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BACKGROUND: The triglyceride-to-HDL  cholesterol
(TG/HDL-C) ratio was introduced as a tool to estimate
insulin resistance, because circulating lipid measure-
ments are available in routine settings. Insulin, C-
peptide, and free fatty acids are components of other
insulin-sensitivity indices but their measurement is ex-
pensive. Easier and more affordable tools are of interest
for both pediatric and adult patients.

METHODS: Study participants from the Relationship Be-
tween Insulin Sensitivity and Cardiovascular Disease
[43.9 (8.3) years, n = 1260] as well as the Beta-Cell
Function in Juvenile Diabetes and Obesity study cohorts
[15 (1.9) years, n = 29] underwent oral-glucose-
tolerance tests and euglycemic clamp tests for estimation
of whole-body insulin sensitivity and calculation of insu-
lin sensitivity indices. To refine the TG/HDL ratio,
mathematical modeling was applied including body mass
index (BMI), fasting TG, and HDL cholesterol and com-
pared to the clamp-derived M-value as an estimate of
insulin sensitivity. Each modeling result was scored by
identifying insulin resistance and correlation coefficient.
The Single Point Insulin Sensitivity Estimator (SPISE)
was compared to traditional insulin sensitivity indices
using area under the ROC curve (aROC) analysis and X

test.

RESULTS: The novel formula for SPISE was computed as
follows: SPISE = 600 X HDL-C*'®/(TG%? X
BMI'®) with fasting HDL-C (mg/dL), fasting TG
concentrations (mg/dL), and BMI (kg/mz). A cutoff
value of 6.61 corresponds to an M-value smaller than 4.7
mg * kg_1 ~min~ ' (aROC, M:0.797). SPISE showed a
significantly better aROC than the TG/HDL-C ratio.
SPISE aROC was comparable to the Matsuda ISI (insu-
lin sensitivity index) and equal to the QUICKI (quanti-
tative insulin sensitivity check index) and HOMA-IR
(homeostasis model assessment—insulin resistance) when
calculated with M-values.

coNcLUsIONS: The SPISE seems well suited to surrogate
whole-body insulin sensitivity from inexpensive fasting
single-point blood draw and BMI in white adolescents
and adults.

© 2016 American Association for Clinical Chemistry

For almost 4 decades, the euglycemic hyperinsulinemic
clamp test has been the gold standard for measurement of
insulin sensitivity in humans (7). The major interest in
insulin resistance results from the fact that it is regarded
as the common denominator of the (cardio-) metabolic
syndrome (2). However, application of the hyperinsu-
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linemic clamp test is complicated, labor-intensive, un-
comfortable for the patient, and expensive. Thus, indices
have been developed as surrogate measures of insulin sen-
sitivity. Either an intravenous glucose tolerance test [for
example the minimal model S; (insulin sensitivity index)
or CSI (calculated sensitivity index)] (3, 4) or an oral
glucose tolerance test (OGTT)" [for example, for the
Matsuda composite insulin sensitivity index (ISI)]
(5-6) is required. But these tests are still relatively
labor-intensive and expensive. Simpler approaches re-
quire a single blood draw at fasting [for example for
homeostasis model assessment (HOMA), quantitative
insulin sensitivity check index (QUICKI), and
triglyceride-to—-HDL-cholesterol (TG/HDL-C) ratio]
(7-9). Of note, based on HDL-C, total cholesterol,
insulin, and free fatty acids, another lipid parameter—
based index has been derived (710). Recently, Shalau-
rova et al. introduced the lipoprotein resistance index,
based on nuclear magnetic resonance (NMR)-derived
lipoprotein information, to identify individuals with
insulin resistance (11).

The TG/HDL-C ratio was introduced about 2
decades ago, as a promising tool for estimating insulin
resistance (9, 12—-13). The advantage of this ratio is
the universal availability of measurement of circulat-
ing lipids in preclinical settings, such as in general
practice. Thus, it is an affordable tool to estimate in-
sulin resistance and does not include insulin. Never-
theless, the TG/HDL-C ratio shows disadvantages,
such as a large variability in the proposed cutoff point
of the ratio depending on population characteristics
(12).

We aimed to refine the TG/HDL-C ratio, using
easily available data from the Relationship between Insu-
lin Sensitivity and Cardiovascular Disease (RISC) study
cohort, a large cohort of healthy adult individuals, with
the formula to predict the clamp measure of insulin
resistance—the M-value.

This new TG/HDL-C ratio formula [Single Point
Insulin Sensitivity Estimator (SPISE)], was then vali-
dated in both adults (RISC cohort) and adolescents en-
rolled in the European Union (EU) funded Beta-Cell
Function in Juvenile Diabetes and Obesity (Beta-JUDO)
project.

1 Nonstandard abbreviations: OGTT, oral glucose tolerance test; IS, insulin sensitiv-
ity index; HOMA-IR, homeostasis model assessment-insulin resistance; QUICKI,
quantitative insulin sensitivity check index; TG, triglyceride; HDL-C, HDL choles-
terol; NMR, nuclear magnetic resonance; RISC, Relationship between Insulin Sen-
sitivity and Cardiovascular Disease; SPISE, Single Point Insulin Sensitivity Estima-
tor; EU, European Union; Beta-JUDO, Beta-Cell Function in Juvenile Diabetes and
Obesity; BMI, body mass index; aROC, area under the ROC curve; M/I, M value over
insulin.
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Materials and Methods
STUDY POPULATIONS

RISC study population. From 2002 to 2004, 1300 adults
between 30 and 60 years old were recruited from 19
centers in 14 European countries. They were all pre-
screened for confirmation of general good health and
absence of drug intake affecting insulin sensitivity, blood
pressure, circulating lipids, or glucose. Exclusion criteria
were increased systolic or diastolic blood pressure (=140
or =90 mmHyg) after 3 measures: hyperlipidemia (fasting
circulating total cholesterol =300 mg/dL or 3.4 mmol/L
and/or fasting TGs =400 mg/dL or 4.5 mmol/L), diabe-
tes mellitus, or other chronic diseases, such as overt car-
diovascular disease, >40% carotid stenosis (14).

Beta-JUDO study population. The study population for
index validation in adolescents is part of the Beta-JUDO
study cohort (FP7-HEALTH-2011-two-stage, project
number: 279153; www.betajudo.org) for an investiga-
tion taking place in 6 European countries; clinical studies
for this report were carried out in Uppsala (Sweden) and
Salzburg (Austria). The ages of the 30 juvenile partici-
pants were between 10 and 18 years and categorized ac-
cording to the WHO criteria for overweight and obesity,
being overweight with a body mass index (BMI) on or
above the 90th percentile for age and sex or obese with a
BMI on or above the 97th (obese) or on or above the 99th
percentile (morbidly obese) for age and sex. They were
healthy based on a physical examination and detailed
patient history, aside from obesity and associated meta-
bolic comorbidities. Exclusion criteria were lack of con-
sent or any psychiatric disorder, which would hinder an
informed consent and compliance to take part in the
investigation.

The adolescent and the adult cohorts underwent the
same diagnostics, including detailed physical examina-
tion and measures of blood pressure and anthropometry
(weight, height, bioimpedance). Furthermore, all partici-
pants took part in 75-g OGTTs as well as genetic evalu-
ations, and lifestyle questionnaires were used to detect
physical activity, eating behavior, and personal and fam-
ily history.

Taking into account that puberty is linked to tran-
sient insulin resistance, which decreases with the comple-
tion of pubertal development, this study included only
juvenile subjects in postpubertal stages (Tanner stages 4
and 5).

Local ethics committee approval was achieved by all
recruitment centers of the Beta-JUDO as well as RISC
studies, and all participants gave informed written con-
sent to the protocol. For the adolescents, written in-
formed consent was obtained from at least one parent.
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ANALYTICAL PROCEDURES

In both study cohorts, plasma HDL-C, LDL cholesterol,
and triglycerides were analyzed using an enzymatic pho-
tometric test (Roche Method for Modular System; Roche
Diagnostics). Insulin was analyzed by a specific time-
resolved fluoroimmunoassay [AutoDELFIA (dissociation-
enhanced lanthanide fluorescent immunoassay) insulin
kit; Wallac Oy] in the RISC study, while single-plex
ELISA kits were used (Mercodia AB®) in the Beta-
JUDO cohort. All parameters were analyzed centrally.

HYPERINSULINEMIC CLAMP TEST

Euglycemic hyperinsulinemic clamp tests were applied
between both studies and used to determine insulin sen-
sitivity within an interval of maximally 3 to 4 weeks after
the OGTT. After an overnight fast for at least 10 h,
participants were admitted to each investigational center.
Two catheters were inserted into an antecubital vein of
the left and right arm for venous blood sampling and
infusions, respectively. Baseline measurements of fasting
circulating glucose were taken at least 3 times before
clamp start. The euglycemic clamp glucose target was
determined from the mean value of 3 fasting plasma glu-
cose measurements. The glucose clamp target was set to
80 mg/dL (4.44 mmol/L) in case of a value above 80
mg/dL, and in case of a value above 100 mg/dL (5.55
mmol/L) the clamp goal was 100 mg/dL (15-16). The
Beta-JUDO clamp protocol was adapted to the RISC
study.

Clamp tests were performed for 120 min, with
primed-continuous regular insulin infusion [40 mU
insulin * min~" + (m” total body surface area) ™' (17)].
Blood samples for the determination of serum insulin
and C-peptide were drawn at 0 and 120 min.

CALCULATIONS AND MODELING

The M-value: 100120 min, mg - kgfl - min~'; the Mat-
suda ISI: 10 000/[(G X Ir) X (G pean OGTT concentration
Lnean OGTT concencration)] (6); and the HOMA-IR
(22.5/(I X Gy) (10) were calculated and then compared
to the novel index, where Gy was fasting glucose concen-
tration, G, the mean glucose concentration during
the OGTT, HOMA the homeostasis model assessment,
I the fasting insulin concentration, and I .., the mean
insulin concentration during the OGTT.

In fact, the primary aim of this study was to generate
an index for identification of as many insulin-resistant
people as possible, by using only 1 blood draw. We had
access to the data of 1260 nondiabetic adults of the
RISC study, and to the data of 29 adolescents of the
Beta-JUDO study. The index was first refined using
computer-assisted mathematical modeling of data from a
large, nondiabetic adult cohort that was then validated in
obese adolescents.

mean

To discriminate people who were insulin resistant
from those who were insulin sensitive, we used the
M-value cutoff of 4.7 mg glucose mg-kg™ "+ min~"
(17-19). To rule out any differences in insulin adminis-
tration as well as degradation, we additionally used the
M-value over insulin (M/I) with a cutoff of 8.378 as a
comparison to the simple M-value. M/I was calculated
as glucose disposal rate divided by the mean plasma
insulin concentration during the last 20 min of the 2-h
euglycemic insulin clamp [M/I (100-120 min) =
(mg -+ kg™ "+ min~"') per wU/mL X 100].

The source codes of our software for the develop-
ment of the new index are given in the Data Supplement,
Appendix 1, that accompanies the online version of
this article at http://www.clinchem.org/content/vol62/
issue9. In brief, in the first model, we included only TG
and HDL, because they both have been initially given in
the triglyceride-to-HDL-cholesterol ratio formula. In
general, each modeling result was scored by correlation
coefficient with M and identification of insulin resis-
tance: The relevance of each outcome was screened by
both relationship quality with M and sensitivity of insu-
lin resistance identification. Those 2 criteria were com-
bined to yield a score, so that the best suited outcome
could be rapidly identified. So, we began to apply math-
ematical modeling for the TG/HDL-C ratio, using all
meaningful exponents between —5 and 5 in the steps
between 0.1 and 0.001 for HDL and TG. Despite mod-
erate improvement in the correlation coefficient with M
(r=0.328, P < 0.001) when modifying the formula to
HDL-C*®/TG®?, we were still dissatisfied and consid-
ered other easily available factors from clinical practice to
be included. However, from widely used parameters in
clinical practice and routine labs, only body weight and
BMI were sufficiently well associated with M. Thus, we
proceeded to include BMI in the formula and performed
6 further modeling runs for best definition of each expo-
nent value for TG, HDL, and BMI. This further im-
proved not only the correlation coefficient, but also the
specificity for insulin resistance identification. Taken to-
gether, after 9 prolonged analyses, inclusion of BMI fol-
lowing triglycerides and HDL-C eventually yielded a
markedly improved estimation of insulin sensitivity, as
measured by the M-value.

Statistical analysis used SigmaPlot, IBM SPSS 2,1
and Matlab. We used an ROC curve to display the
tradeoff between true positives and false positives across
incremental choices of discriminating cutoff points for
glucose disposal rate. The area under the ROC curve
(aROC) was analyzed for all insulin sensitivity indices
(SPISE, HOMA-IR, Matsuda ISI, and TG/HDL-C
ratio) using the indicated M-value cutoff of 4.7
mg * kg_1 -min~ ! (18) or the indicated M/I-value cut-
off of 8.378. Cutoff values for the insulin sensitivity in-
dices were obtained using the maximum of the Youden-
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Table 1. Clinical and biochemical characteristics of the
study population.?

Adult group Juvenile group

(n = 1260) (n=29)
Age, years 43.9(8.3) 15.0(1.9)
Sex, % of females 55 33
BMI, kg/m? 25.5(4) 38.6(10)
BMI-SDSP 3.3(0.6)
TG, mg/dL 96.3(63.1) 94.9 (35.4)
HDL-C, mg/dL 55.1(14.7) 46.1(13.5)

2 Data are expressed as mean (SD) or percent of participants.
b BMI-SDS, BMI SD score, used in children for BMI description representing in-
creases or decreases around the 50th percentile adjusted for age and sex.

Index [sensitivity — (1 — specificity) (20)]. Statistical
differences in the ROC curves between insulin sensitivity
indices were analyzed.

Results

ANTHROPOMETRIC AND BIOCHEMICAL PARAMETERS IN

BOTH GROUPS

Adult study participants showed a mean age of 43.9 (8.3)
years (55% female), whereas juveniles had a mean age of
15.0 (1.9) years (33% female). As shown in Table 1, the
adult group was on average overweight, whereas the ju-
venile group was obese. Whereas circulating triglycerides
concentrations were comparable between both groups,
HDL-C concentrations were significantly lower in the
juvenile group. The juvenile obese group presented with
higher HOMA-IR and lower M-values (Table 2) and
M/I values (data not shown), indicating a higher degree
of insulin resistance in this cohort of juveniles than in the
adults studied.

Table 2. Measures and estimates of insulin sensitivity in
the study population derived from fasting as well as
dynamic states.?

Adult group Juvenile group
(n=1260) (n=29)

M-value, mg- kg™ -min™"  7.2(3) 4.4 (1.4)
SPISE index 7.2(2) 4.1(1.3)
HOMA-IR 1.2(0.7) 4.5(2.2)
Matsuda ISI® 9.6 (5.5) 2.5(1.1)
TG/HDL-C ratio 2.0(2.3) 2.2(0.4)

2 Data are expressed as mean (SD).
® For the mean (SD) of the comparative Matsuda ISI 1200 study participants were
evaluated.
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Table 3. Pearson correlations of M-value to other
measures of insulin sensitivity in adult and juvenile
study participants.?

Adult group (n = 1260)

(n=1200 for Juvenile group
Matsuda ISI) (n=29)
M-value, mg - kg™ - min™’
SPISE index 0.474*** 0.561**
HOMA-IR —0.410%** -0.391*
Matsuda ISI 0.496*** 0.319%
TG/HDL-C ratio —0.237*** -0.184

Data are expressed as r values according to Pearson correlation calculation.
*P<0.05*P<0.01,**P<0.001,5=0.08.

SPISE FORMULATION
The novel formula for SPISE was computed as follows:

SPISE = 600 X HDL_CO.]SS/(TGO.Z X BMII'338),

(1)

with fasting HDL-C (mg/dL), fasting triglyceride con-
centrations (triglycerides; mg/dL), and BMI (kg/m?). Al-
though DeFronzo et al. suggested both the M-value and
the M/I ratio as measures of insulin sensitivity (1), we
focused modeling on M-values in the Beta-JUDO cohort
in this analysis.

CORRELATIONS AND PREDICTIVE VALUE OF THE SPISE INDEX
Table 3 shows the Pearson correlation coefficients for the
correlation between insulin sensitivity indices and
M-value. The SPISE index showed moderate to strong
positive correlations with the M-value in both adults and
juveniles and in each study cohort separately.

CORRESPONDING CUTOFF VALUES OF INSULIN

SENSITIVITY INDICES

All participants were grouped for ROC analysis. Table 4
shows the cutoff values of the established insulin sensitiv-
ity indices compared to an M-value cutoff of 4.7
mg - kg™ '+ min~ " and to a corresponding M/I-ratio cut-
off of 8.387, respectively. For the SPISE index, a cutoff
value of 6.61 corresponds to an M-value of 4.7
mg - kg™ min~; using M/I, the SPISE index cutoff
value is 6.87, presenting with a better accuracy than when
using the M-value (M/1, 0.828; M, 0.797). The other
indices (Matsuda ISI, QUICKI, TG/HDL-C ratio,
HOMA-IR) also show a worse accuracy using M-value
compared to M/I (see Table 4). For M-value as well as
M/I, the Matsuda ISI presents the best accuracy as given
by aROC compared to all other indices. SPISE index,
QUICKI, and HOMA-IR present with similar aROCs
in both calculations. TG/HDL-C ratio shows the worst
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Table 4. ROC analysis for M-value and M/I.*

Insulin resistance

group.

cutoff level Sensitivity, % Specificity, % aROC
M M/I M M/I M M/ M M/l
SPISE index 6.61 6.87 66 64 80 84 0.797 0.828
Matsuda ISI 6.00 6.99 82 78 68 78 0.823 0.860
QUICKI 0.38 0.37 69 82 72 65 0.776 0.813
TG/HDL-C ratio 2.05 1.47 59 78 74 57 0.713 0.722
HOMA-IR 1.22 1.19 70 74 73 75 0.785 0.825

2 Data are presented as cutoffvalues, sensitivity, specificity, and aROC. Corresponding M (4.7 mg - kg ™" - min~")and M/I (8.387) values were calculated for Youden index in the whole

accuracy compared to all other indices, when using
M-value or M/I.

COMPARISON OF DIFFERENT INSULIN SENSITIVITY INDICES
With a )(2 test, we compared aROC of the different in-
dices using an M-value cutoff of 4.7 mg * kg{1 -min !
as well as a corresponding M/I-ratio cutoff of 8.387. Data
are depicted in Table 5. Using M-value as well as M/I
ratio, SPISE index showed a significantly better aBROC
than the TG/HDL-C ratio [SPISE index, aROC 0.797
(M)/0.828 (M/I); TG/HDL-C ratio, aROC 0.713 (M)/
0.722 (M/T); P < 0.0001]. Additionally, the Matsuda ISI
showed significantly better accuracy than QUICKI,
HOMA-IR, and TG/HDL-C ratio independent of using
M or M/I ratio (P < 0.0001). Comparing the SPISE
index and Matsuda ISI, the SPISE index aROC was com-
parable to the Matsuda ISI and equal to QUICKI and
HOMA-IR when calculated with the M-value (SPISE
index aROC, 0.797; Matsuda ISI aROC, 0.823;
QUICKI aROC, 0.776; HOMA-IR aROC, 0.785;
SPISE index and Matsudas ISI: 2 = 0.069). When using
M/I ratio, Matsuda ISI showed better accuracy than the
other indices.

Fig. 1 shows the ROC curves for all indices: the
sensitivity and specificity of the SPISE index were com-

parable to those for the Matsuda ISI, the best among
established indices. SPISE index showed a significantly
better aBROC than the TG/HDL-C ratio in both groups.

Discussion

The present study shows that insulin sensitivity can be
estimated using the SPISE index, a new, simple index, in
both adults and obese adolescents. Using an M-value
derived from the euglycemic—hyperinsulinemic glucose
clamp test, the accepted gold standard of insulin sensitiv-
ity, we provide evidence for the usefulness of an index
integrating triglycerides, HDL-C, and body mass index.
As suggested by Bergman et al. (19), we used a conserva-
tive definition of insulin resistance as an M-value of <4.7
mg - kg™ ' - min~". Given the demanding nature and the
expense and time involved in performing euglycemic—
hyperinsulinemic clamp tests, several indices to evaluate
insulin sensitivity have been developed and validated in
adult and pediatric cohorts. All of these indices have lim-
itations (such as lack of reproducibility, methodical dis-
crepancies between laboratories, time-consuming meth-
ods, complexity, and invasiveness), and most importantly

they depict either fasting (e.g., HOMA-IR or QUICKI)

Table 5. x?test and comparison of different indices using M value and M/1.?

Difference aROC Chi square P value

M M/I M M/ M M/I
SPISE Matsuda's S| -0.026 -0.033 3.315 7.459 0.069 0.0063
SPISE QUICKI 0.021 0.015 1.942 1.248 0.163 0.264
SPISE TG/HDL ratio 0.084 0.106 38.744 73.450 < 0.0001 < 0.0001
SPISE HOMA-IR 0.012 0.003 0.766 0.061 0.382 0.804

2 % calculated using a significance level of P < 0.0001. Corresponding M (4.7 mg + kg =" - min~") and M/1 (8.387) values were calculated for Youden index in the whole group.

Clinical Chemistry 62:9 (2016) 1215

202 1udy 61 U0 }sanb Aq 8761 L 9G/1 L Z1/6/29/0101HE/WaYoUIl|D/W0od dNo"dlWapEdE//:SARY WOl papeojumog



ROC Curve Analysis

Sensitivity
o
(%))

= SPISE

- = = Matsuda
HOMA-IR
ol e TG/HDL ratio | |
2 QUICKI
0 ‘ ‘ ; |
0 0.2 0.4 0:6 08 ¢
1- Specificity
B ) ROC Curve Analysis
= ~SUCTEE
09+
0.8
0.7+
2061
2
=
% 0.5
c
@
N 0.4
03[
‘ = SPISE
e == == Matsuda
HOMA-IR
wuld 7 e TG/HDL ratio | |
A QUICKI
0 ; ' ‘ |
0 0.2 0.4 0:6 08 !

1- Specificity

Fig. 1. (A), Summary of ROC curve analyses for SPISE indexand
other insulin sensitivity indices for M = 4.7 mg - kg™ - min™".
(B), Summary of ROC curve analyses for SPISE index and other

insulin sensitivity indices for M/l = 8.387.

or dynamic states (e.g., Matsuda ISI) of insulin action
separately (3, 7-8, 21-25).

In addition to these traditional measures of insulin
sensitivity, the TG/HDL-C ratio is characterized by the
availability of measures of circulating lipids, in particular
in preclinical settings (9, 12—13, 26—29). Pathophysi-
ologically, alterations in lipid and lipoprotein metabo-
lism are among the earliest manifestations of insulin re-
sistance (30). NMR spectroscopy studies in individuals
with insulin resistance have shown higher levels of VLDL
and LDL particles than those found in insulin-sensitive
controls (31). This is due to an increase in VLDL syn-
thesis, which has been demonstrated to be related to an
increased availability of free fatty acids (32), hyperglyce-
mia (33), and reduced VLDL clearance from the circu-
lation (33). Further, HDL particle levels are lower, and

1216 Clinical Chemistry 62:9 (2016)

VLDL larger and LDL as well as HDL smaller in particle
size in insulin-resistant (34) and prediabetic states (35).

Therefore, the TG/HDL-C ratio uniquely depicts
the complex associations of lipoprotein metabolism and
the role of proatherogenic factors in the obesity-related
cascade (36). The TG/HDL-C ratio had already been
presented as a promising tool for estimation of insulin
resistance 20 years ago (9, 12-13). However, there are
large differences in the predictive power of the ratio ac-
cording to ethnicity. Thus, when studying African Amer-
ican and other nonwhite populations, the relationship of
the ratio to cardio-metabolic parameters could not be
confirmed (12, 28, 37). This may be due to the fact that
African Americans show higher insulin levels due to a
compensatory reduction in hepatic insulin extraction re-
ducing hepatic utilization of lipids and consequently re-
duced circulating TG concentrations (38).

In contrast, the TG/HDL-C ratio was associated
with both indirect and direct measures of insulin sensi-
tivity in all ethnic groups in pediatric study participants
(12). Furthermore, the TG/HDL-C ratio has been
proven to be outstanding in comparison to other indica-
tors to screen for the metabolic syndrome and was found
to be a useful marker of early functional and morpholog-
ical vascular changes (28 Jand cardiac remodeling, as well
as nonalcoholic fatty liver disease detection in pediatric
cohorts (39).

McLaughlin et al. (29) reported that among 258
overweight individuals, fasting insulin, triglycerides, and
the TG/HDL-C ratio were the best predictors of insulin
resistance, as defined by the insulin suppression test. The
sensitivities of their cutoff points ranged from 57% to
67% and the specificities from 68% to 85%. These re-
sults are particularly compatible with our results in obese
adolescents because they apply specifically to overweight
individuals, in whom the effect of BMI itself is likely to be
attenuated, permitting the emergence of other predic-
tors, in this case triglycerides and the TG/HDL-C ratio.
In an analysis assembling 2321 results (2138 nondiabetic
study participants) from euglycemic clamp procedures
(40 mU * min~ '+ m™?), Stern et al. (40) found HOMA-
IR, BMI, waist circumference, and LDL cholesterol to be
significant predictors of insulin resistance. Tam and as-
sociates (18) generated classification trees for predicting
insulin resistance from euglycemic clamps performed at
120 mU * min~ "+ m™? from routinely measured fasting
glucose, insulin, total cholesterol, and HDL-C, thereby
extending the hyperinsulinemic—euglycemic clamp from
a research tool to clinical applicability. The sensitivity
and specificity results from these 2 studies were similar to
those calculated for the SPISE in our analysis [SPISE
aROC from M-value, 0.80; M/I, 0.83; Stern et al. (40):
aROC, 0.90; Tam et al. (18): aROC, 0.87].

The SPISE index was designed to ameliorate the
TG/HDL-C ratio, to enhance its sensitivity and specific-
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ity and thus provide an index without insulin as a (costly)
parameter. In keeping with this goal, the SPISE per-
formed similarly to HOMA-IR and QUICKI, but signif-
icantly better than the TG/HDL-C ratio, which showed
the lowest level of agreement with the glucose clamp—
derived M-value as well as the M/I-ratio (Tables 4 and 5).
In addition, only OGTT-derived Matsuda ISI tended to
be superior to the SPISE index (only by trend when re-
lating to M-value, significant for M/I). Hence, similar to
the current use of established indices of insulin sensitiv-
ity, the SPISE index can be used both in routine clinical
practice and clinical research settings to estimate insulin
sensitivity with only fasting values of triglycerides,
HDL-C, and BMI needed in white children and adoles-
cents. For the SPISE index, a cutoff value of 6.61 corre-
sponds to an M-value of 4.7 mg * kg71 -min~ !, smaller
values indicating insulin resistance.

LIMITATIONS

Our study examined the SPISE index by investigating
nondiabetic adults [mean BMI 25.5 (0.1) kg/mz] and
obese adolescents [mean BMI 38.6 (1.8) kg/m?*]. The
juvenile cohort in particular represents the patient group
at risk and the detection of insulin resistance is crucial for
these patients. Further, ROC analyses for SPISE index
and other insulin sensitivity indices showed an unfavor-
able kinking when using M/I as a surrogate of insulin
sensitivity (data not presented). Thus, we favor using an
M-value cutoff of 4.7 mg- kg_1 -min~ ', which is al-
ready the state of the art in most studies. Further analyses
and studies to establish age- and sex-specific cutoffs in
different patient groups are warranted. In addition, our
study predominantly recruited Europeans of white eth-
nicity. Given the differences of lipoprotein metabolism
between white and African American populations men-
tioned above (12, 37, 39), for the time being SPISE can
be applied only to white people, with validation in other
populations, in particular African Americans, needed.

Conclusion

In conclusion, we have shown that the identification of
insulin resistance in white pediatric and adult individuals
is feasible by a simple calculation—using only routine
TG and HDL-C measurements from inexpensive single-
point blood samplings in fasting state and BMI. Thus,
the SPISE index can aid in the identification of this im-
portant harbinger of chronic diseases and could be incor-
porated into clinical trials and daily clinical practice.

Appendix
RISC Investigators

RISC recruiting centers: Amsterdam, The Nether-
lands: R.J. Heine, J. Dekker, S. de Rooij, G. Nijpels, W.

Boorsma; Athens, Greece: A. Mitrakou, S. Tournis, K.
Kyriakopoulou, P. Thomakos; Belgrade, Serbia: N. La-
lic, K. Lalic, A. Jotic, L. Lukic, M. Civcic; Dublin, Ire-
land: J. Nolan, T.P. Yeow, M. Murphy, C. DeLong, G.
Neary, M.P. Colgan, M. Hatunic; Frankfurt, Germany:
T. Konrad, H. Bohles, S. Fuellert, F Baer, H. Zuchhold;
Geneva, Switzerland: A. Golay, E. Harsch Bobbioni,V.
Barthassat, V. Makoundou, T.N.O. Lehmann, T. Mer-
minod; Glasgow, Scotland: J.R. Petrie, C. Perry, F.
Neary, C. MacDougall, K. Shields, L. Malcolm; Kuopio,
Finland: M. Laakso, U. Salmenniemi, A. Aura, R Rai-
sanen, U. Ruotsalainen, T. Sistonen, M. Laitinen, H.
Saloranta; London, England: S.W. Coppack, N. Mc-
Intosh, J. Ross, L. Pettersson, P. Khadobaksh; Lyon,
France: M. Laville, F. Bonnet (now Rennes), A. Brac de
la Perriere, C. Louche-Pelissier, C. Maitrepierre, J. Pey-
rat, S. Beltran, A. Serusclag; Madrid, Spain: R. Gabriel,
E.M. Sanchez, R. Carraro, A. Friera, B. Novella; Malms,
Sweden (1): P. Nilsson, M. Persson, G. Ostling, (2): O.
Melander, P. Burri; Milan, Italy: P.M. Piatt, L.D.
Monti, E. Setola, E. Galluccio, F. Minicucci, A. Colle-
luori; Newcastle-upon-Tyne, England: M. Walker, .M.
Ibrahim, M. Jayapaul, D. Carman, C. Ryan, K. Short, Y.
McGrady, D. Richardson; Odense, Denmark: H. Beck-
Nielsen, P. Stachr, K. Hojlund, V. Vestergaard, C. Ol-
sen, L. Hansen; Perugia, Italy: G.B. Bolli, F. Porcellati,
C. Fanelli, P. Lucidi, F. Calcinaro, A. Saturni; Pisa, Italy:
E. Ferrannini, A. Natali, E. Muscelli, S. Pinnola, M.
Kozakova, A. Casolaro, B.D. Astiarraga; Rome, Italy: G.
Mingrone, C. Guidone, A. Favuzzi. P. Di Rocco; Vi-
enna, Austria: C. Anderwald, M. Bischof, M. Promint-
zer, M. Krebs, M. Mandl, A. Hofer, A. Luger, W. Wald-
hiusl, M. Roden.

Project Management Board: B. Balkau (Villejuif,
France), F. Bonnet (Rennes, France), S.W. Coppack
(London, England), J.M. Dekker (Amsterdam, The
Netherlands), E. Ferrannini (Pisa, Italy), A. Mari (Pa-
dova, Italy), A. Natali (Pisa, Italy), J. Petrie (Glasgow,
Scotland), M. Walker (Newcastle, England).

Core laboratories and reading centers: Lipids Dub-
lin, Ireland: P. Gaffney, J. Nolan, G. Boran; Hormones
Odense, Denmark: C. Olsen, L. Hansen, H. Beck-
Nielsen; Albumin:creatinine Amsterdam, The Nether-
lands: A. Kok, J. Dekker; Genetics Newcastle-upon-
Tyne, England: S. Patel, M. Walker; Stable isotope
laboratory Pisa, Italy: A. Gastaldelli, D. Ciociaro; Ultra-
sound reading centre Pisa, Italy: M. Kozakova; Electro-
cardiogram reading, Villejuif, France: M. T. Guillanneuf;
Actigraph, Villejuif, France: B. Balkau, L. Mhamdi ;
Data management Villejuif, France, Padova and Pisa,
Italy: B. Balkau, A. Mari, L. Mhamdi, L. Landucdi, S.
Hills, L. Mota; Mathematical modelling and website
management Padova, Italy: A. Mari, G. Pacini, C. Cav-
aggion, A. Tura.
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Coordinating office: Pisa, Italy: S.A. Hills, L. Lan-
ducci. L. Mota.

Further information on the RISC Study and partic-
ipating centers can be found online at www.egir.org.

Beta-JUDO Investigators

Uppsala University, Sweden: P. Bergsten, A. Alder-
born, A. Forslund, H. Ahlstrém, J. Kullberg, M. Dahl-
bom, H. Manell, J. Staaf, I. Ciba, J. Bergquist, K. Ub-
hayasekera, E. Sargsyan, L. Manukyan, A. Chowdhury,
H. Kristinsson; University Hospital Salzburg/Paracelsus
Medical University, Austria: D. Weghuber, K. Widhalm,
C. Anderwald, K. Paulmichl, F. Zsoldos, K. Hergan, M.
Meissnitzer, A. Ladinger, ]. Cadamuro, S. Auer; Univer-
sity of Luxembourg: R. Schneider, K. Roomp, J. Sinha;
University of Cambridge: S. Farooqi, N. Clark, R.
Schaeffer, A. Sablonniere; University of Leipzig: W.
Kiess, A. Kérner; University of Geneva: J. Sanchez, A.
Hainard, D. Schvartz, F. Topf; Pivot: A. Schrattenholz,
K. Groebe; AstraZeneca UK Limited: D. Smith, M.
Uddmark; Scandinavian CRO (SCRO): A. Lonner, B.
Joseph, K. Bergstrom, U. Hammarstrom Liillmaa.

Further information on the Beta-JUDO Study
and participating centers can be found online at
www.beta-judo.org.
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