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A randomized double-blind study was performed to
examine the effect of clofibrate on glucose tolerance in
subjects with non-insulin-dependent diabetes mellitus
(NIDDM). Clofibrate (1.5 g/day) or placebo was
administered to 70 patients and an oral glucose
tolerance test (OGTT) was performed before and 12 wk
after treatment. Blood glucose levels were significantly
improved in clofibrate-treated groups at all time points
during OGTT, whereas there was no change in insulin
levels. Improvement of fasting glucose levels required
8 wk of clofibrate treatment. Insulin binding to
erythrocytes demonstrated no significant change in the
clofibrate-treated subjects. These results suggest that
clofibrate improves glucose tolerance in NIDDM
subjects without a change in insulin receptors and that
clofibrate increases insulin sensitivity through an
unknown postreceptor mechanism. Diabetes Care
11:495-99, 1988

ypertriglyceridemia is a common finding in
patients with non-insulin-dependent diabetes
mellitus (NIDDM). it has been reported by
several investigators that treatment with clo-
fibrate improves glucose tolerance (1-4), but other in-
vestigators reported that clofibrate did not have any ef-
fect on glucose tolerance (5,6). However, except for the
study on insulin-dependent diabetic (IDDM) subjects re-
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ported by Schade et al. (4), these studies were not sys-
tematically performed, and the validity is questionable.
Furthermore, the mechanism by which the drug im-
proves glucose tolerance has not been clarified. We un-
dertook a double-blind study of the effect of clofibrate
in glucose metabolism of subjects with NIDDM and ex-
amined insulin-receptor binding.

L. |
MATERIALS AND METHODS

The study was performed following the same protocol
in six medical centers in Japan. Seventy patients with
NIDDM treated by diet alone were randomly assigned
to either placebo or clofibrate treatment by a double-
blind method under the supervision of a controller. Na-
tional Diabetes Data Group diagnostic criteria for dia-
betes were followed (7). Patients who required insulin
therapy or oral-agent administration, had hepatic or renal
disorders, were markedly obese (>150% obese), had
essential hypertriglyceridemia, required drugs that af-
fected blood glucose and blood lipid levels, showed
much change in body weight during the treatment, or
were >75 yr old were excluded from the study. Patients
were randomized with a computer by use of a table of
random numbers. The key codes were made and kept
until the end of the trial. Two types of drugs, clofibrate
500-mg soft capsule and an olive oil-containing pla-
cebo soft capsule (ICI-Pharma, Osaka, Japan), indistin-
guishable from each other by appearance, were pro-
duced and quality checked. During the study, fasting
blood glucose levels, HbA,, triglyceride, and choles-
terol were determined monthly. Oral glucose tolerance
testing (75 g; OGTT) was performed before and 12 wk
after treatment. Blood from 10 subjects from each group
was studied for erythrocyte insulin binding by the method
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CLOFIBRATE AND GLUCOSE TOLERANCE

TABLE 1
Characterization of NIDDM subjects
Age n Obesity index Fasting blood glucose HbA,, Triglyceride Cholesterol
(yr) (M/F) (%) (mg/dl) (%) (mg/dl) (mg/dh
Clofibrate 53.6 22/17 111.9 £ 0.1 143.9 = 8.6 6.7 £ 0.4 169.8 = 17.5 223.0 =54
Placebo 53.8 17717 113.9 = 0.1 153.3 £12.2 7.2%x0.5 190.3 = 31.8 2219+ 7.8
Normal range 60-110 4.0-6.0 55-135 125-240

Values are means * SE. Differences between groups were not statistically significant.

of Kobayashi et al. (8). The 20 subjects were selected
from the Diabetes Center of Tokyo Women’s Medical
College and were randomly assigned to either placebo
or clofibrate treatment by a double-blind method. Clo-
fibrate (Amotril, Atromid-S) 0.5 g/day (1 tablet) or pla-
cebo was given three times daily after each meal. The
patients with poor compliance were excluded from the
study, and all the patients did not suffer any drug side
effects. Four patients (2 clofibrate, 2 placebo) were ex-
cluded from the study because the patients moved to
other clinics. All the patients were instructed to follow
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FIG. 1. Change in blood glucose and insulin levels with oral glucose tolerance testing (OGTT) before and after 12 wk
treatment by placebo or clofibrate. OGTTs (75 g) were performed before (left) and after (right) 12 wk of treatment by

the diet regimen, and their body weights before and after
the study were not statistically different.

Analytical methods. Blood glucose concentrations were
determined by the hexokinase method (9). Serum in-
sulin concentrations were measured as previously de-
scribed with the radioimmunoassay kit from Midorijuji
Radioisotope Laboratory (10). Serum cholesterol and tri-
glyceride were measured by the enzyme method via
cholesterol oxidase and glycerol-3-phosphate oxidase,
respectively. HbA;. was measured by high-performance
liquid chromatography. All these measurements were
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placebo (0O) or clofibrate (®). Points are means * SE. *P <.05, **P < .01, ***P <.001.
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FIG. 2. Change in fasting blood glucose levels after
treatment with placebo (0O) or clofibrate (®). Points are
means = SE. *P < .01.

checked or approved for quality control in six centers
by the Japan Medical Association.

Statistical methods. The two-tailed Student’s t test was
used to analyze the significant differences. All data are
expressed as means = SE.

]
RESULTS

Table 1 shows the characteristics of the subjects in this
study. There was no difference between the two groups
in age and severity of diabetes. Figure 1 shows glucose
and insulin levels during the OGTT before and 12 wk
after the treatment. Glucose levels improved at all time
points in the clofibrate-treated group, whereas there was
no difference in the placebo group (Fig. 1). Insulin con-
centrations during the OGTT were comparable before
and after the study in both groups. When the change in
fasting blood glucose levels during the treatment with
clofibrate or placebo was examined, the difference be-
tween control and clofibrate treatment was obvious (Fig.
2). Time required to reach the statistical difference be-
tween the two groups was 8 wk. However, HbA, failed
to show statistically significant improvement after clo-
fibrate administration (Fig. 3). Triglyceride levels were
significantly decreased after 12 wk of clofibrate treat-
ment, but cholesterol levels were unchanged (Fig. 4).
Insulin binding to erythrocytes was performed to in-
vestigate the mechanism of insulin action in the patients
treated with clofibrate. Insulin binding was not in-
creased by the treatment, although there was some ten-
dency toward increased affinity at 4 wk after the treat-
ment (Fig. 5). Furthermore, after 12 wk, insulin binding
decreased compared with the result before treatment,
but there was no difference in insulin binding between
the two groups. Thus, insulin-receptor binding may not
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play an important role in improvement of glucose tol-
erance in the patients treated with clofibrate.

DISCUSSION

t has been known that clofibrate may improve glu-

cose tolerance in diabetic subjects (1-4). How-

ever, most of these studies were not performed sys-

tematically on NIDDM subjects, and the effect of
diet therapy may cause improvement of glucose metab-
olism. Our studies used the more objective double-blind
method. The effect of diet therapy or other intervention
on these patients may be excluded, and more objective
results can be expected.

When the placebo and clofibrate-treated groups were
compared, the baseline values of glucose levels and
HbA,. were comparable. In the treated group, fasting
blood glucose levels started to decrease at 8 wk, but in
the placebo group they were elevated at 8 wk. These
results suggest that clofibrate improves glucose levels
and does not merely prevent worsening. After 12 wk,
the OGTT showed significant improvement both before
and after glucose loading. Insulin levels were compa-
rable before and after clofibrate treatment. HbA,. levels
failed to show a statistical improvement in the clofibrate
group. Barnett et al. (2) reported that 4 wk of treatment
improves giucose tolerance in NIDDM subjects treated
with diet alone or with oral agents. Schade et al. (4)
reported a similar effect of clofibrate after 3 wk of treat-
ment. Taken together, the glucose-lowering effects of
clofibrate may require 3—8 wk of treatment.

Improved glucose tolerance with unchanged insulin
levels suggests that insulin sensitivity may be improved
in the clofibrate group. Increased affinity of insulin re-
ceptors has been reported (11). We tested 10 subjects
before and after either placebo or treatment with clofi-
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FIG. 3. Change in HbA,_ levels after treatment with pla-
cebo (O) or clofibrate (@). Values indicate means + SE.
Difference between groups was not significant.
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FIG. 4. Change of serum triglyceride levels (left) and serum cholesterol levels (right) before and after placebo (0) or

treatment with clofibrate (@). *P < .05, **P < .01.

brate. After 4 wk, insulin binding to erythrocytes tended
to increase in both groups, but the increase was not
statistically significant. The binding decreased after 12
wk, but the change may not have been significant, be-
cause the binding data of the two groups after 12 wk
were comparable. Why the binding decreased after 12
wk is not clear. The different batches of iodinated insulin
may be one of the factors that caused the change. How-
ever, the difference between the two groups could be
compared at the indicated time points. Because eryth-
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rocyte insulin binding may not reflect the binding of the
insulin-sensitive tissues, insulin binding to these tissues,
i.e., muscles or adipocytes, may be necessary to prove
these results. Clofibrate did not significantly change in-
sulin binding in erythrocytes in these subjects. A similar
finding was reported by Ip et al. (12), who studied in-
sulin binding in fat cells from rats treated with clofibrate.
Weis et al. (13) reported that increased insulin sensitivity
was observed in the fat pad from rats treated with clo-
fibrate. However, we found that clofibrate failed to change
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FIG. 5. Insulin binding to erythrocytes before and after treatment with placebo (left) or clofibrate (right). Insulin
binding was performed before (O) and 4 wk (@) and 12 wk () after treatment *P < .05.
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insulin sensitivity in vitro and in vivo in rats (14), but
our studies were done over a relatively short period (7
days of treatment), and more time may be required to
improve glucose tolerance. Because insulin binding did
not change in the treated group, postreceptor steps may
be affected by clofibrate treatment. Clarification of the
mechanism may require examining postreceptor steps,
e.g., kinase activity of B-subunit of insulin receptor, in
relation to insulin action, e.g., glucose transport.
Several investigators reported that a rise in the level
of plasma fatty acids caused insulin insensitivity (15,16)
and that a positive correlation existed between very-
low-density lipoprotein triglyceride production rate or
plasma triglyceride level and insulin resistance (17).
Therefore, a hypoglycemic effect of clofibrate may be
induced by decreased triglyceride level or free—fatty acid
level but not by the direct effect of clofibrate on insulin
action. A long-term culture of insulin-sensitive cells with
clofibrate may be necessary to prove these possibilities.
In conclusion, our results suggest that clofibrate may be
a good adjunct treatment in addition to diet therapy for
patients with mild NIDDM and hypertriglyceridemia.

REFERENCES

1. Miller RD: Atromid in the treatment of postclimacteric
diabetes. ) Atheroscler Res 3:694—700, 1963

2. Barnett D, Craig JG, Robinson DS, Perenna Rogers M:
Effect of clofibrate on glucose tolerance in maturity onset
diabetes. Br J Clin Pharmacol 4:455-58, 1977

3. Ferrari C, Testori GP, Bertazzoni Anna Romussi M, Cal-
dara R, Frezzati S: Increased glucose disappearance rate
after short-term clofibrate administration in normal sub-
jects and in patients with chemical diabetes. Horm Metab
Res 10:4-6, 1978

4. Schade DS, Eaton RP, George S, Conway M, Kaminsky
N, Sivinsky J: Metabolic effects of clofibrate in insulin-
dependent ketosis prone diabetic man. Metabolism
27:461-68, 1978

DIABETES CARE, VOL. 11, NO. 6, JUNE 1988

10.

11.

12.

13.

14.

15.

16.

Jain AK, Ryan JR, McMahon FG: Potentiation of hypo-
glycemic effect of sulfonylureas by halofenate. N Engl J
Med 293:1283-86, 1975

Kudzma DJ, Friedberg S): Potentiation of hypoglycemic
effect of chlorpropamide and phenformin by halofenate.
Diabetes 26:291-95, 1977

. National Diabetes Data Group: Classification and diag-

nosis of diabetes mellitus and other categories of glucose
intolerance. Diabetes 28:1039-57, 1979

. Kobayashi M, Ohgaku S, Iwasaki M, Harano Y, Maegawa

H, Shigeta Y: Evaluation of the method of insulin binding
in human erythrocytes. Endocrinol Jpn 27:337-42, 1980

. Hoffman, WS: A rapid photoelectric method for the de-

termination of glucose in blood and urine. / Biol Chem
120:51-55, 1937

Hales CN, Randle PJ: Immunoassay of insulin with anti-
body precipitate. Biochem | 88:137-46, 1963
Murakami K, Nambu S, Koh H, Kobayashi M, Shigeta Y:
Clofibrate enhances the affinity of insulin receptors in non-
insulin dependent diabetes mellitus. Br J Clin Pharmacol
17:89-91, 1984

Ip C, Tepperman HM, Tepperman J: Effect of p-chloro-
phenoxyisobutyrate on the antilipolytic action of insulin
and insulin binding in isolated adipocytes.  Lipid Res
17:68-73, 1976

Weis AS, Tepperman HM, Tepperman J: Effects of p-chlo-
rophenoxyisobutyrate on serum levels, insulin sensitivity
and adipose tissue cyclic AMP concentration. Endocri-
nology 93:504-509, 1973

Watanabe N, Kobayashi M, Maegawa H, Ishibashi O,
Takata Y, Shigeta Y: In vivo and in vitro effect of p-chlo-
rophenoxyisobutyrate on insulin binding and glucose. En-
docrinol Jpn 32:829-36, 1985

Schlach DS, Kipnis DM: Abnormalities in carbohydrate
tolerance associated with elevated plasma nonesterified
fatty acids. J Clin Invest 44:2010-20, 1965

Balase EO, Neef MA: Operation of the “‘glucose-fatty acid
cycle” during experimental elevations of plasma free fatty
acid levels in man. Eur J Clin Invest 4:247-52, 1974

. Olefsky JM, Farquhar JW, Reaven GM: Reappraisal of the

role of insulin in hypertriglyceridemia. Am | Med 57:551—
60, 1974

499

20z Idy /| U0 15enB Aq Jpd'G61-9-1 L/BEBLEY/S6Y/9/ L LIPd-0[0ILIE/01B0/WI00" IEYOIOA|IS BPEY/:d])Y WO} POPEOIUMOC



