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Abstract

Non-diabetic males, particularly  those with very low levels of high density lipoprotein (HDL)  type cholesterol and high levels of very low
density type lipoprotein (VLDL),  are associated with insulin resistance and decreased insulin sensitivity. The evidence that elevation of HDL
cholesterol and diminution of triglycerides with drugs, with improvement in insulin sensitivity is still lacking. In the treatment of the
dyslipidaemic syndromes with hypolipidaemic drugs, the associated metabolic abnormality of insulin resistance/sensitivity has to be
addressed. We investigated the degree of decreased insulin sensitivity in 23patients  with low HDL and/or raised triglycerides by measuring
thefasting,  first and second hour insulin levels during an oralglucose  tolerance test (OGTT)  and repeated the measurements aftera &month
course offenofibrate.  The insulin levels were correlated with the OGTT,  bloodpressure,  total cholesterol, HDL  cholesterol, LDL  cholesterol,
and triglycerides measured before and at the end of the trial. The serum insulin at the second hour of the OGTTfell from 100.79 + 42.79
mU/l to 54.56 f 25.43 mU/l (p ~0.0005)  even though there was no change in the blood glucose level at this point. Our study shows that
fenofibrate  (LipanthyP) 300 mg daily significantly raises the pretreatment low HDL  cholesterol from 0.64 f 0.1 mmoulto  0.99 f 0.2 mmoU
1) as well as lowers the triglyceride level (from 2.17 f 1.1 mmol/l to 1.43 + 0.64 mmol/l) in patients with low HDWdyslipidaemic  syndrome.
The data also support the conclusion that treatment with fenofibrate  increases insulin sensitivity as measured by the corresponding insulin
levels of the OGTT in the study subjects who presented with very low HDL cholesterol level. There was also a decrease in blood pressure
readings in our study subjects. Throughout the trial, there was no significant change in body weight or exercise level in the subjects studied.
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Introduction

Hyperinsulinaemia and insulin resistance have been
postulated to relate directly to both hypertension and
coronary artery disease in type II diabetes and possibly
also in those with the dyslipidaemic syndrome as first
described by Reaven.I This syndrome (also known as
Syndrome X in endocrinology) comprises of some or all
of the following features: insulin resistance, glucose
intolerance, dyslipidaemia (increased very low density
type lipoproteins/VLDL, decreased high density type
lipoprotein/HDL cholesterol), hypertension and cen-
tral obesity.2,3 The possibility that insulin resistance and
hyperinsulinaemia cause or is strongly associated with
both hypertension and atherosclerosis4-6  may explain
why some forms of antihypertensive therapy do not
produce the expected decrease in atherosclerotic dis-
ease.7  Furthermore, hyperinsulinaemia predisposes to
hypertension by various mechanisms.8-12  In this study,

we evaluated whether a decrease in VLDL  triglyceride
and an increase in HDL  with the drug fenofibrate would
improve insulin sensitivity and decrease fasting
hyperinsulinaemia with a decrease in blood pressure.
We also studied the oral glucose tolerance test (OGTT)  of
these subjects and measured the corresponding serum
insulin levels at the fasting, first and second blood
glucose levels of the OGTT.

Materials and Methods

Twenty-three male patients were recruited from the
outpatient clinics. All of them were under 65 years old
without a past history of diabetes and all had a fasting
HDL  cholesterol of less than 0.9 mmol/l with or without
a raised triglyceride level of ~1.9 mmol/l and a raised
LDL  cholesterol level of >3.4 mmol/l. Four patients
were cigarette smokers and 14 of them were on antihy-
pertensive medication (stable BP on beta-blockers or
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ACE inhibitors) for at least a year prior to the trial. All
patients were stabilised on a low cholesterol diet of less
than 300 g of cholesterol (NIH step I diet) for 6 months
prior to initiation of fenofibrate. They were all coun-
selled on dietary control and advised to remain on diet
during the trial. All subjects were initiated on fenofibrate
300 mg once a day before dinner for 6 months and liver
function tests were evaluated every 3 months to exclude
fenofibrate-induced hepatotoxicity. For the duration of
the trial, all patients were strongly advised to maintain
their usual lifestyle, smoking pattern (if applicable) and
exercise programme (if they exercised) as before and not
to take any other new medication or change their medi-
cation profile without prior consultation with the trial
coordinator. The frequency of exercise per week was
recorded if they exercise regularly. All subjects were
started on fenofibrate in accordance with the American
National Cholesterol Education Programme (NCEP)
Adult Treatment Panel II guidelines.‘”  Particular em-
phasis was paid to the HDL  cholesterol level. The fol-
lowing endpoints were measured:

Weight at 0 and 6 months
Body mass index at 0 and 6 months
Exercise schedule (if any): hours per week
Systolic and diastolic BP at 0 and 6 months
Fasting blood glucose at 0 and 6 months
HbAlc at 0 and 6 months
Uric acid at 0 and 6 months
Total cholesterol, triglycerides, HDL  cholesterol and
LDL  cholesterol (calculated from the Friedewald
equation) at 0,3 and 6 months
Oral glucose tolerance test (75 g) and corresponding
0, 1st hour and 2nd hour serum insulin at 0 and 6
months

Assays

Blood pressure was measured manually twice at each
visit, both at the beginning and at the end of the consul-
tation visit (approximately 30 min).  The lower of two
values was used to reflect actual resting blood pressure.

Insulin was measured with the MEIA assayI  (Micro
Particle Enzyme ImmunoAssay) manufactured by Ab-
bot@Laboratories.  This assay has a sensitivity better than
or equal to 1 .O mU insulin/ml and a specificity of almost
100% with minimal cross-reactivity (~0.005% with
proinsulin and only in specimens containing low levels
of insulin). The correlation coefficienP4  compared to
standard insulin radioimmunoassay  (Pharmacia@)  is
0.982.

Lipids were measured using enzymatic methodsI
(Greiner  Diagnostica@).  Wet chemistry methods were
used. The fasting blood for lipid analysis were collected
into a plain tube without the use of tourniquet, immedi-
ately centrifuged and serum isolated for deep freeze
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storage at -70°C. Batch analysis was performed within 6
months of collecting the first sample. The LDL  choles-
terol level was determined using the Friedewald equa-
tion subject to the equation’s limitations. Serum glucose
was measured in the hospital laboratory using the
Beckmann glucose analyser. The glycosylated haemo-
globin was measured using the GlytraP glycosylated
haemoglobin set.16

Statistical Analysis

Student’s paired t-test was used to directly compare
the means between before and after treatment results.
Normality of data was assessed by Kolmogorov-Smirnov
method (with Lilliefors’ correction). All the parameters
except the blood pressure and weight passed the test for
normality set at P ~0.05. Wilcoxon signed rank test was
done for the blood pressure and weight analysis. Statis-
tical significance was taken at P ~0.05.  Statistical analy-
sis was computed using SPSS@version  7.5 and SigmastaP
programmes.

Ethical Considerations

All subjects gave their informed consent to the study.

1.4

1.2

1.0

s

2
0.8

E 0.6

0.4

0.2

0

1
HDL cholesterol level before (Series 1)

and after 6 months (Series 2) of fenofibrate

I Series 1 Series 2
I I

mean and standard deviation
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Results

Means of parameters studied f standard deviations

Time after fenofibrate 0 month 3rd month 6th month P value

Age (w-s)
Weight (kg)
BMI
No. of subjects who exercise
Total duration of exercise (hours per week)
Systolic BP (mmHg)
Diastolic BP (mmHg)
HbAlc
Total cholesterol (mmol/l)
TG (mmol/l)
HDL (mmol/l)
LDL  (mmol/l)
Fasting (0 hour OGTT)  glucose (mmol/l)
1 st hour OGTT  glucose (mmol/l)
2nd hour OGTT  glucose (mmol/l)
0 hour insulin (mu/L)
1st hour insulin (mu/L)
2nd hour insulin (mu/L)

42 f 9.7
72.506 + 12.33
26.17 rf: 3.57
5
6
140 f 14.14
88.5 + 10.57
5.433 + 0.78
6.3 + 0.69
2.17 + 1.10
0.64 f 0.098
4.69 + 0.88
4.73 + 0.75
8.26 f 3.0
6.8 + 1.9
10.24 + 3.22
94.02 f 40.89
100.79 +: 42.79

5
6.5

72.33 + 11.46 kg
26.11 + 3.25

;I
131 + 13.64
80.5 f 7.26
5.36 + 0.8

5.66 f 0.88 5.48 + 0.84
1.42 + 0.52 1.43 + 0.639
0.96 + 0.18 0.99 + 0.21
4.05 f 0.75 3.85 + 0.74

ns
ns
ns
ns
<0.05
<0.05
ns
<0.005
-Co.05
<o.ooo 1
<0.0001

BMI : body mass index
BP : blood pressure (mmHg)
TG : triglycerides (mmol/l)
HDL : high density lipoprotein (mmol/l)
LDL : low density lipoprotein (mmol/l)
OGTT  : oral glucose tolerance test
ns : not significant

Area under insulin curve before (Series 2) and
after (Series 1) 6 months of fenofibrate (P ~0.05)
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Fig. 3. Area under insulin curve  before and after 6 months offenofibrate.

Discussion

Our study subjects did not show any improvement in
weight and BMI after six months of fenofibrate. How-
ever, the resting systolic and diastolic blood pressure
showed a statistically significant small decrease with the
systolic of 140 mmHg and diastolic of 88.5 mmHg falling

4.23 + 0.69 <O.OOl
7.33 + 1.19 ns
6.3 + 1.28 ns
7.34 + 2.56 -Co.005
92.41 f 57.27 ns
54.56 f 25.43 <0.0005

to a systolic of 131 mmHg and diastolic of 80.5 mmHg.
This could be the result of improved insulin sensitivity
or lipid abnormalities as both of them are intricately
linked to blood pressure as suggested by De Fronzo3 and
others.8J7

The total cholesterol, LDL  cholesterol and triglycerides
all showed a marked decrease with the greatest fall
occurring just after three months of initiating fenofibrate.
Total cholesterol, LDL  cholesterol and triglyceride lev-
els showed a drop of 13%, 18% and 34% over their pre-
treatment levels respectively. HDL  cholesterol showed a
statistically significant rise of 50% over its pre-treatment
level. The degree of improvement in lipid profile (with
the exception of HDL  cholesterol) is consistent with
most studies on fenofibrate. The rise in the HDL  choles-
terol level by about 50% was higher than previous
studies which document on average a 30% increase. It is
likely that because our subjects had very low levels of
HDL  cholesterol (mean 0.6 f 0.1 mmol/l) initially, any
absolute increase with treatment contributed to a greater
percentage rise over its pre-treatment value. In absolute
measurements, the increase in HDL  (mean of 0.3 + 0.2
mmol/l) is not inconsistent with previous published
studies on fenofibrate ability to significantly raise the
HDL levels.18-21

In our study, the majority (18 out of 23) led relatively
sedentary lifestyle and do not exercise. Only 5 subjects
exercise at least once a week without any change in the
duration of exercise workout before and during the
study period. Although a change in exercise pattern/
intensity cannot be ruled out entirely, this is less likely as
corroborated by the lack of change in body weight or
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body mass index since the initiation of therapy.
Although most of the subjects (61%) did not achieve

the target LDL  cholesterol level of less than 3.4 mmol/l,
the majority (65%) attained a HDL level of greater than
0.9 mmol/l after the six months treatment period.

The fall in the fasting glucose level i.e. 4.73 + 0.75 mmol/l
to 4.23 + 0.75 mmol/l was significant (P <O.OOl)  but there
was no difference between the first and second hour
OGTT glucose corresponding levels. The HbAlc level
also did not show a statistically significant decrease.

As for insulin dynamics, the fasting and second hour
OGTT insulin levels showed a statistically significant
decrease (both P <0.0005)  after six months. This is fur-
ther borne out by the significant decrease for the insulin
area under the curve (P ~0.01)~~  for the amount of insulin
that was required for the disposal of the 75 g of glucose
of the OGTT. There was no significant difference for the
area under the curve for the pre and post-treatment
glucose excursion curve of the OGTT. This fall in insulin
requirement is most likely due to an increase in insulin
sensitivity with fenofibrate treatment. As there was no
significant change in exercise levels (among subjects
who exercise regularly) or body weight of the subjects
under treatment, the increase in insulin sensitivity could
be attributed solely to fenofibrate therapy. Furthermore,
the improvement in insulin sensitivity was seen through-
out, both in subjects who were sedentary and active.

We were unable to infer if this increase in insulin
sensitivity was due to either a fall in the triglyceride level
or a rise in the HDL  cholesterol since their metabolic
regulations are closely inter-related (by its modulation
via lipoprotein ligands  and the combined actions of
lipoprotein lipase, hepatic lipase, and cholesterol ester
transfer protein). As various authors have linked a prob-
able causal effect of dyslipidaemia on decreased insulin
sensitivity, any  improvement  in  these  l ip id
abnormalities should theoretically lead to an
improvement in insulin sensitivity. Similarly, the fall in
blood pressure readings could also be due to the im-
provement in insulin sensitivity,9-12  as high insulin levels
itself are known to be sympathomimetic  and sodium
retentive.‘l

The other possible explanation for the improved insu-
lin sensitivity could be a sudden cessation of cigarette
smoking23  among some of our subjects but this is un-
likely as they were told not to change their lifestyle or
decrease their smoking intake during the trial. In the 4
patients who were cigarette smokers, the number of
packets of cigarettes smoked daily were the same in the
short period before and after the period that they were
on fenofibrate. Moreover, there were only 4 cigarette
smokers among our subjects and the improvement in
insulin sensitivity and lipid profile was seen in both the
smokers as well as in the non-smokers

Conclusion

The risks for coronary artery disease in non-diabetic
patients are dependent on blood pressure,  a
dyslipidaemic profile, smoking history, poor family his-
tory and possibly a hyperinsulinaemic state together
with a degree of insulin resistance.4-6  The combination of
a moderately elevated triglyceride,24 low HDL
cholesterol and elevated small dense LDL  has been
associated with an approximately four- to seven-
fold increase in risks for development of CAD.25,26  This is
the pattern frequently encountered in patients with
the dyslipidaemic syndromes as described by Kaplan
and De Fronzo. 2,3 Furthermore, a low HDL  cholesterol
level in particular, is a very strong risk factor for
the development of coronary artery disease.27-30  In
our study, the use of fenofibrate resulted in an improve-
ment in the lipid profile particularly in the HDL  choles-
terol level. The improvement in insulin sensitivity and
the decrease in both the systolic and diastolic blood
pressure occurred independent of any change in body
weight or BMI and also probably exercise workload
duration. This is most probably due to the increase in
HDL  cholesterol and decrease in triglyceride levels which
resulted in an improvement in insulin sensitivity and
subsequent drop in blood pressure readings.7-10  Further
large scale studies are needed to confirm our findings.
The study conclusions also support current suggestions
by certain authors31-33  that aggressive drug treatment
be started earlier in patients with low HDL  cholesterol
particularly in those with extremely low HDL choles-
terol (~0.6)  levels associated with hypertriglyceridaemia.

Limitations of the Study

The authors acknowledged that there are certain limi-
tations to this study. The number of patients studied was
small. Although this might have reduced the power of
the study, the results were in most instances still statis-
tical significant.

Although the universal standard of measuring
insulin sensitivity is the hyperinsulinaemic-euglycaemic
clamp method, this is not adopted for our study as
it is time- and labour-consuming, expensive and its
invasive nature is a deterrent for voluntary patient re-
cruitment.

Hence, we adopted the abovementioned approach
which has also been widely used in insulin sensitivity
studies.

Although the subjects were not blinded to the medica-
tion, care was taken to ensure uniformity of dietary and
smoking lifestyle throughout the short period under
trial. Moreover, certain prolonged effects of hypo-
lipidaemic  drugs (even after  cessation) make
short-term placebo double-blind cross-over studies less
feasible.
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