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OBJECTIVE — To study the effect of acarbose, an a-glucosidase inhibitor, on postpran-
dial plasma glucose and insulin and insulin sensitivity in subjects with impaired glucose tol-
erance (1GT).

RESEARCH DESIGN AND METHODS— Subjects with IGT were randomly treated in
a double-blind fashion with placebo (n = 10) or acarbose (n = 8) at 100 mg t.i.d. for 4 months.
All subjects were submitted before randomization and at the end of the study to a standardized
breakfast and a 12-h daytime plasma glucose and plasma insulin profile, and insulin sensitivity
was measured as steady-state plasma glucose (SSPG) using the insulin suppression test.

RESULTS— While placebo had no effect on postprandial plasma glucose and plasma
insulin incremental area under the curve (AUC) (3.03 ± 0.5 vs. 3.76 ± 0.6 mmol • h"1 • I"1, P =
NS; 1,488 ± 229 vs. 1,609 ± 253 pmol • tr1 • I"1, P = NS), acarbose resulted in a significant
reduction for both glucose (1.44 ± 0.3 vs. 4.45 ± 0.9 mmol • lr1 • H, P = 0.002) and insulin
(626.7 ± 104.3 vs. 1,338.3 ± 220.5 pmol • tr1 • I"1, P = 0.003). The reduction in 12-h plasma
glucose and insulin AUC on acarbose (11.2 ±2.1 mmol • h"1 • I"1 and 7.5 ± 0.7 nmol • h"1 • I"1)
was significantly greater than that on placebo (4.0 ±1.6 mmol • tr1 • I"1 and 0.8 ± 0.4 nmol •
lr1 • I-1) (P = 0.014 and 0.041). While SSPG was not affected by placebo (13.9 ± 0.4 vs. 13.8 ±
0.3 mmol/l; P = NS), it was significantly improved by acarbose (10.9 ± 1.4 vs. 13.1 ± 1.5
mmol/l, P < 0.004) and was also significantly different from placebo at 4 months (P < 0.02).

CONCLUSIONS — It is concluded that in subjects with IGT, acarbose treatment decreases
postprandial plasma glucose and insulin and improves insulin sensitivity. Acarbose may
therefore be potentially useful to prevent the progression of IGT to N1DDM.

I n the U.S. population 40-74 years of
age, the prevalence of impaired glucose
tolerance (IGT) is 16% (1). IGT is

known to be a major risk factor for the
development of NIDDM. All patients who
develop NIDDM are thought to pass
through a phase of IGT. This is supported
by the high incidence of 1-5% per year of
NIDDM developing in an IGT population
with a cumulative prevalence as high as

40% (2-4). Insulin resistance, with sec-
ondary hyperinsulinemia, is thought to be
a major underlying abnormality leading to
the development of NIDDM. But it is only
when the (3-cells fail to compensate for the
insulin resistance that glucose intolerance
will develop initially as IGT and, with fur-
ther deterioration, as NIDDM (5).

These observations have stimulated
interest in the treatment of subjects with
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IGT with the hope of preventing its pro-
gression to NIDDM. Theoretically, a drug of
choice for such an intervention study
should be one that decreases hyperinsu-
linemia and improves insulin sensitivity
Acarbose, an a-glucosidase inhibitor that
delays the absorption of carbohydrates
from the small intestine, decreases the post-
prandial rise in plasma glucose and plasma
insulin in both diabetic and nondiabetic
subjects (6,7). The present study was
designed to evaluate the effect of acarbose
on insulin sensitivity in subjects with IGT.

RESEARCH DESIGN AND
M E T H O D S — Eighteen obese subjects
(seven women and eleven men) with IGT
participated in this study (Table 1). At
baseline, all subjects underwent the fol-
lowing: 1) a standardized breakfast test;
2) a 12-h daytime plasma glucose and
plasma insulin profile; and 3) an insulin
suppression test to measure insulin sensi-
tivity. They were then randomized in a
double-blind fashion to placebo (n = 10)
or acarbose (n = 8) for 4 months. Acarbose
was started at 50 mg t.i.d. taken with the
first bite of each meal for 2 weeks and then
increased to 100 mg t.i.d. for the rest of
the study They were all advised on a
weight-maintaining diet based on dietary
history and a 24-h dietary recall. After 4
months of treatment, all of the baseline
tests were repeated. The 12-h profile,
including the breakfast test, was done
under placebo or acarbose. Ten matched
obese control subjects with normal glu-
cose tolerance were also submitted to an
insulin sensitivity test.

The standard breakfast test (Enrich
450 kcal; 55% carbohydrate, 30% fat, and
15% protein) was given at 7:00 A.M. and
ingested over 15 min. Blood samples were
drawn at time 0, 60, 90, and 120 min for
measurement of plasma glucose and
plasma insulin. This was followed by
lunch and dinner at 12:00 noon and 5:00
P.M. These meals were individualized
based on dietary history and were similar
for the first and second profile. Plasma
samples were drawn at 12:00 noon, 1:00,
2:00, 4:00, 5:00, 6:00, and 7:00 P.M. On
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Table 1—Demographic parameters and oral glucose tolerance test at baseline

Parameters Placebo Acarbose

Age (years)
Sex (M/F)
Race, Caucasian (%)
Oral glucose tolerance test

Plasma glucose (mmol/1)
Oh
2h

Plasma insulin (pmol/1)
Oh
2h

10
55.4 ±

6/4
100

5.8 ±
8.6 ±

119 ±
1,140 ±

2.9

0.1
0.2

25
242

56.1 ±
5/3
100

5.9 ±
9.2 ±

135 ±
1,383 ±

2.9

0.2
0.4

23
364

Data for age and oral glucose tolerance test are means ± SE.

the following day after an overnight fast,
insulin sensitivity was measured using the
insulin suppression test developed by
Reaven et al. (11), as modified by Nag-
ulesparan et al. (8). Starting at 8:00 A.M.,
an intravenous infusion of 20% dextrose
(260 mg • m~:

insulin (25 uU
• mnr1), regular human
m~2 • min"1), and somato-

statin (5 ug/min) was administered over a
3-h period, and blood samples were
drawn at 120,150, and 180 min for meas-
urement of plasma glucose and plasma
insulin. Measurement of plasma glucose,
plasma insulin, serum triglycerides, and
HDL cholesterol and HbAlc have already
been described (6). Comparison of the
change in outcome parameters from base-
line to end of treatment was done using
unpaired t tests with a = 0.05.

RESULTS— There was no significant
difference in plasma glucose or insulin
responses to the standard breakfast
between the acarbose and placebo groups
at baseline before randomization (Fig. 1).
While placebo treatment had no effect on
postprandial plasma glucose or insulin
concentrations, acarbose treatment
resulted in significant reductions of glu-
cose and insulin at 60, 90, and 120 min
(Fig. 1). Similarly, placebo had no effect on
the incremental area under the curve
(AUC) for plasma glucose (3.03 ± 0.5 vs.
3.76 ± 0.6 mmol • t r l • H, P = NS) or
insulin (1,488 ± 229 vs. 1,609 ± 253 pmol
• h"1 • H, P = NS). However, acarbose
reduced the AUC for both glucose
(1.44 ± 0.3 vs. 4.45 ± 0.9 mmol • hr1 • H,
P : = 0.002) and insulin (627 ± 104 vs.
1,338 ± 221 pmol • tr1 • H, P = 0.003).
The mean AUC for plasma glucose and
insulin after acarbose treatment was

significantly less than the respective values
after placebo treatment (P = 0.011 and
P = 0.021).

Compared with baseline, placebo had
no effect, but acarbose significantly
reduced the 12-h AUC for plasma glucose
and insulin (Table 2). The reduction in glu-
cose AUC on acarbose (11.2 ± 2.1 mmol •
rr1 • H) was significantly greater than that
on placebo (4.0 ±1.6 mmol • hr1 • I"1)

O 4-

Placebo (n=10)

8-

6-

(P = 0.014). Similarly, the reduction in
insulin AUC on acarbose (2.5 ± 0.7 nmol •
h"1 • h1) was greater than that on placebo
(0.8 ± 0.4 nmol • Ir1 • H) (P = 0.041). This
constitutes a 32% decrease in overall day-
time plasma insulin associated with acar-
bose treatment.

During the insulin suppression test,
the mean steady-state plasma insulin con-
centrations were similar before and after
acarbose and placebo treatments (F'ig. 2).
While mean steady-state plasma glucose
(SSPG) was not affected by placebo, acar-
bose treatment reduced SSPG by 20%
compared with baseline (P < 0.04). The
mean SSPG after 4 months of acarbose
treatment (10.9 ± 1.4 mmol/1) was signifi-
cantly less than that after 4 months of
placebo treatment (13.9 ± 0.4 mmol/1)
(P < 0.02). Interestingly, the SSPG
achieved in the IGT subjects during acar-
bose treatment was within 1 SD of the
mean for the matched obese control sub-
jects (Fig. 2).

The fasting plasma glucose and insulin,
HbAlc, triglycerides and HDL cholesterol,
BMI, and blood pressure were not affected
by placebo or acarbose treatment (Table 3).

Acarbose (n=8)
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Figure 1—Effects of acarbose and placebo on plasma glucose (A and B) and insulin (C and D)
responses after a standard breakfast in IGT subjects. Values are means ± SE. The P values represent
the significance of the differences between the pre- ( • ) and post-treatment (O) values in the acarbose
group. The changes on acarbose were significantly different from that on placebo: glucose,
P = 0.011 and insulin, ? = 0.021.
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Table 2—Effects of acarbose and placebo on 12-h daytime plasma glucose and plasma
insulin AUC in IGT subjects

Group Baseline Last visit Difference P value

Daytime plasma glucose AUC (mmol • Ir1 • I"1)
Placebo 10 71.9 ±2.9 66.3 ± 2.6 -3.97 ± 1.6
Acarbose 8 74.3 ± 2.5 63.6 ±1.4 -11.2 ±2.1 0.014

Daytime plasma insulin AUC (nmol • rr1 • H)
Placebo 10 8.6 ±1.3 7.8 ±1.2 -0 .8 ± 0.4
Acarbose 8 7.9 ± 0.9 4.9 ± 0.6 - 2 . 5 ± 0.7 0.041

Data are means ± SI:. Difference is between baseline and last visit. P values compare changes from baseline
to last visit between acarbose and placebo treatment groups.

CONCLUSIONS— This study was
designed to evaluate acarbose as a poten-
tial drug for the prevention of NIDDM in
an IGT population. One possible means of
preventing NIDDM would be to decrease
hyperinsulinemia and improve insulin
sensitivity. This study demonstrates that
acarbose treatment in IGT subjects does
lower insulin levels and insulin resistance.

These data show that acarbose treat-
ment in IGT subjects resulted in a signifi-
cant decrease in the postprandial plasma
glucose and plasma insulin rise (Fig. 1,
Table 2). Although this is the first demon-
stration of an effect of acarbose on post-
prandial plasma glucose in IGT subjects, it
is consistent with the known mechanism
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Figure 2—Effects of acarbose and placebo on
SSPG (A) and insulin (B) in subjects with IGT.
Values are expressed as means ± SE. The shaded
areas represent ± 1 SD from the mean of obese
control subjects with normal glucose tolerance.
aP - 0.04 for the difference between pre- and post-
treatment values in the acarbose group; bP = 0.02
for the difference between post-treatment acar-
bose versus post-treatment placebo.

of action of the drug (9), which has been
demonstrated in nondiabetic subjects (7),
in NIDDM (6), and in IDDM subjects
(10). While the reduction in plasma glu-
cose has always been associated with
decreased plasma insulin levels in healthy
subjects (7), the results in patients with
NIDDM have been conflicting (6); this is
very likely due to the heterogeneity of the
diabetic population (5).

Using the insulin suppression test
modified by Nagulesparan et al. (8), we
have shown that acarbose treatment in
subjects with IGT resulted in a 20%
decrease in SSPG (2.15 ± 0.8 mmol/1:
P < 0.002; Fig. 2), indicating a decrease in
insulin resistance. The observed decrease
in insulin resistance contrasts with that of
Reaven et al. (11) and Schmack et al. (12),
who could not show any effect of a-glu-
cosidase inhibitor on insulin sensitivity in
subjects with poorly controlled NIDDM.
The major difference between those two
studies and ours is the very poor glycemic
control of their study subjects. It is possi-
ble that such poor metabolic control, per-
haps through the mechanism of glucose
toxicity (13), overrides the effect of acar-
bose on insulin sensitivity In fact, in stud-

ies where the NIDDM subjects were in
better metabolic control with a fasting
plasma glucose <10 mmol/1, acarbose
treatment resulted in a decrease in fasting
plasma glucose (14). Acarbose would not
be expected to have any effect on fasting
plasma glucose in NIDDM unless it also
indirectly improves insulin sensitivity. This
would therefore be compatible with our
observation in the subjects with IGT.

How can acarbose improve insulin
sensitivity? Two possible mechanisms can
be suggested. First, the effect of acarbose
on insulin sensitivity could be mediated,
at least in part, through an improvement
in postprandial plasma glucose resulting
in a decrease in glucose toxicity (13). The
studies by Rossetti et al. (13) indicated
that a very minor increase in plasma glu-
cose can induce peripheral insulin resis-
tance and impairment in fi-cell function.
Consequently, it would be reasonable to
expect that a relatively small decrease in
plasma glucose might be accompanied by
an improvement in insulin sensitivity. Sec-
ond, hyperinsulinemia downregulates its
own receptor, further contributing to
insulin resistance (15). By reducing hyper-
insulinemia, acarbose therapy might ame-
liorate insulin sensitivity.

In summary, these findings demon-
strate that acarbose is an agent that can
improve metabolic derangements believed
to be involved in the progression of glu-
cose intolerance from IGT to NIDDM.
Through its novel mode of action, by
delaying carbohydrate absorption, it
decreased postprandial hyperglycemia
and hyperinsulinemia, thus releasing the
strain on the (3-cells. Moreover, insulin
sensitivity improved, perhaps secondary
to the combined effects of decreased glu-
cose toxicity and reduced downregulation
of the insulin receptor. If insulin resistance

Table 3—Clinical and metabolic parameters at baseline and end of study

Parameters

Fasting plasma glucose (mmol/1)
Fasting plasma insulin (pmol/1)
HbAlc (%)
Triglycerides (mmol/l)
HDL (mmol/1)
BMI (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Placebo

Baseline

4.9 ±0.2
175 ±50
6.0 ±0.07

2.22 ±0.34
1.26 ±0.15
29.3 ±0.9

128.5 ±6.3
81.8 ±2.4

(n = 10)
End of study

4.8 ±0.2
153 ±27
5.7 ±0.15

1.82 ±0.39
1.28 ±0.14
29.4 ±0.9

132.4 ±7.3
81.8 ±3.2

Acarbose
Baseline

5.1 ±0.2
144 ± 23
5.9 ±0.26

2.45 ±0.65
1.13 ±0.07
32.2 ±2.3

127.5 ±3.9
87.8 ±3.8

End of study

5.0 ±0.2
140 ± 30
5.9 ±0.12

1.88 ±0.36
1.10 ±0.07
31.7 ±2.4

123.8 ±3.7
85.5 ±2.9

Data are means ± SE. None of the parameters changed significantly.
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and (3-cell defect are indeed pivotal factors
in the development of NIDDM, this study
would support a potential role for acar-
bose in preventing the development of
NIDDM in a susceptible IGT population.
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