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The Effects of High Dose Pravastatin and Low Dose
Pravastatin and Ezetimibe Combination Therapy on Lipid,
Glucose Metabolism and Inflammation

Necati Dagli,"”> Mustafa Yavuzkir,' and Ilgin Karaca'

Objective. Coronary artery disease (CAD) is presently the major cause of mortality and morbidity. Anti-
hyperlipidemic treatment is one of the main treatment steps in the management of CAD. Statins are the
cornerstones in this treatment. Ezetimibe can be reliably used, when statins prove ineffective in treatment,
or to reduce their side effects. In the present study we examined the effects of high-dose pravastatin (40 mg)
and low-dose pravastatin (10 mg) + ezetimibe (10 mg) combination therapy on lipid and glucose mechanism,
as well as inflammation.

Methods. This study registered 100 cases. Of the cases, 50 [57.1 + 11.1 years (24 (48%) females and 26
(52%) males)] were administered 40 mg/day pravastatin (group 1) and 50 [53.2 £ 12.2 years (27 (54%)
females and 23 (46%) males)] were administered 10 mg pravastatin + 10 mg ezetimibe (group 2).
Results. In group 1, total cholesterol fell from 231.1 + 83.5 mg/dl to 211.3 + 37.2 mg/dl (p=0.03), triglyceride
from 243.5 + 96.8 mg/dl to 190.9 = 55.2 mg/dl (p=0.003), and LDL cholesterol from 165.7 +29.7 mg/dl to
133.4 +26.6 mg/dl (p=0.02). In group 2, total cholesterol dropped from 250.9 + 51.8 mg/dl to 187.9 + 34.9
mg/dl (p=0.001), triglyceride from 270.3 +158.9 mg/dl to 154.6+60.7 mg/dl (p=0.001), and LDL
cholesterol from 158.1 £47.5 mg/dl to 116.9 £26.4 mg/dl (p=0.001). Insulin resistance decreased from
4.05+231 to 3.16 £ 1.90 (p=0.07) in group 1 and from 2.96 + 1.50 to 2.05+0.55 (p=0.009) in group 2.
High sensitive C-reactive protein fell from 6.69 + 6.11 mg/l to 3.02 + 1.70 mg/l (»=0.01) in group 1 and from
6.36 £2.06 mg/l to 2.68 = 1.69 mg/l (p=0.001) in group 2.

Conclusion. Both therapy regimes are effective. However, we found that low-dose pravastatin and ezetimibe
combination therapy is more effective than high-dose pravastatin therapy on lipid metabolism, glucose metab-
olism and inflammation.

KEY WORDS: ezetimibe; pravastatin; hyperlipidemia; inflammation; insulin resistance.

INTRODUCTION

Coronary heart diseases (CAD) are among impor-
tant causes of mortality and morbidity, despite the
recent developments [1]. Hypercholesterolemia, inflam-
mation and insulin resistance have a significant part in
the development and progression of CAD. The forego-
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ing aim of primary and secondary prevention is
restoration of elevated LDL—cholesterol (LDL-C) [2].
It is known that the highest benefit is reaped from
aggressive LDL—C treatment in coronary artery disease.
However, high-dose statin monotherapy either proves
ineffective or does not bring about the targeted lipid
level due to side effects [3].

Lipid-lowering therapy is a cornerstone in prevent-
ing coronary artery disease, particularly in high-risk
patients and coroner artery disease .The 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins) are the most potent and commonly
prescribed drugs for the treatment of hypercholesterol-
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emia. It is known that statins have favorable effects on
lipid and glucose metabolism, as well as inflammation.
High-dose statin therapy may be ineffective in coronary
artery patients and high-risk patients due to its side
effects and its efficacy, which is not in a direct relation
with dose [3, 4]. This situation brings forth the
combined lipid lowering therapy.

Ezetimibe is a new cholesterol-lowering drug that
inhibits absorption of dietary and biliary cholesterol
across the intestinal wall without affecting absorption of
bile acids, fatty acids, fat-soluble vitamins, or triglyc-
erides [5, 6]. Ezetimibe has a complementary mecha-
nism of action to the pravastatin, which inhibit
cholesterol synthesis in the liver. There is not enough
information about the effects of ezetimibe and prava-
statin combined therapy on lipid metabolism, glucose
metabolism and inflammation.

In this study we aimed to compare and contrast the
effects of high-dose pravastatin (40 mg) and low-dose
pravastatin (10 mg) + ezetimibe (10 mg) on lipid
metabolism, high-sensitive C-reactive protein (hs—CRP)
and insulin resistance.

METHODS

Patient Population

The study registered 100 cases (mean age
53.7+12.0, 49% males and 51% females), of who were
diagnosed as primary hyperlipidemia between October
2005 and may 2006 in the cardiology polyclinic of Firat
University Medical School and met the inclusion
criteria. The study was conducted in accordance with
the Helsinki Declaration. The local ethics committee
approved the study protocol. All patients were informed
about the study before the study started and their
consents were taken.

Inclusion Criteria. Eligible patients were men and
women 18 through 75 years of age with primary
hyperlipidemia and known coronary heart disease
(CHD) or 10 years CHD risk>20%. Entry criteria
required triglyceride<350 mg/dl and LDL-C levels
between 370 and 210 mg/dl after a washout period
lasting up to 10 weeks or diagnosed new primary
hyperlipidemia.

Exclusion Criteria. Prohibited concomitant illnesses
and procedures included congestive heart failure;
uncontrolled cardiac arrhythmias; history of unstable
or severe peripheral artery disease within three months

of study entry; unstable angina pectoris; myocardial
infarction, coronary bypass surgery, or angioplasty
within six months of study entry; obesity; chronic
inflamatuvar diseases; collagen tissue diseases; preg-
nant; hypertension; diabetes mellitus; active or chronic
hepatic or hepatobiliary disease; known impairment of
renal function; known pancreatic diseases; known
coagulopathy; and endocrine or metabolic disease.

Patients taking drugs that could affect glucose,
lipid metabolism and inflammation, such as steroids,
non-steroid anti-inflammatory drugs, thiazid diuretics,
or beta-blockers, were required to have stable doses for
2 weeks before screening. Medications for other disease
were maintained and not changed during pravastatin
therapy.

Study Designs

Anamneses of the patients included in the study
were collected, and their routine physical examination
was conducted. Their heights and weights were mea-
sured, and body mass indices were calculated. Firat
University Biochemistry Laboratories (Elazig, Turkey)
performed all clinical laboratory analyses. This was
followed by total cholesterol, triglyceride, LDL-C,
HDL—cholesterol (HDL-C), glucose, insulin, hs—CRP,
blood electrolytes, urea, creatinine, AST, ALT, CK,
CK-MB and whole blood analyses. ECG and blood
pressure were monitored.

Patients were randomly assigned to receive prava-
statin 40 mg/day (group 1) or pravastatin 10 mg/day +
ezetimibe 10 mg/day (group 2) for 6 months orally
daily. Patients and all study personnel were blinded to
treatment assignment and laboratory measurements.
Following cessation of all lipid lowering drugs, and
during a 4 to 12-week washout period, patients were
instructed to follow the National Cholesterol Education
Program step I (or stricter) diet (30% of total calories
from fat, <10% of calories saturated fatty acids, <300 mg
cholesterol per day) [7].

The patients were asked to come for visits in the
first, third and sixth months after the commencement of
therapy. Whole blood count, routine biochemistry, lipid
parameters, glucose, insulin and hs—CRP of the patients
were determined and recorded. Insulin resistance was
calculated using HOMA formula.

The cases were monitored against the side effects of
pravastatin or ezetimibe like headache, asthenia, insom-
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Table 1. Patient Characteristics

Group 1 (n=50) Group 2 (n=50) p Value
Age (years) 57.1+11.1 53.2+12.2 >0.05
Gender (female/male) 24/26 27/23 >0.05
Body mass index (kg/m?) 269+34 25.7+3.7 >0.05
Hypertension (present/absent) 13/37 16/34 >0.05
Smoking (present/absent) 27/23 26/24 >0.05
Familial history of cardiovascular disease (present/absent) 22/28 20/30 >0.05
Systolic blood pressure (mmHg) 131.4£20.3 125.1£19.2 >0.05
Diastolic blood pressure (mmHg) 77.0+13.3 80.4+15.1 >0.05

The values are the mean + standard deviation (range); p<0.05, meaningful

nia, disturbance of gastrointestinal, diarrhea, constipa-
tion, nausea, myalgia, increased AST and ALT or
increased CK and CK-MB.

Lipid Measurement. Serum levels of total cholester-
ol, HDL-C, LDL-C and triglyceride were assayed by
using Olympus AU 600 Otoanalyser (Olympus Optical,
Japan) according to their kit procedure.

Measurement of Inflammatory Markers. For this study,
blood was collected into a serum tube at baseline and at
16 weeks. The tubes were centrifuged on site, and the
serum was separated and shipped to a core laboratory
for storage at —20°C. The paired baseline and 16-week
samples were shipped to the laboratory and measured in
batches. CRP and SAA were measured by high-
sensitivity immunonephelometry assay (Dade Behring
Marburg GmbH, Marburg).

Insulin Resistance. Serum insulin levels were evalu-
ated in Immblite-2000 Hormone Analyser (Los Angeles,
USA) using immblite-2000 kit, in accordance with
chemiluminescence method. Insulin resistance was calcu-

as statistical.

lated using HOMA formula [HOMA 12 = fasting insulin
(nu/mlt) x fasting blood sugar (mmol/It)/22.5] [8].

STATISTICAL ANALYSIS

The statistical evaluation of data was conducted in
computer media using SPSS 11.00 package software.
General descriptive characteristics were assessed as
meanztstandard deviation (SD). Sex and risk factors
were compared between groups using chi-square test.
Normal distribution of data between groups was
evaluated with student t test. Non-normal distribution
of data between groups was assessed with Mann
Whitney U test. Paired ¢ test was employed in the
evaluation of data of normal distribution before and
after treatment within a group, and Wilcoxon test was
used for data with non-normal distribution before and

Table 2. The Changes in Lipid, Glucose Metabolism and HS—CRP Level After Treatment in Both Groups

Group 1 (n=50)

Group 2 (n=50)

Parameters Before treatment After treatment Before treatment After treatment p Values
Glucose (mg/dl) 109.1 +18.2 107.5 + 14.6 100.1 £ 10.9 97.4+9.7 p=0.01
Total cholesterol (mg/dl) 231.1 £83.5 211.3 £37.2% 2509 £51.8 187.9 £34.9* p=0.04
Triglyceride (mg/dl) 243.5 £96.8 190.9 £55.2 270.3 £ 158.9 154.6 + 60.7%* p=0.05
LDL—cholesterol (mg/dl) 165.7 +29.7 133.4+ 26.6* 158.1 £47.5 116.9 +26.4%* p=0.003
HDL—cholesterol (mg/dl) 46.3 +10.25 44.1+8.6 437+ 11 42.1+10 p=0.51
Insulin (U/ml) 151+7.5 11.6 £5.7 11.5£54 7.6 £ 2.6%* p=0.08
Insulin resistance 4.05 £2.31 3.16 £ 1.90 2.96 + 1.50 2.05 +0.55%* p=0.01
Hs—CRP (mg/l) 6.69 £6.11 3.02 £ 1.70% 6.36 +2.06 2.68 + 1.79%* p=0.04

The values are mean * standard deviation (range).

p Value compare of value before treatment and after 6 months treatment between groups.
*p<0.05, before treatment and after 6 months treatment in groups; meaningful as statistical

*##p<0.01, before treatment and after 6 months treatment in groups
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after treatment within a group. The lowest level of
significance and correlation was accepted as p<0.05.

RESULTS

The study registered 100 cases (mean age 53.7+
12.0; 51% females, and 49% males). The cases were
divided into two groups. Group 1 (n=50) were employed
pravastatin 40 mg treatment, with mean age 57.1 £ 11.1
years [24 (48%) females, and 26 (52%) were males], and
group 2 (n=50) were employed pravastatin 10 mg +
ezetimibe 10 mg treatment, with mean age 53.2+12.2
years [27 (54% females, and 23 (46%) males]. There
were no difference between group 1 and group 2 about
base demographical data (p>0.05). Demographical data
about the study groups are presented in Table 1.

The changes in lipid metabolism, glucose metab-
olism and inflammation (CRP) in groups 1 and 2 after
treatment are given in Table 2.

Evaluation of Side Effects. There was not any
statistically significant difference between the two
groups in terms of side effects. Side effects were
observed at a rate of 12% (n=6) in group 1, and 6%
(n=3) in group 2 (p>0.05). The drug was not
interrupted due to side effects in our patients.

DISCUSSION

Treatment with statins blocks cholesterol biosyn-
thesis, and these drugs are currently the cornerstone of
atherosclerotic disease management [9, 10]. Statins are
the most potent and commonly prescribed drugs for the
treatment of hypercholesterolemia. However, despite
widespread use of statins in clinical practice, a large
proportion of at-risk patients do not achieve LDL-C
goals as recommended by the European Second Joint
Task Force [11] and the US National Cholesterol
Education Program Adult Treatment Panel III (NCEP
ATP III) guidelines [2]. Nonetheless, target lipid levels
are achieved by at least 50% of patients treated with
lipid-lowering therapy [12]. The failure to reach target
lipid levels may be due, at least in part, to prescribers
treating patients with the minimum starting doses of
statins [13]. However, treatment with higher statin
dosages may be associated with an increased risk of
adverse effects, especially if they are coadministered

with other lipid-lowering drugs. Because treatment with
a statin alone may not be sufficient or appropriate, more
treatment options are required to optimize the manage-
ment of hypercholesterolemia [3, 14]. The combined use
of statins with ezetimibe may be an attractive treatment
option for patients who require reductions in LDL—C that
cannot be achieved with statin monotherapy.

Ezetimibe is the first in a new class of cholesterol
absorption inhibitors, the 2-azetidinones. The drug
effectively blocks the intestinal absorption of dietary
and biliary cholesterol without interfering with the
absorption of fat-soluble vitamins [15]. By comparison,
statins block the endogenous synthesis of cholesterol in
the liver via inhibition of HMG-CoA reductase [16].
Because ezetimibe and statins have distinct and poten-
tially complementary mechanisms of action, it was
hypothesized that the combined use of these agents may
produce incremental antihypercholesterolemic effects.

We found that both drugs were effective on the
lipid metabolism (Table 2). However, we established
that ezetimibe and low-dose pravastatin combination
therapy was more effective on the lipid metabolism,
relative to high-dose pravastatin therapy. Positive
improvements in the lipid metabolism were limited
with LDL-C, total cholesterol and triglyceride. High-
dose pravastatin monotherapy may prove inadequate in
improving the lipid metabolism in patients with athero-
sclerotic heart disease or high-risk patients [4]. Besides,
high dose drug use may be limited by dose-dependent
side effects like hepatotoxicity, myotoxicity, and neph-
rotoxicity [3]. Combination therapy may be needed to
obtain the targeted cholesterol levels in atherosclerotic
heart disease patients and high-risk patients.

Davis et. al. demonstrated that ezetimibe mono-
therapy reduced atherosclerosis in hypercholesterolemic
mice [17]. Pravastatin is also known to have favorable
effects on mortality and morbidity in atherosclerotic
heart disease patients [18]. Just like its synergic effect
on lipid metabolism, combined use of ezetimibe and
pravastatin may have a synergic preventive and thera-
peutic effect against atherosclerosis. The positive
effects that the pravastatin ezetimibe combination
therapy had on the lipid metabolism in our study lend
support to this hypothesis.

The most common dyslipidemia in the insulin-
resistant patient is high TG and low HDL—-C [19, 20]. In
general, the association has been weak, and more
convincingly shown for lipid abnormalities than for
coronary artery disease itself [21, 22]. However, a recent
prospective study has documented a significantly higher
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risk for ischemic heart disease in hyperinsulinemic
Canadian men independently of serum triglycerides,
cholesterol fractions, and apolipoprotein B [23]. Case-
control investigations have consistently shown that
patients with coronary heart disease are insulin resistant
at the whole body level when compared to subjects free
of ischemic heart disease on equal grounds of confound-
ing factors (i.e., sex, age, body weight, glucose tolerance,
blood pressure, and serum lipid levels) [22, 24, 25].
Furthermore, results of a number of prospective studies
indicate that those with coronary artery disease and
impaired glucose metabolism have a significantly greater
cardiovascular morbidity and mortality compared with
those with normal glucose metabolism. Patients with IRS
may have a prothrombotic state characterized by in-
creased plasma levels of plasminogen activator inhibitor-1
and fibrinogen levels [26, 27]. A prothombotic state may
enhance other mechanisms that play a role in promoting
atherogensis [26]. Statins (HMG—CoA reductase inhib-
itors) are the first drug of choice for individuals at high
risk of IRS and with TG levels of less than 500 mg/dl
[2]. Low-dose pravastatin and ezetimibe combination
therapy improved insulin resistance markedly better than
high-dose pravastatin monotherapy (Table 2). This
suggests that combined antilipidemic therapy may be a
more favorable treatment alternative in high-risk dyslipi-
demic patients and atherosclerotic heart disease patients.
However, larger randomized studies are needed.

High sensitive C-reactive protein, an inflammatory
biomarker, has been shown to predict morbidity and
mortality from coronary heart disease (CHD) in indi-
viduals with or without previously diagnosed CHD,
independent of traditional risk factors, including tobac-
co use and lipid status [28-31]. Statin therapy lowers
the risk of cardiovascular events by reducing plasma
cholesterol levels, and practice guidelines for patients
with known cardiovascular disease emphasize the
importance of reaching target goals for LDL cholesterol
[2]. However, we have shown that statin therapy results
in a greater clinical benefit when levels of the
inflammatory biomarker CRP are elevated [32, 33]
and that statins lower CRP levels in a manner largely
independent of LDL cholesterol levels [33, 34].

Sager et. al. showed that simvastatin + ezetimibe
combination therapy reduced hs—CRP levels more
effectively than simvastatin monotherapy [35]. Both
therapies effectively pulled down hs—CRP, which has an
important place in mortality and morbidity in athero-
sclerotic heart disease. However, the reduction brought
about in hs—CRP level by the combination therapy was
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more marked than the reduction caused by monother-
apy. Our study demonstrates that low-dose pravastatin
and ezetimibe combination therapy had markedly more
positive effects on inflammation (Table 2).

Combined use of ezetimibe and pravastatin low-
ered cholesterol more effectively by inhibiting the
cholesterol originating from the liver, diet and bile in
combination. Because ezetimibe and statins have
distinct and potentially complementary mechanisms of
action, it was hypothesized that the combined use of
these agents may produce incremental antihypercholes-
terolemic effects. Coadministration of ezetimibe and
statins provides inhibition of two sources of cholesterol,
leading to greater reductions in LDL-C, CRP and
insulin resistance than with either agent alone as can
be seen in Table 2.

Study Limitation. The major limitation of our study
is the low number of our cases. In addition, our patients
were followed-up for 6 months, and no long-term
follow-up was made. Besides, attempts to change
cholesterol levels by diet and/or physical activity were
not evaluated.

CONCLUSION

Management of the impaired lipid metabolism,
glucose metabolism, and inflammation, which are
responsible for mortality and morbidity in coronary
artery patients or high-risk patients, is very important.
Our study demonstrated that low-dose pravastatin and
ezetimibe combination therapy had more favorable
effects on the lipid metabolism, glucose metabolism
and inflammation, in comparison to high-dose prava-
statin monotherapy. However, it would be more appro-
priate to use ezetimibe and high-dose pravastatin in the
combined anti-hyperlipidemic treatment of CAD or
high-risk patients.
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