FBS < 100 mg/dl and 
BS2hpp between 140 and 199 mg/dl, combined impaired 
fasting glucose & impaired glucose tolerance (CGI) was 
defined as FBS between 100 and 125 mg/dl and BS2hpp 
between 140 and 199 mg/dl [21, 22]. Pre-defined cut-offs 
from the previous statement from the Iranian National 
Committee of Obesity report were used to define binary 
metabolic syndrome variables [23]. HOMA-IR was cal-
culated using the formula FBS(mmol/L)*FI(Mu/ml)/22.5 
[24, 25], and HOMA-B was calculated using the formula 
20*FI(Mu/ml)/[FBS(mmol/L)-3.5] [19, 26].

Statistical analysis
Initially, the normality distribution of the variables was 
assessed graphically using Q-Q plots, and the base-
line characteristics of the participants were described. 
Mean (SD) and median (IQR) were used for continuous 
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variables with normal and skewed distributions, respec-
tively. Also, frequency (%) was described for the categor-
ical variables. Depending on the variable type, Pearson’s 
Chi-square test, ANOVA, and Kruskal Wallis tests were 
used to compare baseline indices in the normal group, 
iIFG, iIGT, CGI, and DM. The Cubic Spline Models using 
three knots based on quartiles of the variables were used 
to evaluate the linear relationship between HOMA-IR 
and HOMA-B with the incidence of pre-diabetes/diabe-
tes. Multinomial Logistic Regression model was used to 
evaluate the association between changes in HOMA-IR 
and HOMA-B with incidences of iIFG, iIGT, CGI, and 
DM. Since the association between HOMA-IR/HOMA-
B and pre-diabetes/diabetes incidence was linear, odds 
ratio (ORs) and 95% confidence intervals (95% CIs) for 
exposure variables per one SD change were reported.

Three models were designed for analysis. Model (1): 
Crude model, Model (2): Adjusted for gender and age, 
smoking, education level, and family history of diabetes, 
Model (3a): Adjusted for model 2 in addition to meta-
bolic syndrome variables including waist circumference, 
blood pressure, triglyceride, and HDL, as binary vari-
ables, model (3b): Adjusted for model 2 in addition to 
metabolic syndrome variables including waist circumfer-
ence, systolic & diastolic blood pressure, triglyceride, and 
HDL as continuous variables.

ROC curve analysis was used to determine the possible 
relationship between HOMA-B and HOMA-IR with the 
risk of diabetes and pre-diabetes over 6 years. ROC curve 
analysis for HOMA-B and HOMA-IR was repeated in 
pre-diabetes subtypes (iIFG, iIGT). SPSS version 20 and 
STATA version 14 software were used for these analyses. 

Fig. 1 Study participants flowchart
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The results with a P-value of less than 0.05 were consid-
ered significant.

The ethics committee of Shahid Beheshti University of 
Medical Sciences approved this study.

Results
As shown in Fig.  1, of the 2399 individuals followed up 
for 6 years, 2.7% had DM, 5.1% had CGI, 13.2% had iIGT, 
and 18.8% had iIFG as the first event.

Table  1 shows the baseline characteristics of study 
participants at the beginning of the fourth examination 
cycle. This table compared subjects in 5 events of the 
normal group, iIFG, iIGT, CGI, and DM group. Signifi-
cant differences were observed between groups in almost 
all variables.  

The results of the cubic spline are reflected in 
Fig.  2, which indicates the linearity of the association 
between the HOMA-IR and HOMA-B with the inci-
dence of outcomes.

As shown in Table  2 for the crude model, a unit 
increase in SD of HOMA-IR was associated with 

increased odds of iIFG by 1.36, iIGT by 1.28, CGI by 1.57, 
and DM by 1.83 times. After adjusting for confounding 
variables, there was a slight increase in OR in Model 2 
and a slight decrease in Model 3, but the differences were 
not significant. Also, in the crude model, one SD increase 
in HOMA-B was associated with a significantly increased 
odds of DM by 1.61, iIGT by 1.15, and CGI by 1.2 folds, 
but no significant relationship was observed with iIFG. 
After adjusting for confounding variables in models 2 
and 3, there was no significant increase in risks of iIFG 
and iIGT. Only in model 3b a one-unit increase of SD of 
HOMA-B was associated with a reduction in the risk of 
iIFG incidence.

The main missing variable in our dataset was the insu-
lin data (other missing variables were < 5%). The supple-
mentary data represent comparisons between subjects 
with missing and non-missing data for insulin (Table 
S1) and subjects who followed and did not follow (Table 
S2). As there were some differences, we also did a sen-
sitivity analysis considering multiple imputations (with 
the assumption of missing at random, i.e., the missing 

Table 1 Baseline characteristics of study participants in different categories of outcomes

a) Education: 0 = illiterate/primary; 1 = below diploma; 2 = higher than diploma

b) Smoking: 0 = Nonsmoker; 1 = past smoker; 2 = current smoker

Total Normal glucose iIFG iIGT CGI DM P-Value

Number 2399 (100%) 1443 (60.2%) 318 (13.2%) 451 (18.8%) 122 (5.1%) 65 (2.7%)

Age (years) 42.6 (11.36) 40.96 (10.62) 48.5 (11.70) 44.9 (10.38) 48 (11.22) 43.65 (12.25) < 0.001

Female (%) 1477 (61.7%) 948 (65.6%) 193 (60.7%) 229 (50.1%) 63 (52.1%) 44 (67.7%) < 0.001

Education (%)
(a)

0 379 (15.9%) 188 (13%) 83 (26.1%) 80 (17.7%) 20 (16.5%) 10 (15.4%) < 0.001

1 1379 (57.5%) 831 (57.5%) 176 (55.3%) 259 (57.4%) 71 (58.7%) 41 (63.1%) –

2 641 (26.5%) 426 (29.5%) 59 (18.6%) 112 (24.8%) 30 (24.8%) 14 (21.5%) –

Smoking (%)
(b)

0 1796 (74.9%) 1114 (77.1%) 231 (72.6%) 304 (67.4%) 99 (81.8%) 48 (73.8%) < 0.001

1 163 (6.8%) 71 (4.9%) 33 (10.4%) 43 (9.5%) 10 (8.3%) 6 (9.2%) –

2 440 (18.3%) 258 (17.9%) 54 (17%) 104 (23.1%) 12 (9.9%) 11 (16.9%) –

Familial history of type 2 
DM (%)

240 (10%) 133 (9.2%) 39 (12.3%) 49 (10.9%) 8 (6.6%) 11 (16.9%) 0.08

Body mass index (kg/m2) 27.5 (4.56) 27 (4.3) 28.64 (4.33) 28.1 (4.7) 29.6 (4.38) 30.55 (5.37) < 0.001

Waist circumstance (cm) 93 (11) 90.8 (10.8) 95.5 (11) 97 (10) 98 (10.1) 98 (13.2) < 0.001

Systolic Blood Pressure 
(mmHg)

112.83 (15.82) 110.51 (14.133) 118.8 (16.79) 114 (15.7) 121.8 (17.8) 120.7 (21) < 0.001

Diastolic blood pressure 
(mmHg)

75.67 (10.94) 74.65 (10.51) 78 (10.79) 76.5 (11.38) 80.4 (10.4) 79.9 (12.4) < 0.001

FBS (mmol/dl) 5.00 (0.31) 4.95 (0.30) 5.03 (0.29) 5.18 (0.26) 5.14 (0.30) 5.04 (0.33) < 0.001

2hpp BS (mmol/dl) 5.32 (1.09) 5.12 (1.04) 5.93 (1.06) 5.44 (1.09) 5.96 (1.00) 5.86 (1.20) < 0.001

HDL‑C (mmol/dl) 1.25 (0.30) 1.28 (0.31) 1.24 (0.30) 1.19 (0.27) 1.17 (0.26) 11.19 (0.22) < 0.001

Triglyceride (mmol/dl) 1.27 (0.90–1.81) 1.17 (0.86–1.65) 1.43 (1.03–1.99) 1.47 (1.05–1.99) 1.62 (1.20–2.35) 1.53 (1.15–2.12) < 0.001

Total cholesterol (mmol/
dl)

4.86 (0.87) 4.78 (0.92) 5.05 (0.95) 5.12 (0.85) 5.14 (0.86) 5.03 (0.86) < 0.001

Fasting serum insulin 
(micro U/ml)

7.64 (5.10–50.69) 7.32 (5.32–9.93) 8.06 (5.8–11.36) 8.09 (5.6–11.6) 8.36 (6.58–12.67) 10.19 (6.7–13.9) < 0.001

HOMA‑IR 1.69 (1.20–2.40) 1.61 (1.15–2.21) 1.78 (1.27–2.55) 1.89 (1.28–2.72) 1.94 (1.48–2.83) 2.43 (1.44–3.08) < 0.001

HOMA‑B 103.7 (64–151) 102.6 (74–141) 108.4 (75–149) 98.4 (78–140) 107.2 (77–164) 127.6 (88–204) < 0.001
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values depend on the measured variables), and the results 
changed negligibly (Table S3).

The area under the HOMA-IR curve (AUC) for pre-
diabetes/diabetes was 59% (CI: 57–62%), and the best 
cut-off point based on Youden’s index was 2.22 (with 
39% sensitivity and 76% specificity); also, the value for 
HOMA-B was 51% (CI: 49–54%) (Fig.  3) which was 
not statistically significant. The AUC of HOMA-IR and 
HOMA-B for iIFG (58 and 48%, respectively) and iIGT 
(56 and 52%, respectively) are also shown in Fig. 3, where 
the results are not meaningfully different from the analy-
sis for the combined outcome.

Discussion
This cohort study showed that in normoglycemic indi-
viduals increase in HOMA-IR has an association with an 
increased incidence of iIFG, iIGT, CGI, and DM during a 
six-year follow-up. It also showed increasing in HOMA-
B is associated with an increased incidence of iIGT, CGI, 
and DM and decreased incidence of iIFG after adjusting 
for the variables of metabolic syndrome.

This study found a linear relationship between HOMA-
IR and HOMA-B with the incidence of pre-diabetes. 
Similarly, in a study by Salami et  al., who evaluated the 
incidence of pre-diabetes based on the HOMA-IR index 
in different quartiles, this risk was higher in the fourth 

Fig. 2 Relationship between A HOMA‑IR and pre‑diabetes/diabetes incidence B HOMA‑B and pre‑diabetes/diabetes incidence
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quartile than the previous ones in almost all cases, 
including DM, CGI, iIGT, and iIFG [20].

There was no significant difference in the association 
between increased HOMA-IR and the incidence of pre-
diabetes subtypes. As expected, OR in the diabetes group 
was significantly higher than either iIFG or iIGT. Also, 
there was no significant difference after adjusting for 
other variables.

In the case of HOMA-B, its increase has been associ-
ated with an increased incidence of DM, CGI, and iIGT, 
but in the case of iIFG, a significant reduction of inci-
dence was only observed in model 3b (after adjustment 
for metabolic syndrome variables). In iIGT, peripheral 
resistance (muscle and fat) and relative insulin secretion 
impairment seem to play an essential role in develop-
ing pre-diabetes and diabetes, while in the case of iIFG, 
insulin resistance and hepatic glucose production have 
the primary role. Hence, comparing these two processes 
in iIFG and iIGT is not sufficiently accurate, especially 
using the HOMA-B formula, in which only fasting blood 
glucose and insulin are used. On the other hand, HOMA-
B followed an increasing trend for 3 to 4 years before the 
onset of diabetes and then decreased until the incidence 
of diabetes [27]; thus, the effects of HOMA-B changes on 
the incidence of pre-diabetes can be affected by the time 
interval until the desired outcome in the future.

Also, in a study by Derakhshan et  al., beta-cell dys-
function or low HOMA-B (HOMA-B < 25 percentile) 
was associated with increased risk of iIFG in a mul-
tivariate model [H.R. = 1.37(1.03–1.81) in men, and 
HR = 1.36(1.02–1.80) in women] which is in line with 
our findings. This study further showed that increased 
HOMA-IR was associated with increased HR in all four 
groups, which is in line with the results of our study, too 
[28]. A 2009 prospective study in Denmark to determine 

the association between insulin sensitivity and insu-
lin secretion with the development of normoglycemic 
individuals to IFG or IGT reported that liver insulin 
resistance and subsequent dysfunction of beta cells in 
the secretion of insulin are the main factors in the pro-
gression of normal blood glucose to iIFG during 5 years, 
while the reduction of whole-body sensitivity and con-
sequently insulin secretion dysfunction was reported as 
the major factors leading to iIGT [21]. It should be noted 
that, in this study, OGTT was performed, HOMA-S and 
ISI (Insulin Sensitivity Index) were used to assess insu-
lin sensitivity, and EPIR (Early Phase Insulin Release) 
and DI (Disposition Index) were used to measure insulin 
secretion [29].

Too many studies investigated the association of 
HOMA-IR and HOMA-B with IFG and IGT. However, 
most of these were cross-sectional studies and evaluated 
this association concurrently with the occurrence of phe-
notypes, making it impossible to compare their results 
with the findings of this study. In this study, increasing 
HOMA-B per SD resulted in a reduced incidence of 
iIFG and an increased incidence of iIGT, CGI, and DM; 
Thus, AUC was not an appropriate criterion for predict-
ing the development of pre-diabetes. On the other hand, 
HOMA-IR does not produce an acceptable AUC and cut-
off point, so HOMA-IR is not a good index for predicting 
pre-diabetes. None of the ROC diagrams of HOMA-IR 
and HOMA-B, which were prepared separately for iIFG 
and iIGT, resulted in appropriate AUCs. In a study by Dr. 
Ghassemi et al., the HOMA-IR cut-off point for diagno-
sis of diabetes was 2.17 (50% sensitivity and 76.7% speci-
ficity) in women and 1.85% (75.9% sensitivity and 58.3% 
specificity) in men [19]. Compared with the results of 
Dr. Ghassemi’s study for diabetes, the cut-off point of 
our study seems to be inappropriate for predicting the 

Table 2 Odds ratios of incidence of diabetes and pre‑diabetes for HOMA‑IR and HOMA‑B

Model (1): crude model, Model (2): Adjusted for gender and age, smoking, level of education, and family history of type 2 diabetes, Model (3a): Adjusted for model 2 in 
addition to metabolic syndrome variables including waist circumference, blood pressure, triglyceride, and HDL, as binary variables, model (3b): Adjusted for model 2 
in addition to metabolic syndrome variables including waist circumference, systolic & diastolic blood pressure, triglyceride, and HDL as continuous variables

iIFG iIGT CGI DM

HOMA‑IR

 Model‑1 1.36 (1.22–1.51) 1.28 (1.13–1.45) 1.57 (1.35–1.84) 1.83 (1.52–2.19)

 Model‑2 1.43 (1.28–1.59) 1.42 (1.25–1.61) 1.75 (1.48–2.06) 1.92 (1.59–2.32)

 Model‑3a 1.38 (1.22–1.55) 1.33 (1.16–1.52) 1.5 (1.25–1.81) 1.70 (1.38–2.10)

 Model‑3b 1.31 (1.16–1.48) 1.28 (1.11–1.48) 1.42 (1.17–1.72) 1.54 (1.24–1.92)

HOMA‑B

 Model‑1 0.94 (0.83–1.05) 1.15 (1.02–1.29) 1.20 (1.01–1.42) 1.61 (1.36–1.90)

 Model‑2 1.01 (0.90–1.14) 1.31 (1.16–1.48) 1.37 (1.15–1.62) 1.72 (1.44–2.05)

 Model‑3a 0.92 (0.81–1.05) 1.20 (1.05–1.37) 1.13 (0.93–1.38) 1.53 (1.26–1.85)

 Model‑3b 0.86 (0.75–0.99) 1.17 (1.02–1.33) 1.08 (0.88–1.32) 1.41 (1.15–1.72)
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incidence of pre-diabetes because the HOMA-IR cut-
off point for pre-diabetes is expected to be lower than 
that for diabetes. Also, in a cross-sectional study by 
Baek et  al., the reported cut-off point of HOMA-IR for 

detecting dysglycemia based on FBS and HbA1C (equal 
to 1.6) was lower than that obtained in our study [30]. 
Given that the HOMA-IR formula only includes fasting 
glucose and insulin, mainly related to insulin resistance in 

Fig. 3 ROC diagram for the association between A HOMA‑IR and B HOMA‑B with the incidence of pre‑diabetes/diabetes C HOMA‑IR and incidence 
of iIFG, D HOMA‑B and incidence of iIFG, E HOMA‑IR and incidence of iIGT, F HOMA‑B and incidence of iIGT, during 6 years. ROC curves show 
discrimination between iIFG and iIGT with normoglycemia
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the liver, it seems complicated to obtain a single HOMA-
IR cut-off point for all pre-diabetic subjects.

Since insulin levels and glucose concentrations are the 
only measurements needed to calculate HOMA-IR and 
HOMA-B, they have become the most widely used sur-
rogate indicators, providing valuable insights into insulin 
resistance, b-cell function, and glucose metabolism [26, 
31, 32]. However, in our findings, these were not good 
criteria for predicting the incidence of diabetes/pre-
diabetes, emphasizing that HOMA should not be con-
sidered exclusively in the framework of clinical practice. 
Using other clinical features of subjects or indices such 
as triglyceride-glucose index [33], which has been shown 
that are important in predicting metabolic syndrome 
alongside HOMA-B/HOMA-IR, could help to decide 
more precisely for individuals concerning the prediction 
of pre-diabetes/diabetes in the future. Nonetheless, sig-
nificant differences in insulin levels have been reported 
between different populations and ethnicities [34], and 
further research may be needed to re-evaluate our find-
ings in other populations.

This study has some limitations and benefits. The main 
limitation of this study is the inability to use more precise 
methods to measure insulin resistance and its secretion 
(such as the clamp technique). Other limitations include 
the lack of information on HbA1C and missing partici-
pants during the study. Although the technique used in 
this study for measuring insulin (Electrochemical Lumi-
nescence) is currently one of the most precise methods, 
since there is no reference method for measuring insu-
lin and the results of insulin measurement by different 
methods can vary up to 2 times, the method of insulin 
measurement should be considered while using the 
results [35].

The advantages of this study are as follows: It is the 
only study that evaluated the HOMA-IR cut-off point 
to predict the incidence of pre-diabetes. This study was 
performed in a high sample size and is the only study 
that prospectively investigates the association between 
changes in HOMA-B and HOMA-IR with the inci-
dence of diabetes and pre-diabetes subtypes. In this 
study, the data analysis was performed using a multino-
mial logistic regression method, suitable for investigat-
ing the concurrent relationship between HOMA-B and 
HOMA-IR with several outcomes (iIFG, iIGT, CGI, and 
DM). This method seems to be more appropriate for 
investigating this relationship than the COX method 
used in the previous study.

In conclusion, this study showed that increased 
HOMA-IR in normoglycemic individuals is associated 
with increased incidence of pre-diabetes in both iIFG 
and iIGT subtypes, while increased HOMA-B leads to 
a higher risk of developing iIGT and lower risk of iIFG. 

There was no significant difference between the inci-
dence of iIGT and iIFG with increased HOMA-IR. Based 
on the results of this study, it seems that cut-off points 
of HOMA-IR and HOMA-B are not suitable criteria for 
predicting the incidence of pre-diabetes.
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