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ABSTRACT

Background: Simple surrogate indexes (SSI) to assess beta-cell function,
insulin sensitivity (IS) and insulin resistance (IR) are an easy and economic tool
used in clinical practice to identify glucose metabolism disturbances. Aim: To
evaluate the validity and reliability of SSI that estimate beta-cell function, IS
and IR using as a reference the parameters obtained from the frequently sampled
intravenous glucose tolerance test (FSIVGTT). Material and Methods: We
included 62 subjects aged 20-45 years, with a normal body mass index and
without diabetes or prediabetes. SSI were compared with the acute insulin
response to glucose (AIRg), insulin sensitivity index (Si) and disposition index
(DI) obtained from the FSIVGTT using the minimal model approach. Half of
the participants (n = 31) were randomly selected for a second visit two weeks
later to evaluate the reliability of all the variables. Results: HOMA1-%B and
HOMA2-%B had a significant correlation with AIRg (Spearman Rho (r,) = 0.33
and 0.37 respectively, p < 0.01). The SSI evaluating IS/IR that showed stronger
correlation (r, > 0.50) with Si were fasting insulin, HOMA1-IR, HOMAZ2-IR,
HOMA1-%S, HOMA2-%S, QUICKI, and the McAuley index. The parameters
that showed good reliability with an intraclass correlation coefficient (ICC) > 0.75
were AIRg, HOMA1-%S, HOMA2-%S, and QUICKI. Conclusions: Our results
suggest that most of the SSI are useful and reliable.

(Rev Med Chile 2022; 150: 1458-1466)

Key words: Glucose Tolerance Test; Insulin Resistance; Insulin Secretion;
Validation Study.

Validez y confiabilidad de indices subrogados
para evaluacién de la funcién de células beta y
sensibilidad a la insulina

Antecedentes: Los indices simples subrogados (ISS) que evaliian la funcién
de célula beta, sensibilidad a la insulina (SI) y resistencia a la insulina (RI) son
herramientas sencillas y econdmicas que se usan en la prdctica clinica para iden-
tificar alteraciones del metabolismo de la glucosa. Objetivo: Evaluar la validez y
confiabilidad de ISS para estimar la funcién de célula beta, SI y RI usando como
referencia los pardmetros de la prueba de tolerancia a la glucosa intravenosa con
muestreo frecuente (FSIVGTT). Material y Métodos: Se incluyeron 62 sujetos
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de 20-45 arfios, con indice de masa corporal normal y sin diabetes mellitus o
prediabetes. Los ISS se compararon con la respuesta aguda de la insulina a la
glucosa (AIRY), indice de sensibilidad a la insulina (Si) e indice de disposicién
(DI) obtenidos de la FSIVGTT en base al modelo minimo. La mitad de los partici-
pantes (n = 31) se seleccionaron aleatoriamente para acudir dos semanas después
y evaluar la confiabilidad de todas las variables. Resultados: HOMA1-%B y
HOMA2-%B presentaron una correlacion significativa con AIRg (Rho de Spe-
arman (r,) = 0,33 and 0,37, respectivamente, p < 0,01). Los ISS para evaluar SI/
RI que mostraron mayor correlacion (rs > 0,50) con Si fueron insulina en ayuno,
HOMAI-IR, HOMA2-IR, HOMA1-%S, HOMA2-%S, QUICKI y el indice de
McAuley. Los pardmetros que tuvieron buena confiabilidad (coeficiente de corre-
lacion intraclase > 0,75) fueron AIRg, HOMA1-%S, HOMA2-%S y QUICKI.
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Conclusiones: La mayoria de los ISS son instrumentos iitiles y confiables.
Palabras clave: Estudio de validacién; Prueba de tolerancia a la glucosa;

Resistencia a la insulina; Secrecién de insulina.

of insulin to exert its physiological effects of

glucose uptake in muscle and adipose tissue
and to suppress hepatic gluconeogenesis'. The
approaches to evaluate IS include direct methods
(hyperinsulinemic euglycemic glucose clamp and
insulin suppression test) and indirect methods
(frequently sampled intravenous glucose tolerance
test and oral glucose tolerance test)®. The hyper-
insulinemic euglycemic glucose clamp (HEGC)
is the gold standard to quantify IS. Disadvantages
of the HEGC include that is expensive, requires
specialized equipment and trained personnel,
therefore, it is mainly used for research purposes.
IS obtained from the frequently sampled intra-
venous glucose tolerance test (FSIVGTT) has
been validated against the HEGC*?, however,
skill is required to perform this test. In addition,
specific equipment is indispensable. Stumvoll
et al. suggested that IS could be predicted from
simple parameters®. Many indexes to assess IS or
insulin resistance (IR) have been developed using
formulas derived from fasting glucose and insulin
concentrations or from the oral glucose tolerance
test?”. These simple surrogate indexes (SSI) are
inexpensive, easy to perform and represent tools
that any health professional can use to recognize
an increased risk to develop alterations in glucose
metabolism and to make timely interventions.
Thus, the aim of this study was to identify which
of the SSI to evaluate beta-cell function, IS and IR
correlates better with the acute insulin response
to glucose (AIRg), insulin sensitivity index (Si)

Insulin sensitivity (IS) is defined as the ability
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and disposition index (DI) obtained from the
FSIVGTT using the minimal model approach. In
addition, we evaluated the reliability of the SSI
and the parameters derived from the FSIVGTT
to identify consistency over time.

Materials and Methods

Description of participants and ethics

The study was approved by the Comité de
Etica y de Investigacion del Instituto Nacional de
Ciencias Médicas y Nutriciéon Salvador Zubirdn
and followed the principles established in the
Declaration of Helsinki. Selection criteria includ-
ed women and men, aged 20-45 years, with BMI
between 18.5-24.9 kg/m?, without diabetes or
prediabetes and not taking medications that could
alter beta-cell function/IS. Participants received a
full explanation of the purpose and procedures,
and informed consent was obtained.

Study design

Cross-sectional study to correlate the SSI with
the parameters obtained from the FSIVGTT. In a
screening visit, after participants informed consent
was obtained, a 2-hour oral glucose tolerance
test (OGTT) with a load of 75-g was performed.
Participants that showed a fasting glucose concen-
tration < 100 mg/dL and a glucose concentration
< 140 mg/dL 2-h after the OGTT were included
in the study. One week later, the modified 3-h
FSIVGTT was carried out using an insulin infusion
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(0.03 U/kg) and collecting blood samples at -15,
-10,-5,0, 2, 3,4, 5, 6, 8, 10, 12, 14, 16, 19, 22, 24,
25,27, 30, 40, 50, 60, 70, 90, 100, 120, 140, 160, and
180 minutes®. Glucose concentrations and lipid
panel were measured with the automatic equip-
ment UniCel DxC 600 Synchron Clinical System,
Beckman Coulter. Insulin concentrations were
measured using an immunoassay system with the
automatic equipment Access 2, Beckman Coulter.
Anthropometric measurements (weight, height,
waist, and hip circumference), body composition
(evaluated by bioelectrical impedance analysis
using the Jawon Medical tetrapolar equipment
model ioi 353) and blood pressure (using an
Omron automatic digital blood pressure monitor
model HEM-781INT) were obtained. Diet was
evaluated with a 24-h dietary recall and physical
activity with the questionnaire developed at Laval
University, validated for Mexican population’.
After this evaluation, half of the participants (n
= 31) were randomly selected to attend an addi-
tional visit two weeks later and a second modified
FSIVGTT was performed to calculate the SST and
evaluate their reliability. Participants were advised
to maintain their eating habits and physical activi-
ty; this was corroborated with a 3-day food record
and with the physical activity questionnaire. Food
consumption data was analyzed with the Food
Processor Analysis Software version 11.4.412 by
ESHA Research 2016.

Beta-cell function and insulin sensitivity/
resistarce

The parameters obtained from the modified
FSIVGTT with the minimal model approach
(AIRg, Si and DI) were calculated using the sta-
tistical program MinMod Millenium 6.02. The
FSIVGTT was chosen instead the HEGC because
we wanted to assess the performance of SSI that
evaluate beta-cell function against AIRg and DI.
Table 1 shows how the SSI were calculated and
the cut-off values to diagnose IR, Only SSI
derived from fasting glucose, insulin, HDL choles-
terol, triglycerides concentrations, BMI and waist
circumference were calculated since only glucose
was measured during the OGTT.

Statistical analysis

Variables distribution was evaluated with
Kolmogorov-Smirnov normality test. The clinical
and metabolic characteristics of the participants
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are described in means + standard deviations or
medians (interquartile range) as appropriate. Cor-
relations between anthropometric measurements,
biochemical values or SSI and the parameters
obtained from the FSIVGTT were calculated with
Spearman’s rank correlation coefficient due to
the nonparametric distribution, 95% confidence
intervals (CI) were also calculated. In addition,
coefficients of determination were estimated
(r?). Reliability was assessed using intraclass cor-
relation coefficients (ICC) at 95% CI. Changes in
body weight, eating habits and physical activity of
participants who attended a second evaluation 2
weeks later were compared using paired t test or
Wilcoxon matched-pairs test, according to the
variables’ distribution. Data were analyzed using
IBM SPSS Statistics version 25.0 software, a p value
< 0,05 was considered significant.

Results

Characteristics of the study population
(n = 62) are described in Table 2. The sample
consisted mainly of women (74.2%), with a mean
age of 24.7 £ 4.3 years, with normal BMI (21.6
1.7 kg/m?). The remaining clinical and metabolic
parameters were within reference values. The
validity of HOMA1-%B (HOMA percentage of
beta-cell function) and HOMA2-%B was evalu-
ated against the AIRg and DI and is presented in
Table 3. Both SSI of beta-cell function showed a
significant correlation (p < 0.01) with the AIRg
(r,= 0.330 and 0.374, respectively), but only a
tendency to correlate with the DI (p < 0.10). Fast-
ing insulin and FGIR (fasting glucose-to-insulin
ratio) also correlated significantly with the AIRg
and DI, showing a stronger association with the
AIRg. Table 4 shows the correlations between Si
obtained with the FSIVGTT and the SSI to evalu-
ate IS or IR, anthropometric measurements, and
biochemical values. Waist circumference and HDL
cholesterol in women and triglycerides in both sex-
es revealed a significant correlation (p < 0.05) with
Si (r;=-0.362,0.312, -0.317, respectively). Waist-
to-height ratio (WHtR), body fat percentage and
HDL cholesterol in both sexes showed a tendency
(p <0.20) to correlate with Si (r,=-0.227, -0.181,
0.177, respectively). All the SSI of IS or IR were
significantly correlated with Si, except the MET'S-
IR (metabolic score for insulin resistance) and

Rev Med Chile 2022; 150: 1458-1466
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Table 1. Simple surrogate indexes to evaluate insulin sensitivity and beta-cell function

Index Description / Calculation Cut-off value
Fasting insulin”!" e Fasting insulin concentration in mU/L IR: =12

FGIR™ e Fasting glucose (mg/dL) / Fasting insulin (mU/L) IR: < 4.5
HOMAT1-IR"313 e [Fasting glucose (mg/dL) * Fasting insulin (mU/L)] / 405 IR: = 2.3-2.7

* [Fasting glucose (mmol/L) * Fasting insulin (mU/L)] / 22.5

HOMA1-%B'316 e [20 * Fasting insulin (mU/L)] / [Fasting glucose (mmol/L) -3.5] Normal: 100%
* [20 * Fasting insulin (mU/L)] / [(Fasting glucose (mg/dL) / 18) -3.5] Lower values are associated to
loss of pancreatic response

HOMA1-%S" e (1/HOMAT-IR) * 100 Normal: 100%
Lower values are associated
to IR
HOMAZ2-|R™*1> * Using the HOMA2 Calculator version 2.2.3 of the University IR: =1.2-1.8
of Oxford based on the model modified by Levy et al'® and
HOMA2-%B'® downloaded from the website https:/www.dtu.ox.ac.uk/ Normal: 100%
homacalculator/ Lower values are associated to
HOMA2-%S"® IR or loss of pancreatic response
QUICK]710.19.20 e 1/ [Log(Fasting insulin (mU/L))] + [Log (Fasting glucose (mg/dL))] IR: <0.33-0.357
METS-IR?! * [Log((2 * Fasting glucose (mg/dL)) + Fasting triglycerides (mg/dL)) IR: >51.13
* BMI (kg/m?)] / [Log(HDL cholesterol (mg/dL))]
TG/HDL ratio?# e Fasting triglycerides (mg/dL) / HDL cholesterol (mg/dL) IR: =3.5
TyG index?*2> e Ln[Fasting triglycerides (mg/dL) * Fasting glucose (mg/dL) / 2] IR: =8.8
TyG-BMI index'®?6 e TyG index * BMI (kg/m?) IR: =208
TyG-WC index?® e TyG index * Waist circumference (cm) NS

TyG-WHtR index?”  * TyG index * Waist-to-height ratio [Waist circumference (cm) / NS
Height (cm)]

McAuley index’:'"! * Exp {2.63 —[0.28 * Ln(Fasting insulin (mU/L))] = [0.31 * Ln(Fasting IR: <5.8

triglycerides (mg/dL))]}
LAP model?82° * Men: [Waist circumference (cm) — 65] * Fasting triglycerides IR: =17.91
(mmol/L)
* \Women: [Waist circumference (cm) — 58] * Fasting triglycerides
(mmol/L)
VAI index3® e Men: {Waist circumference (cm) /[39.68 + (1.88 * BMI (kg/m?))]} Normal: 1
* [Fasting triglycerides (mmol/L) / 1.03] * [1.31 / HDL cholesterol Higher values are associated
(mmol/L)] to IR

e Women: {Waist circumference (cm) / [36.58 + (1.89 * BMI (kg/
m?))]} * [Fasting triglycerides (mmol/L) / 0.81] * [1.52 / HDL cho-
lesterol (mmol/L)]

FGIR: fasting glucose-to-insulin ratio, HOMA-IR: homeostatic model assessment of insulin resistance, %B: percentage
of beta-cell function, %S: percentage of insulin sensitivity, QUICKI: quantitative insulin sensitivity check index, METS-IR:
metabolic score for insulin resistance, TG/HDL: triglycerides/high-density lipoprotein, TyG: the product of triglycerides and
glucose levels, WC: waist circumference, NS: not specified, WHtR: waist-to-height ratio, LAP: lipid accumulation product,
VAI: visceral adiposity index.

Rev Med Chile 2022; 150: 1458-1466 1461
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Table 2. Clinical and metabolic characteristics of
the study population

Female sex (%)

Age (years)

Weight (kg)

BMI (kg/m?)

Waist circumference (cm)
Hip circumference (cm)
Body fat (%)

SBP (mmHg)

DBP (mmHg)
Triglycerides (mg/dL)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Fasting glucose (mg/dL)

Two-hour post load glucose
(mg/dL)

Fasting insulin (mU/L)
Si [x10* min'-(mU/L)"]
AIRg [mU-L"-min]
DI (Si x AIRg)
HOMAT1-IR
HOMA1-%B
HOMA1-%S
HOMA2-IR
HOMA2-%B
HOMA2-%S
QUICKI

FGIR

METS-IR

TG/HDL ratio

TyG index
TyG-BMI index
TyG-WC index
TyG-WHtR index
McAuley index
LAP model

VAl index

Values are means =+ standard deviation or medians (inter-
quartile range) according to the variables’ distribution. SBP:

n = 62
46 (74.2%)
247 = 4.3
58.3 = 8.2
21.6 = 1.7
72.4 =57
93.0 4.0
26.2 4.6

101.8 = 10.7
67.9 = 6.6
79.5 (59.5-99.2)
166.5 = 28.9
98.3 = 21.5
50.0 =123
81.0 = 6.8
80.8 + 16.6

5.3 (3.7-6.8)
5.7 (4.5-7.6)
594.2 (381.0-1017.5)
3757.5(2336.0-5574.7)
1.00 (0.76-1.44)
100.3 (76.7-151.9)
112.5 = 455
0.66 (0.47-0.89)
89.9 (76.9-110.5)
151.8 (111.8-209.2)
0.38 = 0.03
15.2 (12.8-23.1)
30.9 = 3.8
1.56 (1.21-2.16)
8.08 = 0.44
175.43 = 18.43
586.97 = 65.13
3.60 = 0.34
9.2+1.8
10.6 (7.0-16.3)
1.07 (0.84-1.54)

systolic blood pressure, DBP: diastolic blood pressure.
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the TyG-BMI index (triglyceride glucose-BMI).
The SSI that showed stronger correlations with Si
(ry> 0.50) were fasting insulin, HOMA1-IR (ho-
meostatic model assessment of insulin resistance),
HOMA2-IR, HOMA1-%S (HOMA percentage of
insulin sensitivity), HOMA2-%S, QUICKI (quan-
titative insulin sensitivity check index) and McAu-
ley index (r,=-0.524, -0.546, -0.540, 0.546, 0.543,
0.546, 0.556, respectively). However, none of the
coefficients of determination (ry®) were greater
than 0.5. The higher r (> 0.250) observed were
for McAuley index, HOMAI-IR; HOMA1-%S,
QUICKI, HOMA2-%S, HOMA2-IR and fasting
insulin (Table 4). Finally, reliability analyses of
the parameters obtained from the FSIVGTT and
the SSI of IS, IR or beta-cell function are shown
in Table 5. All the ICC were statistically significant
(p £0.01), except for the DI and HOMA1-%B.
The parameters or indexes of glucose metabolism
that showed a good reliability (ICC > 0.75) were
the AIRg (ICC: 0.881, 95% CI: 0.752, 0.942),
HOMA1-%S (ICC: 0.806, 95% CI: 0.597, 0.906),
HOMA2-%S (ICC: 0.778, 95% CI: 0.540, 0.893)
and QUICKI (ICC: 0.792, 95% CI: 0.568, 0.900).
No statistically significant changes (p > 0.05) were
found in body weight, energy, macronutrients,
sugar and fiber consumption, and physical activity
in the participants who were randomly selected to
attend a second visit for the reliability evaluation.

Discussion

Many SSI have been developed to evaluate be-
ta-cell function, IS and IR. The validity of the SSI
to evaluate IS or IR has been assessed in different
studies using as a reference the results of the HEGC
or the FSIVGTT. We found that all the SSI were
significantly correlated with Si; except the METS-
IR and TyG-BMI. However, these two indexes
include the BMI as a variable in their formula.
In this study we included subjects with BMI in a
normal range to avoid the confounder effect of
adiposity in IS, however this might explain the
lack of correlations with anthropometric and body
composition parameters. Ascaso et al.” evaluated
the ability of some SSI to identify IR in subjects
with normal glucose metabolism. This study
reported higher correlations between Si and SSI
in comparison to this study for HOMA1-IR (r =
-0.660 vs. r,=-0.546), QUICKI (r = 0.660 vs. r,=

Rev Med Chile 2022; 150: 1458-1466
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Table 3. Correlations between DI and AIRg from the FSIVGTT and SSI to evaluate beta-cell function or

AIRg
rs (95% CI) P rs?
HOMA1-%B 0.330 (0.080, 0.528) < 0.01 0.108
HOMA2-%B 0.374 (0.133, 0.575) < 0.01 0.139
Fasting insulin 0.496 (0.268, 0.673) < 0.01 0.246
FGIR -0.497 (-0.680, -0.275) < 0.01 0.247

insulin sensitivity/resistance (n=62)

DI
rs (95% ClI)

0.211 (-0.041, 0.432)
0.238 (-0.008, 0.456)
0.260 (0.004, 0.484)

-0.270 (-0.486, -0.014)

p
0.09

0.06
0.04
0.03

rs?
0.044
0.056
0.067
0.072

Spearman correlation coefficients (r,) were calculated according to the data distribution with their 95% confidence intervals
(Cl) and the squared values of the correlation coefficients (rs?).

Table 4. Correlations between Si from the FSIVGTT and SSI to evaluate insulin sensitivity/resistance,
anthropometric parameters, and biochemical values (n=62)

BMI

Waist circumference
Women
Men

Waist-hip ratio
Waist-to-height ratio
Percentage of body fat
Triglycerides

HDL cholesterol
Women
Men

Fasting insulin
HOMA1-IR
HOMAZ2-IR
HOMA1-%S
HOMA2-%S
QUICKI

FGIR

METS-IR
TG/HDL ratio
TyG index
TyG-BMI index
TyG-WC index
TyG-WHtR index
McAuley index
LAP model
VAl index

rs (95% ClI)
-0.002 (-0.287, 0.255)

-0.138 (-0.374, 0.115)
-0.362 (-0.617, -0.049)
0.094 (-0.504, 0.639)

-0.082 (-0.324, 0.157)
-0.227 (-0.454, 0.025)
-0.181 (-0.408, 0.084)
-0.317 (-0.544, -0.033)

0.177 (-0.061, 0.410)
0.312(0.004, 0.127)
0.061

(
(
(
(
(
(
(
(
(
(-0.457, 0.648)
-0.524 (-0.683, -0.297)
-0.546 (-0.703, -0.334)
-0.540 (-0.693, -0.323)
0.546 (0.322, 0.704)

0.543 (0.321, 0.706)

0.546 (0.322, 0.704)

0.494 (0.249, 0.674)

-0.147 (-0.386, 0.106)
-0.353 (-0.578, -0.114)
-0.362 (-0.577,-0.116)
-0.175 (-0.423, 0.101)
-0.299 (-0.508, -0.040)
-0.367 (-0.580, -0.131)
0.556 (0.347, 0.716)

-0.370 (-0.594, -0.106)
-0.418(-0.621, -0.162)

p
0.98

0.28
0.01
0.72

0.52
0.07
0.15
0.01

0.16
0.03
0.82

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

0.25
< 0.01
< 0.01

0.17

0.01
< 0.01
< 0.01
< 0.01
< 0.01

rs?
0.001

0.019
0.131
0.008

0.006
0.051
0.032
0.100

0.031
0.097
0.003

0.274
0.298
0.291
0.298
0.294
0.298
0.244
0.021
0.124
0.131
0.030
0.089
0.134
0.309
0.136
0.174

Spearman correlation coefficients (r,) were calculated according to the data distribution with their 95% confidence intervals
(Cl) and the squared values of the correlation coefficients (rs?).

Rev Med Chile 2022; 150: 1458-1466
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Table 5. Reliability analyses for the parameters
obtained from the FSIVGTT and the SSI
to evaluate insulin sensitivity/resistance and
beta-cell function (n = 31)

ICC (95% CI) P
Si 0.585 (0.140, 0.800) < 0.01
AlRg 0.881 (0.752, 0.942) < 0.01
DI 0.398 (-0.249, 0.710) 0.08
Fasting insulin 0.624 (0.219, 0.818) < 0.01
HOMAT1-IR 0.651(0.277, 0.832) < 0.01
HOMA1-%B 0.394 (-0.258, 0.708) 0.08
HOMA1-%S 0.806 (0.597, 0.906) < 0.01
HOMA2-IR 0.631 (0.234, 0.822) < 0.01
HOMA2-%B 0.549 (0.064, 0.782) 0.01
HOMA2-%S 0.778 (0.540, 0.893) < 0.01
QUICKI 0.792 (0.568, 0.900) < 0.01

FGIR 0.687 (0.351, 0.849) < 0.01

Reliability was assessed using intraclass correlation coeffi-
cients (ICC) at 95% confidence intervals (Cl).

0.546), McAuley index (r = 0.718 vs. r, = 0.556),
fasting insulin (r = -0.690 vs r, = -0.524), and
triglycerides (r = -0.631 vs. r, = -0.317). Also,
reported a significant correlation of Si with waist
circumference (r = -0.640) and HDL cholesterol
(r=0.520). In our study these variables correlated
significantly with Si only in women (r,= -0.362
for waist circumference and r, = 0.312 for HDL
cholesterol) probably due to the reduced sam-
ple size of men. In contrast, Almeda-Valdés et
al.’? evaluated the correlation between SSI and
the M-value adjusted by fat-free mass from the
HEGC, finding lower but significant correlation
coefficients in comparison with this study, for
HOMAI-IR (r =-0.357 vs. ry= -0.546), QUICKI
(r = 0.348 vs. ry= 0.546), and HOMA2-%S (r =
0.428 vs. r,= 0.543). The validity of HOMA-IR,
HOMA1-%S, HOMA2-%S, QUICKI, FGIR and
McAuley index has been studied in other popu-
lations including children, adolescents, pregnant
women, post-myocardial infarction, and post-re-
nal transplant individuals; reporting similar results
concerning the validity of these to estimate IS or
IR’ HOMA1-%B validity has been assessed in
children with and without obesity and adolescents
but not in healthy adults®**. Two studies com-
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pared HOMA1-%B with the first-phase insulin
secretion (AIRg) and the second-phase insulin
secretion, using the FSIVGTT, reporting signif-
icant correlations. In our study, both SSI of be-
ta-cell function (HOMA1-%B and HOMA2-%B)
showed a significant correlation coefficient with
the AIRg (r,= 0.330 and 0.374, respectively) and
a tendency to correlate with DI (r,= 0.211 and
0.238, respectively); this could indicate that SSI of
beta-cell function are more associated to the first
phase of insulin secretion. In addition, although
DI evaluates the pancreatic response it is adjusted
by the IS/IR state. To our knowledge, no studies
have estimated the reliability of the SSI and the
parameters obtained from the FSIVGTT. We
found that all where significantly consistent over
time, except the DI and HOMA1-%B. The more
reliable indexes were the AIRg, HOMA1-%S,
HOMA2-%S, and QUICKI. Limitations of this
study should be acknowledged including the
relatively small sample size to detect significant
correlations with anthropometric measurements
and biochemical parameters. However, in a post
hoc analysis we calculated the probability of a type
IT error (power) among the highest correlation
coefficients and obtained a > 90% and > 80%
power for the evaluation of insulin sensitivity/
resistance and beta-cell function, respectively. In
addition, including only healthy subjects could
decrease the strength of the correlations due to
the low variability of the results. The reliability of
all the SSTincluded in the validity analysis was not
assessed because only fasting glucose and insulin
concentrations were available. Finally, indexes
derived from the OGTT were not evaluated since
we wanted to include SSI that are easier to calculate
using fasting samples only.

It is relevant to recognize which SSI are more
accurate to estimate IS, IR or beta-cell function
in contrast to direct and indirect measures of
methods such as HEGC or FISVGTT, which are
not always available due to the high cost and infra-
structure required. SSI are an inexpensive, quick,
and easy to interpret tools. Our results demon-
strate that SSI are valid and reliable instruments
to evaluate IS, IR and beta-cell function. Most of
the SSI demonstrated significant correlations with
the parameters obtained from the FSIVGTT and
a good reliability in a group of young individuals
with a normal BMI. The SSI to evaluate IS that
showed higher coefficients for both validity and
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reliability are the HOMA1-%S, HOMA2-%S and
QUICKI. For the assessment of beta-cell function,
HOMA2-%B showed the best results.
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