Diabetologia (1993) 36: 161-169

Diabetologia

© Springer-Verlag 1993

Lowering of triglycerides by gemfibrozil affects neither
the glucoregulatory nor antilipolytic effect of insulin in Type 2
(non-insulin-dependent) diabetic patients

H. Vuorinen-Markkola', H. Yki-Jirvinen' and M-R. Taskinen?
! Second and 2 Third Departments of Medicine, University of Helsinki, Helsinki, Finland

Summary. Hypertriglyceridaemia and insulin resistance are
closelyassociated butitisunknown whether hypertriglycerid-
aemia per se contributes to insulin resistance. In the present
study we examined whether gemfibrozil, by lowering trigly-
ceride levels, improves the glucoregulatory and antilipolytic
action of insulin in Type 2 (non-insulin-dependent) diabetes
mellitus. Twenty patients were randomly allocated to receive
either placebo or gemfibrozil 1200 mg daily for 12 weeksin a
double-blind study. Very low density lipoprotein triglyceride
levels decreased in the gemfibrozil group by 42+12%
(p <0.01). Gemfibrozil had no effect on the diurnal concen-
tration of non-esterified fatty acids (NEFA). At the randomi-
zation HbA,, levels were comparable (7.6 £ 0.3vs 7.8 £0.2%,
NS) and increased slightly both in the gemfibrozil (8.2 £
0.4%, p <0.05) and placebo groups (8.0£0.3 %, NS). Pre-
and post-treatment diurnal glucose and insulin concentra-
tions remained unchanged. Basal pre- and post-treatment
hepatic glucose production rates were comparable in both
groups and similarly suppressed by insulin. Rate of whole

body glucose disposal during a low-dose insulin infusion
(serum insulin ~90 pmol/l) (pre- vs post-gemfibrozil 11.9 +
1.1 vs 11.1£0.7, pre- vs post-placebo 9.9+1.1 vs 10.8 %
0.8 umol-kg-*-min-*, NS for both) and a high-dose insulin
infusion (serum insulin ~500 pmol/l) (16.2£1.7 vs 17.7 £ 2.7,
17.1+4.2vs17.4£2.9 umol -kg~*-min-*, respectively, NS for
both) remained unchanged. Basal pre- and post-treatment
NEFA turnover rates were comparable in both groups and
similarly suppressed by insulin. Also rates of total lipid oxi-
dation, plasma NEFA oxidation and non-oxidative NEFA
metabolism remained unchanged in both groups. We con-
clude that gemfibrozil effectively lowers serum triglycerides
but has no effect on insulin sensitivity of glucose and NEFA
metabolism. The data suggest that hypertriglyceridaemia is a
consequence rather than a cause of insulin resistance in
Type 2 diabetic patients.

Key words: Triglycerides, gemfibrozil, insulin resistance,
Type 2 (non-insulin-dependent) diabetes mellitus.
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Hypertriglyceridaemia, a decreased high density lipopro-
tein (HDL) cholesterol concentration, hyperinsulinaemia
and insulin resistance are metabolic abnormalities which
co-exist in Type 2 (non-insulin-dependent) diabetic pa-
tients. The concentration of serum triglycerides is corre-
lated with insulin resistance in normolipidaemic subjects
with normal glucose tolerance, in subjects with impaired
glucose tolerance and in Type 2 diabetic patients [1-3].
Subjects with endogenous hypertriglyceridaemia and nor-
mal glucose tolerance also exhibit resistance to both the
antilipolytic and glucoregulatory actions of insulin [2-5].
It is, however, unclear whether hypertriglyceridaemia is a
consequence of insulin resistance or whether it has a direct
deleterious action on glucose metabolism.

It is well-established that insulin has multiple sites of
action on very low density lipoprotein (VLDL) produc-
tion in the liver [6]. Thus, insulin resistance could lead to
increased VL.DL production and elevation of serum tri-

glycerides [7, 8]. Indeed, recent epidemiological data dis-
closed that insulin resistance precedes the development of
hypertriglyceridaemia [9]. Since suppression of non-es-
terified fatty acids (NEFA) by insulin is impaired not only
in Type 2 diabetic patients [10] but also in hypertriglyce-
ridaemic subjects [2] an increased availability of circulat-
ing NEFA could impair insulin action on glucose metabo-
lism in both disorders. Notably, elevation of triglyceride
and NEFA concentrations by Intralipid inhibits insulin-
stimulated glucose uptake during hyperinsulinaemia but
it is unclear whether NEFA or triglycerides mediate this
effect [11,12].

Gemfibrozil exerts multiple actions on VLDL metabo-
lism. The major action of gemfibrozil is to enhance the hy-
drolysis of triglyceride rich particles by increasing lipopro-
tein lipase activity [13]. Kinetic data suggest that the drug
also inhibits VLDL triglyceride production [14]. How-
ever, the mechanisms by which fibric acid derivates de-
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Table 1. Clinical characteristics of the Type 2 diabetic patients at
randomization

Gemfibrozil Placebo group
group
Sex (male/female) 82 10/0
Age (years) 602 5243
Duration of diabetes (years) 10+ 22 51
Body mass index (kg/m?) 27.1+0.7 274107
Waist to hip ratio 097+£0.02 1.03+0.01
Systolic blood pressure (mmHg) 150+5 148 +5
Diastolic blood pressure (mm Hg) 91+3 91+4
HbA (%) 7.6+0.3 7.8+02
C-peptide (nmol/l) 0.86+0.07 0.98+0.11
Fasting glucose (mmol/l) 93£0.5 9.0 0.6

2 p <0.05 vs placebo group

crease VLDL synthesis have not been clearly defined.
Kissebah et al. [15] suggested that both the turnover rate
and the mass of plasma NEFA decrease during gem-
fibrozil therapy indicating that gemfibrozil might be
antilipolytic. Studies with isolated adipocytes have alsoin-
dicated that gemfibrozil is antilipolytic [16, 17]. If gem-
fibrozil has indeed antilipolytic action this could explain
its inhibitory effect on VLDL triglyceride synthesis.

The major aim of the present study was to test whether
lowering of serum triglycerides by gemfibrozil affects the
glucoregulatory effect of insulin in Type 2 diabetic pa-
tients with moderate hypertriglyceridaemia. In addition
we studied whether gemfibrozil modulates NEFA metab-
olism or the antilipolytic action of insulin. If this were the
case, it might be possible to treat both hypertriglycerid-
aemia and hyperglycaemia in these patients with a single
drug.

Patients and methods

Patients. Twenty Type 2 diabetic patients participated in the study.

Their clinical characteristics are shown in Table 1. Patients with
serum triglycerides between 1.50 to 4.50 mmol/l were considered ac-
ceptable for the study. This range of triglycerides was selected based
on our previous data which demonstrated an inverse relationship be-
tween serum triglycerides lower than 4.5 mmol/l and glucose dispo-
sal at physiological insulin concentrations [1, 2]. The mean serum
triglyceride concentration of the patients at the 6-week pre-treat-
ment visit was 2.85 £0.30 mmol/l. Endocrine and other disorders
that could influence glycaemic control or lipoprotein metabolism
were excluded by history and physical examination, and by liver, kid-
ney, and thyroid function tests. All patients were treated with oral
hypoglycaemic agents (gemfibrozil group: sulphonylurea n =4, sul-
phonylurea and biguanide » =5, sulphonylurea, biguanide and gua-
rem n =1, placebo group: sulphonylurea n =5, sulphonylurea and
biguanide n = 2, sulphonylurea and guarem n = 2, sulphonylurea, bi-
guanide and guarem n = 1). The oral antidiabetic agents were conti-
nued unchanged throughout the study. The patients had no signs of
clinically significant micro- or macrovascular diabetic complications.
The nature and potential risks of the study were explained in detail
to each patient before they gave their informed consent to partici-
pate. The study protocol was approved by the Ethical Committee of
the Helsinki University Central Hospital.

Study design. During the 6-week pre-treatment period, all subjects
received two tablets of placebo twice daily (single blind). Glycaemic
control and serum lipid concentrations were measured at 3 and
6 weeks during the pre-treatment period. At these visits the patients

were seen by a nurse trained in diabetes care and they were given
dietary instruction. The target diet for the patients included 30 % of
the energy as fat, 55 % as carbohydrate and 15% as protein. Serum
triglyceride and cholesterol concentrations did not change during
the pre-treatment period (data not shown). Thereafter the patients
were admitted to the metabolic ward (week 0) for the metabolic
tests, where they continued on the weight-maintaining diet. The pa-
tients were then randomly allocated (double blind) to receive either
placebo (two tablets twice daily) or gemfibrozil (two 300 mg tablets
twice daily) for 12 weeks, and discharged from the hospital. The pa-
tients visited the out-patient clinic at 4 and 8 weeks and they were
readmitted to the metabolic ward at 12 weeks for final metabolic
tests. The weight and blood pressure of the patients were unchanged
during the pre-treatment period (data not shown).

Laboratory tests during the 6-week pre-treatment and 12-week treat-
ment period. At each visit blood was withdrawn for determination of
the fasting blood glucose, HbA,,, serum triglyceride and total choles-
terol concentrations. At 0 and 12 weeks the concentrations of serum
VLDL triglycerides, low density lipoprotein (LDL) cholesterol and
HDL cholesterol were also measured.

Metabolic tests at 0 and 12 weeks. On day 1 after admission, blood
glucose, serum insulin, triglyceride and plasma NEFA concentra-
tions were determined in blood samples taken at 07.30, 11.30, 12.00,
16.00, 20.00, 24.00, 04.00, and 08.00 hours. Blood pressure was
measured after 5 to 10 min rest in the sitting position with a random
zero sphygmomanometer (Random Zero Sphygmomanometer;
Hawksley & Sons, Lancing, UK).

On day 2, after an overnight fast, glucose and NEFA kinetics and
oxidation rates were measured between 08.00 and 13.00 hours as de-
picted in Figure 1. Each study consisted of a basal period (0-60 min)
and two hyperinsulinaemic periods (60-180 min, low-dose insulin
infusion; 180-300 min, high-dose insulin infusion). Rates of glucose
appearance (R,) and disappearance (Ry) were determined using an
infusion of [3 —*H]glucose, and plasma NEFA kinetics using [1-
“C]palmitate-labelled albumin. During hyperinsulinaemia, plasma
glucose was maintained constant using the insulin clamp technique
as previously described [18, 19]. These measurements were com-
bined with indirect calorimetry to determine substrate oxidation
rates as well as with collection of expired CO, for calculation of plas-
ma NEFA oxidation as described below.

I [3-3H] glucose 0.2 uCi/min
BOLUS | [1-14C] palmitate 0.1 uCi/min l
BOLUS
insulin insulin
11 1A
0.1 mU-kg - min { 1.0 mU.kg -min
[ 20% glucose I
lfe]  [em]e] [ow]c]
L L L '] 1
210 0 60 180 300
Time (min}

Fig.1. Design of the determination of glucose and non-esterified
fatty acid (NEFA) kinetics and oxidation rates. CM indicates the
time of indirect calorimetry measurements and C respective mea-
surements of plasma NEFA oxidation
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Table 2. Concentrations (mmol/l) of serum lipids and lipoproteins

163

Gemfibrozil group Placebo group

week 0 week 12 week 0 week 12
Total triglycerides 2.99+£0.37 1.80+0.172 3.14+040 420+1.13
VLDL triglycerides 2.18+£0.33 0.97 +0.06° 235+0.34 2.79+£0.52
Total cholesterol 5.731+0.36 5.88+0.30 542 +£0.30 525+0.31
LDL cholesterol 3301026 3.84+027 3.01 £0.30 2441028
HDL cholesterol 1.15+0.06 1.24 £0.06 1.05+£0.07 1.04+0.10
LDL chol/HDL chol 2.88 £0.17 3.13+0.16 2.91£0.25 2.41+0.26
Total chol/HDL chol 5.05+0.27 4.79+0.17 533+£034 5.67 £0.99

ap <0.05,° p <0.01 vs week 0

Methods

Whole body glucose disposal. For measurement of glucose R, and Ry
in the basal state, and during the low-dose insulin infusion, a primed
continuous (0.2 uCi/min) infusion of [3 — *H]glucose (Amersham In-
ternational, Amersham, Bucks, UK) was started at 04.30 and con-
tinued until 11.00 hours (from — 210 to 180 min). We chose not to
measure hepatic glucose production (HGP) during high-dose insulin
infusion since our previous studies [20] as well as those of the others
had shown that reliable measurements cannot be obtained if glucose
specific activity changes rapidly. When measured in normal subjects
under conditions where glucose specific activity is held constant,
HGP is entirely suppressed in the presence of hyperinsulinaemia
comparable to that in the present study [21] but this does not neces-
sarily imply normal suppression in patients with Type 2 diabetes.
Thus, the rate of glucose infused during the high-dose insulin infu-
sion reflects overall insulin resistance rather than merely peripheral
insulin resistance. The priming dose, which was given as a bolus dur-
ing 10 min, was adjusted according to the fasting blood glucose con-
centration on day 1 to achieve constant glucose specific activity [22].
Glucose specific activity [23, 24] was measured at 0, 30, 60, 150 and
180 min.

At 60 min, a primed continuous infusion of insulin (0.1 mU-
kg !-min~?!, Actrapid HM, Novo, Copenhagen, Denmark) was
started to increase and maintain serum insulin at ~90 pmol/l [18].
Plasma glucose was measured every 5 to 10 min in blood samples
taken from arterialized venous blood, and 20% glucose was infused
to maintain blood glucose at its fasting level. At 180 min, the serum
insulin concentration was increased and maintained at ~500 pmol/l
(insulin infusion rate of 1.0 mU - kg' - min ~"). Plasma glucose concen-
tration was allowed to reach normoglycaemia and it was kept con-
stant thereafter. Serum free insulin concentrations were measured at
0,60, 90,150, 180, 210, 270 and 300 min.

Glucose R, and R, were calculated according the non-steady-
state equation of Steele [23], assuming a glucose distribution volume
of 200 ml/kg and a pool fraction of 0.65. Use of this model leads,
under some conditions, to underestimation of glucose R, and Ry [20].
To avoid these errors the basal period lasted 270 min instead of the
usual 120-180 min.

Respiratory exchange measurements. Indirect calorimetry measure-
ments were performed with a computerized flow-through canopy
gas analyser system (Deltatrac Metabolic Monitor; Datex Helsinki,
Finland) as depicted in Figure 1 and as previously described in detail
[12, 24, 25]. The protein oxidation rate was estimated from urinary
urea nitrogen excretion. Non-oxidative glucose R, was defined as
the difference between total Ry and oxidative R,.

Plasma NEFA turnover and oxidation measurements. [1 — “C]palmi-
tate (New England Nuclear, Boston, Mass, USA) complexed to
albumin (SPR, Helsinki, Finland) was used for measurement of
plasma NEFA turnover, as previously described {26]. A priming
dose of 6 uCi [1 —*C]palmitate-albumin was given at 0 min, and
0.1 uCi/min of {1 - “CJpalmitate-albumin solution was infused be-
tween 0-300 min. Use of these isotope doses results in constant plas-
ma NEFA specific activity within 30 min [26]. Serum triglycerides,

plasma glycerol [27] and NEFA concentrations [28] and NEFA spe-
cific activity [26] were measured in blood samples taken at 0, 30, 60,
150, 180,270 and 300 min.

To determine the rate of plasma NEFA oxidation durmg the[1-
“C]palmitate infusion, the specific activity of expired air CO, was
measured as depicted in Figure 1 and as previously described 24,29,
30]. The bicarbonate pool was primed with 5 pCi of NaH"“CO; (New
England Nuclear) given as a bolus at 0 min [29]. Plasma NEFA oxi-
dation could be reliably determined in 12 of 20 patients in whom
constant CO, specific activity was achieved. )

The rate of plasma NEFA oxidation was calculated as fol-
lows: plasma NEFA oxidation rate (umol-kg-''min~!') = SA
“CO,-Veo /(C x SA[MCINEFA) where SA *CO, is the specific ac-
tivity of CO, in expired air (dpm/pmol), Vco, is the total CO, pro-
duction rate (umol-kg~!-min~'), SA[**C]NEFA is the specific ac-
tivity of [“C]NEFA in plasma (dpm/pmol), and C=0.81, the
retention factor to correct for labelled CO, retained in the bicarbo-
nate pool [29]. Use of this technique to determine plasma NEFA ox-
idation has recently been revalidated [30]. Non-plasma NEFA oxi-
dation [10, 24, 30] which is the difference between total lipid
oxidation and plasma NEFA oxidation expressed as palmitate oxi-
dation, and NEFA turnover [24, 31-33] were calculated as pre-
viously described in detail.

Analytical procedures

Blood glucose concentrations were measured by the glucose dehy-
drogenase method (Gluc-DH; Merck Oy, Darmstadt, FRG). During
the metabolic test on day 2 glucose was determined in plasma by the
glucose oxidase method [34], using the Beckman Glucose An-
alyzer II (Beckman Instruments, Fullerton, Calif., USA). Serum in-
sulin concentrations were determined by RIA [35] using the Phade-
seph insulin RIA kit (Pharmacia, Uppsala, Sweden). Serum free
insulin concentrations were determined by RIA [35] after precipita-
tion with polyethylene glycol. Serum C-peptide was determined by
RIA using the RIA-mat C-Peptid II kit (BYK-Sangtec Diagnostica
GmbH, Frankfurt, FRG; [36] ). HbA . (reference range 4.0-6.0%)
was measured with ion exchange high performance liquid chroma-
tography using the fully automated Glycosylated Hemoglobin
Analyzer System (Bio-Rad, Richmond, Calif., USA; [37]). Serum
and lipoprotein cholesterol and triglyceride concentrations were
determined enzymatically (kit nos. 0722138 and 0715166;
Hoffmann-La Roche, Basel, Switzerland) with an automated Cobas
Mira analyser (Hoffmann-La Roche). VLDL, LDL and HDL were
spearated by ultracentrifugation at 100,000 g in a Beckman L7-70
ultracentrifuge as previously described in detail [38].

Statistical analysis

Comparisons between 0 and 12 week study occasions, and between
study groups were performed using BMDP program 4V for analysis
of variance and covariance with repeated measures, followed by
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Fig.2. Serum triglyceride and plasma non-es-
terified fatty acid concentrations (24-h
profiles) in the gemfibrozil{ O, ®) and place-
bo group (1, W ). Open symbols represent
pre-treatment values and solid symbols post-
treatment values, respectively. Analysis of
variance and covariance with repeated
measures followed by paired ¢-test was used
for statistical analyses. " p <0.05,” p <0.01
pre- vs post-treatment

Fig.3. Plasma glucose and serum insulin con-
centrations (24-h profiles) in the gemfibrozil
(O, ®) and placebo group (I, m). Open
symbols represent pre-treatment values and
solid symbols post-treatment values, respec-
tively
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paired and unpaired t-test analyses. Correlation analyses were per-
formed with simple regression analyses. In the case of non-normal
distribution, log-transformation of the data was performed. All data
are shown asmean + SEM.

Results

Serum lipids. At randomization, serum triglyceride, total
HDL and LDL cholesterol concentrations were com-
parable in the gemfibrozil and placebo groups. Fasting
VLDL triglycerides fell in the gemfibrozil group by
42+12% (p <0.01), but remained unchanged in the
placebo group (Table 2). Serum HDL cholesterol also
rose slightly in the gemfibrozil group (p <0.05) but not in
the placebo group (Table 2). The serum LDL cholesterol
concentration rose slightly but not significantly in the
gemfibrozil group whereas there was a modest decrease in
the placebo group. The LDL/HDL cholesterol and
total/HDL cholesterol ratios remained unchanged in both
groups (Table 2).

Figure 2 shows 24-h profiles of triglyceride and plasma
NEFA concentrations. The mean 24-h pre-treatment tri-

Time (hours)

glyceride concentration was 3.24 £0.29 mmol/l in the
gemfibrozil group and 3.42+£0.43 mmol/l (NS) in the
placebo group. During gemfibrozil treatment the mean
24-h serum triglyceride concentration fell by 29+9%
(p <0.01). In the placebo group there was a trend towards
anincrease in serum triglycerides. There were no differen-
ces in the pre- vs post-treatment mean concentrations of
24-h NEFA in the gemfibrozil group (384£23 vs
441 £26 umol/l, NS) or in the placebo group (450 £ 45 vs

. 534 + 81 pmol/l, NS, respectively).

Glycaemic control and serum insulin concentrations. At
randomization the HbA,, levels were comparable in both
groups (Table 1). During the treatment period HbA,. in-
creased slightly both in the gemfibrozil (8.2+0.4%,
p <0.05) and placebo group (8.0 £0.3 %, NS). There were
no differences in pre- vs post-treatment mean 24-h blood
glucose concentrations either in the gemfibrozil (10.4 £
0.6 vs 11.0 £ 0.7 mmol/l) or placebo group (10.0+0.8 vs
9.8 £0.7 mmol/l, respectively, Fig.3). The mean 24-h
serum insulin concentration during the pre-treatment
period was 153 =24 pmol/l in the gemfibrozil and 180 +
27 pmol/l in the placebo group (NS), and no changes oc-
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Fig.4. Plasma glucose and serum insulin con-
centrations during the 6-h periods of the me-
tabolic tests in the gemfibrozil (O, ®) and
placebo group (O, m ). Open symbols repre-
sent pre-treatment values and solid symbols
post-treatment values, respectively
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curred during treatment periods (138+23 and 147+
18 pmol/l, respectively, Fig.3).

Plasma glucose and serum free insulin concentrations dur-
ing the metabolic tests. Plasma glucose and serum free in-
sulin concentrations during the 6-h periods of metabolic
testing are presented in Figure 4. The pre- vs post-treat-
ment fasting glucose concentrations were comparable in
the gemfibrozil and placebo groups (10.4+0.1 vs 11.3 £
0.6 mmol/l, and 10.2 £ 0.4 vs 11.1 £ 0.7 mmol/l, respective-
ly). During the low-dose insulin infusion, the post-treat-
ment plasma glucose concentration was slightly higher
both in the gemfibrozil (9.9 0.4 mmol/l, p <0.05) and
placebo group (10.0 £ 0.4 mmol/l, NS) than in the pre-
treatment studies (9.2 £ 0.4 and 8.9 + 0.4 mmol/l, respec-
tively). During the high-dose insulin infusion pre- vs post-
freatment plasma glucose concentrations were similar in
both groups (6.8+0.4 vs 6.8£0.4, and 6.7£0.6 vs 6.9+
0.5 mmol/l, respectively) (Fig.4). Serum free insulin con-
centrations were similar between the two groups during
the insulin infusions (Fig.4).

Glucose metabolism. Pre-treatment rates of hepatic glu-
cose production (glucose R,) in the basal state were simi-
lar in the gemfibrozil and placebo groups (12.3 £5.0 and
12.1 £ 1.1 umol-kg~*-min~!, NS) and did not change dur-
ing treatment (12.7 £0.7and 11.1 £ 1.0 wmol -kg ' -min %,
NS, respectively, Table 4). Also, the low-dose insulin infu-
sion suppressed hepatic glucose production similarly in
both groups (pre- vs post-gemfibrozil 9.0 £ 1.0 vs 8.5 £ 1.0,
pre- vs post-placebo 7.1+12 vs 7.4+£1.0umol-
kg~!-min~!, NS for both, Table 4).

The pre- and post-treatment rates of total glucose dis-
posal (glucose Ry) in the basal state, and during the low-
and high-dose insulin infusions were similar in both
groups (Table 4). Since the glucose level was slightly dif-
ferent in the pre- and post-treatment studies during the
low-dose insulin infusion, the glucose clearance rates (glu-
cose Ry divided by the ambient glucose concentration)
were calculated. The glucose clearance rates also re-
mained unchanged (data not shown). In both groups the

Time (min)

basal rates of glucose oxidation and non-oxidative glucose
disposal (glucose Ry — oxidation) did not change during
the treatment period. Also during the low- and high-dose
insulin infusion, the pre- and post-treatment rates of glu-
cose oxidation and non-oxidative glucose disposal were
similar (Table 4).

NEFA metabolism. The plasma NEFA turnover rates
were equal in both groups (Table 3). Insulin suppressed
plasma NEFA turnover rates in an identical fashion in
both groups. Overall the plasma NEFA concentrations
paralleled the changes in plasma NEFA turnover rates
(Table 3).

Pre- and post-treatment rates of total lipid oxidation,
plasma and non-plasma NEFA oxidation, and non-oxida-
tive NEFA metabolism were similar in the gemfibrozil
group in the basal state as well as during the low- and high-
dose insulin infusions. In the placebo group, the pre- and
post-treatment basal lipid metabolism were similar. Dur-
ing the low-dose insulin infusion total lipid oxidation
tended to increase (NS) and a slight increase was seen in
non-plasma NEFA oxidation while plasma NEFA oxida-
tion did not change after treatment period. During the
high-dose insulin infusion the pre- and post-treatment
rates of lipid metabolism were similar in the placebo
group (Table 3).

Serum triglyceride and plasma glycerol concentrations
during the metabolic tests. Serum triglycerides (data not
shown) and plasma glycerol concentrations were sup-
pressed similarly by insulin in both groups and in both
studies. In the gemfibrozil group pre- vs post-treatment
plasma glycerol concentrations in the basal state were
90+7 vs 81 7 pmol/l (NS) and were decreased by the
low-dose insulin infusion to 63 £5 vs 55+ 5 umol/l (NS),
and by the high-dose insulin infusion to 44+4 vs
37+ 4 umol/l (NS), respectively. The corresponding
pre- vs post-treatment concentrations in the placebo
group were 75%5 vs 85x8umol/l (NS), 6317 vs
64+ 6 umol/l (NS) and 39+4vs 47 +7 umol/l (NS), re-
spectively.
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Table 3. Plasma NEFA metabolism during the basal state and low-dose and high-dose insulin infusion

Gemfibrozil group Placebo group

week 0 week 12 week 0 week 12
Plasma NEFA (umol/l)
Basal 644 +39 668 +25 664 + 55 766 + 68
Low-dose insulin 351425 359425 423+ 52 448 +53
High-dose insulin 114 +£18 110+23 128+ 16 126+16
Total lipid oxidation (tmol - kg™'-min~")
Basal 3.5+03 3503 38+03 39+02
Low-dose insulin 34103 3503 35+03 38102
High-dose insulin 3.0x0.3 28+0.2 2.9+04 35x0.3
Plasma NEFA R, (umol kg='-min~Y)
Basal 48+0.5 45405 47+04 4.8+0.6
Low-dose insulin 35+04 2.8+03 3605 2.9+04
High-dose insulin 14403 13£02 1.3+02 12+02
Plasma NEFA oxidation (umol-kg™'-min=')°
Basal 20101 22402 1.6+0.1 21x0.3
Low-dose insulin 1.5£02 1.3+0.1 1.3£03 1.2+01
High-dose insulin 0.7+0.1 08+0.1 0.9+0.2 0.9+0.2
Non-plasma NEFA oxidation (imol-kg™"'-min=')°
Basal 1.9+0.2 1.4£05 1.8+02 1.8+£0.4
Low-dose insulin 23102 25402 1.8+03 2.8x0.1°
High-dose insulin 23+02 2003 1.9+04 29+0.3
Plasma N EFA non-oxidative metabolism
(umol- kgt -min=1)*
Basal 2.8+0.5 32+07 2.6+04 3.2+0.5
Low-dose insulin 24104 18403 1.9+05 1.5£04
High-dose insulin 0702 0.5+02 03+03 03+02
2 p <0.05 vs week £,° n = 6 both in the gemfibrozil and placebo groups
Table 4. Glucose metabolism during the basal state and low-dose and high-dose insulin infusion

Gemlfibrozil group Placebo group

week 0 week 12 week 0 week 12
Glucose Rs (umol-kg™*-min™")
Basal 11.9+05 124107 119409 11.1 +0.8
Low-dose insulin 120£1.0 11.8+05 10.9+1.1 107+£1.1
High-dose insulin 162+1.7 177 +£2.7 171+£42 172126
Oxidative glucose Ry (umol-kg™'-min™?)
Basal 52406 52406 43407 41+04
Low-dose insulin 54+05 51404 51+08 41046
High-dose insulin 7.7 +0.8 7.6+0.6 76+11 5.9+0.7
Non-oxidative glucose Ry (umol -kg™'-min™")
Basal 6.7+09 72+1.1 76+13 70+£09
Low-dose insulin 65+1.3 6.7+0.8 58+13 6.6%x1.2
High-dose insulin 8.6+1.2 101+24 9.6+44 11.4+3.0

Interrelations between glucose and lipid metabolism. Basal
lipid oxidation at week 0 correlated positively with plasma
NEFA concentrations (r =0.46, p <0.05), the plasma
NEFA turnover rate (» =0.55, p <0.01) and plasma
NEFA oxidation (r =0.70, p <0.01). Basal glucose oxida-
tion rates displayed an inverse correlation with lipid oxi-
dation (r = —0.87, p <0.001) and non-oxidative NEFA
metabolism (r = — 0.59, p <0.05). There were no correla-
tions between fasting serum total or VLDL triglycerides
and basal lipid oxidation or insulin-stimulated glucose dis-
posal at week 0.No correlation between HDL-cholesterol
concentration and insulin-stimulated glucose disposal at
baseline was found.

Adpverse effects. The serum creatine kinase concentration
increased from 207 to 515 U/l (reference range 0-270 U/l
for men) in one patient after 8 weeks of gemfibrozil ther-
apy, but was normal after 12 weeks of gemfibrozil therapy
(143 U/1). The increment in serum creatine kinase was
more likely to be caused by heavy muscle exercise than by
gemfibrozil. No other adverse effects emerged.

Discussion

The relationships between insulin resistance, hypertrigly-
ceridaemia and low HDL cholesterol are still unclear in
Type 2 diabetes. The obvious question is what are the
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underlying mechanisms for these associations: is hyper-
triglyceridaemia and a low HDL cholesterol concentra-
tion a cause or a consequence of the insulin resistance
found in Type 2 diabetes. To try to answer this question
gemfibrozil was used to lower the concentration of serum
triglycerides in Type 2 diabetic patieats in a randomized
double-blind placebo controlled study.

Although the lipid lowering effect of gemfibrozil is
well-documented in non-diabetic subjects, its efficacy in
diabetic subjects has not been well-established. In this
trial gemfibrozil caused a significant reduction of both
fasting total and VLDL and of postprandial triglyceride
concentrations and a small but significant rise of HDL
cholesterol concentration. The data are consistent with re-
cent observations by Garg and Grundy [39] and Shen et al.
[40]. The elevation of LDL cholesterol in the gemfibrozil
group was not unexpected but the lowering of LDL cho-
lesterol in the placebo group was puzzling as discussed
elsewhere (Lahdenperi S, Tilly-Kiesi M, Vuorinen-Mark-
kola H, Taskinen M-R, unpublished data). Gemfibrozil
reduces LLDL cholesterol in subjects belonging to the lo-
west tertiles of serum triglycerides but raises LDL choles-
terol in subjects with moderate hypertriglyceridaemia
[41]. Recently fibrates have been shown to shift the dis-
tribution of circulating LDL towards larger and less dense
particles [42-44], which are considered to be less athe-
rogenic than the small dense LDL particles [45]. Likewise,
in the present study LDL particle size increased as re-
ported in detail elsewhere (Lahdenperd S et al., unpub-
lished data).

Recent studies have suggested that glycaemic control
is not affected by gemfibrozil [39, 40]. Clofibrate and be-
zafibrate have been reported to either slightly improve or
to have no effect on glycaemic control in Type 2 diabetic
patients [46-48]. In the present study HbA,. levels
tended to increase slightly in both groups but the incre-
ment was significant only in the gemfibrozil group. This
was partly due to one patient in the gemfibrozil group
who developed secondary failure during the treatment
period. His HbA,, increased from 7.9 % to 10.1% during
the study period and insulin treatment was initiated after
the study. The fact that fasting blood glucose or insulin
and 24-h glucose or insulin profiles determined in the
standardized circumstances did not change in either
group indicate that overall gemfibrozil had no effect on
glycaemic control.

The present data demonstrate that gemfibrozil has no
effect on either the glucoregulatory or antilipolytic action
of insulin in Type?2 diabetic patients with moderate
hypertriglyceridaemia although it significantly reduces
the concentration of serum triglycerides. The results are
consistent with the recent observation by Shen et al. [40].
However, when Shen et al. subgrouped the patients on
the basis of initial glycaemic control the patients with fair
control (fasting plasma glucose > 9.0 mmol/l) demon-
strated a slight improvement of insulin sensitivity. Since
the study was not controlled it is impossible to exclude
that the effect reflects only the intensity of investigator
involvement in patient management. Steiner [49] found
an improved insulin sensitivity determined by oral glu-
cose tolerance test in non-diabetic subjects treated with

gemfibrozil. However, the improvement was observed
only in those subjects whose triglycerides decreased
more than 1.7 mmol/l. The present data do not exclude
the possibility that correction of severe hypertriglyce-
ridaemia may improve insulin sensitivity. On the other
hand insulin sensitivity (measured using the insulin
clamp technique) has remained unchanged during beza-
fibrate treatment despite the marked lowering of total
and VLDL triglyceride levels [48, 50].

The present study also provides information, derived
from indirect calorimetry, on the intracellular fate of glu-
cose during gemfibrozil vs placebo treatments. The data
show that gemfibrozil had no effect on either basal or
insulin-stimulated glucose oxidation or non-oxidative
metabolism. Unlike previous studies, we could not find
any correlation between baseline serum triglycerides and
insulin-stimulated glucose disposal. However, our pa-
tients were in moderate metabolic control and conse-
quently variation in these parameters was relatively smail.
Moreover lowering of triglycerides did not modulate lipid
oxidation in the basal state or during insulin infusion as
would be expected if hypertriglyceridaemia would in-
crease lipid oxidation.

The second aim of this study was to test if gemfibrozil
has any antilipolytic action. Theoretically, lowering of
plasma NEFA concentrations could improve insulin sen-
sitivity of glucose utilization via substrate competition be-
tween glucose and lipids [11, 12, 51, 52]. In the present
study we could not observe any differences of 24-h plasma
NEFA profiles between gemfibrozil and placebo groups.
Also, rates of NEFA and lipid oxidation in the basal state
and during the insulin infusion were not influenced by
gemfibrozilin the present study. Thus, the data do not sup-
port the concept that gemfibrozil would have been antili-
polytic in man. ,

Inconclusion the present data support the concept, that
lowering of serum triglycerides does not improve insulin
sensitivity in Type 2 diabetic patients with moderate
hypertriglyceridaemia. However, gemfibrozil can be ad-
vocated for treatment of lipid abnormalities in Type 2
diabetic patients because it has beneficial action on both
hypertriglyceridaemia and low HDL cholesterol which
are the major lipid abnormalities in Type 2 diabetes.
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