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lower efficacy than the everyday regimen.

Type 2 diabetes mellitus is a common disease
that is increasing to near epidemic level in indus-
trial nations [1]. It has been demonstrated that
Type 2 diabetes mellitus is associated with dysli-
pidemia and an independent and significant risk
of coronary heart disease (CHD) [2-4]. Patients
with Type 2 diabetes often exhibit a specific pat-
tern of abnormal lipid levels that is characterized
by increased levels of triglycerides (TGs),
decreased levels of high-density lipoprotein
(HDL), and, often, elevated levels of low-density
lipoprotein (LDL). Recent large-scale clinical
studies have shown that the treatment of dyslipi-
demia in both diabetic and nondiabetic individ-
uals significantly improves lipid levels and
reduces the risk of CHD [5,6]. In individuals with
Type 2 diabetes, the normalization of lipid val-
ues has a positive effect on morbidity and mor-
tality that is independent of the degree of
glycemic control (7). Type 2 diabetics have a two-
to four-fold excess risk of coronary artery disease
compared with nondiabetic patients [8]. Further-
more, after an acute coronary event, diabetic
subjects develop congestive heart failure more
frequently and have a higher mortality rate than
nondiabetic individuals [9].

Both the National Cholesterol Education
Panel (NCEP) and the American Diabetes Asso-
ciation (ADA) give achievement of the LDL tar-
get first priority [9]. Statins are the first-choice
pharmacological therapy to address diabetic dys-
lipidemia owing to their effectiveness at lowering
LDL levels in patients with diabetes [10], but
their cost is a major disadvantage.
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Background: The aim of this study was to compare the efficacy of alternate-day dosing
and once-daily dose regimens of atorvastatin reduction of low-density lipoprotein (LDL) in
Type 2 diabetic patients. Methods: A prospective, randomized non-blinded controlled
clinical trial was performed. A total of 40 patients with Type 2 diabetes mellitus who met
the inclusion criteria were randomly assigned to receive atorvastatin 10 mg in an every- or
alternate-day dosing regimen. Results: A total of 34 patients correctly completed the
study. After 8 weeks, LDL decreased by 28 and 36% in the alternate-day and every-day
groups, respectively (p = 0.013). The target LDL goal was maintained in 33 and 68% of the
patients in the alternate-day and every-day groups, respectively. None of the 34 patients
had significant elevation of liver enzymes or creatine kinase and no patients had signs or
symptoms of myopathy. Conclusion: Alternate-day administration of atorvastatin has

Previous investigations have demonstrated
that alternate-day dosing of simvastatin, lovasta-
tin and atorvastatin in lowering LDL levels in
patients with dyslipidemia may be an effective
alternative to daily dosing [11-17].

Atorvastatin is one of the most potent statins
and is metabolized to at least two active, long-
lasting metabolites with potencies similar to the
parent compound. It is a competitive inhibitor
of the 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, which is the rate-limit-
ing step in cholesterol biosynthesis. Moreover,
because of the long-lasting metabolites of atorv-
astatin, the half-life of HMG-CoA reductase
inhibition reaches 20-30 h, although the mean
terminal elimination half-life (¢, ,B) of atorvasta-
tin is 14 h [14,18]. Diabetes mellitus is often asso-
ciated with symptoms and complicated diseases,
therefore, diabetics almost use several drug cate-
gories that affect individuals and incur addi-
tional cost and inconvenience related to drug
contraindications.

This investigation aimed to compare the effi-
cacy of alternate-day dosing of atorvastatin with
diabetic
Type 2 patients with hypercholesterolemia.

once-daily  dose  treatment in

Methods

Patient selection

In this randomized, prospective, nonblinded
controlled clinical trial, we recruited 40 patients
with  Type2  diabetes  mellitus, aged
54.45 £ 1.36 years from the Endocrinology and
Metabolism outpatient clinic of a university
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hospital. Diabetic patients were chosen accord-
ing to ADA criteria [19). Diabetics with hyperlc-
holeserolemia who met the criteria for
pharmacologic treatment according to NCEP
Adult Treatment Panel III (ATP III) guideline
for diabetic patients were recruited [20].

Exclusion criteria were as follows: hyper-
triglyceridemia (TG > 400 mg/dl), hypothy-
roidism, myocardial infarction, coronary artery
bypass graft or percutaneous transluminal coro-
nary angioplasty within the last 3 months,
Type 1 diabetes, elevated liver enzymes or active
liver disease (alanine aminotransferase, aspartate
aminotransferase > three-times the upper limit),
creatine kinase (CK) 2 three-times the upper
limit, if they consumed alcoholic drinks, and
those taking concomitant lipid-lowering drugs,
receiving immunosuppressant drugs, azole anti-
fungal agents, or warfarin, or who were pregnant
or breastfeeding.

The subjects were completely informed of
the purpose, procedure and hazards of the trial
and were free to leave the trial at any time. All
patients signed informed written consent
before being included in the study. The
research protocol was approved by Tehran
University of Medical Sciences (TUMS)
Institutional Review Board.

Patients who met the eligibility criteria were
randomly assigned to one of two treatment
groups by a computer-generated table. Group I
(n =20) received atorvastatin 10 mg everyday
and groupII (n=20) received atorvastatin
10 mg every other day. Patients were not receiv-
ing other lipid-lowering agents. The subjects
were counseled about the importance of compli-
ance to diet according to the NCEP step III diet,
which was assessed regularly during the study
period [20].

The primary end points of this study were
changes in total cholesterol (TC) and LDL val-
ues. On the basis of a literature research of cho-
lesterol-lowering clinical trials, a change in TC
and LDL values over 10% was determined to be
clinically significant [21-24. Secondary end
points included changes in HDL and TG values.

Efficacy criteria

The efficacy criterion was the change of LDL
from baseline after an 8 week period. All patients
were assessed at week 8 as to whether they met
their LDL goal as defined by the NCEP ATP III

guidelines [20].
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Laboratory measurements

TC, HDL and TG were measured by enzymatic
methods and LDL was calculated using
Friedewald’s formula [25].

Safety, follow-up & monitoring

Safety and tolerability were evaluated through-
out the study on the basis of adverse events
reporting, laboratory studies and physical find-
ings. Complete blood count, serum chemistry,
liver function tests, CK, fasting lipid profile,
fasting blood glucose and HbAlc were
performed at the baseline. The liver function
tests, CK, fasting lipid profile, fasting blood
glucose and HbAlc were repeated at the end of
the study.

Statistical analysis

The statistical analysis was performed with the
use of Stats Direct version 2.6.2. Continuous
data are expressed as mean + standard error (SE).
Statistical analysis was initially performed by
Kolmogorov-Smirnov normality test. Baseline
characteristics were compared between groups
with the use of unpaired two-sample student’s t-
test for continuous data and with the use of Chi
squared test for categorical data if applicable. A
p-value of less than 0.05 was considered to be
statistically significant.

Results

Of the 40 patients enrolled, 34 completed the
8-week study period (19 patients in the every day
group and 15 patients in the alternate-day group).
Six patients who did not complete the study were
noncompliant during the treatment period,
which was not due to adverse drug reactions.

As shown in Table 1, at the beginning of the
study, the groups were similar with respect to
age, sex, BMI, TC, LDL, HDL, TG and HbAlc.

At 8 weeks, the percentage change in mean
LDL was reduced by 28 and 36% in the alter-
nate-day and every day groups, respectively
(p=0.013; Table2). Although there was an
increase in HDL level at 8 weeks in every day
group but an unexpected decrease in HDL in
group 2 at 8 weeks was seen (Table 2).

No statistically significant difference was seen
among groups in regard to total or percentage
decrease in TC, LDL and TG at 8 weeks com-
pared with baseline, while a significant difference
in total and percentage change from baseline
HDL between two groups were observed
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Table 1. Baseline patient characteristics.

Group | (n = 20)

Age (years) 53.45+2.11
Sex 40% F, 60% M
BMI (kg/m2) 25.98 + 0.71
TC (mg/dl) 252.2 +8.79
LDL (mg/dl) 153.7 £ 6.95
HDL (mg/dl) 456 + 2.62
TG (mg/dl) 239.2+194
HbA1c (%) 834 +0.23

Group Il (n = 20) p-value
5545+ 1.74 NS
45% F, 55% M NS
2587 £0.78 NS
239.1 £5.95 NS
149.45 + 4.62 NS
48.45 + 2.03 NS
185.2+14.4 NS
7.98 +£0.23 NS

F: Female; HbA1c: Hemoglobin Alc; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; M: Male; NS: Not

significant; TC: Total cholesterol; TG: Triglycerides.

(Tables 2 & 3). Target LDL goal was met in 68%
and 33% of the patients in the every-day and
alternate-day groups, respectively.

Of 34 patients who finished the study, no
patients had signs or symptoms of myopathy,
none had significant elevation of liver enzymes
or CK and both treatments were well tolerated.

Discussion
This study showed that atorvastatin 10 mg
administered every other day for 8 weeks was
slightly less effective than 10 mg administered
daily. The results also indicated that more patients
achieved their LDL goal in the every day group
than in the alternate-day group (68 vs 33%).
Several studies evaluated the efficacy of alter-
nate-day atorvastatin in hypercholesterolemia
(14-17]. In one study, 46 patients were divided
into three groups; group 1 received atorvastatin
10 mg every day, group 2 received atorvastatin
10 mg every other day and group 3 received
atorvastatin 20 mg every other day for 6 weeks.
No statistically significant difference was
observed between the three groups with regard
to total or percentage decrease in TC and LDL

Table 2. Percent change from baseline in
TC, TG, LDL and HDL after 8 weeks.

Group | Group Il  p-value
TC (%) 27 £ 4 -22 +£3 0.414
TG (%) -10+£ 12 -3+9 0.147
LDL (%) -36 + 3 -28+4 0.013
HDL (%) +16+7 -6+4 0.637

Group | received atorvastatin 10 mg everyday

Group Il received atorvastatin 10 mg every other day
HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; TC: Total cholesterol; TG: Triglycerides.

www.futuremedicine.com

for 6 weeks compared with baseline. It indi-
cated that alternate-day dosing of atorvastatin is
an efficacious and safe alternative to daily
dosing. The researchers concluded that this
change in the prescribing pattern of atorvasta-
tin may result in a significant cost reduction for
consumers [14].

In another study, 60 patients with hyper-
cholesterolemia, despite diet therapy, were
enrolled into the study. They received atorvas-
tatin 10 mg every other day for 8 weeks. The
investigators concluded that in hypercholester-
olemic patients, atorvastatin 10 mg adminis-
tered every other day is safe and effective in
lowering TC, TG, LDL with a slight increase in
HDL (15]. Another comparative study of alter-
nate-day dosing of atorvastatin and standard
once-daily dosing in 44 Type 2 diabetics for
12 weeks showed that 57.6% of patients in the
alternate-day group meet the target LDL con-
centration of less than 100 mg/dl. It has been
revealed that alternate-day dosing of atorvasta-
tin could be an effective and safe alternative to
daily dosing in Type 2 diabetic
patients [16]. In another trial, comparative effi-
cacy of alternate-day dosing of atorvastatin

some

(atorvastatin 10 mg as an initial dose everyday
or every other day and the dose was doubled if
the goal was not reached) compared with the
standard once-daily dose based on mean LDL
reduction at 6 and 12 weeks. Although higher
doses of atorvastatin were used on alternate
days, the results suggested that the alternate-
day administration of atorvastatin can produce
a reduction in LDL comparable to that of daily
administration  in with  hyper-
cholesterolemia, and yet provide some cost

patients

savings (17].
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Table 3. Change from baseline in TC, TG, LDL and HDL after 8 weeks.

Group |
TC (mg/dl) -70 £ 10.37
TG (mg/dl) -53.21 £24.73
LDL (mg/dl) -56.05 £ 6.74
HDL (mg/dl) +5.40+2.9

Group Il p-value
-53.92 £ 7.04 0.228
-13.53 £ 17.42 0.199
-42.27 £ 5.38 0.134
-3.27 £2.02 0.021

Group | received atorvastatin 10 mg every day.
Group Il received atorvastatin 10 mg every other day.

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TC: Total cholesterol; TG: Triglycerides.

Despite the aforementioned reports, the present
study results do not support efficacy of alternate-
day administration of atorvastatin. To explain this
discrepancy, we think that the study period should
be longer than 8 weeks untl LDL target level is
observed. Also, the initial dose of atorvastatin or its
maintenance dose can be increased to reach the
treatment target. In addition, using larger sample
size may provide further information. The small
sample size itself could be a reason for unexpected
decrease in HDL level in patients in group II [17).
The issue of compliance with an every other day
regimen should be also taken into account in
patients requiring statin therapy.

Taking collectively, it is concluded that alternate-
day administration of atorvastatin had not only
lower efficacy on reduction of LDL, TC and TG
but also decreases the beneficial HDL in diabetic
Type 2 patients. A convincing conclusion remains
to be reached by larger, randomized clinical trials.

Future perspective

In contrast to many previously reported studies, the
results of this study indicate that alternate-day
administration of atorvastatin had not only lower
efficacy on reduction of LDL, TC and TG but it
also decreases the beneficial HDL in Type 2 diabetic
patients. To explain this discrepancy, we believe that
the study period should be longer than 8 weeks
until LDL target level is observed. Also, the initial
dose of atorvastatin or its maintenance dose can be
increased to reach the treatment target. In addition,
using larger sample size may provide further infor-
mation. The issue of compliance with an every-
other-day regimen should be also taken into
account in patients requiring statin therapy. A con-
vincing conclusion remains to be reached by larger
randomized clinical trials.

Financial disclosure
This study was supported by a grant from TUMS.

Executive summary

e The aim of this study was to compare the efficacy of alternate-day dosing and once-daily dose
regimens of atorvastatin for the reduction of low-density lipoprotein (LDL) in Type 2 diabetic patients
using a prospective, randomized nonblinded controlled clinical trial.

¢ A total of 40 patients with Type 2 diabetes mellitus who met the inclusion criteria were randomly
assigned to receive atorvastatin 10 mg in an every- or alternate-day dosing regimen amd 34 patients
correctly completed the study.

e After 8 weeks, LDL decreased by 28 and 36% in the alternate-day and every-day groups, respectively.
The target LDL goal was maintained in 68 and 33% of the patients in the every-day and alternate-day
groups, respectively.

¢ None of the 34 patients had significant elevation of liver enzymes or creatine kinase and no patients
had signs or symptoms of myopathy.

¢ Alternate-day administration of atorvastatin resulted not only in lower efficacy on reduction of LDL,
total cholesterol and triglyceride, but also decreased the beneficial high-density lipoprotein in
Type 2 diabetic patients.

e A convincing conclusion remains to be reached by larger randomized clinical trials.
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