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The aim of the present study was to investigate the effect of bezafibrate on insulin sensitivity and insulin secretion in 30
non-obese Japanese type 2 diabetic patients with hypertriglyceridemia (serum triglycerides > 150 mg/dL). Insulin sensitivity
was measured with homeostasis model assessment insulin resistance (HOMA-IR) proposed by Matthews et al. HOMA-B-cell
function, proposed by Matthews et al validated against minimal model-derived insulin secretion, was used to assess
pancreatic insulin function. Twenty-two patients were treated with glibenclimide and the rest were treated with diet alone.
All patients were treated with bezafibrate (400 mg/d) for 3 months. There were no changes in diet and the dose of any
medications used throughout the study. Fasting glucose, insulin, triglycerides, HDL cholesterol, and total cholesterol levels
were measured before and after treatment of bezafibrate. After treatment of bezafibrate for 3 months, serum triglyceride
levels significantly decreased from 277 + 30 to 139 = 9 mg/dL (P < .001) and serum HDL cholesterol levels increased
significantly from 45 + 2 to 52 + 2 mg/dL (P = .003). Serum cholesterol level was unchanged during the study (198 = 7 v201 =
7 mg/dL, P = .383). Fasting glucose (163 = 8 v 139 = 6 mg/dL, P = .006) significantly decreased after the treatment with
bezafibrate. HbA1c levels decreased, although not statistically significant (7.50 + 0.25 v7.17% = 0.19%, P = .147). On the other
hand, fasting insulin (9.3 £ 0.7 v7.3 = 0.5 pU/mL, P=.010) and HOMA-IR (3.61 = 0.24 to 2.53 = 0.20, P < .001) levels decreased
significantly after the treatment with bezafibrate. In contrast, HOMA-B-cell function did not change during the study (41.4 =
5.5 v41.8 + 4.7, P = .478). There was no significant difference in body mass index (BMI) levels before and after the therapy
(23.0 = 0.4 v23.1 + 0.4 kg/m?, P = .483). From these results, it can be concluded that bezafibrate reduces serum tiglycerides,
insulin resistance, and fasting blood glucose levels in non-obese Japanese type 2 diabetic patients.
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YPE 2 DIABETES IS A heterogeneous disorder charac-but the same doses were continued during the study. None of the

terized by insulin resistance and/or defective insulin se-patients had received insulin therapy. All subjects had ingested at least
cretiont.2 Japanese type 2 diabetic patients are unique in that50 g of carbohydrate throughout the study. None of the subjects had
they are divided into 2 variants: one with insulin resistance ancfignificant renal, hepatic, or cardiovascular disease. The blood was
the other with normal insulin sensitivi We very recently drawn in the morning after a 12-hour fast before and after treatment of
disclosed that Japanese type 2 diabetic patients with insulifeZafibrate for 3 months. _ , _ _
resistance are characterized by higher body mass index (BN”[) Plasma gluco§e was measured in duplicate with an automat.|c ana-
and higher triglyceride levels as compared with those with yzer (KVOtO'Da"Fh"Kagaku’ Kyoto, Ja.lpan) t.’y a glgcose 0 X'.dase
normal insulin sensitivity:? Furthermore, we showed that in- method. Plasma insulin was measured in duplicate using 2-site immu-

i ist b di b 3 t > diab noradiometric assay (Insulin Riabead Il, Dainabot, Osaka, Japan).
sulin resistance observed In Non-obese Japanese type 1a eegefﬁcients of variation (CVs) were 4% for insulin greater than 25

patients i§ positively correlated with serum triglyceride levels, wU/mL and 7% for insulin less than 28U/mL, respectively. The total

but not with BMI#8 ) ) cholesterol, HDL cholesterol, and triglycerides were measured by
There are some data suggesting that pharmacologic thera¥andard enzymatic methotisThe estimate of insulin resistance by

to lower triglycerides is associated with an improvement in homeostasis model assessment insulin resistance (HOMA-IR) was cal-

glucose tolerance in type 2 diabetic patients. Triglyceride-culated with the formula fasting serum insuliply/mL) X fasting

lowering drugs such as bezafibratéor clofibratetare shown  plasma glucose (mmol/L)/22.5, as described by Matthews &t al.

to reduce plasma glucose level in type 2 diabetic patients. It iSnsulin secretion was calculated with the formula fasting serum insulin

not yet known, however, whether or not the triglyceride-low-

ering effect by bezafibrate is associated with an improvement in

'nsu“n sensitivity or insulin secretion. To ac_compllsh t_hls' We_ From the Division of Diabetes, Kansai-Denryoku Hospital, Osaka:
recruited 30 non-obese Japanese type 2 diabetic patients W'B‘epartment of Metabolism and Clinical Nutrition, Graduate School of
hypertriglyceridemia and investigated the effect of bezafibrataviedicine, Kyoto University, Kyoto; Laboratory of Biochemistry of
on insulin sensitivity and insulin secretion. Exercise and Nutrition, Institute of Health and Sports Science, Tsukuba
University, Ibaraki; Kyoto University Graduate School of Medicine,
Kansai Health Management Center, Osaka; the Division of Endocri-
SUBJECTS AND METHODS nology and Metabolism, Jichi Medical School, Tochigi; Nakaishi
Thirty Japanese type 2 diabetic patients who visited our clinics wereClinic, Osaka; and the Division of the Science of Nursing, College of
employed for the present study. Type 2 diabetes was diagnosed basédedical Technology, Kyoto University, Kyoto, Japan.
on the criteria of the World Health Organization (WH®)l'hey all had Submitted July 11, 2000; accepted September 29, 2000.
either a fasting serum glucose greater than 140 mg/dL and/or 2-hour Address reprint requests to Ataru Taniguchi, MD, First Department
postglucose level greater than 200 mg/dL. The duration of the diagnosisf Internal Medicine, Kansai-Denryoku Hospital, 2-1-7 Fukushima,
of diabetes was 12.3 1.3 years (meart SE; range, 1 to 33 years). Fukushima-ku, Osaka-City, Osaka 553-0003, Japan.
They all were treated with bezafibrate for 3 months. During the therapy, Copyright© 2001 by W.B. Saunders Company
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Metabolism, Vol 50, No 4 (April), 2001: pp 477-480 477



478 TANIGUCHI ET AL

(nU/mL) X 20/(fasting plasma glucose [mmol/L] 3.5) proposed by by Bergman et al? we previously showed that non-obese
Matthews et at* We very recently showed that this index, HOMA- Japanese type 2 diabetic patients are divided into 2 variants:
B-cell function, is validated against minimal model-derived insulin gne with primary insulin resistance and the other with normal
secretion in non-obese Japanese type 2 diabetic patfents. insulin sensitivity3-5 Japanese subjects with impaired glucose
tolerance had also 2 discrete forms: insulin resistance and
normal insulin sensitivity°

The statistical analysis was performed with the StatView 5 system We later disclosed that non-obese type 2 diabetic patients
(Statview, Berkeley, CA). The differences of mean were determined byWith insulin resistance had significantly higher triglyceride
the Student's test. Data are expressed as the meai$EM unless

otherwise stated. levels as compared with those ywth _normgl insulin sensmw_-
ty.6:7 Moreover, we showed that insulin resistance observed in
RESULTS non-obese Japanese type 2 diabetic patients is positively cor-
elated with serum triglyceride levels, but not with BFA.

Statistical Analysis

The subjects studied were all Japanese type 2 diabetic pa- o ) .
tients (21 men and 9 women) with an age range of 42 to 75 hus, it might be speculated that non-obese type 2 diabetic

years (61.6+ 1.4) and a BMI of 16.6 to 26.7 kgfr(23.0 + p?t_ient? with hilgh triglyci_ride_ Ievelf1 are re::]ista}nt to the effgclts
0.4). They all were non-obedé.The fasting plasma glucose ]? mt;su in O? glucose ut |zat|on_. The me_clanls_rcr; re_spgnsme
was 163+ 8 mg/dL (range, 100 to 278) and glycosylated or the insulin res_l_stance seen in ypertriglyceri emia has not
hemoglobin (HbA1c) was 7.50% 0.25% (range, 5.2% to yet been _fully clarlfleq. Incubating IM-9 lymphocytes with very

11.3%). The fasting plasma insulin level was &3®.7 pU/mL Ioleiy-dgnsnly Ilpoprotelnlhas ?e? rcjgported to :ownregglats the
(range, 4.0 to 19.0). Serum triglycerides, cholesterol, and HDLE? meSL;]m rec.eptoré.. :]n;u n '.nl Ing tg eryt .rocytes ":jt eb

cholesterol levels were 28F 30 mg/dL (range, 152 to 907), ood ofthe patients with hypertriglyceridemia is reported to be

198+ 7 mg/dL (range, 135 to 298), and 452 mg/dL (range, '°Wt’ but tlhellfng.ro"erge”t of l*.‘g.’ggrl”'g'yce”t‘.’em'? tf]'d not <;]or-
24 to 66), respectively. rect Insulin-ninding abnormalities. Irrespective o e mech-

Table 1 illustrates the individual parameters before and afteltahmsm of |r_13u||n treg!stan_celo:_served n hypertrt'lg::z/ctetr;]demr:a, s
the treatment of bezafibrate (400 mg/day) for 3 months. Ther(?11 :iilé)r'ecw?#esras u ';Z’t '?OC uer'sngsgfr;’ ?gglgin' dea le :Is ar
was no significant difference in BMI levels before and after the 9! Py W u iglyceri v IS

treatment. After the treatment, fasting triglyceride levels de_assoclla\jeld \i':]'t: ::11n |l;npr0\3emer:1t n lnsulg;egsﬁvny taimr?tgllﬂl'-hi
creased significantly from 28 30 to 139+ 9 mg/dL. HDL ~ COS€€VEIS In non-obese Japanese ype 2 diabetic patients. This

cholesterol significantly increased, but the total cholesterolIdea IS supported_ from our very_recent report that physical
level was unchanged during the study. On the other hangEXercise lowers triglycerides, fasting glucose, and HOMA-IR
fasting plasma glucose and fasting insulin levels decrease I\\//ﬁlzsm Japanese type 2 diabetic patients without affecting
significantly. HbAlc decreased, but was not statistically signif- ' i

icant. HOMA-IR levels significantly decreased from 3.61 In the present study, we showed that bezafibrate not only

0.24 to 2.53+ 0.20 after the therapy. In contrast, bezafibratelowers triglycerides, but also fasting glucose levels in diabetic

therapy did not affect HOMA—B-cell values in our patients. patients. Two research groups recently reported similar results
in diabetic patient8:1°© However, the mechanism by which

DISCUSSION bezafibrate lowers glucose levels in diabetic patients is not yet

Type 2 diabetes is a syndrome characterized by insulincIarn‘led. The reduction in plasma glucose level is caused by an

resistance and/or defective insulin secrefiGihere seems fo enhancement in insulin sensitivity, insulin secretion, or both.
T o . . y ) For that reason, we simultaneously evaluated insulin sensitivity
be ethnic differences in insulin resistance in type 2 diabetes

. ) ——~and insulin secretion in the present study.
7 0,
Haffner et aJ'. rec_ently .dISC|O§ed that 92% of_type 2 diabetic With regard to insulin sensitivity, Emoto et?aland Bonora
patients are insulin-resistant in white populations. In contrast

: ) . et aPs recently showed that the HOMA-IR value is closely
d.|8 0,
Chglken et . preymusly shovyed that 60% (.)f type 2 diabetic correlated with the insulin resistance index assessed by the
patients are insulin-resistant in black Americans with a BMI

. . euglycemic clamp in diabetic patients. Our téarand Her-
less than 30 kgf Using the minimal model approach shown mans et & recently showed that the HOMA-IR value is highly

correlated with insulin resistance calculated by the minimal
model approach in subjects with varying degrees of glucose

Table 1. Clinical Characteristics Before and After Treatment tolerance. In contrast, we very recent|y showed that HOMA—
With Bezafibrate B-cell proposed by Matthews etlalis highly correlated with
Characteristic Before After P insulin secretion calculated by the minimal model approach in
BMI (kg/m?) 230+ 04 231 +04 483 non-obese Japanese type 2 diabetic patiéntssing the hy-
Triglycerides (mg/dL) 287 + 30 139 + 9 <.001 perglycemic clamp, Stumvoll et %l thereafter disclosed that
HDL cholesterol (mg/dL) 45 + 2 52 + 2 003 HOMA-B-cell proposed by Matthews etlalprovides an ac-
Cholesterol (mg/dL) 198 = 7 201 +7 .383 curate estimate of B-cell function in white patients with type 2
Fasting glucose (mg/dL) 163 + 8 139+ 6 .006 diabetes. Miettinen and Haffner e®previously showed that
Fasting insulin (wU/mL) 9.3 0.7 7.3+ 05 01 HOMA-B-cell function is positively correlated with the ratio
HbA1c (%) 750025 717 +0.19 147 of change in insulin and glucose over 30 minues of an oral
HOMA-IR 361024 253020 <001 glucose tolerance test in type 2 diabetic patients. These findings
HOMA-B-cell 41.4+55 41.8 + 4.7 478

favor the use of HOMA-IR and HOMA-B-cell in the assess-
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ment of insulin sensitivity and insulin secretion in non-obeseglucose levels on the fasting state. Bezafibrate lowered fasting
Japanese type 2 diabetic patients, respectively. HOMA-IR andjlucose, but did not improve HbAlc levels. The reason for the
HOMA-B-cell is a simple and non-invasive method. We there-discrepancy between fasting glucose and HbAlc is not known
fore used HOMA-IR and HOMA-B-cell in the present study. at present. The daily glucose profile might affect HbAlc levels,
In the present study, we first showed that the treatment obut we did not measure the daily profile. Alternatively, the
bezafibrate reduced insulin resistance and fasting insulin levelgeatment duration of bezafibrate might affect the results of
without affecting insulin secretion in non-obese Japanese typélbAlc. Ogawa et &P reported that the HbAlc level signifi-
2 diabetic patients. In this context, a major problem is thatcantly decreased after the 4-month bezafibrate treatment.
HOMA-B-cell function is reflective of early phase insulin  In summary, although our present study is performed among
secretion to glucose only, because a positive correlation existthe limited number of patients (& 30), it can be concluded
between HOMA-B-cell function and acute insulin response tothat bezafibrate not only lowers serum tiglycerides and glucose
intravenous glucose stimui?. Thus, it may be considered that levels, but also reduces insulin resistance in non-obese Japa-
the glucose-lowering effect by bezafibrate is associated with amese type 2 diabetic patients. In this respect, the finding that
improvement of insulin sensitivity, but not associated with anthazolidinediones, which are being developed for the treatment
improvement in the early phase of insulin secretion. It is un-of insulin resistance and type 2 diabetes, also profoundly re-
known, however, whether or not bezafibrate affertdogenous  duces triglyceride levels in type 2 diabetes is very interesting.
insulin secretion in non-obese Japanese type 2 diabetic patient&. larger population study should be undertaken to clarify
The mechanism by which bezafibrate improves insulin senwhether or not the triglyceride-lowering effect of bezafibrate is
sitivity in non-obese Japanese type 2 diabetic patients remaingssociated with an improvement in insulin sensitivity and fast-
to be clarified. There is no evidence that it is the reduction ining glucose concentration in non-obese Japanese type 2 dia-
triglycerides that directly results in an increase in insulin sen-betic patients.
sitivity. There may be an effect of bezafibrate on insulin action
of some other metabolic phase in diabetic patients. Alterna- ACKNOWLEDGEMENT
tively, the changes in triglycerides and insulin action may e are very grateful to the Department of Biochemistry, Kansai-
cosegregate in response to the drug. Denryoku Hospital and Shionogi Biomedical Laboratory, Osaka, Japan
As an assessment of glucose tolerance, we used HbAlc arfdr encouraging this study.
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