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Who are more insulin resistant, 
people with IFG or people with IGT?

Recently, several studies have addressed whether the two risk
categories for Type 2 diabetes, impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT), represent different pop-
ulations with regard to insulin resistance, insulin secretion and
risk of developing cardiovascular disease. However, the issue
remains to be clarified.

Some studies have reported that people with isolated IFG are
more insulin resistant than those with normal glucose tolerance
(NGT) and that people with isolated IGT exhibit a more severe
deficit in insulin secretion than those with IFG [1, 2]. In con-
trast, another study showed that insulin resistance is absent in
people with IFG, and markedly higher in people with isolated
IGT and with both IFG and IGT, whereas defective insulin re-
lease is significant only in people with isolated IFG [3]. These
studies estimated insulin resistance using the homeostasis model
assessment (HOMA) index. Based upon our preliminary experi-
ence, the correlation between the HOMA index and the glucose
infusion rate value (an index of insulin sensitivity) during the
clamp study is lower in people with NGT (r=−0.573, p<0.01,
n=21) and IGT (r=−0.533, p<0.0001, n=69). Weyer et al. inves-
tigated this in Pima Indians using the euglycaemic hyperinsuli-
naemic clamp method [4]. They reported that all three groups
with impaired glucose homeostasis were more insulin resistant
than the NGT group, but that there were no differences in insulin
sensitivity between the groups. In light of this, we analysed data
from our euglycaemic insulin clamp studies [5] as well as insu-

lin response during a 75-g oral glucose tolerance test. Mean age
and BMI (±SD) for our groups were as follows: NGT group
(n=45, 39.9±13.5 years; 23.4±3.6 kg/m2), IFG group (n=10,
51.5±11.2 years; 22.7±1.9 kg/m2), IGT group (n=36, 49.8±12.5
years; 23.5±4.2 kg/m2), IFG and IGT group (n=11, 51.1±14.2
years; 25.2±4.1 kg/m2). As indicated, the people with NGT were
generally younger than those in the other groups, but BMI was
quite similar in each of the four groups. As shown in Table 1,
glucose infusion rate was significantly lower in people with iso-
lated IGT and people with both IFG and IGT than in people with
NGT and with IFG. Fasting serum insulin concentrations were
higher in the IGT group (9.8±5.8 µU/ml) than in the NGT group
(7.5±3.3 µU/ml; p<0.05), and insulin response tended to be
higher in the IGT group and in people with both IFG and IGT
than in the NGT and IFG groups throughout the test. This is
shown by the area under the curve for insulin (p<0.05 for the
IFG and IGT group vs the IFG group). Early-phase insulin se-
cretion (∆ immunoreactive insulin /∆ plasma glucose at 30 min)
after oral glucose load in the IFG group was lower, but not sig-
nificantly, than in other groups. The greater insulin response in
people with IGT than in those with IFG was also shown by the
HOMA beta cell function: [0.2×fasting insulin (µU/ml)]/[fasting
glucose (mmol/l)−3.5] [6]. Therefore, our result that people with
IFG had a more pronounced defect in early insulin response than
those with IGT was consistent with previous findings [3, 4, 7]
which suggested that acute insulin response is more closely re-
lated to the fasting glucose than to the 2-h glucose concentra-
tion.

People with IGT as well as those with both IFG and IGT
had higher fasting plasma triglycerides and non-esterified fatty
acids, and lower HDL cholesterol concentrations than people
with NGT and with IFG (see Table 2). Blood lipid profiles il-
lustrate that even non-obese people with IGT show several fea-
tures of metabolic syndrome. The fact that IFG had no additive
effect on the degree of insulin resistance may also imply that
having IFG does not, in itself, make someone insulin resistant.

Table 1. Insulin secretion and insulin sensitivity in people with NGT, with IFG, with IGT, and with both IFG and IGT

Group n (male) ∆IRI/∆PG AUC gluc AUC ins HOMA-R HOMA-β GIR 
at 30 min (mmol/lxh) (µU/ml× h) (µmol·kg−1·min−1)

NGT 45 (30) 0.92±1.48 14.8±2.7 82.5±49.3 1.8±0.8 0.9±0.5 34.4±12.2
IFG 10 (6) 0.38±0.10 18.8±1.7a 54.8±21.4c 1.9±0.7 0.5±0.2ab 41.7±10.6bc

IGT 36 (26) 0.67±0.81 18.3±2.1a 139.3±184.2 2.4±1.4a 1.1±0.9 27.2±12.2a

IFG and IGT 11 (9) 0.51±0.40 22.0±1.4a 114.2±76.8 2.4±1.1a 0.6±0.3 26.7±11.7 

Data are means ± SD
Abbreviations: IRI, immunoreactive insulin · PG, plasma 
glucose · AUC gluc and AUC ins, area under the curve 
for glucose and insulin between 0 and 120 min, respectively, 
as measured by the sum of the area of three divided rectangles ·
GIR, glucose infusion rate · h, hour · HOMA-β, homeostasis
model assessment beta cell function · HOMA-R, homeostasis

model assessment insulin resistance index · IFG, impaired 
fasting glucose · IGT, impaired glucose tolerance · 
NGT, normal glucose tolerance
a p<0.05 when compared with the NGT group, b p<0.05 when
compared with the IGT group, c p<0.05 when compared with
the IFG and IGT group using the Student’s t test
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The major shortcoming of our study is the limited number
of people with isolated IFG, due to the lower incidence of this
clinical manifestation. Insulin resistance in people with IGT, as
demonstrated in our study, is consistent with the epidemiologi-
cal evidence that IGT, but not IFG, is associated with an in-
crease in cardiovascular-related mortality [8]. In conclusion,
people with IGT are more insulin resistant than those with
IFG, and show a compensatory increase in insulin secretion as
well as manifestations of metabolic syndrome.
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Table 2. Plasma lipid profile in people with NGT, with IFG, with IGT, and with both IFG and IGT

Group NEFA (mmol/l) TG (mmol/l) HDLC (mmol/l) TC (mmol/l)

NGT 0.46±0.24 1.4±1.5 1.4±0.4 5.1±1.0
IFG 0.30±0.56a 1.1±0.6a 1.5±0.2a 5.4±0.6
IGT 0.68±0.56 1.9±2.3 1.4±0.4 5.1±0.9
IFG and IGT 0.54±0.21 2.0±1.1 1.3±0.3 5.2±0.8

Data are means ± SD
Abbreviations: NEFA, non-esterified fatty acids · 
TG, triglycerides · HDLC, high density lipoprotein 
cholesterol · TC, total cholesterol · NGT, normal glucose 

tolerance · IFG, impaired fasting glucose · IGT, impaired 
glucose tolerance
a p<0.05 when compared with the IFG and IGT group using the
Student’s t test




