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Abstract

One hundred and ninety-five aged (mean age: 67 + 4.8 years), non-insulin dependent diabetic patients underwent a randomised
single-blind study for investigating the effect of statin administration on insulin resistance and respiratory quotient. After 4 weeks
run-in period, all patients were randomised in three groups: placebo (n = 67), simvastatin (10 mg/day) (n = 61) and atorvastatin
(5 mg/day) (n = 67). Each treatment period lasted 8 weeks. At the beginning, after the run-in and at the end of the study, insulin
resistance was assessed by homeostasis model assessment (HOMA) index, while respiratory quotient (Rq) was evaluated by
indirect calorimetry. Statins versus placebo significantly lowered plasma total, LDL-, HDL-cholesterol and triglyceride concentra-
tions and improved insulin resistance and Rq and metabolic control. Atorvastatin had a greater effect than simvastatin on plasma
triglyceride concentration ( —26.3 + 3.1 vs. — 19.7 +2.8%, P < 0.03), HOMA index (—13.1 £ 0.6 vs. —9.1 4+ 0.9%, P <0.05), Rq
(5.9 +£0.4 vs. 3.1 +£0.5%, P <0.05) and glycosylated haemoglobin (—11.2 +0.3 vs. —7.1 +0.4%, P <0.05). In the whole group
of subjects (n=195) and at the end of the study, changes in plasma triglyceride concentrations were significantly correlated with
the change in the HOMA index (r = 0.44, P < 0.001) and age and BMI adjusted-Rq (r = — 0.32, P < 0.005). Multivariate analyses
demonstrated that decline in plasma triglyceride concentration was a significant determinant for explaining the effect of statin on
insulin resistance and Rq. In conclusion our study demonstrates that statin administration is useful for controlling dyslipidemia
in NIDDM patients and for improving the metabolic control. With regard to this latter aim, atorvastatin seems to be more
powerful than simvastatin. © 2000 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Statins; Insulin resistance; Respiratory quotient; Glycosylated haemoglobin; Non-insulin dependent diabetes mellitus

1. Introduction

Several epidemiological studies have demonstrated
that the incidence of coronary heart diseases (CHD)
mortality and morbidity in diabetic patients is increased
two or three times that in the general population [1].
One of the most important factors contributing to
cardiovascular disease in non-insulin dependent dia-
betes mellitus (NIDDM) patients is the alteration in
plasma lipoprotein [2]. Indeed, elevated plasma LDL-
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cholesterol and triglyceride concentrations and low
plasma HDL-cholesterol levels very frequently occur in
NIDDM patients. Advancing age [3] also magnifies
such finding. On the other hand, several randomised
trials have shown further that significantly lowering
LDL-cholesterol and increasing the HDL-cholesterol
fraction can produce a regression of the arteriosclerotic
lesions [4,5]. Several studies have shown that a modifi-
cation of dyslipidemia decreases significantly the risk of
new CHD events [6,7]. It is noteworthy that plasma
triglyceride concentration represents a powerful risk
factor for CHD in NIDDM patients [6—9]. Thus, the
best treatment of dyslipoproteinemia in NIDDM pa-
tients should lower plasma LDL-cholesterol and triglyc-
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eride levels while it should raise plasma HDL-choles-
terol concentration. To this regard, 3-hydroxy-3-hy-
droxymethyl-coenzyme A (HMG-CoA) reductase
inhibitors are useful for controlling both hypercholes-
terolemia and hypertrigliceridemia in NIDDM patients
[6,10].

Hyperinsulinemia/insulin resistance is a common fea-
ture of NIDDM [11]. The relationship between hyperin-
sulinemia/insulin resistance with CHD has been
reported in several [12—15] but not all studies [16—18].
Among such studies the Insulin Resistance Atheroscle-
rosis Study (IRAS) seems very interesting [19]. In par-
ticular, in the IRAS study there was a positive
association between insulin resistance and the intimal
media thickness of the carotid artery in both Hispanic
and non-Hispanic whites. Such a relationship was inde-
pendent of the traditional cardiovascular disease risk
factors, glucose tolerance, and measures of adiposity
and fasting insulin levels. Thus, an improvement of
insulin action should be a further goal in the therapy of
NIDDM patients.

It is widely accepted that elevated plasma triglyceride
concentrations may impair insulin action [20,21]
through an overactivity of the Randle cycle [22]. Thus,
one would expect a lowering in plasma triglyceride
concentration can be associated with an improvement
of insulin-mediated glucose uptake. Few studies have
addressed the potential effects of statins upon insulin
actions but results were reached [23-25].

Thus, we aim at investigating the effects of simvas-
tatin and atorvastatin on insulin resistance and sub-
strate oxidation in aged NIDDM patients.

2. Methods
2.1. Patients

One hundred and ninety-five (90F/105M) consecutive
NIDDM patients volunteered for our clinical study. All
volunteers were outpatients of our Department for
diabetics. Eligibility criteria included: (a) age > 60
years; (b) BMI<27.0 kg/m? (c) glycosylated
haemoglobin (HbAlc) <8.5%; (d) fasting plasma
triglyceride concentrations ranging between 2.5 and 3.2
mmol/l; (e) fasting plasma LDL-cholesterol concentra-
tions ranging between 7.0 and 9.0 mmol/l; (f) no evi-
dence of hypertension or renal, hepatic, endocrine or
cancer diseases or severe allergies as determined by
medical history, physical examination, and routine lab-
oratory tests. All patients had a stable body weight in
the 3 months before the study and were treated by
glibenclamide plus metformin and did not take any
other drug known to affect plasma glucose and/or lipid
concentrations. The purpose, nature and potential risk
of the study were explained to all patients and their

voluntary consent was obtained before they were en-
rolled. The Ethical Committee of our Institution ap-
proved the experimental protocol.

2.2. Experimental design

All enrolled patients were treated during 4 weeks
run-in period by oral hypoglycaemic agents. A weight-
maintaining diet made of 1800 kcal/day, with 50—55%
of calories derived from carbohydrate, 20% from
proteins and 30% from fat, with < 10% as saturated
fatty acids and <300 mg of cholesterol 24 h—!, was
observed throughout the study [26]. Alcohol consump-
tion was permitted up to 1.5 g/day. At the end of the
run-in period, all subjects were assigned randomly in
single-blind fashion to placebo (n = 67), simvastatin (10
mg/day) (n = 61) and atorvastatin (5 mg/day) (n = 67).
Sixty-two smoker patients were distributed equally
among the three groups. Drug and placebo treatment
periods lasted 8 weeks. At the beginning of the run-in
period, at the start of randomisation and at the end of
the study, fasting blood samples were drawn for plasma
metabolite determination. At the same study times,
indirect calorimetry allowed the determination of fast-
ing respiratory quotient (Rq). None of the patients
changed their life-style. The level of physical activity
was determined according to the method of Haskel [27].

2.3. Analytical methods

Plasma glucose was determined by the glucose oxi-
dise method (Beckman Auto-Analyser, Fullerton,
USA). Commercial enzymatic methods were used in the
determination of plasma total cholesterol (Moonset
Boehringer Mannheim, Milan, Italy) and triglyceride
(Peridecrome Boehringer Mannheim, Milan, Italy).
Plasma HDL-cholesterol was determined after precipi-
tation of LDL and VLDL lipoprotein with dextran
sulfate and magnesium chloride. Plasma LDL-choles-
terol was assessed by the Friedwald formula [28]. Gly-
cosylated haemoglobin (HbAlc) was measured by
HPLC method (n.v=4-6%). Specific plasma insulin
concentration was measured by commercial double an-
tibody radioimmunoassay (Linco Research, USA;
c.v=4.5) in which cross-reactivity with pro-insulin is
< 0.2%. Rq was measured by using a computerised
open circuit system (Deltatrac, Datex, Milan, Italy) and
calculated according to Ferrannini [29].

2.4. Calculations and statistical analysis

Body weight change was calculated having body
weight at the end of run-in equal to 100%. Insulin
resistance was evaluated by homeostasis model assess-
ment (HOMA) index [30]. Mean arterial blood pressure
was calculated as (SBP-DBP)/3 plus DBP. Because
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fasting plasma triglyceride and insulin concentrations
are extremely skewed, each value was also log-trans-
formed to improve normality for statistical testing and
back-transformed for presentation in tables. Changes
in plasma lipid and HbAlc concentrations, HOMA
index and adjusted-Rq values were calculated having
the values at the end of diet therapy equal to 100%.

All values are expressed as means + S.D. Compari-
sons among the different groups were made by analysis
of variance (ANOVA). When P < 0.05 was found, the
Scheffe’s test was also applied. Simple linear regression
analysis was carried out by standard technique. Analy-
sis of covariance (ANCOVA) allowed adjusting Rq
and BMR for age and BMI. Linear multivariate analy-
sis allowed the investigation of the effect of change
in plasma triglyceride concentration upon HOMA in-
dex and adjusted-Rq values independently of different
anthropometric and metabolic covariates. In this latter
analysis, drug administration and placebo were used
as dummy variables. P <0.05 was chosen as level
of significance. All statistical analyses were per-
formed on an IBM PC computer by SigmaStat soft-
ware analysis.

3. Results
3.1. Clinical characteristics of the patients

All patients were aged (67 + 4.8 years), slightly over-
weight (BMI = 26.1 + 0.8 kg/m?), with a prevalent cen-
tral body fat distribution (WHR = 0.87 + 0.03) but not
hypertensive (mean arterial blood pressure = 95.3 +0.7
mmHg). All patients were affected also by hyper-
triglyceridemia (2.99 + 0.22 mmol/l) and hypercholes-

Table 1
Clinical characteristics of the study groups at randomization *

terolemia (LDL-cholesterol =6.93 +0.27 mmol/l) and
had low fasting adjusted-Rq (0.78 + 0.03).

3.2. Effect of diet during the run-in period

In the whole group of patients (n=195) weight-
maintaining diet versus baseline values did not signifi-
cantly affect BMI, fasting plasma glucose, insulin and
HDL-cholesterol concentrations (data not shown). In
contrast, fasting plasma triglyceride (2.78 4+ 0.51 mmol/
1, P <0.05), total cholesterol (7.89 + 0.3 mmol/l, P <
0.04) and LDL-cholesterol (6.52+0.38 mmol/l,
P <0.03) concentrations and HOMA index (2.7 +0.5,
P < 0.04) were slightly but significantly lowered by the
diet therapy.

Randomisation of the patients in the three groups
(Table 1) did not show any significant difference in any
variable among the study groups.

3.3. Effect of statins administration (Table 2)

No difference in body weight change and in level of
physical activity was found at the end of placebo and
statin administration. Statins versus placebo signifi-
cantly lowered fasting plasma triglyceride, total-, LDL-
cholesterol, HbAlc concentrations and HOMA index.
In contrast, fasting plasma HDL-cholesterol and ad-
justed-Rq were improved significantly. Comparing the
relative effect of simvastatin and atorvastatin, the latter
appeared to be more powerful in decreasing fasting
plasma triglyceride concentrations. Both statins were
significantly more potent than placebo in affecting
HOMA index and Rq (Fig. 1); notwithstanding, ator-
vastatin displayed a stronger effect than simvastatin on
HOMA index and Rq (Fig. 1).

Placebo (n=67)

Simvastatin (n = 61) Atorvastatin (n = 67)

Age (years) 67.1+2.4
Gender 29 M/38 F
BMI (kg/m?) 25.6+0.8
WHR 0.85 +0.06
MABP (mmHg) 95.34+0.7
FP Glucose (mmol/l) 6.4+0.5
FP Insulin (pmol/l) 70.5+4.3
HbAlc (%) 7.5+0.5
FP Triglycerides (mmol/l) 2.79 +0.59
FP Total cholesterol (mmol/l) 7.93 +£0.51
FP LDL-cholesterol (mmol/l) 6.56 + 0.45
FP HDL-cholesterol (mmol/l) 0.63 +0.02
HOMA index 27404
Adjusted-Rq 0.78 +0.05

66.1+3.8 68.5+ 4.6
29 M/32 F 30 M/37 F
259+ 0.6 258 40.7
0.86 +0.03 0.88 + 0.05
95.1+40.5 95.8+0.8
6.340.2 62404
70.1+ 3.8 70.8 + 4.1
77403 7.6+ 0.4
2.77+40.51 2.78 4 0.63
7.88 +0.36 7.91+0.41
6.54 + 0.41 6.55+ 0.48
0.61 + 0.04 0.62 +0.03
27405 27406
0.77 + 0.06 0.78 + 0.07

& All results are means + S.D. No significant differences between the two experimental conditions were found. BMI, body mass index; WHR,
waist/hip ratio, MABP, mean arterial blood pressure; FP, fasting plasma; HbAlc, glycosylated hemoglobin; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; Rq, respiratory quotient was adjusted for age and BMI.
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Table 2

Change (%) in plasma lipids and HbAlc at the end of each treatment period *

Placebo Simvastatin pP® Atorvastatin
FP Triglycerides (mmol/l) 1.6 +0.8 —19.7+28* 0.03 —2634+3.1*
FP Total cholesterol (mmol/l) 1.8 +0.6 —19.1+4.1% 0.10 —194438 *
FP LDL-cholesterol (mmol/l) 2.74+0.5 —19.6+55%* 0.13 —20.5+4.1
FP HDL-cholesterol (mmol/l) 12403 9.1+3.1% 0.24 87+28%*
HbAlc (%) 03+04 —714+04%* 0.05 —11.2403*
Physical activity (METs) 32403 3.5+0.2 0.02 3.0+0.2
Body weight change (kg) —0.7+04 —0.6+0.7 0.03 —0.74+0.8

2 All results are means + S.D. FP, fasting plasma; LDL, low-density

hemoglobin.

® Differences between simvastatin and atorvastatin are reported as P.

* Differences vs. placebo are: P<0.001.
3.4. Analysis in the whole group of patients (n = 195)

At baseline, fasting plasma triglyceride concentra-
tions were correlated with BMI (r = 0.38, P <0.001),
HOMA index (r=0.41, P<0.001) and adjusted-Rq
(r= —0.36, P <0.001). In the whole group of subjects
(n=195) and at the end of the study, changes in
plasma triglyceride concentrations were significantly
correlated with the change in HOMA index (r =0.44,
P <0.001) and adjusted-Rq (r = — 0.32, P <0.005). At
the same study time, a multivariate analysis (n = 195)
allowed the investigation of the relative contribution of
the different covariates to the change in HOMA index
(Table 3). A model made by changes in plasma triglyc-
eride and LDL-concentrations, simvastatin administra-
tion (yes/no), atorvastatin administration (yes/no) and
placebo (yes/no) was tested. In such model only
changes in plasma triglyceride concentrations were sig-
nificantly and independently associated (r=6.12, P <
0.006) with the changes in the HOMA index.
Furthermore, the main determinants of the change in
Rq were investigated (Table 3). Thus, a model made by
changes in plasma triglyceride concentrations, change
in the HOMA index, simvastatin administration (yes/
no), atorvastatin administration (yes/no) and placebo
(yes/no) was used. Only changes in plasma triglyceride
concentrations (1= —5.88, P <0.006) and in the
HOMA index (= —3.18, P<0.01) were significantly
and independently associated with the changes in Rq.

4. Discussion

Our study demonstrates that: (a) both statins were
equally effective on lowering plasma total and LDL-
cholesterol levels and on raising plasma HDL-choles-
terol levels while atorvastatin had a stronger effect than
simvastatin on plasma triglyceride concentrations; (b)
both statins had favourable effects upon insulin resis-
tance and substrate oxidation; nevertheless, atorvas-

lipoprotein; HDL, high-density lipoprotein; HbAlc, glycosylated

tatin administration was associated with a marked
reduction in insulin resistance and improvement in
substrate oxidation and glucose metabolic control than
simvastatin did; (c) improvement in insulin action and
substrate oxidation were significantly correlated with
the lowering in plasma triglyceride concentration.

HOMA Index
(%change)
&

-10

15 4 *
p<0.05———!

L I— p<0.04—

Adjusted Rq
(% change)
»

T

Placebo Smvs Atvs

Fig. 1. Changes in the HOMA index (top) and adjusted-respiratory
quotient (Rq) (bottom) after 8-weeks placebo, simvastatin (10 mg/
day) and atorvastatin (5 mg/day) administration. Difference vs.
placebo are: * P <0.005. Rq was adjusted for age and BMI.
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Table 3
Linear multiple regression analyses with change in HOMA index and
change in Rq as dependent variables

Variable t P

Change in HOMA index

Triglycerides 6.12 0.006
LDL-Cholesterol 0.08 0.32
Simvastatin (yes/no) 0.41 0.15
Atorvastatin (yes/no) 0.93 0.09
Placebo (yes/no) 0.18 0.96
Change in Rq

Change in Triglycerides —5.80 0.006
Change in HOMA index —3.18 0.01
Simvastatin (yes/no) 0.48 0.18
Atorvastatin (yes/no) 0.99 0.11
Placebo (yes/no) 0.21 0.97

A finding of our study was the evidence that atorvas-
tatin was more potent than simvastatin in lowering
plasma triglyceride concentration. Such result is in
agreement with a previous finding in type 2 diabetic
patients having clinical characteristics not very different
from ours [6]. Why atorvastatin is more potent than
simvastatin on lowering plasma triglyceride concentra-
tion is not understood completely. One could argue
that an unbalanced dose comparison between atorvas-
tatin and simvastatin could provide a reason for our
data. However, such a possibility seems unlikely. In
fact, atorvastatin has been shown to be twice as potent
as simvastatin and thus, in our experimental design, a
dose of 5 mg of atorvastatin was compared with 10 mg
of simvastatin [6]. Furthermore, the triglyceride/LDL
cholesterol ratio, an index used widely to standardise
assessment across drugs, doses and basal lipid on com-
paring statins [31] was 1.0 with simvastatin and 0.9 with
atorvastatin. Thus, other mechanism/s than the dose
should be taken into account. Briefly, it has been
hypothesised that atorvastatin might affect plasma
triglyceride concentration either through an increased
removal of triglyceride rich-lipoproteins or a decreased
hepatic secretion of apolipoprotein B particles such as
VLDL in those subjects with excessive production rates
or both [31]. Alternatively, atorvastatin has been shown
to result in more sustained plasma concentration than
simvastatin [32,33], thus have a more sustained effect
on plasma triglycerides that have a very rapid rate of
turnover.

A greater lowering effect of atorvastatin upon plasma
triglyceride concentration might provide an explanation
for the reduction in insulin resistance and improvement
in metabolic control observed in our patients. The
relationship occurring between insulin resistance and
dyslipidemia is supported by several epidemiological
data. In particular, Laakso et al. [34] showed the rela-
tionship between insulin resistance and lipoproteins in

individuals with varying degrees of glucose intolerance
and revealed lower concentration of HDL and high
total VLDL-triglyceride among those who were insulin
resistant. Population based studies have almost univer-
sally revealed links among insulin, triglyceride and
HDL. The CARDIA Study examined insulin and lipid
in black and in white young adults [35]. In this study
positive relationship between plasma insulin and
triglyceride concentration was found among both racial
groups, a result independent of age, gender and BMI.
In 1992, the French Telecom Study, which compared
characteristics of the insulin resistance syndrome in
Caribbeans and Caucasians, found that higher insulin
concentrations in the Caribbean group were associated
with higher levels of triglyceride after adjustment for
age and BMI [36]. Finally, similar results were confi-
rmed in the Strong Heart Study [37].

Whether insulin resistance is the cause or the effect of
elevated plasma triglyceride concentration in type 2
diabetic patients is still an unsolved question. Indeed, it
is widely accepted that elevated plasma triglyceride
concentration and insulin resistance may work in a
vicious circle. In fact, insulin resistance allowed an
increased production and flow of free fatty acids from
the abdominal viscera to the liver [38], where these fatty
acids accelerate triglyceride production. Such negative
effect of insulin resistance is magnified by the occur-
rence of hyperglycaemia, which also increases VLDL
production by the liver [39]. On the other hand, ele-
vated plasma triglyceride concentration is responsible
for an overactivity of the Randle cycle due to a preva-
lent lipid oxidation. The latter phenomenon, in turn,
has been shown to impair insulin-mediated glucose
metabolism in both oxidative and non-oxidative com-
ponents [22]. In our study, statins administration was
associated with an improvement of insulin resistance
and Rq, and decline in plasma triglyceride concentra-
tion; such relationship was found in the multivariate
analyses showing changes in plasma triglyceride con-
centrations to be significantly associated with the
change in the HOMA index and Rq. Thus, lower
plasma triglyceride availability might be responsible for
a shift from lipid to glucose as the main intracellular
substrate source. From the clinical point of view, this
more favourable glucose handling was associated with a
better metabolic control which, on the other hand, was
unaffected by changes in dosage of hypoglycaemic
agents or in BMI.

The effects of statins administration upon insulin
action and metabolic control in NIDDM patients have
been the subject of previous investigations [23-25];
unfortunately, a great discrepancy among the results
was found. Our group used the euglycemic hyperinsu-
linemic glucose clamp for demonstrating that simvas-
tatin administration was associated with a significant
decline in plasma triglyceride and improvement in in-
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sulin-mediated glucose uptake measured in aged
NIDDM patients [23]. Farrer et al. [24] confirmed that
simvastatin lowers plasma triglyceride concentration
but they did not observe any benefit upon fasting
plasma glucose, insulin and HbA1 concentration in
NIDDM patients. However, the small number of pa-
tients treated (n=28), the large age range (25-70
years), a different time duration of the study and the
lack of direct (euglycemic hyperinsulinemic glucose
clamp) or indirect (HOMA index) measurements of
insulin action might explain the discrepancy with our
data. Ohrvall et al. [25] compared also the efficacy of
gemfibrozil with simvastatin in NIDDM patients. The
unexpected findings were the lack of any effect of
simvastatin on plasma triglyceride concentration and a
worsening of insulin action as measured by the intra-
venous glucose tolerance test. Nevertheless, almost 50%
of such patients were hypertensives treated by B-block-
ers, calcium blockers, angiotensin-converting enzymes
(alone or in combination), and thus affected by a type
of insulin resistance different from that in NIDDM
patients and therefore not responsive to statins
administration.

In conclusion, our study demonstrates that statins
administration is useful for controlling dyslipidemia in
NIDDM patients and for improving the metabolic
control. Atorvastatin seems to be more potent than
simvastatin; nevertheless, greater and longer studies
than ours are needed to better highlight the metabolic
potency and efficacy of these two statins in NIDDM
patients.
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