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Does Suppression of Postprandial Blood
Glucose Excursions by the a-Glucosidase
Inhibitor Miglitol Improve Insulin
Sensitivity in Diet-Treated Type II
Diabetic Patients?
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OBJECTIVE — Insulin sensitivity is impaired in patients with type II diabetes and is exacer-
bated by high mean blood glucose (BG). Potentially, large postprandial swings in BG could result
in further decrements of insulin sensitivity. Because a-glucosidase inhibitors cause a marked
reduction in the amplitude of BG changes, the aim of this study was to determine if such a
BG-smoothing effect improves insulin sensitivity in well-controlled type II diabetic subjects
treated with diet alone.

RESEARCH DESIGN A N P METHODS — Patients received either miglitol (BAY m
KW1)) (50 mg three times daily) or placebo for 8 weeks in a randomized double-blind parallel
study. The miglitol (9 men, 2 women) and placebo (7 men, 3 women) groups were well matched
(mean ± SD) for age, weight, and blood glucose control (fasting BG, 6.4 ± 1 . 0 vs. 6.9 ± 1 . 6
mmol/1; HbAt, 7.7 ± 1.0 vs. 7.9 ± 0.4%; fructosamine, 0.99 ± 0.08 vs. 1.07 ± 0.17 mmol/1).
The glucose metabolic clearance rate was calculated during the last 30 min of a 150 min
glucose/insulin sensitivity test (glucose, 6 mg • kg"1 • min"1; insulin, 0.5 U • k g 1 • min"1).

RESULTS — There was no significant improvement in metabolic clearance rate (0.21 ± 0.27
vs. 0.16 ± 0.35 l -kg"1 • min l) for the miglitol- and placebo-treated groups, respectively.
There were no statistically significant differences between miglitol and placebo for changes from
baseline in BG (0.1 ± 0.1 vs. -0 .1 ± 0.2 mmol/1), HbAL (0.1 ± 0.1 vs. 0.3 ± 0.1%), and
fructosamine (-0.06 ± 0.02 vs.-0.03 ± 0.02 mmol/1).

CONCLUSIONS— a-glucosidase-induced improvement in postprandial hyperglycemia
does not result in increased insulin sensitivity.

O ne of the characteristic features of
type II diabetes is marked insulin
insensitivity, which is present even

when the metabolic abnormality is mild
(1,2). This is exacerbated by poor blood
glucose control, a state characterized by a
high mean blood glucose and large post-
prandial swings in blood glucose. If these
large postprandial swings in blood glu-
cose contribute to the insulin insensitivity
in type II diabetes, then decreasing such

rises would be expected to result in im-
proved insulin sensitivity.

a-glucosidase inhibitors prevent
the conversion of disaccharides to
monosaccharides in the small intestine
and thus delay carbohydrate digestion
and absorption after a meal (3,4). The
therapeutic benefits of a-glucosidase in-
hibitors in the treatment of patients with
type II diabetes have been extensively
studied and are well defined. When used
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as monotherapy in the management of di-
et-treated patients with mild-to-moderate
hyperglycemia, postprandial blood glu-
cose (1-3 h) levels decrease by ~ 3
mmol/1 (3-6). Fasting blood glucose and
glycosylated hemoglobin concentrations
may also decrease slightly, but this is not
uniformly observed (3,4,6). In a similar
protocol to the present study, we have ob-
served a marked flattening of postpran-
dial glucose levels in ever)' patient studied
using an identical dosage regimen of
miglitol (BAY m 1099), a second genera-
tion semisynthetic a-glucosidase inhibi-
tor (6). Therefore, our aim was to deter-
mine if this well-documented blood
glucose-smoothing effect of a-glucosi-
dase inhibition improves insulin sensitiv-
ity in mildly hyperglycemic type II dia-
betic subjects treated with diet alone.
Blood glucose control and peripheral in-
sulin sensitivity were quantified after
treatment with miglitol.

RESEARCH DESIGN AND
METHODS

Patients
Twenty-one nonobese (BMI <30 kg/rrr)
type II diabetic patients aged <65 years
old whose blood glucose control was ad-
equate with diet alone (fasting blood glu-
cose, <8.0 mmol/1; HbAj, <8.5%) were
recruited from the diabetic outpatient
clinic at the Royal Victoria Infirmary. All
subjects had normal creatinine and liver
function tests and none had micro- or ma-
crovascular complications of diabetes.
Written informed consent was obtained
from each subject before study. The study
protocol was approved by the Ethical
Committee of the Newcastle upon Tyne
Health Authority.

Study protocol
The study was a randomized double-
blind placebo-controlled two-treatment
parallel group study. It consisted of a
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Table 1—Clinical characteristics of subjects at recruitment

Sex (M/F)
Age (years)
Weight (kg)
BMI (kg/m2)
Fasting blood glucose (mmol/1)
Fructosamine (mmol/1)
Triglyceride (mmol/1)
Cholesterol (mmol/1)
Insulin (mU/1)

Miglitol
group

9/2
58.8 ± 5.2
77.2 ± 10.5
26.2 ± 2.3

6.6 ± 0.80
1.08 ± 0.08
1.55 ± 0.54
6.0 ± 1.7

10.7 ± 6.5

Placebo
group

7/3
58.5 ± 5.4
69.2 ± 7.3
24.4 ± 1.5

7.1 ± 1.6
1.15 ± 0.19
1.67 ± 0.52
6.0 ± 1.1

12.7 ± 8.4

P

0.86
0.06
0.07
0.39
0.73
0.52
0.96
0.75

All data except triglyceride data, which represent geometric means ± geometric SE, are means ± SE.

2-week run-in period (weeks —2-0) fol-
lowed by an 8-week treatment period
(weeks 0-8). During the run-in period, all
subjects received placebo and, at the end
of this period, were randomized to receive
either miglitol (BAY m 1099), 50-mg tab-
lets three times each day, or placebo. The
two groups were well matched for age,
sex, weight, and blood glucose control.
The clinical characteristics of the two
groups are shown in Table 1, and both
groups were also well matched for race
and concomitant medication. Subjects
were asked to take each tablet with the
first mouthful of the morning, midday,
and evening meals. The placebo tablets
were identical in all respects to the migli-
tol tablets except for the absence of the
active substance. Patients returned at 2-
week intervals throughout the study pe-
riod for an assessment of all adverse or
unusual events. Assessment of insulin
sensitivity was undertaken using the com-
bined insulin/glucose infusion at the end
of weeks —1 and 8. With the probability
of a type 1 error set at 5%, 10 patients in
each group would allow detection of an
improvement in insulin-stimulated glu-
cose clearance from 40 to 60% of mean
normal levels with a power of 95%.

Throughout the study, subjects
maintained their regular diet, activity pat-
tern, and other drug therapy. Seven-day
food records were kept from weeks —1-0
and weeks 7-8. The diabetes dietitian an-
alyzed these using the Microdiet software
package to determine the contents of the
individual's diet.

All patients were studied on two
occasions: the first study was at the end of
week —1 and the second at the end of
week 8. On the day of study, patients
were admitted to the Metabolic Unit at

The Royal Victoria Infirmary after an
overnight fast (12-14 h). Two Teflon can-
nulas were inserted (Venflon, Viggo,
Helsingborg, Sweden) into veins under
local anesthesia. The first was inserted
into an antecubital vein for the infusion of
all test substances, and the second into a
contralateral dorsal hand vein in retro-
grade fashion for intermittent blood sam-
pling. This hand was then placed in a tem-
perature-regulated box. Baseline samples
were taken at least 30 min after cannula-
tion. At time 0 min, a combined glucose
(6 mg • kg^1 • min"1) and insulin (0.5
U • kg"1 • min"1) infusion was com-
menced. The glucose metabolic clearance
rate was calculated during the last 30 min
of this 150-min combined glucose and in-
sulin infusion.

Throughout the study, blood sam-
ples were taken for determination of
blood glucose, serum insulin, serum C-
peptide, plasma, nonesterified fatty acid,
and whole blood intermediary metabolite
levels. Samples were taken at 15-min in-
tervals from —15 min to 150 min. Blood
glucose was measured every 5 min from
120 to 150 min.

Analyses
All blood glucose concentrations were
measured by the glucose oxidase method
(Yellow Springs Glucose Analyser, Clan-
don Scientific, London, U.K.). Serum in-
sulin was measured by double antibody
radioimmunoassay (7). Serum C-peptide
was measured by radioimmunoassay kit
(Novo, Bagsvaerd, Denmark) (8). Serum
triglycerides and cholesterol were mea-
sured using standard enzymatic methods.
Glycosylated hemoglobin was deter-
mined by electroendosmosis (Corning,

Halstead, Essex, U.K.). Fructosamine was
determined spectrophotometrically.

Statistical analysis
Age and weight of the treatment groups
were compared using the Student's two-
sample t test. The categorical demo-
graphic variables—sex, race, and con-
comitant medications—were compared
using Fisher's exact test on the resultant
two (treatment) by two (number of cate-
gories) tables. All efficacy variables were
tested for normality using the Shapiro-
Wilk test. Triglycerides and HDL were
normally distributed after logarithmic
transformation was applied and have
been summarized using the geometric
mean and SE. The efficacy variables of
fasting blood glucose, fructosamine, cho-
lesterol, HbAl5 triglyceride, and HDL
cholesterol at baseline (week 0) were
compared between the two treatment
groups using the Student's two-sample t
test. Changes from baseline to week 8
were calculated and analyzed using anal-
ysis of variance. The metabolic clearance
rate of glucose was calculated from 120 to
150 min. These data were also analyzed
using analysis of variance. All values are
expressed as mean ± SE unless otherwise
indicated.

RESULTS — No significant differences
were observed in energy intake or dietary
composition between the two treatment
groups, and no changes were observed in
either group with respect to energy intake
or dietary composition with time (Table
2). Consistent with this, body weight re-
mained unchanged throughout the study.

For changes from week 0 to week
8, there were no statistically significant
differences between the two groups for
fasting blood glucose, serum insulin, and
cholesterol levels (Table 3). There was no
change in HbAL in either the miglitol or
placebo group. Although there was no
significant difference in fructosamine be-
tween the groups, levels fell slightly in
both groups, and in the miglitol treatment
group, this reached statistical significance
(P < 0.05; Table 3). The fall in serum
triglyceride levels was significantly
greater in the miglitol-treated subjects
(Table 3).

The achieved clamp insulin con-
centrations pre- and post-treatment were
84 ± 7 and 79 ± 7 mU/1 for the miglitol-
treated patients and 88 ± 12 and 108 ±
20 mU/1 for the placebo-treated group re-
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Figure 1—Metabolic clearance rate
(ml' feg~J • min~1) (A), fasting blood glucose
(mmol/l) (B), fructosamine (mmolA) (C), fasting
insulin (mU/l) (D), and serum triglyceride
(mmol/l) (E) concentrations at week 0 and 8 for
the miglitol (•) and placebo (O) treatment
groups. Values represent mean ± SE, except for
triglyceride data where values represent geomet-
ric mean ± SE.

spectively. There were no significant dif-
ferences between the treatment groups for
the change in metabolic clearance rate
(0.21 ± 0.27 vs. 0.16 ± 0.35 1 • kg"1 •
min"1; Table 3).

CONCLUSIONS— In the present
double-blind placebo-controlled two-
treatment parallel group study, we have
demonstrated that treatment with migli-
tol does not significantly improve insulin
sensitivity in type II diabetic patients
treated by diet alone. Despite the well-
documented postprandial blood glucose-
smoothing effect of this drug compared
with placebo, there was no improvement
in mean blood glucose control in these
subjects.

The effects of a-glucosidase inhib-
itors in the treatment of patients with type
II diabetes has been extensively studied
and is well defined. All studies have dem-
onstrated that miglitol (4-6,9) and other
a-glucosidase inhibitors (3,10) have
marked effects on the postprandial rise in
blood glucose, blunting this in response
to test meals. When used as mono therapy
in diet-treated patients with mild-to-
moderate hyperglycemia, there is a result-
ant fall in postprandial blood glucose
(1-3 h) levels by ~3 mmol/l (3-6). This is
a consistent effect in every subject, not
merely a shift in group mean, and our
previously reported study demonstrated
that a comparable dose of miglitol mark-
edly decreased the postprandial blood
glucose rise in every subject (6). All other
reports on a-glucosidase inhibitors have
similarly demonstrated a striking reduc-
tion in postprandial blood glucose levels
in all individuals studied. Thus, although
we did not measure blood glucose levels
after a test meal in the present study, it is
reasonable to assume that miglitol de-
creased the postprandial blood glucose
excursions in all patients who received it,
given our own experience using a similar
protocol (6) and the overwhelming study
evidence provided by others (3-5,9,10).
It is believed that these large postprandial
swings in blood glucose may exacerbate

the well-documented insulin insensitivity
in type II diabetes, possibly via the hex-
okinase pathway (11). If this is correct,
then the beneficial effect of a-glucosidase
inhibition on this abnormality would be
expected to result in increased insulin
sensitivity, certainly within the 8-week
duration of the study.

Previously, two groups have at-
tempted to assess the effect of a-glucosi-
dase inhibition on peripheral insulin sen-
sitivity in patients with type II diabetes
(12,13). Both failed to demonstrate in-
creased insulin sensitivity when patients
were treated with either miglitol (12) or
acarbose (13). However, these studies re-
cruited a mixed population of type II di-
abetic subjects who were poorly con-
trolled and included individuals who
were treated with diet alone or a sulfonyl-
urea agent (13) or a sulfonylurea agent or
insulin (12). Because miglitol has been
suggested to decrease the hypoglycemic
effect of glyburide, this may be of partic-
ular relevance (12). In addition, the small
number of subjects (13), the high supra-
physiological clamp insulin concentra-
tions (—260 mU/l) (13), and the design of
the studies may have contributed to the
failure of both studies to demonstrate a
positive drug effect on insulin sensitivity.
The statistical analysis of the crossover
design of both studies does not appear
to have accounted for a possible drug
carryover effect or a treatment order ef-
fect (14). The double-blind placebo-con-
trolled two-treatment group design of the
present study and the homogeneous pa-
tient group adequately account for these
particular problems. Nevertheless, we
too have demonstrated no beneficial ef-
fect of the reduction of postprandial
blood glucose excursions on insulin sen-
sitivity.

An alternative explanation for the

Table 2—Dietary assessment at weeks 0 and 8 for the miglitol and placebo treatment groups

Miglitol group Placebo group

WeekO Week 8 WeekO Week 8

Carbohydrate (g)
Protein (g)
Fat (g)
Alcohol (U)
Fiber (g)

174.0(134.0-228.0)
95.6 ± 12.3
78.9 ± 13.8

9.1 ± 3.4
22.8 ± 1.8

141.5(122.0-193.0)
89.6 ± 12.4
80.7 ± 13.9

5.6 ± 1.9
23.5 ±2 .3

158.0(131.0-190.0)
76.2 ± 14.8
65.1 ± 8.2
14.0 ± 2.6
20.4 ± 2.5

146.0(128.0-195.0) 0.51
68.7 ± 11.2 0.87
67.2 ± 8.4 0.99
11.5 ± 1.8 0.86
23.2 ± 4 0.61

Calorie intake (Kcal) 1,893.0(1,357.0-2,107.0) 1,668.5(1,143.0-2,186.0) 1,479.0(1,184.0-1,893.0) 1,667.0(1,213.0-1,910.0) 0.90
Data are mean ± SE, except for carbohydrate and calorie intake data, which represent median (interquartile range).

DIABETES CARE, VOLUME 19, NUMBER 6, JUNE 1996 561

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/19/6/559/445383/19-6-559.pdf by guest on 19 M

ay 2023



Miglitol and insulin sensitivity

Table 3—Fasting blood glucose, fructosamine, HbAx,
miglitol and placebo treatment groups

cholesterol, triglyceride, and metabolic clearance rates at week 0 and 8 for the

Fasting blood glucose (mmol/1)
Fructosamine (mmol/l)
HbA, (%)
Cholesterol (mmol/1)
Triglyceride (mmol/1)
Fasting insulin (mU/1)
Metabolic clearance rate (ml • kg" * • min"1)

Miglitol group

WeekO

6.4 ± 0.3
0.987 ± 0.025

7.1 ±0 .2
5.6 ± 0.4

1.51 ±0 .5
10.7 ± 2.0
4.58 ± 0.36

Week 8

6.5 ±0 .4
0.909 ± 0.025*

7.1 ±0 .2
5.7 ± 0.4

1.27 ± 0.47
8.3 ± 1.0

4.79 ± 0.54

Placebo group

WeekO

6.9 ± 0.5
1.068 ± 0.053

7.6 ± 0.3
5.6 ± 0.3

1.33 ± 0.44
12.7 ± 5.8
4.52 ± 0.46

Week 8

6.9 ± 0.4
1.056 ± 0.056

8.0 ± 0.4
5.6 ± 0.4

1.67 ± 0.53
13.2 ± 5.5
4.69 ± 0.52

P

0.63
0.23
0.17
0.51

<0.001
0.23
0.91

Oata arc means ± SE. °P < 0.05 vs. baseline.

inability to demonstrate increased insulin
sensitivity in all three studies is that, de-
spite a clear beneficial effect on postpran-
dial blood glucose levels, a-glucosidase
inhibitors appear to have minimal effect
on overall blood glucose control. This in
turn suggests that it is the high overnight
and mean 24-h blood glucose concentra-
tions that have a greater deleterious effect
on insulin sensitivity, and thus, the failure
to improve insulin sensitivity merely re-
flects the well-documented failure of
a-glucosidase inhibitors to improve over-
all blood glucose control to a clinically
significant degree. The present study
demonstrated no improvement com-
pared with placebo in fasting blood glu-
cose, fructosamine, or HbAj and no
change in fasting insulin levels and con-
firms the findings of a number of investi-
gators (3,6). Schnack et al. (12) and Jen-
ney et al. (13) have demonstrated that
fasting hepatic glucose output does not
change after treatment with either 300 mg
of miglitol or 75 mg of acarbose daily.
This in turn suggests that hepatic insulin
sensitivity is also unaltered by miglitol
treatment and has been confirmed by
both groups who reported no improve-
ment of insulin suppression of hepatic
glucose production after a-glucosidase
inhibition.

The small but significant decrease
in fasting triglyceride and the unaltered
cholesterol concentrations after miglitol
therapy are in agreement with the find-
ings of Schnack et al. (12). We did not
observe this in a previous study (6), but
the treatment period was shorter than the
present study.

A number of investigators have
found that the specific side effects of
a-glucosidase inhibitors, particularly

those of flatulence, meteorism, and diar-
rhea, persist throughout the treatment pe-
riod and are quite severe in a number of
individuals (4,9). In the present study,
miglitol was reasonably well tolerated.
Gastrointestinal side effects were reported
in 4 of the 11 patients who received the
active compound and 1 of the 10 placebo-
treated subjects. These specific side effects
were less common and milder than previ-
ously reported for patients on a higher
miglitol dose schedule (12).

In summary, 150 mg of miglitol
daily had no beneficial effect on blood
glucose control or insulin sensitivity in
diet-treated type II diabetic patients.
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