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ABSTRACT

OBJECTIVE

To determine the reproducibility of fasting and oral glucose
tolerance test (OGTT) -derived insulin-resistance (IR)
indices in obese and nonobese women.

METHODS

Twenty-one obese (BMI 37.716.3 kg/m’) and 14 nonobese
(BMI 21.5%1.0 kg/m’) age-matched, healthy, premenopausal
women were included in the study. An OGTT was per-
formed twice, with a 1-week interval between tests. IR was
calculated from both fasting and post-load glucose and
insulin values, using some of the more well-known indices.

RESULTS

When the 2 groups were evaluated separately, all indices
were found to be reproducible in obese subjects, but some
indices were not reproducible in nonobese healthy controls.
When results were analyzed in the study population as a
whole, all indices were reproducible.
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OBJECTIF

Déterminer la reproductibilite des index d’insulinorésis-
tance dérives de la glycémie a jeun et du test de tolérance au
glucose par voie orale (TTGO) chez des femmes obeses et
non obéses.

METHODES

Vingt-et-une femmes obeses (IMC 37,7 £ 6,3 kg/m’) et
14 femmes non obeses (IMC 21,5 £ 1,0 kg/m’) apparices
selon I’age, en sant¢ et en préménopause ont pris part a I’¢-
tude. On a effectué¢ deux TTGO, a une semaine d’intervalle.
L'insulinorésistance a été calculée a partir de la glycémie a
jeun, de la glycémie apres I'ingestion de glucose et de I'in-
sulinémie, au moyen de certains des index les mieux connus.

RESULTATS

Lorsque les 2 groupes ont ¢té évalués séparément, on a cons-
taté que tous les index étaient reproductibles chez les sujets
obeses, mais que certains index n’étaient pas reproductibles
chez les témoins non obeses en bonne santé. Lorsque les
résultats ont été analysés pour I’ensemble de la population a
I¢tude, tous les index étaient reproductibles.

CONCLUSIONS

Au cours de I’étude, tous les index d’insulinorésistance ont
été reproductibles chez les sujets obeses, mais certains index
n’ont pas éte reproductibles chez les femmes non obeses. Les
raisons sont peut-étre le petit nombre de sujets non obeses
ou une variabilité accrue des valeurs en présence d’une faible
insulinorésistance. La reproductibilité observée dans
I’ensemble du groupe plaide en faveur de la premiere raison,
mais pour confirmer ces résultats, il faudra mener des ¢tudes
aupres d’un plus grand nombre de sujets ayant divers degrés

d’insulinorésistance.
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CONCLUSIONS

In this study, although reproducibility was noted for all IR
indices in obese subjects, reproducibility was not observed
for some of the indices in nonobese women. Reasons for this
finding may have been the small patient population of
nonobese subjects or increased variability of the measures in
low IR states. The observed reproducibility in the evaluation
of the entire group supports the former reason, but studies
with larger patient populations and different levels of IR are
needed to confirm these results.

INTRODUCTION

Insulin resistance (IR) and its accompanying metabolic
abnormalities are known to play an important role in the
pathophysiology of type 2 diabetes mellitus and coronary
heart disease. Many prospective studies have confirmed that
lifestyle changes may prevent the development of type 2 dia-
betes; accordingly, an accurate and reproducible method for
measurement of IR is important, both to assess response to
interventions and to develop new therapeutic strategies.

The gold standard for measurement of IR is the euglycemic
clamp technique (ECT), which was introduced by DeFronzo
and colleagues in 1979 (1). However, this method is time-
consuming, difficult, invasive and impractical for use in large
patient groups or epidemiological studies. In recent years, dif-
ferent mathematical formulas for measuring IR have been
developed, all with the dual aims of practicality and high cor-
relation with the gold-standard technique (2-7). These mathe-
matical formulas use serum glucose and insulin levels (7-10),
cither when patients are fasting or during an oral glucose tol-
erance test (OGTT), which is considered to be a good physio-
logical imitator of meal stimulation (5,6,11,12).

Fasting serum glucose levels are the result of hepatic glu-
coneogenesis and basal pancreatic insulin release. In contrast,
many mechanisms affect serum glucose levels after oral glu-
cose stimulation, including differences in glucose absorption,
gastrointestinal hormones, neural stimulation and pancreatic
beta-cell response. For this reason, fasting indices and indices
derived from oral glucose stimulation represent different but
related aspects of glucose homeostasis.

Although there are many studies evaluating the correlation
of indices of IR with gold-standard techniques, there are only a
few evaluating their reproducibility (13,14). The main objec-
tive of this study was to evaluate the reproducibility of fasting
and post-load IR index values in normotensive and normo-
glycemic obese and nonobese premenopausal, healthy women.

METHODS

Twenty-one obese and 14 nonobese healthy, premenopausal
women were chosen for the study, the obese women from
among those attending the outpatient clinic for obesity and
the nonobese controls from among hospital staff and medical
students.

The obese subjects had not been on a calorie-controlled
diet for at least 6 months prior to the study and had not pre-
viously taken antiobesity medications. Patients with a history
of diabetes in first-degree relatives; impaired glucose toler-
ance; diabetes; hypertension; hyperlipidemia; known pul-
monary, cardiac, hepatic, renal or other chronic disease;
menstrual problems; secondary obesity; and/or on medica-
tion that could affect glucose metabolism (including oral
contraceptives) were not included in the study.

All patients’ waist and hip circumferences, weight and
height were measured. Subjects were defined as obese
according to Garrow’s criteria (body mass index [BMI]
>30 kg/m?’) (15). Subjects with BMI values <25 kg/m’ were
considered lean. Body height was measured without shoes to
the nearest 0.5 cm; body weight was measured with light
clothes on, without shoes, to the nearest 0.1 kg. BMI was cal-
culated as weight (kg)/height (m)’. Waist circumference was
measured midway between the lower rib margin and the iliac
crest. Hip circumference was measured as the widest cir-
cumference measured over the great trochanters. Waist/hip
ratio (WHR) was calculated using these measurements. To
rule hypertension, 3 blood pressure measurements were
taken in the outpatient clinic for each subject, and 1 week
blood pressure follow-up charts were requested; hyperten-
sion was defined as blood pressure levels >140/90 mm Hg.
Body fat ratio and body fat mass were measured with bioim-
pedancemeter (Omron, BF302, Portable Body Fat Analyzer,
Hofddorp, Germany). Fasting serum total, low-density
lipoprotein (LDL), high-density lipoprotein (HDL) and very-
low-density lipoprotein (VLDL) cholesterol; triglycerides;
C-peptide; and uric acid levels were measured in routine
blood chemistry.

All OGTTs were done at 8:30 am after 1012 h of fast-
ing. A polyethylene catheter was placed into the antecubital
vein before the test. Fasting samples were taken at —30, —15
and 0 min. After an oral standard load of 75 g glucose, blood
samples were taken again at 30, 60, 90 and 120 min. After
centrifugation, serum samples were stored at —70°C.
Glucose levels were measured using the glucose oxidase
method (Roche Modular, Hitachi, Japan). Insulin levels were
measured using chemiluminescence assay (Immulite 2000,
DPC, USA). To investigate reproducibility, testing was
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repeated after 1 week. Patients followed a carbohydrate-rich
diet during this interval.
IR was calculated from fasting samples using the follow-
ing indices:
* Fasting Belfiore index: 2/[insulin (pmol/L) x glucose
(mmol/L) + 1] (6)
* HOMA index: [fasting glucose (mmol/L) x fasting
insulin (uU/mL)]/22.5 (7)
* QUICKTI index: 1/[log (insulin) (uU/mL) + log (glucose)
(mg/dL)] (8)
* Raynaud index: 40/insulin (uU/mL) (9)

Indices derived from the OGTT measurements were as follows:
* ISI-composite index: 10 000/ \ [fasting glucose (mg/dL)
x fasting insulin (uU/mL) x (mean OGTT glucose x
mean OGTT insulin)] (11)
* Drivsholm index: [AUC glucose (mg/dL)/AUC insulin
(WU/mL)] (5)
* Cederholm index: [75.000 + (0 min glucose [mmol/L]

— 120 min glucose x 1.15 x 180 x 0.19 x body weight]/
[120 x log (mean insulin) (uU/mL) x mean glucose] (12)
* OGTT-derived Belfiore index: 2/[AUC insulin (pmol/L)
x AUC glucose (mmol/L) + 1] (6)
* Gutt index: ISI 0,120 = metabolic clearance rate*/log
mean fasting and 2 h serum insulin (uU/mL) (16)
— *metabolic clearance rate = mf/mean fasting and
2-h plasma glucose (mg/dL)
—fm = [75 000 mg + (fasting glucose — 2 h glucose)
x 0.19 x body weight] /120 min
* Stumvoll index: [0.22 — (0.0032 x BMI) — (0.0000645
x 2 h insulin (pmol/L)] — [0.0037 x 90 min glucose
(mmol/L)] (17)

In statistical analysis, for comparison of the basic characteris-
tics of the 2 groups, an independent samples t-test was used.
Reproducibility of the indices was analyzed using intraclass
correlation coefficient methods. For intraclass correlation
coefficients, correlation coefficient (r) and significance of

Table 1. Baseline characteristics

Characteristic Obese, meantSD Nonobese, meantSD p value
(n=21) (n=14)
Age, years 299477 27.4£6.8 NS*
Weight, kg 93.7£139 55.6+43 <0.05
BMI, kg/m? 37.7+63 215410 <0.05
Waist circumference, cm 98.5+104 67.9£3.1 <0.05
Waist/hip ratio 0.79+0.03 0.72+0.04 <0.05
Body fat ratio, % 41.1£39 229+37 <0.05
Body fat mass, kg 385491 127122 <0.05
Systolic blood pressure, mm Hg 120.7£125 99.3£114 <0.05
Diastolic blood pressure, mm Hg 79.3£84 671483 <0.05
Total cholesterol, mmol/L 4.6£04 44106 NS*
HDL cholesterol, mmol/L 12402 1.6+0.2 <0.05
LDL cholesterol, mmol/L 2.8+04 25406 NS*
VLDL cholesterol, mmol/L 0.6+0.2 0.3+0.1 <0.05
Triglycerides, mmol/L 12£05 0.7+0.2 <0.05
C-peptide, nmol/L 14+05 0.8£0.5 <0.05
Uric acid, pmol/L 279.6+47.6 202.2+41.6 <0.05
Fasting glucose, mmol/L 4.8£0.5 4304 <0.05
2-h glucose, mmol/L 115.2+14.5 90.5+18.4 <0.05
Fasting insulin, pmol/L 101.4£50.7 222497 <0.05
2-h insulin, pmol/L 48.6+28.7 22.1+129 <0.05

#NS: p>0.05

BMI = body mass index

HDL = high-density lipoprotein

LDL = low-density lipoprotein
VLDL = very-low-density lipoprotein
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correlations (p) are given. SPSS version 13.0 (SPSS Inc.,
Chicago, Illinois, US) and MedCalc® for Windows v.7.6.0.0
(Mariakerke, Belgium) were used for statistical analysis. For
AUC calculation, the trapezoidal rule was used (18).

RESULTS

The study population consisted of 21 obese and 14 nonobese
age-matched, normotensive, normolipidemic, glucose-toler-
ant premenopausal women. Baseline characteristics of both
groups are shown in Table 1. Weight, BMI, waist circumfer-
ence, WHR, body fat ratio, body fat mass, systolic and diastolic
blood pressure, fasting serum total and VLDL cholesterol,
triglycerides, C-peptide, uric acid, glucose and insulin levels
were significantly higher and HDL-cholesterol was lower in the
obese group compared with the nonobese healthy controls.

The calculated IR index results for both groups are shown
inTable 2. The first-week tests of the obese group have been
compared with the first-week tests of the nonobese healthy
controls. There was a significant difference between the
2 groups for all tests, and IR was significantly higher in the
obese group. The same differences were noted for the com-
parisons of the second-week tests (data not shown).

To evaluate reproducibility between the first- and second-
week tests, intraclass correlation coefficients were calculated
as shown inTable 3. The intraclass correlation coefficients ana-
lyzed for obese subjects showed reproducibility for all tests
with high r values. For nonobese subjects, the ISI-composite,
fasting and OGTT-derived Belfiore, Gutt and Cederholm
indices were not reproducible. When the group was analyzed
as a whole, however, all tests were reproducible.

When the differences between the initial measures and
the duplicate measures performed after a 1-week interval
were compared between the 2 groups, no significant differ-
ence was noted. Thus, the differences between the 2 meas-
urements were similar in both groups for all tests (Table 4).
In calculating the differences between the initial and dupli-
cate measures in both groups, some of the mean values have

a negative result, since the absolute value of the second test
was subtracted from the absolute value of the first.

DISCUSSION

In this study, IR indices of obese and nonobese healthy
women were calculated from fasting and OGTT-derived glu-
cose and insulin levels, and their reproducibility was investi-
gated. Obese individuals were found to be insulin resistant,
and all indices were significantly higher in this group.
Reproducibility was assessed by intraclass correlation coeffi-
cient analysis. ISI-composite, fasting and OGTT-derived
Belfiore, Cederholm and Gutt indices were not reproducible
when the nonobese group was analyzed seperately.

Obese and nonobese subjects who were normotensive,
normolipidemic and normoglycemic have been included in
this study. Subjects with these characteristics were chosen for
the following reasons. First, diabetes prevention programs
are more likely to be successful at the stage of normal glu-
cose tolerance, rather than in glucose intolerance or overt
type 2 diabetes (19), so it may be more important to meas-
ure IR accurately in normoglycemic individuals. Second,
because OGTT-derived measures were used, subjects with
diabetes and glucose intolerance were excluded to minimize
the possibility of insulin secretion defects.

This study showed that insulin-resistance indices were
reproducible in obese subjects, but that some were not
reproducible in nonobese subjects. The indices that were not
reproducible were mainly derived from OGTT measure-
ments, and there may be a few reasons for this. First, the
sample size was small in the nonobese group, possibly reduc-
ing the statistical power. Second, the measurements may have
had increased variability in low insulin-resistant states.
However, the observed reproducibility of the indices when
the entire group was evaluated as a whole supports the for-
mer hypothesis. Studies investigating the reproducibility of
these indices have been performed before with affirmative
results (13,14,20,21). Also, the nonsignificant differences

Table 2. Comparison of IR indices between obese subjects and nonobese healthy controls

‘49

Index Obese, meantSD Nonobese, mean*SD p-value
Belfiore (fasting) (pmol ".Lmmol ".l) 0.4+0.2 1.0£0.2 <0.05
HOMA (mmol.uU.mL?) 30£1.6 0.6+0.3 <0.05
QUICKI 0.3£0.02 0.4+0.03 <0.05
Raynaud (pUI".1) 35+1.6 144454 <0.05
ISl-composite (Ul ".ml.mg ".ml) 4725 161459 <0.05
Drivsholm 27414 44+1.8 <0.05
Cederholm (mg.lL.mmol ".uUl ".min™) 529+12.7 9024252 <0.05
OGTT-Belfiore (pmol ".Lh ".mmol "I.h ) 0.59+£0.25 1.03£0.2 <0.05
Gutt 44.6+8.1 751420 <0.05
Stumvoll 0.05+0.03 0.1+£0.01 <0.05
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between duplicate measurements when the 2 groups were
compared may be regarded as supportive of the repro-
ducibility of these indexes.

With respect to the OGTT-derived Belfiore index, it may
be tempting to speculate that this condition may be due to the
sensitivity of the OGTT-derived Belfiore index formula to
minor changes in serum glucose and insulin levels during the
OGTT, while the designs of other formulas lead to more sta-
ble results. The Belfiore index also differs from the other
indices in that it includes mean normal AUC glucose and AUC
insulin values, which are calculated from every laboratory’s
OGTT results. Previous studies from different laboratories
have shown that these mean normal values vary to a wide
degree (6); however, it remains to be determined to what
degree this difference affects the formula’s reproducibility.

What constitutes the most practical and trustworthy
index for measurement of IR has been a matter of debate for
some time. Although it is accepted as the gold standard, ECT,
in addition to being labour-intensive, has a few differences
and disadvantages compared with fasting and OGTT-derived
indices. First, ECT essentially measures peripheral insulin
sensitivity, whereas this remains undetermined for fasting
and OGTT-derived indices. Second, ECT measures insulin-
stimulated glucose disposal only at insulin levels in the non-
physiological range (22), although measurement of insulin
effect on glucose uptake in physiological states is more
important. When considered in this way, fasting and OGTT-
derived indices use more physiological values of glucose and
insulin; however, although they are practical, different
approaches are used to derive the equations, some empirical

Table 3. Intraclass correlation coefficients

(r) of fasting and OGTT-derived

and some based on models. The validity of these indices
depends on the validity of the assumptions they are based on.
Although it is not sufficient to judge the validity of a method
based only on its correlation with the ECT (22,23), the
objective of our study would have been better achieved if the
ECT had also been used.

Glucose homeostasis depends on a complex metabolic
process, and the relationship between glucose and insulin is
oversimplified, no matter how many parameters are includ-
ed in these indices. Nevertheless, these formulas have been
and will continue to be used in large epidemiological studies
to predict type 2 diabetes or for other reasons. As a result,
although there are many possible indices for measurement of
IR, the choices may be limited for insulin-sensitive subjects.
Further studies with larger patient groups may better illumi-
nate why reproducibility is lower in insulin-sensitive subjects
compared with insulin resistant ones.

ACKNOWLEDGEMENTS

The excellent technical assistance of the laboratory techni-
cians Betul Ozkan, Hakan Solak, Inci Erdogan, Laike Usta,
Gokcen Tekeli and Zulal Can is greatly appreciated.

Table 4. Comparison of differences in tests

performed with a 1-week interval

indices
Index Obese, Nonobese, All,
r value r value r value

Belfiore 0.941* 0.542t 0.880*
(fasting)

HOMA 0.958* 0.814* 0.974*
QUICKI 0.946* 0.783* 0.964*
Raynaud 0.923* 0.760%* 0.940%
ISI-composite 0.934* 0.498t 0.904*
Drivsholm 0.850* 0.645* 0.847*
Cederholm 0.853* 0456t 0.841%*
OGTT- 0.900* 0.589t 0.900%*
Belfiore

Gutt 0.841% ~0.196 0.474%
Stumvoll 0.961% 0.788* 0.985*
#p<0.05
p>0.05

Index Group Mean | SD*
Belfiore (fasting) Obese 0.003| 0.082
Nonobese -0.149| 0.352
HOMA Obese 0.050| 0.689
Nonobese 0.078 | 0317
QUICKI Obese 0.000| 0.012
Nonobese -0.004| 0.028
Raynaud Obese 0.009 | 0.897
Nonobese 0919 | 4.626
ISI-composite Obese 0.370| 1240
Nonobese 0.841| 6569
Drivsholm Obese 0.078 | 0.888
Nonobese 0273 | 1742
Cederholm Obese 3875 | 9.161
Nonobese 5931 | 2417
OGTT-Belfiore Obese 0.067| 0.139
Nonobese -0.007| 0.238
Gutt Obese -0.045| 6.610
Nonobese 6.572| 5545
Stumvoll Obese 0.001| 0.011
Nonobese -0.000 | 0.008

*p>0.05



INSULIN RESISTANCE INDICES IN NORMOGLYCEMIC WOMEN

AUTHOR DISCLOSURES
No duality of interest declared.

REFERENCES

1.

DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique:
a method for quantifying insulin secretion and resistance. Am |
Physiol. 1979;237:E214-E223.

Hosker JP, Matthews DR, Rudenski AS, et al. Continuous infu-
sion of glucose with model assessment: measurement of
insulin resistance and beta-cell function in man. Diabetologia.
1985;28:401-411.

Hirst S, Phillips DI, Vines SK, et al. Reproducibility of the
short insulin tolerance test. Diabet Med. 1993;10:839-842.
Bergman RN. Lilly lecture 1989. Toward physiological under-
standing of glucose tolerance. Minimal-model approach.
Diabetes. 1989;38:1512-1527.

Drivsholm T, Hansen T, Urhammer SA. Assessment of insulin
sensitivity and beta-cell function from an oral glucose toler-
ance test. Diabetologia. 1999;42:A185.

Belfiore F, Iannello S, Volpicelli G. Insulin sensitivity indices
calculated from basal and OGTT-induced insulin, glucose, and
FFA levels. Mol Genet Metab. 1998;63:134-141.

Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28:412-419.

Katz A, Nambi SS, Mather K, et al. Quantitative insulin sensi-
tivity check index: a simple, accurate method for assessing
insulin sensitivity in humans. J Clin Endocrinol Metab. 2000;
85:2402-2410.

Raynaud E, Perez-Martin A, Brun JF, et al. Revised concept for

the estimation of insulin sensitivity from a single sample.

Diabetes Care. 1999;22:1003-1004.

. Quon M]. Limitations of the fasting glucose to insulin ratio

as an index of insulin sensitivity. | Clin Endocrinol Metab.

2001;86:4615-4617.

. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained

from oral glucose tolerance testing: comparison with the eug-
lycemic insulin clamp. Diabetes Care. 1999;22:1462-1470.

. Cederholm J, Wibell L. Insulin release and peripheral sensitiv-

ity at the oral glucose tolerance test. Diabetes Res Clin Pract.
1990;10:167-175.

. Mather KJ, Hunt AE, Steinberg HO, et al. Repeatability char-

acteristics of simple indices of insulin resistance: implications
for research applications. | Clin Endocrinol Metab. 2001;
86:5457-5464.

. Schousboe K, Henriksen JE, Kyvik KO, et al. Reproducibility

of S-insulin and B-glucose responses in 2 identical oral glucose
tolerance tests. Scand | Clin Lab Invest. 2002;62:623-630.

. Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure

of fatness. Int | Obes. 1991;15:295-302.

. Gutt M, Davis CL, Spitzer SB, et al. Validation of the insulin

sensitivity index (ISI(0,120)): comparison with other meas-
ures. Diabetes Res Clin Pract. 2000;47:177-184.

17.

19.

20.

21.

22.

23.

Stumvoll M, Mitrakou A, PimentaW, et al. Use of the oral glu-
cose tolerance test to assess insulin release and insulin sensi-

tivity. Diabetes Care. 2000;23:295-301.

. Matthews JN, Altman DG, Campbell M], et al. Analysis of seri-

al measurements in medical research. BMJ. 1990;300:230-235.
McAuley KA, Williams SM, Mann ]I, et al. Diagnosing insulin
resistance in the general population. Diabetes Care. 2001;
24:460-464.

Ganda OP, Day JL, Soeldner ]S, et al. Reproducibility and
comparative analysis of repeated intravenous and oral glucose
tolerance tests. Diabetes. 1978;27:715-725.

Hermans MP, Levy JC, Morris R], et al. Comparison of tests
of beta-cell function across a range of glucose tolerance from
normal to diabetes. Diabetes. 1999;48:1779-1786.

Ferrannini E, Mari A. How to measure insulin sensitivity.
] Hypertens. 1998;16:895-906.

Pacini G, Mari A. Methods for clinical assessment of insulin

sensitivity and beta-cell function. Best Pract Res Clin Endocrinol
Metab. 2003;17:305-322.

CANADIAN JOURNAL OF DIABETES. 2006;30(1):46-51.

51



