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Abstract

Hyperlipidemia is common in type 2 diabetic patients and is an independent risk factor for cardiovascular discase. The aim of
this trial was to evaluate the efficacy and safety of once-daily atorvastatin 10 — 80 mg for the treatment of hyperlipidemia in type
2 diabetics with plasma low-density lipoprotein cholesterol (LDL-C) levels exceeding 3.4 mmol/l (130 mg/dl). One hundred and
two patients met the study criteria and received 10 mg/day atorvastatin. Patients who reached the target LDL-C level of < 2.6
mmol/l (100 mg/dl) maintained the same dosage regimen until they had completed 16 weeks of treatment. Patients not reaching
the target LDL-C underwent dose titration to atorvastatin 20, 40 and 80 mg/day at Weeks 4, 8 and 12, respectively. All 88 patients
who completed the study attained target LDL-C levels and 52 (59%) of patients achieved the target goal at the starting dose of
atorvastatin 10 mg/day. In this group the differences between baseline and post-treatment values for LDL-C were 4.3 + 0.7
mmol/1 (166 + 26 mg/dl) versus 2.2 + 0.4 mmol/l (87 + 14 mg/dl) (P < 0.0001), respectively, a decrease of 47%. Similar trends were
observed for total cholesterol, triglycerides, very low-density lipoprotein cholesterol and apolipoprotein B levels. The safety profile
of atorvastatin in these patients was highly favorable and similar to those reported with other statins. Only one patient withdrew
due to a possible drug-related adverse event. These data confirm the marked efficacy and safety of atorvastatin in type 2 diabetic
paticnts with hyperlipidemia and the cfficacy of atorvastatin 10 mg in helping patients attain their LDL-C goal. © 2000 Elscvicr
Scicnee Ircland Ltd. All rights reserved.
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1. Introduction levels of LDL-C are found with equal [requency in
diabetic and non-diabetic patients, LDL particle compo-

Type 2 diabetes is frequently associated with elevations sition is altered unfavourably in diabetics and is more
of plasma low-density lipoprotein cholesterol (LDL-C) likely to be atherogenic.These lipid abnormalities are
and triglycerides, and reduced levels of high-density recognized as major risk factors for the development of

lipoprotein cholesterol (HDL-C)[1.2]. Although elevated coronary heart disease (CHD) and underlie thf; 2—4-fold
grecater prevalence of CHD, cercbrovascular disecase and

peripheral vascular disease in diabetic compared with

* Corresponding author. Present address: Departamento De Dia- non-diabetic patients [3]. It has beep eSth‘nate.d that
betes y Metabolismo de Lipidos, Vasco de Quiroga 15, Mexico City 75—80% of deaths among the diabetic population are
14000, Mexico. Tel.: + 52-3-5130002. attributable to cardiovascular disease, particularly is-
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A number of measures are recommended for the
treatment of hyperlipidemia associated with diabetes.
These include improved glycemic control, diet and
weight modification, and control of other CHD risk
factors, such as smoking and alcohol intake. If non-
pharmacological strategies are not sufficient to control
the lipid abnormalities, introduction of drug therapy
may be warranted. Agents that are used to treat hyper-
cholesterolemia or hypertriglyceridemia in non-diabetic
patient groups, such as niacin and bile acid seques-
trants, may not be suitable in patients with type 2
diabetes due to the possibility of aggravation of hyper-
triglyceridemia and/or insulin resistance [6]. In diabetic
patients, drugs of choice to reduce LDL-C are the
hydroxymethylglutaryl coecnzyme A (HMG-CoA) re-
ductase inhibitors (statins) (some statins also reduce
triglyceride levels), because they are generally well toler-
ated and do not adversely affect glycemic control. Data
from subgroup analyses in recent cholesterol-lowering
clinical trials using statin therapy indicate that the
benefits of cholesterol lowering are at least as great in
diabeltic as in non-diabetic groups [7,8].

The results of a recent study have suggested that
diabetic patients without CHD have as high a risk of a
myocardial infarction as non-diabetic patients with
CHD [9]. These data provide a rationale for treating
cardiovascular risk factors in diabetic patients as ag-
gressively as non-diabetic subjects in the high-risk CHD
category. For diabetic patients without pre-existing
CHD, the current American Diabetic Association
(ADA) goal for LDL-C is < 2.6 mmol/l (100 mg/dl)

Table 1
Baseline characteristics of all patients included in study (n = 102)

Variable n (% of total)
Sex
Male 43 (42.2)
Female 59 (57.8)
Race
Hispanic 101 (99.0)
White/caucasian 1(1.0)
Mean + SD
Age (years) 589493
Weight (kg) 67.2+11.7
Body mass index (kg/m?) 26.6+3.2
Duration of dyslipidemia (months) 5044512
Duration of diabetes (months) 97.8 + 809
Total cholesterol (mmol/1) 7.0+1.1
LDL-C?* (mmol/1) 4.61+09
VLDL-C? (mmol/]) 46+ 1.1
Triglycerides (mmol/1) 28+19
Apolipoprotein B (g/1) 144028
Fasting plasma glucose (mmol/l) 7.6+19
Fructosamine (mmol/l) 2424+ 62.5
HbA - (%) 7.6+12

2 LDL-C, low-density lipoprotein cholesterol.
®VLDL-C, very low-density lipoprotein cholesterol.
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[3,10]. The recommendations of the ADA for the treat-
ment of elevated LDL-C generally follow the guidelines
of the NCEP [11], which state that diabetic subjects
with clinical CHD and an LDL-C level of > 2.6 mmol/]
(100 mg/dl) after behavioural and glucose interventions
should be treated with pharmacological agents. Despite
the recommendations recent data suggest that only a
small proportion of type 2 diabetic patients achieve and
sustain target LDL-C levels of < 3.4 mmol/l (130 mg/
dl) to impact on cardiovascular morbidity [12—14].

The objectives of this study were to assess the efficacy
and safety of 10—80 mg atorvastatin for the treatment
of hyperlipidemia in type 2 diabetes patients with LDL-
C levels > 3.4 mmol/l (130 mg/dl). Atorvastatin is a
synthetic HMG-CoA reductase inhibitor which has
been shown to be highly effective at lowering LDL-C
and triglyceride levels in non-diabetic patients. In hy-
perlipidemic subjects, doses of atorvastatin from 10—80
mg once-daily have been shown to reduce LDL-C levels
by 41-61% [15] and triglycerides by 23-45% [16].

2. Materials and methods
2.1. Patients

All patients were previously diagnosed with type 2
diabetes according to the criteria of the ADA and had
to have HbA,. <10 for at least 4 weeks prior to
screening for the trial. Patient characteristics at baseline
arc detailed in Table 1. The trial included men and
post-menopausal or non-pregnant women aged between
18 and 80 years who had a Body Mass Index of < 30.
Plasma LDL-C levels in these patients were > 3.4
mmol/l (130 mg/dl) after the initial 6 weeks of
isocaloric dict.

Patients were excluded if they had type 1 diabetes,
uncontrolled hypertension, severe renal dysfunction,
nephrotic syndrome or dysproteinemias, fasting plasma
triglycerides > 10 mmol/l, aspartate aminotransferase
(AST) or alanine aminotransferase (ALT) levels >
1.5 x the upper limit of normal (ULN), or if their
creatine phosphokinase (CPK) levels were > 3 x ULN.
Consumption of any lipid-altering drug within the pre-
vious 4 weeks (6 months for probucol) prevented entry
into the study. None of the study subjects had tendi-
nous xanthomata.

The protocol was approved by an Ethics Committee
ol every Institution and every patlient provided wil-
nessed, written, informed consent prior to entering the
study.

2.2. Study design

This was a multicenter, open-label, 34-week dose-ti-
tration study (Fig. 1). Patients attended an initial
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Fig. 1. Schematic figurc of study design showing timings of paticnt
visits, diet and dose titration periods.

screening visit followed by a qualifying visit 4 weeks
later in which compliance with dict was assessed and
blood samples were taken. Within 2 weeks patients
returned for a baseline visit during which further blood
samples were tested and drug treatment was initiated.
Changes in lipid profile after periods of treatment with
atorvastatin were compared against the mean labora-
tory parameters obtained during the qualifying (week
— 2) and baseline (week 0) visits.

Throughout the trial, including the pre-treatment
period of 6 weeks, patients were required to comply
with an isocaloric, standard lipid-lowering diet defined
by a rcgistered dictician of 50% carbohydratcs, 20%
protein, 30% fat and 30 g/day fiber. Dietary advice was
given al the initial visit and compliance with the diet
assessed at every subsequent visit (at 4-week intervals)
using a 3-day food record. Drug compliance and effi-
cacy, as well as laboratory parameters were also mea-
sured at every visit.

2.3. Dose titration

The starting dose of 10 mg/day was doubled every 4
wecks until cither the desired LDL-C level (2.6
mmol/l1 [100 mg/dl]) or a maximum dose of 80 mg
atorvastatin once daily were achieved. Once patients
had achieved their target LDL-C level, they maintained
the same dose regimen for a further 16 weeks of
treatment.

24. Efficacy parameters

At the end of the 16-week treatment period, efficacy
parameters at the dose at which patients achieved the
LDL-C target were compared with baseline values. In
all cases, baseline values were averaged from measure-
ments at the qualifying (Week — 2) and baseline (Week
0) visits, whilst post-treatment values refer to the mean
at Weeks 12 and 16 of treatment.
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The primary efficacy parameters of the study were
percentage changes in LDL-C and triglycerides from
baseline. Secondary efficacy parameters included the
percentage changes in total cholesterol, HDL-C,
VLDL-C, and apolipoproteins Al and B from baseline.

2.5. Safety evaluation

Before entering the study patients underwent a com-
plete physical examination with clinical laboratory eval-
uvation including blood count, measurement of
thyroid-stimulating hormone (TSH) and CPK levels,
urinalysis, liver function tests (ALT and AST), glycemic
profile (fasting plasma glucose, HbA,. and fruc-
tosamine) and a pregnancy test. These tests were re-
peated at the end of the study. At each visit, liver
function tests, glycemic profile and CPK levels were
measured. Clinically important events were defined as:
CPK > 5 x ULN at two consecutive measurements 1
week apart accompanied by muscle pain, tenderness or
weakness; CPK > 10 x ULN al any ltime; ALT or AST
>3 x ULN at two consecutive measurements 1 week
apart. Patients were excluded from the study if they
developed severe hyperglycemia or any other significant
deviation from safety tests. Other reasons for dismissal
were lack of compliance to the drug or diet.

2.6. Laboratory analyses

The laboratory of the Departamento de Diabetes y
Metabolismo de Lipidos of the Instituto Nacional de la
Nutriciéon in Mexico performed all lipid and clinical
laboratory measurements using standardized proce-
durcs. This laboratory is ccrtificd for standardization of
tests by the External Comparative Evaluation of Labo-
ratories Program of the College of American Patholo-
gists. Blood samples were taken after an overnight fast
(=9 h). All laboratory analyses were performed with
commercially available standardized methods. Glucose
was measured using the glucose oxidase method and
HbA,- using latex immunoagglutination inhibition
(Bayer laboratories) [17]. Total serum cholesterol and
triglycerides were measured using an enzymatic method
(SERA-PAK®) (CV 3.3%). HDL-C levels were assessed
using phosphotungstic acid and Mg**t (CV 2.5%).
LDL-C concentration was estimated by the Friedewald
formula [18]. Direct LDL-C was determined by ultra-
centrifugation (f quantification) at Week 0, on comple-
tion of 16 weeks of treatment and in every patient in
whom triglyceride levels were > 4.5 mmol/l (400 mg/dl)
[19]. Apolipoprotein B concentration was measured by
an immunonecphelometric method. Fructosamine con-
centration was measured using a reduction test with
nitroblue tetrazolium (Bohringer—Mannheim).
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2.7. Statistical analysis

Statistical analysis was performed with the SAS Statis-
tical Package version 6.12 TS020. All differences between
groups were evaluated using two-tailed paired z-tests.

Table 2
Relationship between baseline low-density lipoprotein cholesterol
(LDL-C) level and atorvastatin dose required to achieve LDL-C goal

Atorvastatin dose Baseline LDL-C level (mmol/1)

(mg/day)
10 4.34+0.7
20 4.74+0.7
40 54406
80 6.2+1.7
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Fig. 2. Bar chart showing change (mcan & SD) in low-dcnsity lipo-
protein cholesterol (LDL-C), triglycerides and high-density lipo-
protein cholesterol (HDL-C) between baseline and after 16 weeks of
trcatment at the cffective atorvastatin dosc.
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Fig. 3. Pie chart showing the proportions of patients requiring each of
the atorvastatin doses in order to attain a low-density lipoprotein
cholesterol goal of <100 mg/dl (2.6 mmol/]).
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3. Results

3.1. Patients

Onec hundred and ninety-four patients were screened
for the study. The characteristics and baseline measure-
ments of the patients who entered the study are shown
in Table 1. A total of 102 patients satisfied the inclusion/
exclusion criteria and entered the trial. Eighty-eight
paticnts complcted the study; 14 paticnts were not
considered in the final analysis due to lack of compliance
(n=10), withdrawal due to adverse events (n=2) or
administration difficulties (n = 2).

3.2. Efficacy

All 88 patients who completed the study attained the
target LDL-C level of < 2.6 mmol/l (100 mg/dl). Of these
patients, 52 (59%) achieved their LDL-C goal with the
10 mg/day atorvastatin dose, 26 (29.5%) with the 20 mg
dose, six (7%) with the 40 mg dose and four (4.5%) with
the 80 mg dose. As expected the main determinant of the
dosage needed to achieve the LDL-C goal was baseline
LDL-C level (Table 2). When patients were stratified by
their baseline LDL-C levels, 67 (76%) patients who
finished the study had a baseline LDL-C of < 5.2 mmol/1
(200 mg/dl). Of these patients, 47 (70.1%) achieved their
LDL-C goal with the 10 mg/day atorvastatin dose, 17
(25.4%) with the 20 mg/day dose and only three (4.5%)
required a 40 mg dose or greater. Of the 21 patients
finishing the study whose baseline LDL-C was =>5.2
mmol/l (200 mg/dl), 14 (66.7%) required 20 mg/day or
Icss to achicve the LDL-C goal. The highcst dosc (80
mg/day) was required in only three cases.

A 16-week treatment period of atorvastatin (10, 20, 40
or 80 mg) in 88 patients with type 2 diabetes resulted in
amean reduction from baseline in plasma LDL-C of 50%
(4.6 + 0.9 mmol/l [177 + 34 mg/dl] to 2.2 + 0.4 mmol/]
[87 + 16 mg/dl], P < 0.0001) and a mean reduction in
triglyceride levels of 18% (2.7 + 1.8 mmol/l [240 + 164
mg/dl] to 2.1 + 1.1 mmol/1[183 + 95 mg/dl], P < 0.0001)
(Fig. 2). During this period there was no significant
change in Body Mass Index. The majority of patients
achieved the target level of < 2.6 mmol/1 (100 mg/dl) at
the 10 mg dose of atorvastatin (n = 52, 59.1%) (Fig. 3).
A totlal of 26 (29.5%) palients required Litration to 20
mg/day; six (6.8%) required titration to 40 mg/day, and
only four (4.5%) required titration to 80 mg/day.

The effect of atorvastatin on the lipid profile showed
a dose-dependent trend although this was not tested
statistically (Table 3). After 16 weeks of treatment at the
effective dose, patients showed mean decreases in plasma
LDL-C of 47.1, 53.0, 59.9 and 53.0% at daily
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Table 3
Percentage change in the lipid profile and clinical characteristics between baseline and post-treatment values®

Percent change (%)

10 mg 20 mg 40 mg 80 mg

(n=1752) (n=26) (n=06) (n=4)
Total cholesterol —34.5 —394 —439 —473
Triglycerides —13.6 —193 —221 —524
LDL-C —47.1 —53.0 —599 —53.0
HDL-C 2.3 5.0 5.8 12.5
VLDL-C —29.3 —364 —321 —60.0
Apo Al —5.5 —4.4 —1.7 2.2
Apo B —34.9 —40.0 —42.1 —45.6
Glucosc 7.0 11.5 11.6 234
HbA1 2.4 9.0 9.7 —0.7
Fructosamine 26.4 16.0 12.5 20.1

@ Titration to the higher dose only occurred in non-responders. LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol; VLDL-C, very low-density lipoprotein cholesterol; Apo Al, apolipoprotein Al; Apo B, apolipoprotein B.

Table 4

Percentage changes in (mean + SD) lipid profiles and clinical characteristics between baseline after 16 weeks of treatment at the effective

atorvastatin dose®

Variable n Baseline Post-treatment Change (%o) P
Mean + SD Mean + SD

Total cholesterol (mmol/1) 88 70+12 43+06 —372 <0.0001
Triglycerides (mmol/1) 88 27+19 21+1.1 —17.7 <0.0001
LDL-C (mmol/1) 88 4.6 +09 23+£04 —50.0 < 0.0001
HDL-C (mmol/1) &8 1.14+03 1.1+£03 38 ns
VLDL-C (mmol/l) 88 1.7+12 09+0.6 —33.1 <0.0001
Apo Al (g/]) 88 1.36 +£0.22 1.29 £0.20 —4.6 < 0.0001
Apo B (g/l) {8 144 +0.29 0.88 +0.17 —374 <0.0001
Glucose (mmol/1) 88 7.57+1.87 8.21 +£2.37 9.4 <0.001
HbA1 (%) 88 7.7+1.3 79+1.5 4.7 ns
Fructosamine (mmol/1) {8 2428 + 57.1 288.4 + 56.6 22.3 <(0.0001

# Baseline = mean of qualifying and baseline visits; post-treatment = mean of Weeks 12 and 16 of treatment period at effective atorvastatin dose;

ns, not significant; LDL-C, low-density lipoprotein cholesterol;

HDL-C, high-density lipoprotein cholesterol; VLDL-C, very low-density

lipoprotein cholesterol; Apo Al, apolipoprotein Al; Apo B; apolipoprotein B.

doses of 10, 20, 40 and 80 mg atorvastatin, respectively.
At the same doses plasma triglyceride levels were re-
duced by 13.6, 19.4, 22.2 and 52.4%, respectively. The
variable effects of the 80 mg dose may be explained in
part by the low sample size (n =4).

Mean values for the secondary efficacy parameters
revealed that VLDL-C was significantly reduced from
bascline by 33.1% from 1.7 £1.2 mol/l to 0.9 +0.6
mol/l (P < 0.0001) (Table 4). Apolipoprotein B levels
were reduced [rom baseline by 37.4% [rom 1.44 +0.29
g/l to 0.88 +0.17 g/l (P < 0.0001). Patients showed a
small but significant decrease in apolipoprotein Al
levels (4.6%, P < 0.0001). There was a trend toward
increased plasma HDL-C (3.8%), but this did not reach
significance in this patient group (P < 0.06). Impor-
tantly, the lack of effect on HbA - indicates that the
patients remained under adequate diabetic control.
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3.3. Safety

The safety analysis included all patients entering the
study (n=102). Adverse events that may have been
related to drug treatment were mild-to-moderate and
reported by 8 (7.8%) patients. Two patients withdrew
from the study because of adverse events. Only one was
possibly attributable to the study drug in a patient who
experienced a mild generalized rash after 4 weeks of 10
mg/day alorvastatin. A brain (umor was diagnosed
during the first week of treatment in other case. No
correlation between the incidence of potentially drug-
related adverse events and drug dosage was observed in
this study. There were no incidents of myopathy or
liver dysfunction. No persistent elevations in ALT,
AST or CPK, defined as clinically important, were
reported during the course of the study.
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