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Objective: The objective was to test the clinical utility of Quantose MQ to monitor changes in insulin
sensitivity after pioglitazone therapy in prediabetic subjects. Quantose MQ is derived from fasting
measurements of insulin, �-hydroxybutyrate, linoleoyl-glycerophosphocholine, and oleate, three
nonglucose metabolites shown to correlate with insulin-stimulated glucose disposal.

Research Design and Methods: Participants were 428 of the total of 602 ACT NOW impaired
glucose tolerance (IGT) subjects randomized to pioglitazone (45 mg/d) or placebo and followed for
2.4 years. At baseline and study end, fasting plasma metabolites required for determination of
Quantose, glycated hemoglobin, and oral glucose tolerance test with frequent plasma insulin and
glucose measurements to calculate the Matsuda index of insulin sensitivity were obtained.

Results: Pioglitazone treatment lowered IGT conversion to diabetes (hazard ratio � 0.25; 95%
confidence interval � 0.13–0.50; P � .0001). Although glycated hemoglobin did not track with
insulin sensitivity, Quantose MQ increased in pioglitazone-treated subjects (by 1.45 [3.45]
mg�min�1�kgwbm

�1) (median [interquartile range]) (P � .001 vs placebo), as did the Matsuda index
(by 3.05 [4.77] units; P � .0001). Quantose MQ correlated with the Matsuda index at baseline and
change in the Matsuda index from baseline (rho, 0.85 and 0.79, respectively; P � .0001) and was
progressively higher across closeout glucose tolerance status (diabetes, IGT, normal glucose tol-
erance). In logistic models including only anthropometric and fasting measurements, Quantose MQ

outperformed both Matsuda and fasting insulin in predicting incident diabetes.

Conclusions: In IGT subjects, Quantose MQ parallels changes in insulin sensitivity and glucose
tolerance with pioglitazone therapy. Due to its strong correlation with improved insulin sensitivity
and its ease of use, Quantose MQ may serve as a useful clinical test to identify and monitor therapy
in insulin-resistant patients. (J Clin Endocrinol Metab 100: 1855–1862, 2015)
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Abbreviations: AIR, acute insulin response; AUC, area-under-the concentration curve; AUCI/
AUCG, insulin-to-glucose AUC ratio; BMI, body mass index; CI, confidence interval; CV, coef-
ficient of variation; FFA, free fatty acid; FPG, fasting plasma glucose; FSIVGTT, frequently-
sampled iv glucose tolerance test; �-HB, �-hydroxybutyrate; HbA1c, glycated hemoglobin; IGT,
impaired glucose tolerance or tolerant; L-GPC, L-linoleoyl-glycerophosphocholine; NGT, nor-
mal glucose tolerance or tolerant; OGTT, oral glucose tolerance test; ROC, receiver operating
characteristics; SI, insulin sensitivity from the FSIVGTT; T2DM, type 2 diabetes mellitus.
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Insulin resistance is a characteristic feature of type 2 di-
abetes mellitus (T2DM) (1). Individuals in the upper

tertile of impaired glucose tolerance (IGT) also manifest
marked insulin resistance and have lost approximately
70–80% of their �-cell function (1–3). Subjects with IGT
progress to T2DM with rates varying from 5–15% per
year (4). Multiple studies have shown that lifestyle inter-
vention or pharmacotherapy with metformin, thiazolidin-
ediones, or acarbose can prevent or delay the progression
of IGT to T2DM (5–9). Of the available antidiabetic
agents, thiazolidinediones appear to be the most effective
(1). Thus, in the ACT NOW study, pioglitazone reduced
IGT conversion to T2DM by 72% (7).

By measuring a large number of metabolites from a
single fasting plasma sample (10), metabolomics has the
potential to identify biomarkers that can provide insights
into the pathophysiology of complex metabolic diseases
and to monitor and predict responses to therapeutic in-
terventions. In patients with T2DM, a number of novel
biomarkers have been shown to be elevated and to corre-
late with insulin resistance (11–17). These include
branched-chain amino acids, which are elevated in animal
models of obesity and T2DM and in nondiabetic obese
and T2DM humans (18). Raised plasma branched-chain
amino acid levels also predict incident T2DM and im-
provement in insulin resistance with weight loss (18, 19).

Using fasting plasma samples from the healthy, nondi-
abetic population of the Relationship between Insulin Sen-
sitivity and Cardiovascular Disease (RISC) study, we iden-
tified novel biomarkers that correlated strongly with the
rate of whole body insulin-mediated glucose disposal (M
value, insulin stimulated glucose metabolism) derived
from the euglycemic insulin clamp technique (13). Indi-
vidually, �-hydroxybutyrate (�-HB), oleate, and insulin
were negatively correlated with insulin-stimulated glucose
metabolism (M), whereas L-linoleoyl-glycerophospho-
choline (L-GPC) was positively correlated with M. Col-
lectively, these four variables (called Quantose M) (20)
predicted the 3-year progression from normal glucose tol-
erance (NGT) to IGT in RISC and to overt diabetes in the
Botnia cohort (13).

The aims of the present study were to examine, for the
first time: 1) the relationship between Quantose MQ and
insulin resistance in a North American population; and 2)
the effect of a pharmacological intervention with the in-
sulin sensitizer pioglitazone in a prediabetic population
(ACT NOW Study) (21) on these novel insulin sensitivity
biomarkers.

Subjects and Methods

Subjects
In ACT NOW (21), 602 high-risk individuals with IGT were

recruited over 2 years and followed for a mean of 2.4 years. The

inclusion/exclusion criteria and subject characteristics have been
published (7, 21). The study population consisted of 57% Cau-
casians, 24% Mexican Americans, 16% African Americans, and
3% Asians. Eight centers participated in the study, which was
approved by the Institutional Review Board at each site.

A total of 441 IGT patients completed the study, and baseline
metabolite measurements were available for 428 subjects (210
treated with pioglitazone and 218 with placebo); follow-up me-
tabolite measurements were available for 404 patients (199 pi-
oglitazone and 205 placebo).

Methods
At baseline, all subjects received a 2-hour oral glucose toler-

ance test (OGTT) after an overnight fast, and plasma samples
were obtained at �30, �15, 0, and every 15 minutes for 2 hours
for determination of plasma glucose and insulin concentrations.
On a separate day, after an overnight fast, a subgroup of 260
subjects also received a frequently-sampled iv glucose tolerance
test (FSIVGTT) (22). Samples for plasma insulin and glucose
concentrations were obtained every 2 minutes for the first 10
minutes and every 10 minutes for the subsequent 80 minutes.
Participants were randomized to pioglitazone (30 mg/d) or pla-
cebo; 1 month after randomization, pioglitazone was increased
to 45 mg/d. Fasting plasma glucose (FPG) was measured at each
3-month follow-up visit, glycated hemoglobin (HbA1c) was mea-
sured every 6 months, and OGTT was repeated annually and at
study end or at the time of conversion to diabetes. FSIVGTT was
repeated at study end or at the time of conversion to diabetes.

Measurements
Plasma glucose was measured by the glucose oxidase reac-

tion, plasma insulin by RIA (Diagnostic Products) (interassay
and intra-assay coefficients of variation [CVs] � 7.1 and 5.1%,
respectively), plasma C-peptide by RIA (Diagnostic Systems) (in-
terassay and intra-assay CVs � 4.3 and 2.4%, respectively), and
HbA1c with DCA 2000 Analyzer (Bayer).

Quantose metabolite analysis
For absolute quantitation, metabolites were analyzed by an

analytically and clinically validated isotope dilution ultra-HPLC
tandem mass spectrometry (UHPLC-MS-MS) assay developed
and carried out in a Clinical Laboratory Improvement Amend-
ments/College of American Pathologists-accredited laboratory,
as reported previously (12, 13). In brief, 50 �L of EDTA plasma
samples were spiked with internal standards and subsequently
subjected to protein precipitation by mixing with 250 �L of
methanol. After centrifugation, aliquots of clear supernatant
were injected onto an UHPLC-MS-MS system, consisting of a
Thermo TSQ Quantum Ultra Mass Spectrometer (Thermo
Fisher Scientific Inc, Waltham, MA) and a Waters Acquity UH-
PLC system (Waters Corporation, Milford, MA) equipped with
a column manager module in 2.5-minute assay. �-HB, L-GPC,
and oleic acid were eluted with a gradient on a Waters Acquity
single RP C-18 column (2.1 mm � 50 mm, 1.7-mm particle size)
at a mobile phase flow rate of 0.4 mL/min at 40°C. Ionization
was achieved by heated electrospray ionization source. Quanti-
tation was performed based on the area ratios of analyte and
internal standard peaks using a weighted linear least-squares
regression analysis generated from fortified calibration stan-
dards in an artificial matrix, prepared immediately before each
run. Stable isotope-labeled compounds (�-HB-D3, L-GPC-D9,
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and oleic acid-13C18) were used as internal standards. The inter-
run CVs for �-HB, L-GPC, and oleic acid were 4.0, 6.3, and
4.6%, respectively (based on 146 replicates over 9 mo).

Calculations
Area-under-the-concentration curves (AUCs) were calcu-

lated using the trapezoidal rule. Insulin sensitivity was estimated
as the Matsuda index from the OGTT (23), and the SI parameter
from the FSIVGTT (22). �-Cell function was indexed as the
insulin-to-glucose AUC ratio (AUCI/AUCG) during the OGTT
(24) and the acute insulin response (AIR) during the FSIVGTT
(22). The Quantose M index (MQ) is derived from a multiple
linear regression based on fasting measurements (logarithmically
transformed) of plasma �-HB, L-GPC, oleic acid, and insulin, as
previously described (20). We chose the metabolites that had the
highest correlation with insulin sensitivity obtained from hyper-
insulinemic euglycemic clamp studies (�-HB, �0.36; L-GPC,
0.33; and oleate, �0.22) (20). Quantose MQ is designed to es-
timate the clamp-derived M value.

Statistical analysis
Two-group differences were analyzed by Mann-Whitney test,

multiple-group differences by Kruskal-Wallis test, and propor-
tions by Fisher’s exact test. Differences between values before
and after treatment were analyzed using an analysis of covari-
ance model, with the difference as the dependent variable and
with baseline value and group as the independent variables. Sim-
ple associations were tested by Spearman’s correlation coeffi-
cient (rho). The independent influence of treatment and closeout
glucose tolerance status was tested by two-way ANOVA. Pre-
diction of incident diabetes was analyzed by logistic regression;
c statistic was indexed as the area under the receiver operating
characteristics (ROC). A P value � .05 was considered statisti-
cally significant; all analyses were carried out using JMP version
7.0 (SAS Institute Inc).

Results

Baseline
Pioglitazone and placebo groups were well matched

with regard to age, gender, and body mass index (BMI)
(Table 1). Fasting and 2-hour plasma glucose levels, esti-
mates of insulin sensitivity (Matsuda index and SI), �-cell
function (AUCI/AUCG and AIR), and the Quantose index
(Quantose MQ) and its components were very similar
between the two groups. In the group as a whole, the
Matsuda index and SI were correlated with one another
(rho � 0.52; n � 260; P � .0001), and Quantose MQ was
positively correlated with both SI (rho � 0.42; n � 260;
P � .0001) and the Matsuda index (rho � 0.85; n � 428;
P � .0001). Likewise, AUCI/AUCG and AIR were corre-
lated with one another (rho � 0.49; n � 260; P � .0001).
Across quartiles of baseline 2-hour plasma glucose con-
centrations (mean � SEM, 146 � 4, 161 � 5, 176 � 4, and
193 � 5 mg/dL), baseline Quantose MQ declined gradu-
ally from 5.25 � 2.58 to 5.08 � 2.63 to 4.71 � 2.49 to
4.49 � 1.98 mg/dL (P � .03).

Baseline HbA1c was weakly related to the Matsuda in-
dex and Quantose MQ in the whole dataset, as well as in
each group separately (with rho values ranging between
0.14 and 0.25). However, it should be noted that mean
HbA1c varied only slightly (from 5.40 to 5.61%; P �

.0131) across quartiles of 2-hour plasma glucose concen-
trations. Furthermore, the change in HbA1c at closeout
was unrelated to the changes in the Matsuda index in

Table 1. Clinical, Anthropometric, and Laboratory Data at Baseline

Pioglitazone Placebo P Value

n 210 218
Gender, F/M, % 56/44 59/42 .66
Age, y 54 � 10 53 � 12 .29
BMI, kg/m2 33.5 � 5.4 34.3 � 6.4 .52
Waist, cm

Male 109 � 12 112 � 14 .29
Female 102 � 12 103 � 14 .60

HbA1c, % 5.52 � 0.42 5.47 � 0.39 .16
FPG, mg/dL 105 � 7 105 � 8 .45
2-hour PG, mg/dL 170 � 17 169 � 18 .53
FPI, mU/L 8.3 [8.1] 8.4 [9.2] .77
Matsuda index 3.13 [3.29] 3.23 [3.31] .94
AUCI/AUCG, mU/g 38 [26] 40 [28] .64
SI, min�1��U�mL�1)a 2.29 [1.81] 2.35 [1.73] .51
AIR, mU/La 307 [330] 291 [310] .33
�-HB, �g/L 4.17 [1.95] 4.42 [1.94] .43
L-GPC, �g/L 10.81 [4.87] 10.44 [5.16] .16
Oleic acid, �g/L 79 [40] 77 [38] .67
MQ (mg�min�1�kgwbm

�1) 4.92 [1.21] 4.77 [2.50] .50

Abbreviations: F, female; M, male; PG, plasma glucose; FPI, fasting plasma insulin; MQ, Quantose index of insulin sensitivity; wbm, whole body
mass. Data are expressed as mean � SD or median [interquartile range].
a 123 subjects in the pioglitazone group and 137 in the placebo group.
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either the pioglitazone (rho � �0.14; P � .06) or placebo
group (rho � �0.14; P � .06).

Indices of insulin sensitivity were inversely associated
with indices of �-cell function; in particular, baseline
Quantose MQ was reciprocally related to both AIR (rho �
�0.15; n � 260; P � .015) and AUCI/AUCG (rho �
�0.60; n � 428; P � .0001).

Closeout
During a median follow-up of 2.4 years, 42 individuals

in the placebo group and 12 in the pioglitazone group
developed diabetes (hazard ratio � 0.25; 95% confidence
interval [CI] � 0.13–0.50; P � .0001). Of the other 374
subjects, 181 regressed to NGT (110 with pioglitazone vs
71 with placebo; P � .02).

Subjects randomized to pioglitazone had significantly
greater declines in fasting and 2-hour plasma glucose con-
centrations, HbA1c, and fasting plasma insulin concentra-
tion compared to subjects in the placebo group (Table 2).
Insulin sensitivity (both the Matsuda index and SI) in-
creased significantly more in the pioglitazone vs placebo
group, whereas �-cell function declined more in the pla-
cebo group. Quantose MQ increased significantly more
with pioglitazone than placebo (Table 2). Each individual
component of Quantose MQ (ie, fasting insulin, �-HB, and
oleic acid decreased, and L-GPC increased) changed sig-
nificantly more with pioglitazone compared to placebo
(Table 2). Moreover, the change in Quantose MQ at study
end was significantly correlated with the change in AUCI/
AUCG (rho � �0.39; P � .0001).

When examining insulin sensitivity according to glu-
cose tolerance status at study end, baseline Matsuda val-
ues only tended to be higher in subjects with NGT at fol-
low-up than in those who remained IGT or progressed to
T2DM. By contrast, Quantose MQ was significantly
higher in subjects who were NGT at follow-up than in
those who remained IGT or progressed to T2DM for both
pioglitazone- and placebo-treated subjects. On the other
hand, the changes at closeout in both the Matsuda index
and Quantose MQ were significantly larger in NGT than
IGT or T2DM subjects and significantly more positive
with pioglitazone than placebo (Figure 1). Underlying the
changes in Quantose MQ, levels of fasting insulin, �-HB,
and oleic acid increased, and levels of L-GPC decreased
across closeout NGT, IGT, and T2DM status (data not
shown; P � .01 for each metabolite). In the whole dataset,
changes in the Matsuda index and Quantose MQ were
tightly correlated with one another in both treatment
groups (Figure 2).

The ability of baseline parameters to predict incident
diabetes was generally low, most likely reflecting the
fact that the cohort was quite homogeneous. Thus, nei-

ther gender, nor age, nor fasting insulin, nor the Mat-
suda index at baseline was a significant predictor of
incident diabetes in univariate analysis or when includ-
ing baseline BMI and waist circumference as covariates.
Both models achieved statistical significance only when
also including the baseline fasting glucose concentra-
tion (Table 3). In contrast, baseline Quantose MQ was
a significant predictor, even in univariate analysis, and
model predictivity increased stepwise when including
BMI, waist circumference, and fasting glucose. In the
latter model, the ROC AUC was 0.024 U better than the
same model using the Matsuda index, and it was 0.017
U better than the same model using fasting insulin (both
P � .05). Treatment assignment raised ROC AUC in
each multivariate model, with the one using Quantose
MQ remaining superior to those using the Matsuda in-
dex or fasting insulin (Table 3).

Discussion

Mass spectrometry-based biochemical profiling is an
emerging technological approach to identifying biomark-
ers that may serve as metabolic signatures for complex
metabolicdiseases andas thebasisofnoveldiagnostic tests
(11, 12, 15, 16). For example, recent studies have used this
technique to identify biomarkers predictive of the future
development of T2DM (13, 14, 18) and the response to
lifestyle intervention (19, 25).

To our knowledge, the present study is the first to em-
ploy robust physiological measurements of insulin sensi-
tivity and insulin secretion, combined with a double-blind
placebo-controlled pharmacological intervention with pi-

Table 2. Changes in Laboratory Data at Study
Closeout

Pioglitazone Placebo
P
Value

FPG, mg/dL �12 � 11 �8 � 11 �.001
HbA1c, % 0.06 � 0.41 0.27 � 0.39 �.0001
2-hour PG, mg/dL �31 � 35 �15 � 33 �.0001
FPI, mU/L �2.8 [6.1] �0.7 [6.6] �.0001
Matsuda index 3.05 [4.77] 0.44 [2.68] �.0001
AUCI/AUCG, mU/g �8 [20] �3 [20] �.0001
SI (min�1��U�mL�1) 1.15 [2.81] 0.54 [2.48] .0202
AIR, mU/L �19 [179] �29 [163] ns
�-HB, �g/mL �0.47 [2.12] �0.02 [1.97] .0034
L-GPC, �g/mL 1.60 [4.89] 0.30 [3.73] �.0001
Oleic acid, �g/mL �5 [46] 5 [39] .0009
MQ (mg�min�1�kgwbm

�1) 1.45 [3.45] 0.08 [1.84] �.0001

Abbreviations: PG, plasma glucose; FPI, fasting plasma insulin; wbm,
whole body mass. Data are expressed as mean � SD or median
[interquartile range]; P values are for the difference between
pioglitazone and placebo by two-way ANOVA, with change in the
index variable as the dependent variable and baseline values and
treatment group as the independent variables.
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oglitazone, to validate metabolites that correlate with key
pathophysiological abnormalities including insulin resis-
tance and glucose tolerance. A strength of this study is that
placebo and pioglitazone groups were very well matched at
baselinewithrespect toanthropometricmeasurements,mea-
sures of insulin secretion and insulin sensitivity, and plasma
Quantose insulin sensitivity biomarker concentrations.

We previously developed a novel insulin sensitivity in-

dex, Quantose MQ, based upon a
single fasting measurement of
plasma insulin, �-HB, L-GPC, and
oleate concentrations (20). Quan-
tose MQ correlated well with insulin
sensitivity measured from the eugly-
cemic insulin clamp in nondiabetic
healthy Europeans (r � 0.66; P �
.0001) (20). In the present study, we
examined application of this novel
insulin sensitivity index in a predia-
betic, IGT population and how this
index changed after pioglitazone vs
placebo treatment in relation to
changes in insulin sensitivity and glu-
cose tolerance.

Quantose MQ correlated strongly
with the Matsuda index of insulin
sensitivity at baseline (rho � 0.85),
as well as study end (rho � 0.89), and
with the change in the Matsuda in-
dex from baseline to study end (Fig-
ure 2). In the subgroup of subjects
in whom the FSIVGTT was
performed, Quantose MQ correlated
with SI at baseline (rho � 0.42) and

follow-up (rho � 0.47), confirming the consistency of this
index in marking for insulin sensitivity regardless of how
the latter is measured. Importantly, Quantose MQ also
differentiated between glucose tolerance status, ie, NGT
vs IGT vs T2DM, in pioglitazone- and placebo-treated
subjects at study end (Figure 1). Finally, Quantose MQ did
significantly better than either fasting insulin alone or the
Matsuda index in predictive models of incident diabetes
(Table 3).

In contrast to MQ, HbA1c did not identify IGT subjects
as insulin resistant or prediabetic. Although the change in
HbA1c correlated with the change in insulin sensitivity
(rho � �0.23; P � .0001) in the whole group, the rela-
tionship was markedly weaker than that between change
in Quantose MQ and change in the Matsuda index (Figure
2). In the pioglitazone-treated group, the change in HbA1c

did not correlate with a change in the Matsuda index or
Quantose MQ. This is not surprising because multiple fac-
tors, ie, �-cell function, etc (1), contribute to the mean
daylongplasmaglucose level asdeterminedbyHbA1c.The
current observations are consistent with other studies
showing that the majority (approximately two-thirds) of
prediabetic individuals are not diagnosed by established
HbA1c cutoffs (26). Therefore, Quantose MQ may serve as
an adjunct to HbA1c in identifying at-risk, insulin-resis-
tant patients (both NGT and IGT) and in monitoring their
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improvement with lifestyle and/or pharmacological inter-
ventions aimed at preventing progression to T2DM.

It is of interest that not only Quantose MQ but also each
of its component metabolites (�-HB, L-GPC, oleate, and
fasting insulin) changed significantly after pioglitazone
therapy (Table 2), and their closeout values differed sig-
nificantly with respect to closeout glycemic status (Sup-
plemental Figure 1). For example, at closeout �-HB was
4.60 � 2.03, 4.07 � 2.13, and 3.48 � 1.58 �g/mL
(mean � SEM) in T2DM, IGT, and NGT subjects, respec-
tively (P � .0001).

Of further interest is that Quantose MQ was related to
indices of �-cell function (AUCI/AUCG and AIR) and
changed consensually with AUCI/AUCG at follow-up.
This is of clinical importance because progression from
IGT to T2DM is characterized by progressive �-cell failure
(27–29). This in vivo observation in man is consistent with
in vitro data that demonstrate that �-HB and L-GPC have
dose-dependent effects on insulin secretion (13). Thus,
�-HB inhibits whereas L-GPC stimulates glucose-induced
insulin release in insulin �-cells. Furthermore, increased
�-HB and reduced L-GPC levels are independent risk fac-
tors for insulin resistance and progression to IGT and
T2DM (13). This finding is consistent with the superiority
of MQ over fasting insulin or the Matsuda index to predict
incident T2DM (Table 3) even in a relatively small, ho-
mogeneous cohort of IGT subjects as the ACT NOW trial.

T2DM patients are characterized by elevated plasma
free fatty acid (FFA) levels, increased FFA oxidation, and
increased tissue lipid deposition. In individuals with
T2DM, thiazolidinediones consistently reduce plasma
FFA by approximately 30% (30, 31) and mobilize fat out

of muscle and liver (32, 33). The reduction in plasma FFA
concentration is associated with improved insulin sensi-
tivity and �-cell function (34–36). Consistent with these
observations, the plasma oleic acid level in the present
study declined significantly more after pioglitazone ther-
apy than placebo (Table 2). Elevated plasma FFA and in-
creased FFA oxidation are associated with an increase in
the NADH�/NAD ratio, and this favors the formation of
�-HB from �-ketobutyrate. Thus, the declines in plasma
�-HB, as well as plasma oleate, are consistent with the
action of pioglitazone to reduce the plasma FFA concen-
tration and augment FFA oxidation. Whether the changes
in �-HB, oleate, and L-GPC simply reflect, or follow, the
improvement in insulin sensitivity, �-cell function, and
glucose homeostasis, or whether they actually play a
mechanistic role in the enhanced insulin sensitivity/�-cell
function/glycemic control remains to be determined.

Association of Quantose MQ and its metabolites with
insulin resistance has been replicated in three different
populations (13) and now in the current study, which is the
first to examine the effect of pharmacological intervention
with an insulin-sensitizing agent on Quantose MQ insulin
sensitivity index and its individual metabolites. Of note,
the Matsuda index did not predict incident diabetes,
whereas Quantose MQ was a weak predictor. This is not
surprising, given a relatively homogeneous population at
baseline. Slightly better predictive ability of Quantose MQ

could be because of the fasting metabolites (�-HB, L-GPC,
and oleate).

In summary, in ACT NOW we demonstrate that in
both placebo-treated and pioglitazone-treated IGT sub-
jects, Quantose MQ was associated with improved insulin
sensitivity and glucose tolerance. Importantly, Quantose
MQ discriminated between different stages of glucose tol-
erance, ie, NGT vs IGT vs T2DM, at study end.

Identification of biomarkers that predict the response
to therapy or conversion of IGT to T2DM is of importance
in clinical practice. Quantose MQ and its nonglucose me-
tabolites mark the severity of insulin resistance in IGT
individuals, and their changes correlate well with changes
in both insulin sensitivity and glucose tolerance status at
study end. This novel fasting plasma measurement may
have utility in predicting and monitoring response to ther-
apeutic interventions.
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