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CHAPTER I
INTRODUCTION
Coronary heart disease (CHD) is the first leading cause of global death, killing
approximately 6,880,000 people in 2001 [1]. In Thailand, cardiovascular disease
(CVS) is also a major cause of death. According to data from the Ministry of Public
Health, about 40,000 people died of CVS in 2003 [2]. Moreover, the CVS mortality
rate of Thai people tends to increase from 52.3 per 100,000 persons in 2000 to 63.7
per 100,000 persons in 2003 [2]. Since many studies have indicated that elevated
low-density lipoprotein cholesterol (LDL-C) is a major cause of CHD and LDL-C
lowering therapy can reduce CHD morbidity and mortality, the Adult Treatment Panel
III (ATP III) of the National Cholesterol Education Program (NCEP) has identified
elevated LDL-C as the primary target of cholesterol-lowering therapy [3-8].
Recently, results from the Pravastatin or Atorvastatin Evaluation and Infection
Therapy - Thrombolysis in Myocardial Infarction 22 (PROVE IT – TIMI 22) and
Reversal of Atherosclerosis with Aggressive Lipid Lowering (REVERSAL) trials
have demonstrated that lowering LDL-C to markedly below 100 mg/dL more
significantly reduces death or major cardiovascular events (p = 0.005) and slow
progression of coronary atherosclerosis (p = 0.02) than lowering LDL-C to marginally
below 100 mg/dL in patients with CHD [9-13]. These findings lead to issuing of an
update NCEP report from ATP III, which recommend LDL-C less than 70 mg/dL and
less than 100 mg/dL as a optional goal in high risk patients (CHD or CHD risk
equivalents) and moderately high risk patients (> 2 risk factors and 10-year risk 10%
to 20%), respectively [14-15].
Lipid-lowering therapy consists of therapeutic lifestyle changes (TLC) and
drug treatment. Currently, the available lipid-lowering drugs include 3-hydroxy-3methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, also known as statins,
fibric acid derivatives, bile acid resin, niacin, and cholesterol absorption inhibitor.
The most effective LDL-C lowering drugs are statins, which can reduce LDL-C
between 18% and 55% [4]. Statins are effective in both primary and secondary
preventions which decrease coronary morbidity and mortality between 24% and 37%
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and reduce all cause mortality by 22% [3-4,6,8]. In addition, most patients are well
tolerated to statins therapy. The infrequent adverse events are abdominal discomfort,
myalgia, rash, and transient aspartate aminotransferase (AST), alanine
aminotransferase (ALT) or creatine kinase (CK) elevation [8].
Although statins trials have shown a reduction of CHD risk, CHD is still a
major cause of death [2,16-18]. This is partly because many patients with
hypercholesterolemia can not achieve their LDL-C goals [5,8,19-20]. The Lipid
Treatment Assessment Project (L-TAP), European Action on Secondary Prevention
by Intervention to Reduce Events (EUROASPIRE), and Improve Persistence And
Compliance with Therapy (ImPACT) trials have demonstrated that the overall of
37.5% to 62% of patients can not attain their LDL-C goals [5,8,19]. Similar to a
study in Thailand, the percentage of patients who reached the LDL-C targets is 40.5,
of which only 11.9% of patients with CHD can achieve their LDL-C goal [21].
Therefore, the powerful LDL-C lowering drugs have become a major role for more
aggressive therapy.
Atorvastatin 10 to 80 mg and rosuvastatin 5 to 40 mg are very effective in
lowering LDL-C ranging from 37% to 54% and 43% to 62%, respectively [22-23].
However, the major disadvantage of these agents is their high costs (about 46 to 70
baht per tablet). The high costs may affect patient affordability, resulting in underuse
of statins. Thus, the strategies for reducing costs without diminishing efficacy or
increasing side effects are desirable. Those include tablet-splitting and every other
day dosing techniques. Most currently available statins tablets are not scored and
cutting tablet in half may be problematic for patients who are visually, physically, or
mentally impaired, so many every other day dosing studies have been conducted
[17,24-31]. Studies have demonstrated that lovastatin, fluvastatin, simvastatin, and
atorvastatin in every other day regimen significantly reduce LDL-C from baseline
between 20% and 34% (p < 0.05) [17,24,26,28-30]. Moreover, the studies have
shown that there is no statistically significant difference in LDL-C lowering effect
between once daily dosing and every other day dosing (p > 0.05), except the results
reported by Phruttisunakon, et al. [17,26,28,30]. Nevertheless, Phruttisunakon, et al.
has found that the percentage of patients achieving LDL-C goal is not different
between two regimens [28]. Regarding safety and compliance, studies have shown
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that patients receiving every other day regimen are well tolerated and there is no
significant difference in patient compliance [17,24,26,28-30]. However, to date, there
has been no study that compares the efficacy and safety between every other day
dosing and once daily dosing of rosuvastatin despite long half-life of rosuvastatin (19
hours).
Since more than half of all coronary events occur in patients without
hypercholesterolemia, the other emerging factors associated risk for coronary events
have been explored, including inflammatory markers, fibrinogen, lipoprotein(a),
apolipoprotein (apo) A-I, apo B-100, and homocysteine [4,32]. Recently, much
attention has focused on the role of C-reactive protein (CRP), a marker of
inflammation, and fibrinogen, as the independent predictors of CHD [32-38]. The
ability of pravastatin, lovastatin, cerivastatin, fluvastatin, simvastatin and atorvastatin
to reduce serum CRP has been demonstrated in a number of trials. These studies have
indicated that serum CRP is decreased between 13.1% and 47.0% (p < 0.05). This
reduction does not relate to LDL-C reduction [33,36,39-45]. Conflicting results of the
effect of statins on fibrinogen have also been documented. These studies have shown
that atorvastatin and lovastatin significantly increase serum fibrinogen between 19%
and 26% (p < 0.05), whereas pravastatin reduces serum fibrinogen between 7% and
19%, and simvastatin does not affect the serum fibrinogen [46-53]. However, there is
no study of the effect of rosuvastatin on serum CRP and fibrinogen in both once daily
and every other day regimens.
The purpose of this study was to compare the effectiveness and safety of
rosuvastatin every other day with once daily regimen in altering lipids, high
sensitivity C-reactive protein (hsCRP), and fibrinogen level, including adverse event
rates of rosuvastatin in patients with hypercholesterolemia. Moreover, efficacy of
rosuvastatin on the percentage of patients who achieved NCEP-ATP III goals and
monthly cost per %LDL-C reduction in each regimen were also evaluated.
Objectives
To compare:
1. Effectiveness of rosuvastatin 10 mg once daily with every other day in terms of:
(1) LDL-C reduction, (2) TC reduction, (3) TG reduction, (4) HDL-C elevation,
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(5) hsCRP reduction, (6) fibrinogen reduction, and (7) percentage of patients who
achieve their LDL-C goals according to NCEP-ATP III guidelines.
2. The adverse events of rosuvastatin 10 mg once daily with every other day regimen.
3. Monthly cost per %LDL-C reduction of patients receiving rosuvastatin 10 mg
once daily with every other day.
Hypotheses
1. Efficacy of rosuvastatin 10 mg every other day in TC, LDL-C, TG, hsCRP, and
fibrinogen reductions and HDL-C elevation is not different from rosuvastatin 10
mg once daily.
2. Efficacy of rosuvastatin 10 mg every other day in lowering LDL-C of patients to
achieve their LDL-C goals according to NCEP-ATP III guidelines, is not different
from rosuvastatin 10 mg once daily.
3. Adverse event rates of rosuvastatin 10 mg every other day is lower than
rosuvastatin 10 mg once daily.
Significance of the Study
This study would add to the knowledge base on the:
1. Effectiveness and safety of rosuvastatin 10 mg every other day when compared
with once daily regimen that could be used to consider the appropriate regimen for
each individual patient.
2. Efficacy of both rosuvastatin 10 mg once daily and every other day on hsCRP and
fibrinogen which are the important predictors of CHD in clinical practice.
3. Cost of rosuvastatin compared with its effectiveness when taking rosuvastatin 10
mg once daily versus every other day.
Operational Definitions
1. Patient with hypercholesterolemia means: (1) patient with CHD or CHD risk
equivalents [i.e., diabetes mellitus, other forms of clinical atherosclerotic disease
(peripheral arterial disease, carotid artery disease, and abdominal aortic aneurysm),
and more than 20% of 10-year risk for developing major coronary events] who has
equally or more than 100 mg/dL of LDL-C levels, (2) patient with more than one
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major risk factor for CHD and equal or less than 20% of 10-year risk for
developing major coronary events, who has equally or more than 130 mg/dL of
LDL-C levels, and (3) patient with less than two major risk factors for CHD who
has equally or more than 160 mg/dL of LDL-C levels.
2. Effectiveness means the ability in lowering TC, LDL-C, TG, hsCRP, and
fibrinogen levels, and increasing HDL-C levels from baseline. Also, the ability in
lowering LDL-C of patients to achieve their LDL-C goals according to NCEPATP III guidelines [4]. In this study, the effectiveness will be evaluated after the
patient has taken rosuvastatin for 8 weeks.
The effectiveness in lowering TC, LDL-C, TG, hsCRP, and fibrinogen
levels, and increasing HDL-C levels from baseline are evaluated by the percent
changes from baseline, which calculated by:
Differences of the levels at the end of study from baseline x 100
Baseline levels
The effectiveness in lowering LDL-C of patients to achieve their LDL-C goals is
evaluated by the percentage of patients who achieve their LDL-C goals according
to NCEP-ATP III guidelines [4].
3. LDL-C goals according to NCEP-ATP III guidelines means: (1) LDL-C less than
100 mg/dL in patient with CHD or CHD risk equivalents [i.e., diabetes mellitus,
other forms of clinical atherosclerotic disease (peripheral arterial disease, carotid
artery disease, and abdominal aortic aneurysm), or more than 20% of 10-year risk
for developing major coronary events], (2) LDL-C less than 130 mg/dL in patient
with more than one major risk factor for CHD and equal or less than 20% of 10year risk for developing major coronary events, and (3) LDL-C less than 160
mg/dL in patient with less than two major risk factors for CHD [4].
4. Safety means rates of adverse events from rosuvastatin e.g., muscle pain, muscle
weakness, proteinuria, hematuria, and more than 3 times the upper limit of normal
(ULN) of AST, ALT or CK elevation. Safety is evaluated throughout the study
period by adverse events reporting, patient interview, physical examinations, and
laboratory tests.
5. Patient who meets the criteria for starting statins according to NCEP-ATP III
guidelines means: (1) patient with CHD or CHD risk equivalents [i.e., diabetes
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mellitus, other forms of clinical atherosclerotic disease (peripheral arterial disease,
carotid artery disease, and abdominal aortic aneurysm), or more than 20% of 10year risk for developing major coronary events] who has LDL-C equally or more
than 130 mg/dL or 100 mg/dL after lifestyle modifications, (2) patient with more
than one major risk factor for CHD and 10% to 20% of 10-year risk for developing
major coronary events, who has LDL-C equally or more than 130 mg/dL, (3)
patient with more than one major risk factor for CHD and less than 10% of 10year risk for developing major coronary events, who has LDL-C equally or more
than 160 mg/dL or 130 mg/dL after therapeutic lifestyle changes, and (4) patient
with less than two major risk factors for CHD, who has LDL-C equally or more
than 190 mg/dL or 160 mg/dL after therapeutic lifestyle changes [4].
6. Monthly cost per %LDL-C reduction means cost of 30 tablets (for once daily
dosing) or 15 tablets (for every other day dosing) of rosuvastatin 10 mg divided by
%LDL-C reduction in each patient group.

CHAPTER II
LITERATURE REVIEW
This study was conducted to compare the effectiveness on serum lipids, hsCRP,
and fibrinogen and the safety of rosuvastatin 10 mg once daily with every other day in
outpatients with hypercholesterolemia. Therefore, this chapter is divided into 5 sections.
They are as follow: (1) hypercholesterolemia, (2) rosuvastatin, (3) C-reactive protein, (4)
fibrinogen, and (5) every other day statins therapy. Each section is necessary to provide
information and shape the knowledge base in the methods of the study.
1. Hypercholesterolemia
Hypercholesterolemia is a condition that elevated serum LDL-C or TC. Several
clinical and epidemiological studies clearly establish the link between
hypercholesterolemia and CHD, the leading cause of global deaths [1,3-6]. These studies
have demonstrated a direct relationship between serum LDL-C or TC and CHD
morbidity and mortality. They have also demonstrated an inverse relationship between
HDL-C and risk for CHD. In general, these studies have shown that every 1% increase in
cholesterol level, there is a 2% increase in the incidence of CHD and for every 1%
decrease in HDL-C level, there is a 2% to 3% increase in the incidence of CHD [3,6].
Epidemiology
Since CHD is a leading cause of global death that causes approximately 6,880,000
deaths in 2001, hypercholesterolemia becomes a major healthcare problem of the world
[1]. Likewise, CHD is also a major cause of death in Thailand which kills about 40,000
people in 2003 (Table 1). Moreover, the CVS mortality rate of Thai people tends to
increase from 52.3 per 100,000 persons in 2000 to 63.7 per 100,000 persons in 2003 [2].
Therefore, hypercholesterolemia is a major healthcare problem in Thailand.
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Table 1 The number and death rates per 100,000 population of cardiovascular disease [2]
Year
Number of dead people (persons)
Death rates per 100,000 population

2000

2001

2002

2003

32,331

34,903

32,895

40,090

52.3

56.2

52.6

63.7

Based on the National Health and Nutrition Examination Survey (NHANES IV
1999 to 2000), an estimated 104,700,000 American adults (50.7% of Americans age 20
and older) had serum TC of 200 mg/dL or higher [6,16]. In Thailand, the International
Collaborative Study of Cardiovascular Disease in Asia (InterASIA) study (2002)
estimated that 4,400,000 Thai people had high serum TC (> 200 mg/dL) [54].
The prevalence of hypercholesterolemia in western world had gradually declined
during the past four decades. The average total cholesterol in United States has fallen
from 220 mg/dL between 1960 and 1962 to 203 mg/dL between 1988 and 1994.
Moreover, the number of Americans with a desirable blood cholesterol level (< 200
mg/dL) has risen from 45% (1976) to 49% (1980) [6]. In the contrary, three large crosssectional studies in Thailand assessing prevalence of cardiovascular risk factors, National
Health Examination Survey I (NHES I 1991), NHES II (1996) and InterASIA (2000)
studies have revealed that age-adjusted mean cholesterol level is significantly increased
from 189 mg/dL to 201 mg/dL during this period [55]. This may be because many Thai
people have had more unhealthy lifestyle (e.g., eating fast food diet and lack of exercise).
Therefore, Thai people should realize the danger of hypercholesterolemia and seek the
proper management to reduce CHD risk, including therapeutic lifestyle changes and drug
therapy.
Causes of Hypercholesterolemia
Causes of hypercholesterolemia can be categorized into two causes [56].
1. Primary hypercholesterolemia
Primary hypercholesterolemia is associated with disorder of lipid metabolism
(i.e., overproduction and/or impaired removal of lipoproteins).
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2. Secondary hypercholesterolemia
Secondary hypercholesterolemia is caused by “non-lipid” factors. Secondary
causes of hypercholesterolemia are shown in Table 2.
Table 2 Secondary causes of hypercholesterolemia [6,56]
Hypothyroidism
Obstructive liver disease
Nephrotic syndrome
Anorexia nervosa
Active intermittent porphyria
Drugs: progestrins, thiazide diuretics, glucocorticoids, β-blockers, isotretinoin,
protease inhibitors, cyclosporin, mirtazapine, and sirolimus
Signs and Symptoms
Most patients with hypercholesterolemia have no symptoms or clinical
manifestations of genetic lipid disorders (i.e., xanthomas, eruptions, and cornea arcus)
[6]. Therefore, more accurate patient evaluation is based on serum lipid profile.
Hypercholesterolemia Managements
The NCEP ATP III has recommended that a 12-hour fasting lipid profiles be used
in the initial lipid classification (Table 3). Then risk determinants in addition to LDL-C
should be identified. The risk determinants include the presence or absence of CHD,
diabetes mellitus, other clinical forms of atherosclerotic disease, and the major risk
factors for CHD (Table 4). Based on these risk determinants, ATP III identifies three
categories of risk that recommend LDL-C goal and LDL-C levels of initiation of
therapeutic lifestyle changes (TLC) or drug therapy in each risk category (Table 5) [34,6].
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Table 3 ATP III classification of lipid profiles [4]
Low-density lipoprotein cholesterol
< 100 mg/dl

Optimal

100-129 mg/dl

Near optimal or above optimal

130-159 mg/dl

Borderline high

160-189 mg/dl

High

> 190 mg/dl

Very high

Total cholesterol
< 200 mg/dl

desirable

200-239 mg/dl

Borderline high

> 240 mg/dl

High

High-density lipoprotein cholesterol
< 40 mg/dl

Low

> 60 mg/dl

High

Triglyceride
< 150 mg/dl

Normal

150-199 mg/dl

Borderline high

200-499 mg/dl

High

> 500 mg/dl

Very high

Table 4 Major risk factors for CHD [4]
Positive risk factors
•

Age: Male > 45 years
Female > 55 years or premature menopause without estrogen replacement therapy

•

Family history of a premature CHD (definite myocardial infarction or sudden death) before 55
years of age in father or other male first-degree relative or before 65 years of age in mother or
other female first-degree relative

•

Current cigarette smoking

•

Hypertension (> 140/90 mmHg or on antihypertensive drugs)

•

Low HDL-C (< 40 mg/dL)

Negative risk factor
•

High HDL-C (> 60 mg/dL)
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Table 5 LDL-C goals and cutpoints for therapeutic lifestyle changes (TLC) and drug
therapy [4,14]
LDL-C goal

Risk category

(mg/dL)

High risk: CHD or CHD equivalentsg
(10-year risk > 20%)

< 100
(< 70: optional)*

Moderately high risk: > 2 risk factors
(10-year CHD risk 10-20%)

< 130

LDL-C level

to start TLC consider drug therapy
(mg/dL)
> 100
> 130

(mg/dL)
> 130
(100-129: optional)
> 130
(100-129: optional)*

(< 100: optional)*

Moderate risk: > 2 risk factors (10-year

LDL-C level to

< 130

> 130

< 160

> 160

>160

CHD risk for CHD < 10%)
Low risk: 0-1 risk factor

> 190
(160-189: optional)

CHD = coronary heart disease; LDL-C = low-density lipoprotein cholesterol; TLC = therapeutic lifestyle
changes
g
CHD risk equivalents = other clinical forms of atherosclerotic disease (peripheral arterial disease,
abdominal aortic aneurysm, and symptomatic carotid artery), diabetes mellitus, and 10-year risk for
CHD > 20%
* an update NCEP report

Recently, ATP III issued an update NCEP report, implications of recent clinical
trials for the NCEP III guidelines, which recommend LDL-C goal of < 70 mg/dL as an
optional goal in patients with high risk category (CHD or CHD risk equivalents) and <
100 mg/dL as a optional goal in patients with moderately high risk category (> 2 risk
factors and 10-year risk 10% to 20%). This is because the results from five major clinical
trials with statin therapy confirming the benefit of cholesterol-lowering therapy in high
risk persons [14].
Hypercholesterolemia managements consist of TLC and drug therapy.
1. Therapeutic lifestyle changes (TLC)
ATP III recommends a multifaceted lifestyle approach to reduce risk for CHD [4].
Its essential features are:
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1) Reduced intake of saturated fats (< 7% of total calories) and cholesterol (< 200
mg/dL).
2) Therapeutic options for enhancing LDL-C lowering such as plant stanols/ sterols
(2 g/d) and increased viscous (soluble) fiber (10-25 g/d).
3) Weight reduction.
4) Increased physical activity.
2. Drug therapy
Currently, there are many available lipid-lowering drugs, including statins, fibric
acid derivatives, bile acid resin, niacin, and cholesterol absorption inhibitor. The efficacy
of these drugs is shown in Table 6.
Table 6 Average effects on lipid profiles of lipid-lowering drugs [3-4]
Drug

LDL-C

HDL-C

TG

- 18% to -55 %

+ 5% to +15 %

- 7% to -30 %

Fibric acid derivatives

- 5% to -20%

+ 10% to +20%

- 20% to -50 %

Niacin

- 5% to -25 %

+ 15% to +35 %

- 20% to -50 %

Bile acid resin

- 15% to -30 %

+ 3 % to 5%

+ 3% to +10 %

Cholesterol absorption inhibitor

- 18% to -22 %

+ 0% to +2 %

- 0% to +5 %

Statins

LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; TG =
triglyceride

The most effective LDL-C lowering drugs are statins, which can reduce LDL-C
between 18% and 55% [4]. Statins are effective in decreasing coronary morbidity and
mortality between 24% and 37% and reducing all cause mortality by 22% for both
primary and secondary preventions [3-4,6,8]. In addition, most patients are well tolerated
to statins therapy. The infrequent adverse events are abdominal discomfort, myalgia,
rash, and transient aspartate aminotransferase (AST), alanine aminotransferase (ALT) or
creatine kinase (CK) elevation [8]. The characteristics of various statins are summarized
in Table 7.
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Table 7 Summary characteristics of various statins [57]
Drug name

Lovastatin

Pravastatin

Simvastatin

Fluvastatin

Atorvastatin

Rosuvastatin

(Trade name)

(Mevacor)

(Prevachol)

(Zocor)

(Lescol)

(Lipitor)

(Crestor)

Potency:

20 mg: 29%

10 mg: 19%

10 mg: 28%

20 mg: 17%

10 mg: 38%

5 mg: 43%

Average

40 mg: 31%

20 mg: 24%

20 mg: 35%

40 mg: 23%

20 mg: 46%

10 mg: 50%

decrease in

80 mg: 40-48%

40 mg: 34%

40 mg: 40%

80 mg: 33%

40 mg: 51%

20 mg: 53%

80 mg: 40%

80 mg: 48%

80 mg: 54%

40 mg: 62%

Use lower doses

Use lower doses

Use lower doses for

No dose adjustment

No dose

Use lower doses for

fore severe renal

for significant

severe renal

necessary for reduced

adjustment

severe renal

impairment

renal impairment

impairment (reduce

renal function (not

necessary for

impairment

(creatinine

(reduce initial dose

initial dose to 5 mg

studied at doses > 40

reduced renal

(creatinine

clearance < 30

to 10 mg daily)

daily)

mg in patients with

function.

clearance < 30

LDL-C
Renal function

ml/min)

severe renal

ml/min)

impairment)
Liver function

LFTs at baseline.

LFTs at baseline.

LFTs at baseline and

LFTs at baseline.

LFTs at baseline.

LFTs at baseline.

monitoring

Also, at 6 and 12

Also, prior to

thereafter when

Also, at 12 weeks

Also at 12 weeks

Also, at 12 weeks

weeks after start

elevation of dose,

clinically indicated.

after initiation or

following both the

after initiation or

of therapy or

and when

Patients titrated to 80

elevation of dose.

initiation of

elevation of dose.

elevation of dose.

otherwise

mg should receive an

therapy and dose

Then every 6

Then every 6

clinically

additional test before

elevation. Check

months thereafter.

months thereafter

indicated.

titration, 3 months

every 6 months

after titration, and

thereafter.

every 6 months for the
1st year.
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Table 7 Summary characteristics of various statins [57] (continued)
Drug name

Lovastatin

Pravastatin

Simvastatin

Fluvastatin

Atorvastatin

Rosuvastatin

(Trade name)

(Mevacor)

(Prevachol)

(Zocor)

(Lescol)

(Lipitor)

(Crestor)

Drug

Metabolized by

Not significantly

Metabolized by

Metabolized

Metabolized by

Not significantly

interactions

CYP3A4 enzyme

metabolized by

CYP3A4 enzyme

primarily by

CYP3A4 enzyme

metabolized by

system. Watch for

cytochrome P450

system. Watch for

CYP2C9 enzyme

system, but less

cytochrome P450

interactions with

and may be less

interactions with

system and may be

than lovastatin and

and may be less

drugs that inhibit

likely to be

drugs that inhibit

less likely to be

simvastatin. Some

likely to be

this enzyme

involved in drug

this enzyme

involved in drug

drugs that inhibit

involved in drug

including:

interactions.

including:

interactions.

CYP3A4 include:

interactions. Use

erythromycin,

Cyclosporine can

erythromycin,

Fluvastatin can

lower doses for

clarithromycin,

increase

clarithromycin,

increase levels of

patients taking

Ketoconazole,

pravastatin levels.

Ketoconazole,

phenytoin. Rifampin

cyclosporin or

Verapamil,

Verapamil,

can lower fluvastatin

gemfibrozil (both

diltiazem,

diltiazem,

level

drugs increase

nefazodone,

nefazodone,

rosuvastatin

fluvoxamine,

fluvoxamine,

levels).

cyclosporine,

cyclosporin,

Rosuvastatin with

grapefruit juice,

grapefruit juice, etc.

warfarin results in

etc.
Food
interactions

Take with dinner.

increased INR
Take without

Take without regard

Take without regard

Take without

Take without

regard to meals.

to meals.

to meals.

regard to meals.

regard to meals.
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2. Rosuvastatin
Rosuvastatin calcium (Crestor®; licensed to AstraZeneca), the seventh drug in
the statin class, was approved by the United States Food and Drug Administration
(US FDA) in August 2003 for the reduction of cholesterol levels in patients with
hypercholesterolemia. It is a synthetic lipid-lowering agent containing a sulphonyl
moiety introduced to lower lipophilicity and to improve selectivity for the liver
(Figure 1) [20]. Rosuvastatin is a potent inhibitor of 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA) reductase. This enzyme catalyzes the conversion of HMGCoA to mevalonate, an early and rate-limiting step in cholesterol biosynthesis [58].

Figure 1 Rosuvastatin structure [20]
Indications
Rosuvastatin is indicated by US FDA that used:
1. as an adjunct to diet to reduce elevated total-C, LDL-C, ApoB, nonHDL-C, and
TG levels and to increase HDL-C in patients with primary hypercholesterolemia
(heterozygous familial and nonfamilial) and mixed dyslipidemia (Fredrickson
Type IIa and IIb);
2. as an adjunct to diet for the treatment of patients with elevated serum TG levels
(Fredrickson Type IV);
3. to reduce LDL-C, total-C, and ApoB in patients with homozygous familial
hypercholesterolemia as an adjunct to other lipid-lowering treatments (e.g., LDL
apheresis) or if such treatments are unavailable [58].
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Pharmacokinetics
Rosuvastatin is administered orally, once daily. Pharmacokinetic parameters
of rosuvastatin are presented in Table 8. No clinically relevant differences in
pharmacokinetics are observed between older (> 65 years) and younger (18 to 35
years) patients, between male and female patients, or between morning and evening
dosing [58-59]. However, AstraZeneca Pharmaceuticals released a revised package
insert for rosuvastatin on March 2nd, 2005 because of the result from a
pharmacokinetic study. This study involving a diverse population of Asians residing
in the United States, rosuvastatin drug levels were found to be elevated approximately
two-fold compared with a Caucasian control group. As a result of these findings, the
5 mg dose of rosuvastatin should be considered as the starting dose for Asian patients
[60]. Effect of race, gender, geriatric, and renal insufficiency on plasma rosuvastatin
concentration are shown in Table 9.
Table 8 Pharmacokinetic parameters of rosuvastatin [58-59]
Parameters
Tmax

3-5 hours

Cmax (40 mg x 7 days)
AUC

37.0 ng/mL
255.9 (ng x h)/mL

Bioavailability

20%

Effect of food on bioavailability

20%

Volume of distribution

134 L

Protein binding

88%

Metabolism
Elimination half-life

Cytochrome P450 2C9
19 hours

Excretion
-

feces

90%

-

urine

10%

Tmax = time to peak plasma concentration; Cmax = peak plasma concentration; AUC = area under the
plasma concentration-time curve
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Table 9 Effect of race, gender, geriatric, and renal insufficiency on plasma
rosuvastatin concentration [58]
Race

Approximate 2-fold elevation in median exposure
(AUC and Cmax) in Asian subjects when compared
with a Caucasian control group.

Gender

No differences in plasma concentrations of
rosuvastatin between men and women.

Geriatric

No differences in plasma concentrations of
rosuvastatin between the nonelderly and elderly
populations (age > 65 years).

Renal insufficiency
- Clcr > 30 mL/min/1.73m2
2

- Clcr < 30 mL/min/1.73m

-No influence on plasma concentrations of rosuvastatin
-Plasma concentrations of rosuvastatin increased to a
clinically significant extent (about 3-fold) in patients
with severe renal impairment (Clcr < 30 mL/min/1.73
m2) compared with healthy subjects (Clcr > 80
mL/min/1.73 m2)

Cmax = peak plasma concentration; AUC = area under the plasma concentration-time curve; Clcr =
creatinine clearance

Drug Interactions
Cytochrome (CYP) P450 metabolism of rosuvastatin appears to be minimal
and is principally mediated by the CYP 2C9 enzyme, with little involvement of CYP
3A4. This finding is consistent with the absence of clinically significant
pharmacokinetic drug-drug interactions between rosuvastatin and other drugs known
to inhibit CYP 3A4 enzymes [58-59]. Significant drug-drug interactions of
rosuvastatin are shown in Table 10.
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Table 10 Drug-drug interactions of rosuvastatin [58]
Drugs

Results

Cyclosporin

Cmax and AUC of rosuvastatin are increased 11- and 7fold, respectively, compared with historical data in
healthy subjects.

Warfarin

Rosuvastatin does not change warfarin plasma
concentrations, but increases International Normalized
Ratio (INR).

Gemfibrozil

Coadministration of gemfibrozil (600 mg twice daily for
7 days) with rosuvastatin (80 mg) results in a 90% and
120% increase for AUC and Cmax of rosuvastatin,
respectively.

Antacid

Coadministration of an antacid (aluminum and
magnesium hydroxide combination) with rosuvastatin
(40 mg) results in a decrease in plasma concentrations of
rosuvastatin by 54%.

Oral contraceptives (ethinyl

An increase in plasma concentrations of ethinyl estradiol

estradiol and norgestrel)

and norgestrel by 26% and 34%, respectively.

Cmax = peak plasma concentration; AUC = area under the plasma concentration-time curve

Dosage Forms, Administration and Contraindications
Dosage forms, administration, and contraindications of rosuvastatin are shown
in Table 11.
Table 11 Dosage forms, administration, and contraindications of rosuvastatin [58]
Dosage forms

Tablets 5 mg, 10 mg, 20 mg, and 40 mg
(only 10 mg and 20 mg tablets are available in Thailand)

Administration

Rosuvastatin can be administered as a single dose at any time
of day, with or without food.

Contraindications

- Patients with a known hypersensitivity
- Patients with active liver disease or with unexplained
persistent elevations of serum transaminases
- Pregnancy and lactation (Pregnancy category X)
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Dosage
The dose range for rosuvastatin is 5 mg to 40 mg once daily. Therapy with
rosuvastatin should be individualized according to the goal of therapy and response.
The usual recommended starting dose of rosuvastatin is 10 mg once daily. However,
initiation of therapy with 5 mg once daily should be considered for patients requiring
less aggressive LDL-C reductions, who have predisposing factors for myopathy, and
for special populations such as patients taking cyclosporine, Asian patients, and
patients with severe renal insufficiency (Table 12) [58,60].
Table 12 Dosage of rosuvastatin [58,60]
Population
General population

Recommended doses
Dose range 5 to 40 mg once daily
(Starting at 10 mg once daily)

Asian patients

Starting at 5 mg once daily

Patients taking cyclosporin

Limit to 5 mg once daily

Concomitant lipid-lowering therapy

Limit to 10 mg once daily

Patients with severe renal insufficiency (Clcr

Starting at 5 mg once daily and not to

< 30 mL/min/1.73m2) not on hemodialysis

exceed 10 mg once daily

Clcr = creatinine clearance

Clinical Efficacy Data
Rosuvastatin reduces TC, LDL-C, and TG and increases HDL-C in patients
with hypercholesterolemia and mixed dyslipidemia. Therapeutic response is seen
within one week, and maximum response is usually achieved within four weeks and
maintained during long-term therapy [58]. Several studies have been conducted to
examine the efficacy of rosuvastatin. In a variety of dose-ranging and comparative
trials in patients with hypercholesterolemia, 5 mg and 10 mg dose of rosuvastatin
reduced LDL-C by up to 47% and 53%, respectively and by as much as 63% at 40 mg
[59,61].
Olsson, et al. (2001) conducted a randomized, double-blind, placebocontrolled, dose-ranging study to evaluate the efficacy of rosuvastatin across the dose
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range. Patients with hypercholesterolemia were randomly assigned to receive placebo
or various doses of rosuvastatin as a single daily dose for six weeks. The results are
shown in Table 13 [58-59,61-63]. In addition, the study also showed that most
patients receiving rosuvastatin 5 and 10 mg reached their LDL-C goals according to
NCEP guidelines (67% and 81%, respectively) [62].
Table 13 Mean percentage of change from baseline at week 6 in rosuvastatin doseranging study [58-59]
Mean % change from baseline (%)
Serum
lipids

Placebo
(N = 13)

Rosuvastatin (N = 69)
5 mg

10 mg

20 mg

40 mg

(N = 17)

(N = 17)

(N =17)

(N = 18)

LDL-C

-7

-45**

-52**

-55**

-63**

TC

-5

-33**

-36**

-40**

-46**

HDL-C

+3

+13*

+14*

+8

+10

TG

-3

-35*

-10

-23

-28

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglyceride
* p < 0.05 vs. placebo; ** p < 0.001 vs. placebo

In two 12-week randomized, double-blind comparative studies, one study
compared effect of rosuvastatin 5 mg and 10 mg with simvastatin 20 mg and
pravastatin 20 mg in hypercholesterolemic patients by Paolett, et al (2001). In
another study, Davidson, et al. (2002) compared effect of rosuvastatin 5 mg and 10
mg with atorvastatin 10 in hypercholesterolemic patients [59,61]. The results are
shown in Table 14 and Table 15, respectively.
Knopp, et al. (2002) carried out a six-week randomized, double-blind, doseranging study to compare rosuvastatin and atorvastatin across a range of doses in
patients with hypercholesterolemia. The study indicated that at dose of 10 mg to 80
mg, percent reductions in LDL-C were 47% to 62% with rosuvastatin and 38% to
54% with atorvastatin. The LDL-C lowering response with rosuvastatin was
significantly greater than with atorvastatin (p < 0.01) [59,61].
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Table 14 Mean percentage of change from baseline at week 12 in comparative study
of rosuvastatin versus simvastatin and pravastatin in hypercholesterolemic
patients [59]
Mean % change from baseline (%)
Serum lipids

Rosuvastatin

Rosuvastatin

Simvastatin

Pravastatin

5 mg (N = 119) 10 mg (N = 111) 20 mg (N = 129) 20 mg (N = 136)
LDL-C

-42*

-49**

-37

-28

TC

-30*

-34**

-26

-20

HDL-C

+6

+7

+4

+4

TG

-12

-18

-14

-13

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglyceride
*
p < 0.001 vs. pravastatin, p < 0.005 vs. simvastatin
** p < 0.001 vs. pravastatin, p < 0.001 vs. simvastatin

Table 15 Mean percentage of change from baseline at week 12 in comparative study
of rosuvastatin versus atorvastatin in hypercholesterolemic patients [59]
Mean % change from baseline (%)
Serum lipids

Rosuvastatin 5 mg

Rosuvastatin 10 mg

Atorvastatin 10 mg

(N = 128)

(N = 129)

(N = 127)

LDL-C

-40*

-43***

-35

TC

-28**

-30***

-25

HDL-C

+13*

+12**

+8

-17

-19

-19

TG

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglyceride
* p < 0.01 vs. atorvastatin; ** p < 0.05 vs. atorvastatin; *** p < 0.001 vs. atorvastatin

Olsson, et al. (2002) conducted a 52-week dose-titration study to compare the
efficacy of rosuvastatin with atorvastatin. Four-hundred and twelve patients received
rosuvastatin 5 mg or 10 mg or atorvastatin 10 mg for 12 weeks. Then, does were
sequentially doubled at 8-week intervals to a maximum of 80 mg if patients failed to
achieve NCEP-ATP II LDL-C goal. The results are shown in Table 16. At 52 weeks,
mean doses in the initial rosuvastatin 5 mg and 10 mg groups were 9.3 mg and 13.4
mg, respectively. The mean dose in the atorvastatin group was 20.8 mg [59,61].
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Table 16 Mean percentage of change from baseline at week 12 and week 52 and
percentage of patients who achieved LDL-C goal according to NCEP-ATP
II guidelines in comparative study of rosuvastatin versus atorvastatin in
hypercholesterolemic patients [59]
Serum lipids /
follow-up duration

Rosuvastatin 5 mg

Rosuvastatin 10 mg

Atorvastatin 10 mg

(N = 138)

(N = 134)

(N = 140)

Mean % change from baseline (%)

LDL-C
12 weeks

-46*

-50*

-39

52 weeks

-47**

-53*

-44

12 weeks

-32*

-35*

-28

52 weeks

-34

-38*

-38

12 weeks

+6

+8

+6

52 weeks

+2

+3**

-1

12 weeks

-15

-19

-16

52 weeks

-20

-21

-19

TC

HDL-C

TG

% patients who achieved LDL-C goal (%)gg
All patients
12 weeks

86

89

73

52 weeks

88

98

87

12 weeks

62

78

27

52 weeks

65

97

61

High-risk patientsg

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglyceride
g
patients with CHD or CHD risk equivalents [other clinical forms of atherosclerotic disease
(peripheral arterial disease, abdominal aortic aneurysm, and symptomatic carotid artery), diabetes
mellitus, and 10-year risk for CHD > 20%]
gg
no statistical comparison was performed between group for goal achievement
*
p < 0.001 vs. atorvastatin
** p < 0.05 vs. atorvastatin
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Similar to Olsson, et al. study, Brown, et al. (2002) also conducted a 52-week
dose-titration study. This study compared effect of rosuvastatin with simvastatin and
pravastatin. In this study, 477 patients received rosuvastatin 5 mg or 10 mg,
simvastatin 20 mg, and pravastatin 20 mg for 12 weeks. After that, does were
sequentially doubled at 8-week intervals (to a maximum of 80 mg of rosuvastatin and
simvastatin and 40 mg for pravastatin) for failure to achieve ATP II LDL-C goals.
The results are shown in Table 17. At 52 weeks, mean doses in the initial rosuvastatin
5 mg and 10 mg groups were 9.5 mg and 13.8 mg, respectively. Whereas, the mean
dose in the simvastatin and pravastatin group were 36.3 mg and 32.6 mg, respectively
[59,61].
Jones, et al. (2003) conducted the Statin Therpaies for Elevated Lipid Levels
Compared Across Doses to Rosuvastatin (STELLAR) study. This study was a sixweek, randomized, parallel-group, open-label, comparator-controlled study. It was
carried out to compare rosuvastatin with atorvastatin, pravastatin, and simvastatin
across dose ranges for changing in serum LDL-C and other serum lipids. The results
are reported in Table 18. In addition, this study also indicated that LDL-C goals of
NCEP-ATP III were achieved between 82% and 89% of patients treated with
rosuvastatin 10 mg to 40 mg compared with 69% to 85% of patients treated with
atorvastatin 10 mg to 80 mg [22].
Jame, et al. (2003) and Shepherd, et al. (2003) analyzed pooled data from five
12-week randomized, double-blind studies in patients with hypercholesterolemia.
The purpose was to: (1) compare efficacy of rosuvastatin 5 mg and 10 mg with
atorvastatin 10 mg (data from three of the five studies), (2) compare efficacy of
rosuvastatin 5 mg and 10 mg with simvastatin 20 mg and pravastatin 20 mg (data
from two of the five studies), and (3) summarize overall efficacy of rosuvastatin on
serum lipids over 12 weeks (data from five studies) [64-65]. The results are shown in
Table 19 –22.
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Table 17 Mean percentage of change from baseline at week 12 and week 52 and
percentage of patients who achieved LDL-C goal according to NCEP-ATP
II guidelines in comparative study of rosuvastatin versus simvastatin and
pravastatin in hypercholesterolemic patients [59]
Serum lipids /
follow-up duration

Rosuvastatin

Rosuvastatin

Simvastatin

Pravastatin

5 mg

10 mg

20 mg

20 mg

(N = 123)

(N = 116)

(N = 120)

(N = 118)

Mean % change from baseline (%)
LDL-C
12 weeks

-39 a, b

-47 a, b

-35

-27

52 weeks

-42 a

-48 a, b

-38

-32

12 weeks

+8

+12 a

+9

+8

52 weeks

+4

+8

+6

+4

12 weeks

-18 b

-22 a, b

-10

-11

52 weeks

-16

-18 a

-14

-9

HDL-C

TG

% patients who achieved LDL-C goal (%)gg
All patients
12 weeks

80

90

69

53

52 weeks

88

88

73

60

12 weeks

48

63

30

9

52 weeks

84

71

30

6

High-risk patientsg

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglyceride
g
patients with CHD or CHD risk equivalents [other clinical forms of atherosclerotic disease
(peripheral arterial disease, abdominal aortic aneurysm, and symptomatic carotid artery), diabetes
mellitus, and 10-year risk for CHD > 20%]
gg
no statistical comparison was performed between group for goal achievement
a
p < 0.05 vs. pravastatin
b
p < 0.05 vs. simvastatin

25
Table 18 Mean percentage of change from baseline at week 6 in STELLAR study [22]
Serum lipids /

Mean % change from baseline (%)

dose of study

Rosuvastatin

Atorvastatin

Simvastatin

Pravastatin

drugs

(N = 480)

(N = 641)

(N = 655)

(N = 492)

10 mg

-45.8

-36.8 a

-28.3 a

-20.1 a

20 mg

-52.4

-42.6 b

-35.0 a ,b

-24.4 a, b

40 mg

-55.0

-47.8 b, c

-38.8 a, b, c

-29.7 a, b, c

80 mg

NA

-51.1

-45.8 b, c

NA

10 mg

-32.9

-27.1 a

-20.3 a

-14.7 a

20 mg

-37.6

-31.8 b

-25.7 a, b

-17.2 a, b

40 mg

-40.2

-35.8 c

-27.9 a, b, c

-21.5 a, b, c

80 mg

NA

-38.9

-32.9 b, c

NA

10 mg

+7.7

+5.7

+5.3

+3.2 a

20 mg

+9.5

+4.8 b

+6.0

+4.4 b

40 mg

+9.6

+4.4 b, c

+5.2 b, c

+5.6 b, c

80 mg

NA

+2.1 b, c

+6.8

NA

10 mg

-19.8

-20.0

-11.9

-8.2 a

20 mg

-23.7

-22.6

-17.6

-7.7 a , b

40 mg

-26.1

-26.8

-14.8 b, c

-13.2 b, c

80 mg

NA

-28.2

-18.2

NA

LDL-C

TC

HDL-C

TG

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density lipoprotein
cholesterol; TG = triglyceride; NA = data not available
a

p < 0.002 vs. rosuvastatin 10 mg

b

p < 0.002 vs. rosuvastatin 20 mg

c

p < 0.002 vs. rosuvastatin 40 mg
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Table 19 Pooled data analysis: Mean percentage of change from baseline at week 12 in
comparative studies of rosuvastatin versus atorvastatin [64]
Mean % change from baseline (%)
Serum lipids

Rosuvastatin 5 mg

Rosuvastatin 10 mg

Atorvastatin 10 mg

(N = 390)

(N = 389)

(N = 393)

LDL-C

-41.9*

-46.7*

-36.4

TC

-29.6*

-33.0*

-26.7

HDL-C

+8.2**

+8.9*

+5.5

-16.4

-19.2

-17.6

TG

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density lipoprotein
cholesterol; TG = triglyceride
* p < 0.001 vs. atorvastatin; ** p < 0.01 vs. atorvastatin

Table 20 Pooled data analysis: Mean percentage of change from baseline at week 12 in
comparative studies of rosuvastatin versus simvastatin and pravastatin [64]
Mean % change from baseline (%)
Serum lipids

Rosuvastatin

Rosuvastatin

Simvastatin

Pravastatin

5 mg (N = 240) 10 mg (N = 226) 20 mg (N = 249) 20 mg (N = 252)
LDL-C

-40.6*

-48.1*

-35.7

-27.1

TC

-29.1*

-34.0*

-25.1

-19.2

HDL-C

+6.9

+9.1**

+6.2

+6.2

TG

-14.9

-20.2***

-12.2

-12.4

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density lipoprotein
cholesterol; TG = triglyceride
*
p < 0.001 vs. simvastatin and pravastatin
** p < 0.05 vs. simvastatin and pravastatin
*** p < 0.01 vs. simvastatin and pravastatin
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Table 21 Pooled data analysis: Mean percentage of change from baseline at week 12 of
all patients in comparative studies of rosuvastatin versus atorvastatin and versus
simvastatin and pravastatin [64]
Mean % change from baseline (%)
Serum lipids

Rosuvastatin 5 mg

Rosuvastatin 10 mg

(N = 630)

(N = 615)

LDL-C

-41.4

-47.2

TC

-29.4

-33.4

HDL-C

+7.7

+9.0

TG

-15.8

-19.6

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; HDL-C = high-density lipoprotein
cholesterol; TG = triglyceride

Table 22 Pooled data analysis: Percentage of patients achieving ATP III LDL-C goals at
initial doses in comparative studies of rosuvastatin versus atorvastatin and
versus simvastatin and pravastatin [69,65]
Risk group target

% achieved LDL-C goal (%)g
<100 mg/dL <130 mg/dL <160 mg/dL

All

Comparative studies vs. atorvastatin
Rosuvastatin 5 mg (N = 390)

40.0a

86.0

95.0

67.0b

Rosuvastatin 10 mg (N = 389)

60.0a

88.0

96.0

76.0b

Atorvastatin 10 mg (N = 393)

19.0

80.0

91.0

53.0

Rosuvastatin 5 mg (N = 240)

39.0c,e

80.0c

91.0

71.0c,f

Rosuvastatin 10 mg (N = 226)

63.0c,g

89.0c,f

99.0d,f

86.0c,g

Simvastatin 20 mg (N = 249)

22.5

74.0

90.0

64.0

Pravastatin 20 mg (N = 252)

5.0

40.0

88.0

49.0

Comparative studies vs. simvastatin and pravastatin

g

a
c
e

LDL-C goal defined by NCEP-ATP III as follows: (1) < 100 mg/dL in patients with CHD or CHD risk
equivalents [other clinical forms of atherosclerotic disease (peripheral arterial disease, abdominal aortic
aneurysm, and symptomatic carotid artery), diabetes mellitus, and 10-year risk for CHD > 20%], (2) < 130
mg/dL in patients without CHD and with > 2 risk factors and 10-year risk for CHD < 20%, and (3) < 160
mg/dL in patients without CHD and with < 2 risk factors
b
p < 0.001 vs. atorvastatin;
p < 0.01 vs. atorvastatin
d
p < 0.001 vs. pravastatin;
p < 0.05 vs. pravastatin
f
g
p < 0.01 vs. simvastatin;
p < 0.05 vs. simvastatin;
p < 0.001 vs. simvastatin
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Rosuvastatin has been assessed in many dose-ranging studies and comparative
studies with other statins in hypercholesterolemic patients. Dose-ranging studies with
rosuvastatin have demonstrated marked dose-related reduction in LDL-C of up to 63% at
40 mg. A comparative dose-ranging study with atorvastatin has shown that rosuvastatin
produces a significantly greater reduction in LDL-C across the dose range. Moreover,
rosuvastatin 5 mg to 40 mg improves LDL-C lowering effect and LDL-C goal
achievement compared with widely used doses of atorvastatin, simvastatin, and
pravastatin. The effects of rosuvastatin on LDL-C have been accompanied by beneficial
changes in a number of important lipid measures in addition to LDL-C, including serum
TC, HDL-C, and TG [63]. These findings indicate that LDL-C lowering effect of
rosuvastatin may help patients who require lipid-lowering therapy to achieve their
recommended LDL-C goals.
Safety Data
Rosuvastatin is generally well tolerated. The most common adverse events
thought to be related to rosuvastatin were myalgia, constipation, headache, abdominal
pain, diarrhea, pharyngitis, flu syndrome, asthenia, and nausea [8,58-59,61,66]. In
placebo-controlled trials, adverse events those considered related to trial treatment by the
investigators occurred in 16.0% of patients who received rosuvastatin 5 mg to 40 mg (N
= 744) and in 17.8% of patients who received placebo (N = 382) [66]. Moreover, rates of
adverse events leading to withdrawal, nonfatal serious adverse events, and adverse events
leading to death were similar to the patients who received rosuvastatin or placebo. In
fixed-dose controlled trials, rosuvastatin 5 mg to 40 mg was well tolerated and had an
adverse event profile similar to those of atorvastatin 10 mg to 80 mg, simvastatin 10 mg
to 80 mg, and pravastatin 10 mg to 40 mg [61,66]. The adverse event rates of rosuvastatin
are shown in Table 23.
Like the other statins, rosuvastatin is associated with biochemical abnormalities of
liver function. In most cases, the elevations were transient and resolved or improved on
continuing therapy or after a brief interruption of therapy. However, it is recommended
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that liver function tests should be performed before and at 12 weeks following both the
initiation of therapy and after any increases of dosage. Liver enzyme changes generally
occur in the first three months of treatment with rosuvastatin. Patients who develop an
increase in serum transaminase enzymes (i.e., AST or ALT) should be monitored until
the abnormalities resolve. If an increase in serum AST or ALT > 3 times the upper limit
of normal (ULN) persists, reduction of dose or withdrawal of rosuvastatin should be
recommended [58,62].
Table 23 Adverse event rates of rosuvastatin [22,58-59,61,63,66-67]
Adverse events

Rate (%)

Nausea

3.4 – 11.8

Myalgia

3.1 – 7.0

Pharyngitis

5.0 – 9.0

Headache

3.0 – 5.9

Dry mouth

5.9

Diarrhea

3.4

Dyspepsia

3.4

Asthenia

2.7

Back pain

2.6

Flu syndrome

2.3

Peripheral edema

>2

Myopathy

< 0.03

AST/ALT > 3 times the ULN

0.1 – 0.8

CK > 10 times the ULN

0.1– 0.4

Rhabdomyolysis

< 0.01

Proteinuria

9.7 – 12.6

Hematuria

6 - 10
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Myopathy (defined as muscle symptoms with serum CK > 10 times the ULN) and
rare cases of rhabdomyolysis (defined as muscle symptoms with serum CK > 10 times
the ULN and with creatinine elevation), which can lead to acute renal failure and death,
have been reported for all currently approved statins, including rosuvastatin. Like the
other statins, reports of rhabdomyolysis with rosuvastatin are rare, but the incidence is
higher with the highest marketed dose (40 mg). In addition, risks of myopathy at 5 mg to
40 mg of rosuvastatin appear comparable to the other statins [58,62].
In contrast to currently approved statins, rosuvastatin is associated with renal
damage which has not previously been reported as a major event with other statins.
Rosuvastatin has been noted to cause proteinuria and hematuria. Dipstick-positive
proteinuria and microscopic hematuria are observed among rosuvastatin-treated patients,
predominantly in patients dosed above the recommended dose range (80 mg). This is
also noted to occur in a higher rate in patients taking 40 mg compared with patients
taking either lower doses of rosuvastatin or comparator statin agents. In clinical trials,
this effect was transient, and did not predict worsening of renal function. However,
proteinuria has been also reported with the other statins, although at a lower incidence
[58,62,67].
Overall, rosuvastatin is a new statin with a number of advantageous
pharmacological properties, including enhanced HMG-CoA reductase binding
characteristics, relative hydrophillicity, and selective uptake into hepatic cells. CYP
metabolism of rosuvastatin appears to be minimal and is principally mediated by 2C9
enzymes. Therefore, the clinically significant pharmacokinetic drug-drug interactions
with other drugs known to inhibit CYP 3A4 enzymes have not been observed. In
addition, rosuvastatin has been shown to be highly effective in reducing LDL-C and
improving other lipid profiles. Moreover, it is well tolerated and has a safety profile
similar to the other marketed statins.
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3. C-reactive Protein
C-reactive protein (CRP) is a non specific acute-phase reactant. It is synthesized
by hepatocytes, predominantly under transcriptional control by the interleukin-6 [68-71].
De novo hepatic synthesis starts very rapidly after a single stimulus. Serum CRP rises
above 5 mg/L approximately 6 hours and reaches its peak around 48 hours after stimulus.
The plasma half-life of CRP is about 19 hours and is constant under all conditions of
health and disease, so that the sole determinant of circulating CRP concentration is the
synthesis rate. When the stimulus for increased production completely ceases, the
circulating CRP concentration falls rapidly, at almost the rate of plasma CRP clearance
[68,70]. Two studies have indicated that in the absence of inflammatory stimulation,
CRP reverts significantly toward normal within 24 hours to few days [70-71].
Infection, allergic complications of infection, necrosis, trauma, malignancy, and
inflammatory diseases can precipitate the release of CRP [68]. In addition, there are
some factors that can affect the CRP levels such as statins, smoking and weight loss
(Table 24) [32,70].
Table 24 Factors that alter CRP levels [32,70]
Increase CRP

Decrease CRP

Chronic infections

Aspirin

Chronic inflammation

Fibrates

Diabetes mellitus

Niacin

Hypertension

Moderate alcohol intake

Metabolic syndrome

Selective estrogen receptor modulators

Obesity

Smoking cessation

Low HDL-C/ high TG

Statins

Oral estrogen

Tamoxifen

Smoking

Thiazolidinediones
Weight loss
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Refinement of the CRP laboratory test was necessary to detect the low-grade
inflammation associated with cardiovascular disease. Therefore, high-sensitivity CRP
(hsCRP) analytical method was developed to detect low CRP levels [32]. The
advantages of hsCRP include the ability to standardize the assay, minimal variation
among assay (<10%), lack of seasonal or diurnal variation, acceptable cost (300 baht),
and the ability to have samples drawn regardless of food intake [32,68,72].
Atherosclerosis, which was initially thought to be purely a disease of arterial lipid
deposition, is also now considered an inflammatory disease. This process begins with
injury to the vascular endothelium in response to major risk factors (e.g., hypertension,
smoking, and diabetes), leading to oxidation and macrophage uptake of LDL-C and
formation of the fatty streak. The fatty streak is the initial building block in the
development of the atherosclerotic plaque. These early steps of atherogenesis also
involve the elicitation of proinflammatory cytokines causing hepatic stimulation and
production of CRP. Moreover, CRP may contribute to atherosclerosis by facilitating
macrophage uptake of LDL-C, thus accelerating fatty-streak formation. These findings
have stimulated research examining the potential role of CRP as a predictive tool for
future cardiovascular events [32].
Several studies have shown a moderate to strong association between hsCRP
levels and future vascular events (i.e., coronary, cerebrovascular, and peripheral vascular
disease), with minimal correlation to LDL-C [32,34-38,76]. This suggests that CRP may
identify individuals who traditionally would not have met the criteria for treatment based
solely on lipid levels [32]. Therefore, a recent published review article and scientific
statement by the American Heart Association and Centers for Disease Control and
Prevention on “Markers of Inflammation and Cardiovascular Disease” recommends using
hsCRP as an adjunct to the lipid panel to predict future cardiovascular events in patients
who had 10-20% of 10-year risk for CHD [38].
Although numerous forms of lipid-lowering therapy can alter levels of hsCRP
(Table 1), the most extensively studies agents are statins, which highly effective in
reducing the risk of cardiovascular disease [32,36]. Statins have been hypothesized to
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have direct anti-inflammatory effects by reduce macrophage content within
atherosclerotic plaques, suppress the expression of metalloproteinases involved in the
fibrous cap dissolution, and inhibit the expression of adhesion molecules critical for
monocyte attachment and adhesion to the endothelial wall [33]. Treatment with statins
has been found to produce median reductions in hsCRP of 15% to 25% within six weeks
of starting treatment. These reductions appear to be unrelated to the magnitude of LDLC reduction [36]. The ability of pravastatin, lovastatin, cerivastatin, fluvastatin,
simvastatin and atorvastatin to reduce hsCRP levels has been demonstrated in a number
of trials. These studies have revealed that serum hsCRP is significantly reduced from
baseline after receiving pravastatin 40 mg per day (13.1% to 20.3%), lovastatin 20 to 40
mg per day (12.5% to 17.4%), cerivastatin 0.4 to 0.8 mg per day (13.3% to 24.5%),
fluvastatin 20 mg per day (15.9%), simvastatin 20 to 40 mg per day (22.8% to 37.2%),
and atorvastatin 10 to 80 mg per day (15.0% to 47.0%) (all p < 0.05) [33,39-44,73].
However, the effect of rosuvastatin on hsCRP has not been studied yet.
Recently, the substudies of PROVE IT – TIMI 22 and REVERSAL have shown
that patients who have low CRP levels after statin therapy have better clinical outcomes
and slower rate of atherosclerosis progression than those with higher CRP levels,
regardless of the resultant level of LDL-C [74-75]. These findings support the aggressive
use of statins to achieve target levels of both LDL-C and CRP for reduction of coronary
events in post acute coronary syndrome patients. In addition, these studies suggest that
monitoring CRP and LDL-C should be performed in lowering cardiovascular risks with
statin therapy [69].
To date, the efficacy of every other day statins therapy on serum CRP has not yet
been conducted. However, Jialal, et al. suggested that the effect of statins on CRP might
be sustained with every other day dosing. Jialal, et al. investigated the effect of
atorvastatin 10 mg, pravastatin 40 mg, and simvastatin 20 mg on hsCRP. In this study
there was a 3-week washout period between drugs. During the washout phase, LDL-C
increased significantly (p < 0.001) but there was no significant increase in hsCRP (p =
0.21). This study also suggested that the CRP-lowering effect of statins is more

34
prolonged than their effect on LDL-C. Therefore, every other day dosing of statins
therapy probably would not compromise their effect on CRP [34,40]. To definitively
answer of every other day statins effect on hsCRP, the prospective studies are required.
4. Fibrinogen
Fibrinogen is a protein synthesized by liver which plays two essential roles in the
body. One, it is a vital part of the “common pathway” of the coagulation process. The
conversion of fibrinogen (factor I) to fibrin is the last step of the “coagulation cascade”, a
series of reactions in the blood triggered by tissue injury and platelet activation. And
two, it is also a protein called an acute phase reactant that becomes elevated with tissue
inflammation or tissue destruction. When fibrinogen acts as an “acute phase reactant”, it
rises sharply during tissue inflammation or injury. Most acute myocardial infarctions
(heart attack) are now known to be due to acute thrombosis, or the sudden formation of a
blood clot at the site of an atherosclerotic plaque. It makes sense, therefore, that elevated
levels of fibrinogen, an acute phase protein and is part of the coagulation cascade of
proteins, would be associated with an increase in risk of heart attack [77]. There are
many factors that affect the fibrinogen levels (Table 25)
Several studies have demonstrated that fibrinogen is an independent risk factor for
CHD [72,76,78-81]. Meresca, et al. (1999) conducted a meta-analysis to examine the
association between fibrinogen and CVS. This study showed that the overall risk of
cardiovascular event in subjects with plasma fibrinogen levels in the higher tertile, was
twice as high as that of subjects in the lower one (odds ratio, 1.99; 95% confidence
interval, 1.85 to 2.13). The study also indicated that high plasma fibrinogen levels were
associated with an increased risk of cardiovascular disease in healthy as much as in highrisk individuals [81].
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Table 25 Factors affecting plasma fibrinogen level [77,81]
Increases

Decrease

Cigarette smoking

Ticlopidine

Oral contraceptive drugs

Bezafibrate

Estrogen

Phenobarbital

Pregnancy

Valproic acid

Diabetes mellitus

Urokinase

High dietary fat intake

Streptokinase

Increasing age

Alcohol

Menopause

Liver disease

Inflammation

Prostate cancer

Inflammatory disorder
Thrombin endotoxin
Prostaglandins
Stomach, breast, or kidney cancers
Vascular damage
Experimental and clinical studies have indicated a relationship between
hyperlipidemia and increased blood thrombogenicity. This implied that correction of
hypercholesterolemia by statins could normalize blood thrombogenicity [82]. However,
conflicting findings on the effect of different statins on fibrinogen have been reported
[49-53,82]. Most studies reported an increase of serum fibrinogen with atorvastatin and
lovastatin (ranging from 19.3% to 26.0%), a neutral effect on serum fibrinogen with
fluvastatin and simvastatin, and a decrease of serum fibrinogen with pravastatin (ranging
from 7.0% to 19.0%) [49-53,82]. Currently, the effect of new statins, rosuvastatin, on
serum fibrinogen has not been studied. Therefore, the study is needed to examine the
effect of rosuvastatin on serum fibrinogen.
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5. Every Other Day Statins Therapy
Despite evidence of safety and effectiveness of statins, they are greatly underused
due to high costs and fear of toxicity [31]. In addition, most patients require long-term
statins therapy [27]. Therefore, the strategies for reducing drug costs without hindering
therapeutic efficacy or increase side effects are desirable [17,27]. These strategies
include tablet splitting method and every other day dosing method. However, most
available statins are unscored tablets or in capsule form and cutting tablet in half may be
problematic for patients who are visually, physically, or mentally impaired [17,30].
Therefore, every day dosing may be more desirable. Since rosuvastatin has a long half
life, 19 hours, it is conceivable that the every other day dosing might be effective in
maintaining the lipid-lowering efficacy [58-59]. Currently, the efficacy of rosuvastatin in
every other day dosing has not yet been conducted. However, there are many studies that
debate over whether statins might still produce a significant effect on serum LDL-C by
administering them every other day instead of once daily [17,24,26,28-31].
Rindone, et al. (1995) conducted an open-labeled, nonrandomized, before-after
comparison trial to examine the efficacy of administering lovastatin 20 mg every other
day in patients with hypercholesterolemia. The subjects were patients who had serum
LDL-C more than 160 mg/dL, calculated using the Friedewald equation, despite
following a three-month trial of an American Heart Association (AHA) Step I diet.
Patients were excluded if they had serum TG more than 400 mg/dL, evidence of hepatic
disease, previous lovastatin intolerance, or concurrent use of a lipid-lowering agent. All
eligible patients were given lovastatin 20 mg every other day for six weeks. Of the 21
eligible patients, 19 patients completed the study. One patient withdrew from developing
angioedema, another was lost to follow-up. After six weeks of therapy, 19 patients (17
men) had mean reduction in serum TC by 15% and LDL-C by 20% (both p = 0.001).
There was no statistically significant difference in the mean change from baseline of
serum TG (8% reduction; p = 0.07) and HDL-C (5% elevation; p = 0.52). The adverse
event was reported only one patient with muscle cramping which did not require
discontinuation of therapy [27,29]. Although this study showed that every other day
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appeared to be effective. Several aspects of the trial design are worth exploring. First,
this study did not have an intention to treat analysis for dropout patients. Second, there
was no comparator group. Finally, this study had small patient population and included
only two women. This makes it difficult to extrapolate the results to the general
population.
Dennis, et al. (1997) conducted a retrospective review to evaluate the therapeutic
effects of lovastatin 20 mg every other day and to determine whether this regimen
represent a cost-effective alternative to the conventional once daily dosing. The subjects
were outpatients who received lovastatin 20 mg every other day for primary
hypercholesterolemia with a follow-up of every six weeks to four months. Patients were
excluded if they had serum TG more than 400 mg/dL due to a decrease in the reliability
of LDL-C estimation by the Friedewald equation. The cost-effective analysis was
performed in terms of monthly cost per percent LDL-C reduction, using data of lovastatin
10 mg once daily reported by Rubinstein. Twenty male patients met all criteria and were
analyzed. The study reported that mean serum TC and LDL-C were significantly
decreased from baseline by 14.0% and 21.5%, respectively (both p < 0.05). Four of the
20 patients (20%) attained their LDL-C goals. No significant change was noted in serum
TG or HDL-C. The monthly cost per percent LDL-C reduction per patient was $0.63 in
patients receiving lovastatin 20 mg every other day and $0.87 in patients receiving
lovastatin 10 mg once daily [24,27]. However, there were many limitations in this study.
First, this study was a small retrospective review and included patients with follow-up
periods as short as three month. Therefore, the investigators could not evaluate effects of
continued every other day of lovastatin therapy overtime. Moreover, bias in patient
selection may occur because the physician might select every other day dosing for
patients who would respond positively. Second, it is difficult to determine whether
undocumented adverse events were the cause of discontinued therapy. Finally, all
patients were male, which difficult to generalized the results across different patient
population.
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Rindone, et al. (1998) carried out a randomized, nonblinded, crossover study to
assess the efficacy of fluvastatin administered every other day versus an equivalent dose
given once daily in patients with hypercholesterolemia. Thirty patients who had
calculated LDL-C more than 160 mg/dL, using a Friedewald equation, after three months
of the AHA Step I diet, were recruited in this study. The patients were excluded if they
were taking concomitant lipid-lowering agents, had a baseline serum TG of 400 mg/dL or
greater, or had previous intolerance to any statin. Of 30 patients enrolled, 23 completed
the protocol (22 men). Ten patients were randomized to receive fluvastatin 20 mg once
daily for six weeks followed by fluvastatin 40 mg every other day for six more weeks.
Conversely, the other 13 patients received fluvastatin 40 mg every other day first. The
study showed that fluvastatin 20 mg once daily and 40 mg every other day significantly
reduced LDL-C from baseline by 24% and 21%, respectively (both p < 0.05) and reduced
TC from baseline by 18% and 15%, respectively (both p < 0.05). There was no
statistically significant difference in the reduction of TG or HDL-C from baseline in both
regimens. This study also revealed that there was no statistically significant difference in
serum lipids between regimens [27,30-31]. However, there are some limitations in this
study. First, the possibility of a carryover effect exists since there was no washout
period. However, six weeks should be adequate for a new steady-state in LDL-C
reduction. Second, this small study of only 23 subjects does not eliminate the possibility
of type II error. Finally, the presence of only one woman makes extrapolation beyond the
male population difficult.
Matalka, et al. (2002) conducted a double-blind, placebo-controlled trial to
evaluate the efficacy and cost-effectiveness between every other day dosing and once
daily dosing of atorvastatin in patients with hypercholesterolemia. Thirty-five eligible
patients who met the NCEP-ATP II guidelines for drug therapy were randomly assigned
to received atorvastatin 10 mg once daily (17 patients) or every other day (18 patients).
Patients were excludes if they had serum TG more than 400 mg/dL; myocardial
infarction, coronary artery bypass graft, or percutaneous transluminal coronary
angioplasty within last three months; elevated liver enzymes or active liver disease (AST,
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ALT, GGT > 3 times the upper limit of normal); or were receiving immunosuppressant
drugs, azole antifungal agents or warfarin. Of the 35 patients enrolled, 26 completed the
12-weeks study period (14 in every other day group and 12 in once daily group). There
were five patients dropped out from once daily group. Of these, two patients had
gastrointestinal disturbance and one experienced muscle weakness with mild CK
elevation. Four patients in every other day group dropped out from the study, which two
patients experienced flu-like symptoms. At six weeks, patients receiving atorvastatin 10
mg every other day had a 27% LDL-C reduction, while patients receiving atorvastatin 10
mg once daily had a 38% LDL-C reduction. If the patients in both groups did not meet
their LDL-C goals by week six, they would take double dose of their starting dosage until
the end of study. By week 12, the difference in LDL-C lowering between the every other
day (35%) and once daily groups (38%) was not statistically significant (p = 0.49). The
mean dose was 18 mg (9 mg/day) in the every other day dosing group and 12 mg/day in
the once daily group at the end of the 12 weeks (p = 0.001). The monthly cost analysis
based on 1% LDL-C reduction per patient at week 12 of the study was $1.22 versus $1.71
in the every other day and once daily groups, respectively [26]. The limitation of this
study was that the study had a small sample size and high drop out rate, leading to an
increase in type II error. In addition, most patients in this study were male (100% in once
daily group and 89% in every other day group). This may reduce the ability to
extrapolate these findings to the general population.
Copher, et al. (2002) conducted a nonrandomized, before-after comparison trial to
compare the efficacy of simvastatin once daily with every other day in double dose of
once daily regimen. The simvastatin regimen for eligible patients (15 men) with
hyperlipidemia who met their LDL-C goals by NCEP guidelines was converted from
once daily dosing to double the daily dose given every other day for 8 weeks. Patients
were excluded if they had an active prescription for more than 40 mg/day of simvastatin,
were receiving a protease inhibitor, or taking combination antihyperlipidemic therapy
requiring a dosage change during the study period. The study showed that of the 14
patients completing the study, 12 remained at or below their LDL-C goals. The serum
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TC, LDL-C, HDL-C, and TG after patients receiving simvastatin once daily was not
significantly different from patients receiving every other day regimen (all p > 0.05).
This study revealed that no patients had complaints of musculoskeletal toxicity or
significantly elevated serum CK, AST, or ALT during the study period [17]. However,
there were some limitations in this study. The study had only small number of elderly
male patients (ranging in age from 59 to 82 years). Therefore, it was difficult to
generalize the results to the general population.
Phruttisunakon, et al. (2003) conducted a randomized double-blind, parallel trial
to assess the efficacy of atorvastatin 10 mg administered every other day versus once
daily in hypercholesterolemic patients for the primary prevention of CHD. Sixty-eight
patients without CHD were enrolled in the 8 weeks of therapeutic lifestyle change period.
After that, the patients were randomized to received atorvastatin 10 mg once daily (N =
30) or every other day (N = 31) for 8 weeks. Of these, 59 patients completed the study,
30 in once daily group and 29 in every other day group. The study showed that at week
16, atorvastatin 10 mg once daily significantly reduced LDL-C (39%), TC (30%), and TG
(18%) from baseline (all p < 0.001). Also, atorvastatin 10 mg every other day
significantly reduced LDL-C (31%), TC (21%), and TG (5%) from baseline (p < 0.05).
However, both regimens showed a non significant change in serum HDL-C (p > 0.05).
The study also revealed that atorvastatin 10 mg once daily significantly produced greater
percent reductions from baseline in LDL-C and TC than every other day dosing (39% vs
31%; p < 0.001 and 30% vs 21%; p < 0.01, respectively). However, the percentage of
patients who achieved their LDL-C goals in patients receiving atorvastatin 10 mg once
daily (73%) was not significantly different from patients receiving atorvastatin 10 mg
every other day (65%) (p = 0.135). There were three adverse events in four patients
(7%). These were gastrointestinal disturbance (one patient in every other day group),
AST and ALT elevation more than three times the upper limit of normal (one patient in
every other day group), and CK elevation more than three times the upper limit of normal
(two patients in once daily group) [28,85]. However, this study only focused on patients
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with primary hypercholesterolemia. Therefore, the results could not be generalized to all
hypercholesterolemia patients.
Currently, only lovastatin, fluvastatin, simvastatin, and atorvastatin have been
shown to significantly reduce serum LDL-C from baseline when given every other day.
The efficacy of pravastatin and rosuvastatin on every other day dosing has not yet been
carried out. Despite the seeming efficacy for every other day dosing in the previous
study, various study limitations warrant further explorations. All of these studies were
small, with a male predominance. The absence of females and lack of age distribution
greatly reduces the ability of extending these findings to the general population.
Therefore, larger, randomized, controlled trials, including men and women of various
ages, are warranted. Moreover, none of studies have conducted the role of every other
day statins therapy on CRP and fibrinogen level, the emerging risk factors in coronary
events. Therefore, this randomized open-labeled, parallel study was conducted to
compare the effectiveness and safety of rosuvastatin, a new powerful LDL-C lowering
agent, 10 mg once daily with every other day in terms of: (1) serum lipids, hsCRP, and
fibrinogen alteration, (2) the percentage of patients who achieved their LDL-C goals
according to NCEP-ATP III guidelines, (3) adverse event rates, and (4) monthly cost per
%LDL-C reduction.

CHAPTER III
METHODS
This study was carried out to compare the effectiveness and safety of
rosuvastatin 10 mg once daily with every other day in outpatients with
hypercholesterolemia in terms of: (1) serum lipids, hsCRP, and fibrinogen alteration,
(2) the percentage of patients who achieved their LDL-C goals according to NCEPATP III guidelines, (3) adverse event rates, and (4) monthly cost per %LDL-C
reduction.
This chapter describes in detail how the study was conducted. It is devided
into two sections. The first section describes the patients in this study, including
patient selection, sample size estimation, and patient randomization. The second
section describes methods, including study design and procedures, laboratory
measurement, and statistical analysis.
1. Patients
1.1 Patient Selection
Subjects in this study were patients with hypercholesterolemia who visited
outpatient department of Phramongkutklao hospital between September 2004 to
February 2005, who had never received statins, and met the following criteria:
Inclusion criteria:
1. aged > 18 years.
2. met the criteria for starting statins therapy according to NCEP-ATP III guidelines.
3. gave written informed consent.
Exclusion criteria:
1. diagnosed with secondary hypercholesterolemia.
2. took drugs known to affect the levels of lipids, hsCRP, and fibrinogen, or
interacted with rosuvastatin (i.e., estrogen, corticosteroids, tamoxifen,
phenobarbital, urokinase, streptokinase, cyclosporine, gemfibrozil, erythromycin,
warfarin, heparin, low-molecular weight heparin, and valproic acid).
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3. had an active liver disease or elevated liver enzymes (AST, ALT > 3 times the
upper limit of normal).
4. had creatine kinase > 3 times the upper limit of normal.
5. had severe renal impairment (creatinine clearance < 30 mL/min).
6. had chronic inflammatory conditions (i.e., severe arthritis, lupus, or inflammatory
bowel disease).
7. had cancer or history of cancer.
8. had recent infection or illness (within 2 weeks before the study).
9. had been hospitalized for acute coronary syndrome within 3 months before the
study.
10. had pregnancy or lactation.
11. had serious medical or psychological conditions that may compromise successful
participation in the study.
If the patients had an intolerable adverse event, serum AST, ALT, or CK > 3
times the upper limit of normal, hypersensitivity to statins, or required other lipidlowering agent (i.e., fibrates, niacin, bile-acid sequestrants, and cholesterol absorption
inhibitor) during the study period, these patients would be excluded.
1.2 Sample Size Estimation
An estimated sample of 80 subjects was calculated by using equation (1), at an
α significance level of 0.05 (i.e., Type I error) and a power of 80% [83]. The
differences of percent LDL-C reduction by atorvastatin between once daily and every
other day regimens were assumed as rosuvastatin, because there is, currently, no
comparative study of rosuvastatin and half-life of rosuvastatin is not much different
from atorvastatin (19 hours and 14 hour, respectively). Phruttisunakon, et al. found
that Thai patients receiving atorvastatin 10 mg once daily could reduce LDL-C more
than atorvastatin 10 mg every other day by 8 % [28]. The standard deviation in this
study was assumed as 10.72 according to the finding in efficacy of rosuvastatin 10 mg
once daily on LDL-C reduction (i.e., serum LDL-C was reduced from 190 mg/dL to
95.4 mg/dL) [62].
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N

=

2 (Zα + Zβ)2 σ2

………equation (1)

d2
Determination:

α = 0.05 (two-sided); Zα = 1.96
β = 0.2 (one-sided); Zβ = 0.84
σ = 10.72
d = the differences of LDL-C reduction between regimens
= 0.08 x 95.4 = 7.632 mg/dL

So,

N/ group

=

2 (1.96 + 0.84)2 (10.72)2
(7.632)2

=
Estimate drop out 20%,

30.9

≈ 31 subjects

N/ group

=

31

≈ 40 subjects

(1 - 0.2)
Therefore, 80 patients were recruited for this study (40 subjects per group).
1.3 Patient randomization
Eighty patients were randomly assigned equally into two groups using block
of four randomization. One group received rosuvastatin 10 mg once daily at 8.00
p.m. for 8 weeks (control group) and another group received rosuvastatin 10 mg every
other day at 8.00 p.m. for 8 weeks (study group). Then, simple random sampling was
used to determine the control and the study groups.
2. Methods
2.1 Study Design and Procedures
This randomized, open-labeled, parallel trial was approved by the ethic
committee of Phramongkutklao hospital. Prior to study, the patient record forms
(appendix A), research subject information sheets (appendix B), consent forms
(appendix C), and Naranjo’s algorithm (appendix D) had been developed. At study
initiation, the patients diagnosed with hypercholesterolemia were screened by
physicians and referred to the researcher for subject eligibility assessment. Subject
eligibility was determined by laboratory data (TC, TG, HDL-C, LDL-C, AST, ALT,
CK, and creatinine), patient interviews, and OPD cards review. If laboratory data had
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not been completed, the patients would have been given a detailed explanation of the
study and asked for blood sampling appointment. All eligible patients were invited to
participate in this study. After both verbal and non-verbal description of the study
(e.g., an assurance of confidentiality and the right to refuse), patients provided written
consent forms. The patient demographic data and laboratory data were recorded in
the patient record forms. Blood pressures (BP) were also measured and recorded by
using blood pressure monitoring machine (OMRON Digital Blood Pressure Monitor
HEM-907, Japan). Then, all patients were educated about undesirable outcomes of
hypercholesterolemia, risk factors for CHD, individual risk category and LDL-C goal,
TLC, and studying drug (e.g. name, regimens, indications, and adverse drug
reactions). The researcher believed that this was the strategy that encouraged the
patients to realize the dangers of hypercholesterolemia and to adhere to their drugs
and TLC, and this also made the patients be able to observe the adverse events, to
record and to tell the physician or researcher. Patients who did not have data on
hsCRP, fibrinogen, fasting blood sugar (FBS), or urine analysis were also made an
appointment to obtain these data.
The patients were randomly assigned to receive rosuvastatin 10 mg (supplied
by Crestor®; licensed to AstraZeneca from IPR Pharmaceuticals Inc., Canovanas,
Puerto Rico, Lot. No. CA 352) once daily (control group) or 10 mg every other day
(study group) for 8 weeks by block randomization. In the study group, odd- or evenday dosing technique was used to improve compliance. The reason for choosing 10
mg once daily and 10 mg every other day (average 5 mg/day) regimens was that
rosuvastatin 5 mg and 10 mg per day could reduce LDL-C between 39% and 45%,
which were standard doses according to NCEP-ATP III (2004) recommendations.
The standard doses of statins would allow an approximate 30% to 40% reduction in
LDL-C levels and reduce coronary risk with a similar percentage over a five-year
period [14]. The researcher followed up the patients via telephone every week during
the study period to monitor adverse events and other problems. On the other hand,
patients could phone the researcher directly at anytime. If the problems had occurred,
patients would have been given the advices and/or invited to visit a hospital for
further evaluation.
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At the end of 8 weeks, the efficacy and safety of rosuvastatin were evaluated
in each group of the patients. Twelve-hour fasting blood and urine samples were
obtained to evaluate changes in lipids, hsCRP, fibrinogen, and safety parameters. The
percentage of patients achieving LDL-C goals as defined by NCEP-ATP III
guidelines and monthly cost per % LDL-C reduction were also assessed. Blood and
urine samples were collected between 7.00 a.m. to 10.00 a.m. For the study group,
this was the time in which the patients did not take the study medicine the day before
following-up day. Safety and tolerability were evaluated throughout the study on the
basis of adverse events reporting, patient interviews, physical examinations, and
laboratory studies (i.e., AST, ALT, CK levels, and urine analysis for proteinuria or
hematuria). All adverse events were assessed the causality from the study drug using
Naranjo’s algorithm and reported to the Ministry of Public Health. In addition, all
patients were interviewed about their lifestyles, compliance, and other problems
during the study period. The diagram of the study procedure is shown in Figure 2
2.2 Laboratory Measurement
Fasting lipid panels, hepatic enzyme panels, CK, creatinine, hsCRP,
fibrinogen concentration and urine analysis were obtained as baseline data at random
between 7.00 a.m. and 10.00 a.m. before the study period and again on the last day of
the 8-week period. Cholesterol levels, hepatic transaminase enzymes, CK, creatinine,
and hsCRP were measured by using the COBAS INTEGRA 800 Roche Diagnostic
(GmbH D-68298, Mannheim, Germany) at the central laboratory of Phramongkutklao
hospital. HsCRP was assayed by particle enhanced immunoturbidimetric technique.
Fibrinogen level was analyzed using turbidimetric method with the DigiSpec Helena
Laboratories (Germany). Both instruments were calibrated and standardized daily by
technical staffs.
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Subject eligibility screening
Exclusion
0 week

80 eligible subjects

Baseline data record

Patient education
Block randomization

Study group (N=40):

Control group (N=40):

rosuvastatin 10 mg every other

rosuvastatin 10 mg once daily

day at 8.00 p.m. for 8 weeks

at 8.00 p.m. for 8 weeks

0-8 weeks

Patients contact the
researcher via telephone

8 weeks

Follow-up the patients
via telephone

Obtaining 12-hour fasting blood and urine samples

Efficacy and safety evaluation
Figure 2 The diagram of the study procedure
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2.3 Statistical Analysis
Statistical analyses were performed using the Statistical Package for Social
Sciences (SPSS) software version 12.0. Intention to treat analysis was used by
replacing the missing data with series mean for each group. Both descriptive and
inferential statistics were determined. The level of significance was set at an α = 0.05.
Descriptive statistics (e.g., mean, standard deviation, median, percentage, and
frequency) were used to evaluate the baseline characteristics, efficacy data (i.e., lipids,
hsCRP, and fibrinogen altering), and safety data.
Kolmogorov-Smirnov test and Levene’s test were used to determine the
distribution of data and homogeneity of variance, respectively. Statistical
comparisons between study and control group for categorical variables were
performed using Chi-square tests or Fisher’s exact test in the analysis of baseline
patient characteristics, laboratory data, percentage of patients achieving LDL-C goal,
and percentage of patients experienced adverse events. Continuous variables between
baseline and at the end of study for each patient group were compared by using paired
t-test when data were normal distribution or using Wilcoxon signed-rank test when
data were non-normal distribution. In addition, continuous variables between study
and control groups were compared by using independent t-test or Mann-Whitney U
test for normal and non normal distribution data, respectively. Moreover, if baseline
data are different between the patient groups, two-way ANOVA with repeated
measures on one factor would be performed to determine the interaction between
groups and time and to examine the main effects of group and time. Main effect of
group would suggest that there was an overall difference between the control and
study groups with respect to the mean of the data. Main effect of time would suggest
that there was a significant difference between data obtained at one time and data
obtained at another time during the study period.

CHAPTER IV
RESULTS AND DISCUSSIONS
The study was a randomized, open-labeled, parallel trial. The purpose was to
compare the effectiveness and safety of rosuvastatin 10 mg once daily with every
other day in terms of: (1) serum lipids, hsCRP, and fibrinogen alteration, (2) the
percentage of patients who achieved their LDL-C goals according to NCEP-ATP III
guidelines, (3) adverse event rates, and (4) monthly cost per %LDL-C reduction.
This chapter is divided into 3 parts:
1. Baseline patient characteristics which consist of baseline patient demographics and
clinical laboratory data.
2. Efficacy evaluation including the efficacy of rosuvastatin 10 mg once daily and
every other day on serum lipids, hsCRP, and fibrinogen changing from baseline,
the percentage of patients who achieved their LDL-C goals according to NCEPATP III guidelines, and monthly cost per %LDL-C reduction.
3. Safety evaluation.
1. Baseline Patient Characteristics
1.1 Baseline Patient Demographics
Subjects were recruited from patients with hypercholesterolemia who met the
inclusion criteria and were willing to participate in the study. Figure 3 depicts the
patient flow diagram. Of 80 patients enrolled, 76 patients completed the 8-week
study period (38 patients in each group). One patient died of sepsis, three asked for
withdrawal due to adverse events (i.e., headache, malaise, and myalgia).
Table 26 – 27 present baseline patient demographic data. Most patients (60%)
were female. This finding is consistent with the proportion of Thai adults with
hypercholesterolemia (i.e., 57.83% female) [54]. This is also similar to the results
reported by Kitiyadisai, et al. and Phruttisunakon in those 51.7% to 64.4% of
hypercholesterolemia patients at Phramongkutklao hospital were female [84-85].
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80 eligible patients

Block randomization

Control group:

Study group:

40 assigned to receive
rosuvastatin 10 mg once
daily

40 assigned to receive
rosuvastatin 10 mg
every other day
one withdrew
from headache

one withdrew
from malaise
one withdrew
from myalgia

38 completed the study

one died of sepsis

38 completed the study

Figure 3 Patient flow diagram
The mean age of patients (mean ± SD) was 59.64 ± 9.89 years (ranging from
41 to 82 years). This is similar to the results from three previous studies at
Phramongkutklao hospital which indicate that mean age of hypercholesterolemic
patients were 63.47 ± 10.85 years (ranging from 28 to 90 years), 61.87 ± 9.66 years
(ranging from 35 to 83 years), and 60.56 ± 9.75 years (ranging from 43 to 79 years)
[84-86]. The most common age range was 50 – 59 years, representing 40% of
patients. This age range is considered as one of the major risk factors for CHD. The
average weight and height were 66.37 ± 12.00 kg and 1.60 ± 0.08 m, respectively.
The mean body mass index (BMI) was 25.69 ± 3.70 kg/m2 (ranging from 18.5 to 34.6
kg/m2). This is similar to the results reported by Samphao-Ngern (25.2 ± 2.9 kg/m2)
and Phruttisunakon (25.84 ± 3.80 kg/m2) [85,87]. Most patients (36.3%) were in
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Table 26 Baseline patient demographics in categorical data
No. of patients (%)*
Data

Control group Study group

Total

(N = 40)

(N = 40)

(N = 80)

- Male

17 (42.5)

15 (37.5)

32 (40.0)

- Female

23 (57.5)

25 (62.5)

48 (60.0)

p valuea

Sex
0.819

Age
-

40 – 49 years

9 (22.5)

4 (10.0)

13 (16.2)

-

50 – 59 years

17 (42.5)

15 (37.5)

32 (40.0)

-

60 – 69 years

6 (15.0)

9 (22.5)

15 (18.8)

-

70 – 79 years

8 (20.0)

11 (27.5)

19 (23.8)

-

> 80 years

0 (0.0)

1 (2.5)

1 (1.2)

0 (0.0)

0 (0.0)

0 (0.0)

0.390

BMI (kg/m2)
-

< 18.5 (underweight)

-

18.5 – 22.9 (normal range)

11 (27.5)

10 (25.0)

21 (26.3)

-

23.0 – 24.9 (at risk)

9 (22.5)

8 (20.0)

17 (21.3)

-

25.0 – 29.9 (obese I)

14 (35.0)

15 (37.5)

29 (36.3)

-

> 30 (obese II)

6 (15.0)

7 (17.5)

13 (16.3)

0.975

Waist circumference (inches)
-

> 36 inches in male

7 (17.5)

9 (22.5)

16 (20.0)

0.780

-

> 32 inches in female

13 (32.5)

11 (27.5)

24 (30.0)

0.807

- Hypertension

26 (65.0)

34 (85.0)

60 (75.0)

0.071

- Diabetes mellitus

11 (27.5)

11 (27.5)

22 (27.5)

1.000

- Gout

3 (7.5)

3 (7.5)

6 (7.5)

1.000

- Others**

9 (22.5)

11 (27.5)

20 (25.0)

0.796
0.585

Underlying diseases

Number of concurrent drugs
-

0 – 5 drug(s)

33 (82.5)

30 (75.0)

63 (78.8)

-

> 5 drugs

7 (17.5)

10 (25.0)

17 (21.2)

14 (35.0)

18 (45.0)

32 (40.0)

Metabolic syndrome

0.494
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Table 26 Baseline patient demographics in categorical data (continued)
No. of patients (%)*
Data

Control group Study group

Total

(N = 40)

(N = 40)

(N = 80)

p value

Occupation
-

Government officer

18 (45.0)

17 (42.5)

35 (43.8)

-

Housekeeper

11 (27.5)

10 (25.0)

21 (26.2)

-

None

2 (5.0)

9 (22.5)

11 (13.8)

-

Commerce

3 (7.5)

2 (5.0)

5 (6.2)

-

Others***

6 (15.0)

2 (5.0)

8 (10.0)

0.151a

Health insurance rights
-

Refundable

27 (67.5)

28 (70.0)

55 (68.8)

-

Non refundable

4 (10.0)

3 (7.5)

7 (8.8)

-

Social security

3 (7.5)

2 (5.0)

5 (6.2)

-

National health insurance

6 (15.0)

7 (17.5)

13 (16.2)

Smoker

3 (7.5)

2 (5.0)

5 (6.2)

1.000b

Alcoholic drinker

8 (20.0)

2 (5.0)

10 (12.5)

0.091a

0.932a

(30 baht scheme)

a

using Chi-square test to compare the number of patients in the control group with the study group

b

using Fisher’s exact test to compare the number of patients in the control group with the study
group

*

% in each regimen for the control and the study group columns, or % of all patients in a total
column

**

CHD, cerebrovascular disease, asthma, arrhythmia, heart failure, parkinsonism, and benign
prostatic hyperplasia

*** state enterprise, employee, and farmer
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Table 27 Baseline patient demographics in continuous data
Mean ± SD
Data

(range)
Control group

Study group

Total

(N = 40)

(N = 40)

(N = 80)

57.18 ± 1.48

62.10 ± 1.57

59.64 ± 9.89

(41, 73)

(41, 82)

(41, 82 )

66.14 ± 9.59

66.60 ± 14.14

66.37 ± 12.00

(50, 90)

(40, 96)

(40, 6)

1.61 ± 0.01

1.60 ± 0.01

1.60 ± 0.08

(1.50, 1.76)

(1.40, 1.75)

(1.40, 1.76)

25.53 ± 3.39

25.85 ± 4.02

25.69 ± 3.70

(20.7, 33.0)

(18.5, 34.6)

(18.5, 34.6)

Waist circumference

33.68 ± 3.24

34.14 ± 5.08

33.91 ± 4.20

(inches)

(27.0, 40.0)

(24.0, 45.5)

(24.0, 45.5)

137.90 ± 21.28

144.07 ± 27.08

140.99 ± 24.96

(98, 210)

(81, 220)

(81, 220)

84.83 ± 19.07

83.88 ± 11.15

84.35 ± 15.53

(52, 160)

(56, 110)

(52, 160)

3.45 ± 2.17

4.28 ± 2.33

3.86 ± 2.28

(0, 8)

(1, 10)

(0, 10)

Age (years)
Weight (kg)
Height (m)
BMI (kg/m2)

SBP (mgHg)
DBP (mgHg)
Number of
concurrent drugs

p valuea

0.025*
0.868
0.548
0.702
0.630
0.058
0.787
0.106

SD = standard deviation; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic
blood pressure
a

using independent t-test to compare mean of the control group with the study group

*

having a statistically significant difference at α = 0.05

25.0 – 29.9 kg/m2 BMI range which was classified as obese patients according to the
World Health Organization (WHO) criteria for Asia-Pacific region [88]. This
indicates that obesity was one of the problems in these patients and associated with
cardiovascular diseases. However, obesity is a modifiable risk factor, therefore, the
role of healthcare professionals on these patients should be initiated to control their
weight. The mean waist circumference was 33.91 ± 4.20 inches (ranging from 24.0 to
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45.5 inches). The abdominal obesity (defined as weight circumference more than 36
inches in male and 32 inches in female) associated with the cardiovascular risk factors
of the metabolic syndrome was identified in both male (20%) and female (30%) [88].
Most underlying diseases in the study populations were hypertension (HTN,
75.0%) and diabetes mellitus (DM, 27.5%). This finding is congruent with the result
reported by Phruttisunakon which also showed that 71.2% of patients had HTN and
16.9% had DM [85]. Both HTN and DM are the major risk factors for CHD.
Therefore, these factors should also be considered when caring the patients. Mean
systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 140.99 ±
24.96 and 84.35 ± 15.53, respectively. Despite evidence of HTN in most patients, the
mean DBP appears to be lower than the HTN range. This may be because many
patients were taking antihypertensive drugs and most patients were elderly with
isolated systolic hypertension. Nearly half of patients (40%) had metabolic syndrome
which was associated with substantial increase in CHD risk. These patients should be
educated and encouraged to improve their BP, FBS, TG, HDL-C, and waist
circumference. Most patients got equal or less than five concurrent drugs (i.e., mean
of the number of concurrent drugs were 3.86 ± 2.28 drugs). The number of patients
who received each type of concurrent drug was not significantly different between the
control and the study groups (all p > 0.05) (Table 28).
Most patients were government officers (43.8%) and housekeeper (26.2%)
because most of them were soldiers and their families. Most patients (68.8%) could
refund their healthcare expenditure. This finding is consistent with the previous
studies which showed that 70.2% to 77.6% of patients could refund their healthcare
expenditure [84-86]. Only five patients (6.2%) currently smoked cigarettes, and 10
patients (12.5%) drank alcohol. These are small percentage which may be due to the
success of the recent government campaign, increase in physician reinforcement and
increase in awareness and concern of the patients. The numbers of patients who
smoked cigarettes and drank alcohol were not different between the control and the
study groups (Table 26).
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Table 28 Comparison of the concurrent drugs in the control with the study group
No. of patients (%)**
Concurrent drugs*

Control group Study group

Total

p valuea

(N = 40)

(N = 40)

(N = 80)

Allopurinol

1 (2.5)

1 (2.5)

2 (2.5)

1.000

Amiloride + HCTZ (Moduretic®)

1 (0.0)

0 (0.0)

1 (1.2)

1.000

Amlodipine

4 (10.0)

3 (7.5)

7 (8.8)

1.000

Aspirin

9 (22.5)

10 (25.0)

19 (23.8)

1.000

Atenolol

10 (25.0)

18 (45.0)

28 (35.0)

0.101

Bisoprolol

1 (2.5)

0 (0.0)

1 (1.2)

1.000

Candesartan

1 (2.5)

2 (5.0)

3 (3.8)

1.000

Clopidogrel

0 (0.0)

2 (5.0)

2 (2.5)

0.494

Colchicine

2 (5.0)

2 (5.0)

4 (5.0)

1.000

Digoxin

1 (2.5)

0 (0.0)

1 (1.2)

1.000

Diltiazem

1 (2.5)

2 (5.0)

3 (3.8)

1.000

Doxazosin

1 (2.5)

2 (5.0)

3 (3.8)

1.000

10 (25.0)

13 (32.5)

23 (28.8)

0.621

Felodipine

0 (0.0)

2 (5.0)

2 (2.5)

0.494

Furosemide

1 (2.5)

0 (0.0)

1 (1.2)

1.000

Glibenclamide

3 (7.5)

1 (2.5)

4 (5.0)

0.615

Gliclazide

4 (10.0)

2 (5.0)

6 (7.5)

0.675

Glipizide

3 (7.5)

7 (17.5)

10 (12.5)

0.310

12 (30.0)

18 (45.0)

30 (37.5)

0.248

Irbesartan

1 (2.5)

1 (2.5)

2 (2.5)

1.000

Isosorbide-5-mononitrate

1 (2.5)

2 (5.0)

3 (3.8)

1.000

Isosorbide dinitrate

0 (0.0)

2 (5.0)

2 (2.5)

0.494

Manidipine

1 (2.5)

2 (5.0)

3 (3.8)

1.000

Metformin

9 (22.5)

9 (22.5)

18 (22.5)

1.000

Metoprolol

1 (2.5)

0 (0.0)

1 (1.2)

1.000

Nifedipine

3 (7.5)

6 (15.0)

9 (11.2)

0.481

Perindopril

2 (5.0)

1 (2.5)

3 (3.8)

1.000

Enalapril

HCTZ
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Table 28 Comparison of the concurrent drugs in the control with the study group
(continued)
No. of patients (%)**
Concurrent drugs*

Control group Study group

Total

p valuea

(N = 40)

(N = 40)

(N = 80)

Prazosin

0 (0.0)

1 (2.5)

1 (1.2)

1.000

Propranolol

0 (0.0)

1 (2.5)

1 (1.2)

1.000

Quinapril

1 (2.5)

0 (0.0)

1 (1.2)

1.000

Ramipril

2 (5.0)

0 (0.0)

2 (2.5)

0.494

Spironolactone

0 (0.0)

2 (5.0)

2 (2.5)

0.494

Terazosin

0 (0.0)

1 (2.5)

1 (1.2)

1.000

*

other concurrent drugs include alprazolam (N = 7), amitriptyline (N = 1), betahistine (N = 2),
calcium carbonate (N = 9), carbidopa + levodopa (N = 1), cetirizine (N = 1), cinnarizine (N = 1),
dimenhydrinate (N = 5), entacapone (N = 1), flunarizine (N = 4), folic acid (N = 3), levodopa +
benserazide (N = 1), lorazepam (N = 2), multivitamin (N = 1), omeprazole (N = 9), ranitidine (N =
2), vitamin B1-6-12 (N = 4), and vitamin B complex (N = 8) (all other drugs in the control group
were not significant different from the study group; all p > 0.05)

** % in each regimen for the control and the study group columns, or % of all patients in a total
column
a

using Chi-square test to compare the number of patients taking a drug and not taking that drug in
the control with the study group

As regards risk factors for CHD, the major risk factors for CHD and patient
risk categories are presented in Table 29. The most common major risk factor was
age (i.e., male > 45 years, or female > 55 years or premature menopause without
estrogen replacement therapy) which accounted for 93.8% of the patients. The second
most common was hypertension, which accounted for 75% of patients. These results
are consistent with the previous studies in which age was the most common major risk
factor (85% to 90.5%) followed by hypertension (52.4% to 76.3%) [84-87]. Sixtyfive percent of patients had more than one major risk factors (i.e., 37.5% and 27.5%
of patients had two and three major risk factors, respectively). Consequently, most
patients (40%) were in moderate risk category (i.e., had more than one major risk
factor and 10-year risk equal or less than 20% without experienced CHD) which
required lowering of LDL-C levels to less than 130 mg/dL to achieve LDL-C goal
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Table 29 Risk factors for coronary heart disease
No. of patients (%)*
Data

Control group Study group

Total

p value

(N = 38)

(N = 38)

(N = 76)

- Age**

37 (92.5)

38 (95.0)

75 (93.8)

1.000b

- Family history***

5 (12.5)

3 (7.5)

8 (10.0)

0.712b

- Hypertension

26 (65.0)

34 (85.0)

60 (75.0)

0.071a

- Smoking

3 (7.5)

2 (5.0)

5 (6.2)

1.000b

- HDL-C < 40 mg/dL

7 (17.5)

11 (27.5)

18 (22.5)

0.422a

- HDL-C > 60 mg/dLg

14 (35.0)

9 (22.5)

23 (28.8)

0.323a

- 0 factor

8 (20.0)

4 (10.0)

12 (15.0)

- 1 factor

9 (22.5)

7 (17.5)

16 (20.0)

- 2 factors

15 (37.5)

15 (37.5)

30 (37.5)

- 3 factors

8 (20.0)

14 (35.0)

22 (27.5)

11 (27.5)

16 (40.0)

27 (33.8)

- Moderate; > 2 risk factors

16 (40.0)

16 (40.0)

32 (40.0)

- Low; 0-1 risk factor

13 (32.5)

8 (20.0)

21 (26.2)

Major risk factors

No. of major risk factor(s)
0.359a

Risk categories
- High; CHD or CHD risk
equivalentsgg

0.347a

HDL-C = high-density lipoprotein cholesterol; CHD = coronary heart disease
*
% in each regimen for the control and the study group columns, or % of all patients in a total
column
** male > 45 years; female > 55 years or premature menopause without estrogen replacement
therapy
*** family history of premature CHD (CHD in male first-degree relative < 55 years; CHD in female
first-degree relative < 65 years)
g
negative risk factor
gg
CHD risk equivalents = other clinical forms of atherosclerotic disease (peripheral arterial disease,
abdominal aortic aneurysm, and symptomatic carotid artery), diabetes mellitus, and 10-year risk
for CHD > 20%
a
using Chi-square test to compare the number of patients in the control with the study group
b
using Fisher’s exact test to compare the number of patients in the control with the study group
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according to NCEP-ATP III guidelines [4]. Patients in high (i.e., had CHD or CHD
risk equivalents) and low (i.e., had less than two major risk factors) risk categories
were accounted for 33.8% and 26.2% of all patients, respectively.
Comparison of patient baseline characteristics of the study with the control
group was tested by independent t-test for continuous data and Chi-square (χ2) test or
Fisher’s exact test for categorical data. The results showed that there were no
significant differences between two groups in terms of: sex, age ranges, weight,
height, BMI, BMI ranges, waist circumference, waist circumference ranges,
underlying diseases, SBP, DBP, number of patients with metabolic syndrome, number
of concurrent drugs, occupation, health insurance rights, smoker, alcoholic drinker,
type of major risk factor, number of major risk factors, and risk categories (all p >
0.05). However, the mean age of patients in the study groups was significantly higher
than that in the control group (62.10 ± 1.57 years, and 57.18 ± 1.48 years,
respectively; p = 0.025). It is possible that an increasing age might affect patient selfcare, compliance, or adverse event rates. However, the number of patients in each age
range was not significantly different between two groups (p = 0.390).
1.2 Baseline Clinical Laboratory Data
Baseline clinical laboratory data are presented in Table 30 – 31. Independent
t-test and Chi-square test were used to determine the difference of baseline laboratory
data between the control and study groups. It was found that all data except hsCRP
(i.e., FBS, TC, TG, HDL-C, LDL-C, fibrinogen, AST, ALT, CK, and creatinine) were
not significantly different between the control and study groups (all p > 0.05).
The overall mean baseline FBS was 114.69 ± 44.17 mg/dL (ranging from 66.6
to 324.0 mg/dL). Mean baseline FBS in the control group (117.92 ± 50.62, ranging
from 75.0 to 324.0 mg/L) was slightly higher than that in the study group (111.46 ±
36.99 mg/dL, ranging from 66.6 to 221.4 mg/dL), but was not significantly different
(p = 0.517). These levels are higher than the normal range according to the American
Diabetes Association (ADA 2005) which classified these as impaired fasting glucose.
These FBS levels are one of the components of metabolic syndrome [88-89].
Mean baseline TC in the control and study groups were 256.20 ± 35.47 mg/dL
(ranging from 176 to 331 mg/dL) and 241.52 ± 34.04 mg/dL (ranging from 181 to
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Table 30 Baseline clinical laboratory data
Mean ± SD and median*
Data

FBS (mg/dL)
TC (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
-

Male
Female

LDL-C (mg/dL)
hsCRP (mg/L)
Median
Fibrinogen (mg/dL)
AST (IU/L)
Median
ALT (IU/L)
Median

(range)
Control group

Study group

Total

(N = 40)

(N = 40)

(N = 80)

117.92 ± 50.62

111.46 ± 36.99

114.69 ± 44.17

(75.0, 324.0)

(66.6, 221.4)

(66.6, 324.0)

256.20± 35.47

241.52 ± 34.04

248.86 ± 35.32

(176, 331)

(181, 320)

(176, 331)

155.27 ± 79.44

151.30 ± 74.41

153.29 ± 76.50

(60, 382)

(50, 362)

(50, 382)

52.73 ± 14.86

52.60 ± 17.17

52.66 ± 15.96

(26, 80)

(31, 104)

(26, 104)

47.29 ± 15.70

44.93 ± 7.60

46.19 ± 12.44

(26, 80)

(31, 57)

(26, 80)

56.74 ± 13.13

57.20 ± 19.66

56.98 ± 16.68

(33, 80)

(31, 104)

(31, 104)

181.73 ± 34.65

170.33 ± 28.22

176.03 ± 31.92

(121 – 256)

(120 – 252)

(120 – 256)

3.103 ± 2.916

4.233 ± 3.123

3.668 ± 3.055

(0.301, 15.564)

(0.453, 13.076)

(0.301, 15.564)

2.013

3.107

2.586

415.75 ± 116.51 460.25 ± 123.76 438.00 ± 121.50
(200, 900)

(190, 740)

(190, 900)

22.87 ± 7.55

25.28 ± 11.76

24.08 ± 9.894

(14, 47)

(14, 73)

(14, 73)

20.0

20.5

20.0

25.45 ± 9.82

28.28 ± 22.09

26.86 ± 17.044

(14, 53)

(7, 108)

(7, 108)

23.0

19.0

22.0

p valuea

0.517
0.063
0.818
0.972
0.600
0.925

0.111
0.099
0.030**
0.102
0.281
0.609
0.463
0.256
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Table 30 Baseline clinical laboratory data (Continued)
Mean ± SD or median*
Data

CK (IU/L)
Median
Creatinine (µmol/L)

(range)
Control group

Study group

Total

(N = 40)

(N = 40)

(N = 80)

141.00 ± 101.60

103.83 ± 65.87

122.41 ± 87.10

(43, 484)

(26, 351)

(26, 484)

109.5

88.0

98.0

73.38 ± 18.05

78.50 ± 23.14

75.94 ± 20.78

(42, 104)

(44, 128)

(42, 128)

p valuea

0.124
0.077
0.273

SD = standard deviation; FBS = fasting blood sugar; TC = total cholesterol; TG = triglyceride; HDL-C
= high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; hsCRP = highsensitivity C-reactive protein; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CK
= creatine kinase
*

using mean ± SD for FBS, TC, TG, HDL-C, LDL-C, and fibrinogen because of normal
distribution, and using median for hsCRP, AST, ALT, and CK due to non-normal distribution

**

having a statistically significant difference at α = 0.05

a

using independent t-test to compare mean of FBS, TC, TG, HDL-C, LDL-C, and fibrinogen in
the control with the study group, and using Mann-Whitney U test to compare median of hsCRP,
AST, ALT, and CK in the control with the study group

320 mg/dL), respectively (p = 0.063). Similar to the result of baseline serum TC in
Phruttisunakon study (256.47 ± 48.54 mg/dL), mean TC of all patients in this study
was 248.86 ± 35.32 mg/dL (ranging from 176 to 331 mg/dL) [85]. These levels are
higher than a desirable level as recommended by NCEP-ATP III (TC should less than
200 mg/dL). Moreover, only 5% of patients had baseline TC in a desirable range
(Table 31).
With regard to the baseline TG, there was no statistically significant difference
between the control and study groups (p = 0.818). Mean baseline TG in the control
and study groups were 155.27 ± 79.44 mg/dL (ranging from 60 to 382 mg/dL) and
151.30 ± 74.41 mg/dL (ranging from 50 to 362 mg/dL), respectively. Mean baseline
TG of all patients was 153.29 ± 76.50 mg/dL (ranging from 50 to 382 mg/dL), which
slightly lower than a previous result reported by Phruttisunakon (163.57 ± 81.18
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Table 31 Number of patients who had baseline laboratory data in normal range
No. of patients (%)*
Data

Control group Study group

Total

(N = 40)

(N = 40)

(N = 80)

2 (5.0)

2 (5.0)

4 (5.0)

38 (95.0)

38 (95.0)

76 (95.0)

p valuea

TC (mg/dL)
-

< 200 (desirable)

-

> 200

1.000

TG (mg/dL)
-

< 150 (normal)

26 (65.0)

22 (55.0)

48 (60.0)

-

> 150

14 (35.0)

18 (45.0)

32 (40.0)

0.494

HDL-C (mg/dL)
-

< 40 (low)

11 (27.5)

12 (30.0)

23 (28.8)

1.000

-

> 60 (high)

14 (35.0)

9 (22.5)

23 (28.8)

0.323

LDL-C (mg/dL)
-

< 100 (optimal)

0 (0.0)

0 (0.0)

0 (0.0)

-

100-129 (above optimal)

2 (5.0)

2 (5.0)

4 (5.0)

-

130-159 (borderline high)

8 (20.0)

12 (30.0)

20 (25.0)

-

160-189 (high)

17 (42.5)

19 (47.5)

36 (45.0)

-

> 190 (very high)

13 (32.5)

7 (17.5)

20 (25.0)

0.438

hsCRP (mg/L)
-

< 5 (normal)

32 (80.0)

26 (65.0)

58 (72.5)

-

>5

8 (20.0)

14 (35.0)

22 (27.5)

0 (0.0)

2 (5.0)

2 (2.5)

0.211

Fibrinogen (mg/dL)
-

< 200

-

200 – 400 (normal)

15 (37.5)

11 (27.5)

26 (32.5)

-

> 400

25 (62.5)

27 (67.5)

52 (65.0)

0.260

TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C =
low-density lipoprotein cholesterol; hsCRP = high-sensitivity C-reactive protein
*

% in each regimen for the control and the study group columns, or % of all patients in a total
column

**

having a statistically significant difference at α = 0.05

a

using Chi-square test to compare the number of patients in the control with the study group
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mg/dL) [85]. The percentage of patients who had baseline TG higher than the normal
range (i.e., more than 150 mg/dL) were 35% and 45% in the control and study groups,
respectively (p = 0.209). Overall, forty percent of patients had baseline TG above the
normal range, as shown in Table 31.
For baseline HDL-C, the overall mean was 52.66 ± 15.96 mg/dL (ranging
from 26 to 104 mg/dL). This level is slightly lower than that reported in the
Phruttisunakon study (57.25 ± 14.26 mg/dL) [85]. Mean HDL-C in the control group
was 52.73 ± 14.86 mg/dL (ranging from 26 to 80 mg/dL), which was similar to 52.60
± 17.17 mg/dL (ranging from 31 to 104 mg/dL) in the study group (p = 0.972). Since
male generally has lower level than female, serum HDL-C was categorized by sex.
Mean HDL-C of male patients was 47.29 ± 15.70 mg/dL (ranging from 26 to 80
mg/dL) and 44.93 ± 7.60 mg/dL (ranging from 31 to 57 mg/dL) in the control and
study groups, respectively. There was no statistically significant difference of mean
HDL-C between two groups (p = 0.600). Similarly, there was also no significant
difference in mean HDL-C of female patients between the control (mean was 56.74 ±
13.13 mg/dL; ranging from 33 to 80 mg/dL) and study groups (mean was 57.20 ±
19.66 mg/dL; ranging from 31 to 104 mg/dL) (p = 0.925). For all patients, mean
baseline HDL-C of male and female patients were 46.19 ± 12.44 mg/dL (ranging
from 26 to 80 mg/dL) and 56.98 ± 16.68 mg/dL (ranging from 31 to 104 mg/dL),
respectively. Of 80 patients, 28.8% had low serum HDL-C less than 40 mg/dL. High
serum HDL-C also accounted for 28.8% of the patients (Table 31).
Regarding the baseline LDL-C, the overall mean LDL-C was 176.03 ± 31.92
mg/dL (ranging from 120 to 256 mg/dL) which was categorized as high level. This
finding is in a similar fashion to the result reported by Phruttisunakon in that mean
LDL-C of hypercholesterolemic patients at Phramongkutklao hospital was 174.80 ±
44.15 mg/dL [85]. There was no a significant difference of mean LDL-C between the
control and study groups (181.23 ± 34.65 mg/dL, ranging from 121 to 256 mg/dL, and
170.33 ± 28.22 mg/dL, ranging from 120 to 252 mg/dL, respectively; p = 0.111). As
shown in Table 31, none of the patients had baseline LDL-C in the optimal range
because only patients who had high LDL-C level and required statins therapy were
recruited in this study.
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For baseline hsCRP, the distribution which determined by KolmogorovSmirnov test of hsCRP was not normal. Therefore, median was used to represent the
central tendency instead of mean. The median hsCRP of the study group (3.170
mg/L, ranging from 0.453 to 13.076 mg/L) was significantly higher than that in the
control group (2.013 mg/L, ranging from 0.301 to 15.564 mg/L) (p = 0.030). It may
be because patients in the study group were older than the control group. HsCRP
levels tend to be higher in elderly patients. Most patients (72.5%) had serum hsCRP
in the normal range (Table 31). In addition, the number of patients who had hsCRP in
normal range or above normal was not significantly different between the control and
study groups (p = 0.211).
Regarding the baseline fibrinogen, the overall mean fibrinogen was 438.00 ±
121.50 mg/dL (ranging from 190 to 900 mg/dL). No significant difference in mean
baseline fibrinogen was observed between two groups (p = 0.102). Mean fibrinogen
in the control and study groups were 415.75 ± 116.51 mg/dL (ranging from 200 to
900 mg/dL) and 460.25 ± 123.76 mg/dL (ranging from 190 to 740 mg/dL),
respectively. These levels were higher than normal range (200 to 400 mg/dL).
Moreover, most patients (65%) had fibrinogen level more than 400 mg/dL (Table 5),
which was associated with an increase risk for CHD. The number of patients in each
fibrinogen category was not significantly different between the control and study
groups (p = 0.260).
For baseline laboratory data of safety profile, median AST, ALT, and CK
were reported because the data were not normal distribution. The overall median of
AST, ALT, and CK were 20.0, 22.0, and 98.0 IU/L, respectively. Median AST of
patients in the control group (20.0 IU/L) was not significantly different (p = 0.609)
when compared with the study group (20.5 IU/L). Median ALT of patients in the
control group was higher than in the study group (23.0 vs 19.0 IU/L, respectively), but
was not statistically significant (p = 0.256). Also, there was no a statistically
significant difference of median CK in the control and study groups (p = 0.077).
Median CK in the control and study groups were 109.5 and 88.0 IU/L, respectively.
The overall mean creatinine was 75.94 ± 20.78 IU/L (ranging from 42 to 128 IU/L).
Mean creatinine in the study group (78.50 ± 23.14 IU/L, ranging from 44 to 128 IU/L)
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was slightly higher than in the control group (73.38 ± 18.05 IU/L, ranging from 42 to
104 IU/L), but was not significantly different (p = 0.273).
2. Efficacy Evaluation
Of 40 patients in the control and study groups, two patients (5%) in each
group withdrew from the study. Intention to treat analysis was performed to
determine the efficacy of all patients (40 patients per each group). The missing data
were replaced by series mean of each group. As shown in Table 32, the demographic
data of patients (i.e., weight, BMI, waist circumference, SBP, DBP, and FBS) at the
study initiation (week 0) was not significantly different from that at the study
completion (week 8) in both patient groups (both p > 0.05).
2.1 Efficacy on Serum Lipids, hsCRP, and Fibrinogen Changing from Baseline
Table 33 presents the efficacy of rosuvastatin 10 mg once daily and every
other day on serum lipids, hsCRP, and fibrinogen alteration. Paired t-test was used to
compare mean of TC, TG, HDL-C, LDL-C, and fibrinogen at baseline (week 0) with
at the end of study (week 8). Because hsCRP distribution which determined by
Kolmogorov-Smirnov test was not normal. Therefore, median hsCRP was used
instead of mean. Wilcoxon signed-rank test was performed to compare median
hsCRP at baseline and at the end of study. In addition, independent t-test was used to
compare mean of serum TC, TG, HDL-C, LDL-C, and fibrinogen at week 8 between
the control and study groups. For hsCRP, baseline hsCRP in the control group was
significantly different from the study group (p = 0.030) (Table 30). Therefore, twoway ANOVA with repeated measures on one factor was performed to adjust this
difference.
In the control group, mean TC was significantly decreased from 256.20 ±
35.47 mg/dL (baseline) to 161.52 ± 42.34 mg/dL (at the end of study) (p < 0.001).
Serum TG was also significantly decreased from 155.27 ± 79.44 mg/dL (baseline) to
116.66 ± 53.09 mg/dL (at the end of study) (p < 0.001). Moreover, there was a
significant decrease in serum LDL-C from 181.73 ± 34.65 mg/dL (baseline) to 94.10
± 40.16 mg/dL (at the end of study) (p < 0.001). In addition, median hsCRP was
significantly reduced from 2.013 mg/L (baseline) to 1.802 mg/L (at the end of study)
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Table 32 Comparison of the demographic data between week 0 and 8 within patient groups and between two patient groups at week 8
Control group (N = 40)*
Mean ± SD

Data

(range)
week 8

66.14 ± 9.59

65.35 ± 8.47

(50, 90)

(49, 88)

25.53 ± 3.39

25.40 ± 3.25

(20.7, 33.0)

(20.7, 33.2)

Waist circumference

33.68 ± 3.24

33.67 ± 3.06

(inches)

(27.0, 40.0)

(27.0, 40.0)

137.90 ± 21.28

133.18 ± 15.60

(98, 210)

(100, 180)

84.83 ± 19.07

79.46 ± 9.60

(52, 160)

(55, 99)

117.92 ± 50.62

117.07 ± 42.42

(75.0, 324.0)

(79.2, 298.8)

BMI (kg/m2)

SBP (mgHg)
DBP (mgHg)
FBS (mg/dL)

Mean ± SD

p valueg

week 0
Weight (kg)

Study group (N = 40)*

(before-after)

0.258
0.426
0.945
0.592
0.105
0.891

(range)
week 0

week 8

66.60 ± 14.14

66.17 ± 13.44

(40, 96)

(41, 95)

25.85 ± 4.02

25.81 ± 3.94

(18.5, 34.6)

(18.9, 35.4)

34.14 ± 5.08

34.04 ± 4.96

(24.0, 45.5)

(24.0, 45.4)

144.07 ± 27.08

135.21 ± 18.32

(81, 220)

(85, 191)

83.88 ± 11.15

77.91 ± 11.15

(56, 110)

(54, 102)

111.46 ± 36.99

107.53 ± 37.96

(66.6, 221.4)

(72.0, 306.0)

p valuegg
p valueg

(between

(before-after)

groups)

0.517

0.747

0.802

0.615

0.423

0.686

0.053

0.596

0.070

0.507

0.400

0.292

SD = standard deviation; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; FBS = fasting blood sugar
* intention to treat analysis was used in data at week 8 and missing data were replaced by series mean
g
using paired t-test to compare mean at the study initiation (week 0) with at the end of study (week 8) of each group
gg
using independent t-test to compare mean of the control group with the study group at week 8
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Table 33 Comparison of clinical laboratory data between week 0 and 8 within patient groups and between two patient groups at week 8
Control group (N = 40)#
Data

TC (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
hsCRP (mg/L)
Median
Fibrinogen (mg/dL)

Mean ± SD or Median*
(range)
week 0

week 8

256.20 ± 35.47

161.52 ± 42.34

(176, 331)

(103, 329)

155.27 ± 79.44

116.66 ± 53.09

(60, 382)

(41, 289)

52.73 ± 14.86

56.05 ± 14.52

(26, 80)

(25, 100)

181.73 ± 34.65

94.10 ± 40.16

(121, 256)

(51, 241)

3.103 ± 2.916

1.842 ± 1.264

(0.301, 15.564)

(0.222, 4.845)

2.013

1.802

415.75 ± 116.51

413.37 ± 89.83

(200 – 900)

(220, 660)

Study group (N = 40)#
p valuea
(before-after)

< 0.001**
< 0.001**
0.038**
< 0.001**
0.003**
< 0.001**
0.867

Mean ± SD or Median*
(range)
week 0

week 8

241.52 ± 34.04

174.22 ± 27.85

(181, 320)

(127, 243)

151.30 ± 74.41

131.56 ± 63.08

(50, 362)

(42, 315)

52.60 ± 17.17

55.13 ± 15.22

(31, 104)

(34, 89)

170.33 ± 28.22

105.07 ± 26.30

(120, 252)

(49, 173)

4.233 ± 3.123

2.699 ± 1.989

(0.453, 13.076)

(0.584, 10.913)

3.170

2.331

460.25 ± 123.76

458.18 ± 165.81

(190, 740)

(150, 1080)

p valuea
(before-after)

p valueb
(between groups)

< 0.001**

0.117

0.026**

0.247

0.114

0.782

< 0.001**

0.153

< 0.001**

0.024**

< 0.001**

0.025**

0.908

0.137

SD = standard deviation; TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; hsCRP = high-sensitivity C-reactive protein
#
intention to treat analysis was used in data at week 8 and missing data were replaced by series mean
*
using mean ± SD for TC, TG, HDL-C, LDL-C, and fibrinogen because of normal distribution, and using median for hsCRP due to non-normal distribution
** has a significant difference at α = 0.05
a
using paired t-test to compare mean of TC, TG, HDL-C, LDL-C, and fibrinogen at baseline (week 0) with at the end of study (week 8), and using Wilcoxon signed ranks test to compare median of
hsCRP
at baseline with at the end of study
b
using independent t-test to compare mean of TC, TG, HDL-C, LDL-C, and fibrinogen at week 8 of the patients in the control group with the study group, and using Mann-Whitney U test to compare
median
of hsCRP at week 8 of patients in the control group with the study group
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(p < 0.001). The patients in this control group had a significant increase in serum
HDL-C from 52.73 ± 14.86 mg/dL (baseline) to 56.05 ± 14.52 mg/dL (at the end of
study) (p = 0.038). However, there was no significant difference in serum fibrinogen
between baseline and that at the end of study (415.75 ± 116.51 mg/dL vs 413.37 ±
89.93 mg/dL; p = 0.867).
For the study group, serum TC was significantly reduced from 241.52 ± 34.04
mg/dL (baseline) to 174.22 ± 27.85 mg/dL (at the end of study) (p < 0.001). Also,
mean TG at the end of study was significantly decreased from baseline (from 151.30
± 74.11 mg/dL to 131.56 ± 63.08 mg/dL; p = 0.041). In addition, there was a
significant decrease in serum LDL-C from 170.33 ± 28.22 mg/dL (baseline) to 105.07
± 26.30 mg/dL (at the end of study) (p < 0.001). Moreover, median hsCRP was also
significantly decreased from 3.170 mg/L (baseline) to 2.331 mg/L (at the end of
study) (p < 0.001). However, there was no significant difference in serum HDL-C
between baseline and at the end of study (52.60 ± 17.17 mg/dL vs 55.13 ± 15.22
mg/dL; p = 0.114). Also, mean fibrinogen at baseline (460.25 ± 123.76 mg/dL) was
not significantly different from the level at the end of study (458.18 ± 165.81 mg/dL)
(p = 0.908).
As shown in Table 33, serum TC, TG, HDL-C, LDL-C, and fibrinogen at the
end of study were not significantly different between the control and study groups (all
p > 0.05). This finding indicates that patients receiving rosuvastatin 10 mg once daily
and every other day for 8 weeks provided similar levels of serum TC, TG, HDL-C,
LDL-C, and fibrinogen. For hsCRP, the result from two-way ANOVA with repeated
measures on one factor is shown in Figure 4 and Table 34. The Group x Time
interaction was not significant, F1,78 = 0.29, p = 0.592. This finding indicates that the
relationship between time and hsCRP levels was not different for each group. The
main effect of group was significant difference, F1,78 = 4.225, p = 0.043. This means
that there was a significant difference of hsCRP levels between the control and study
groups during the 8-week period. This finding is consistent with the results using
Mann-Whitney U test in that hsCRP levels at the end of study was significantly higher
than that in the study group (p = 0.025) (Table 33). This analysis also revealed a
significant effect for time, F1,78 = 30.54, p < 0.001. This finding indicates that
baseline hsCRP in each group was significantly different from that at the end of study
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(i.e., serum hsCRP at baseline was significantly higher than that at the end of study).
This is congruent with the results determined by using Wilcoxon signed-rank test in
that the median hsCRP of the patients in both control and study groups were
significantly reduced from baseline (p < 0.001 in both groups) (Table 33).
hsCRP (mg/L)
4.5

4.0

3.5

3.0

2.5

control group

2.0

study group

1.5
1

2

TIME

Figure 4 Comparison of hsCRP levels between the control and study groups
Table 34 ANOVA summary table for the change in serum hsCRP following
rosuvastatin 10 mg once daily and every other day for 8 weeks
Dependent variable: hsCRP
Source

Sum of
squares

df

Mean
squares

F-ratio

p value

4.225

0.043*

Between subjects
Group

39.48

1

39.48

Residual between

728.91

78

9.34

Time

78.14

1

78.14

30.54

0.000*

Group x Time interaction

0.74

1

0.74

0.29

0.592

199.58

78

2.559

Within subjects

Residual within
*

having a significant difference at α = 0.05
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The percentage of change in serum lipids, hsCRP, and fibrinogen is shown in
Table 35 and Figure 5. The mean percentage of reduction in serum TC was 36.76%
and 28.08% in the control and study groups, respectively. The percentage of
reduction in serum TC of the patients in the control group is similar to the pervious
studies. Those studies reported that rosuvastatin 10 mg once daily could reduce
serum TC between 30% and 38% [22,58-59,61-65]. The percentage of reduction in
serum TC of the patients in the study group is lower than that reported in the patients
receiving rosuvastatin 10 mg once daily. But it is similar to the percentage of TC
reduction of patients receiving rosuvastatin 5 mg once daily (28% to 34%), which is
an equivalent dose of rosuvastatin 10 mg every other day [58-59,61-65]. The
percentage of change in TC in the study group were significantly lower than that in
the control group (p = 0.002). This may be due to lower rosuvastatin concentration.
This finding indicates that rosuvastatin 10 mg every other day seemed to be less
effective in lowering TC levels than 10 mg once daily regimen.
The patients in the control group had significantly greater percentage of
reduction in serum TG than that in the study group (20.95% and 8.59% in the control
and the study group, respectively; p = 0.018). The percentage of reduction in serum
TG in the control group is similar to the previous studies in that rosuvastatin 10 mg
once daily reduced TG between 10% and 22% [22,58-59,61-65,90]. The patients in
the study group had lower percentage of reduction in serum TG than that reported in
the previous studies (i.e., 10% to 20% for rosuvastatin 10 mg and 12% to 35% for
rosuvastatin 5 mg) [22,58-59,61-65,90]. This may be because some patients had more
carbohydrate diet intake during the study period.
Mean percentage of elevation in serum HDL-C of the patients in the control
and study groups were 8.60% and 5.79%, respectively. This finding is consistent with
those previous studies in that patients taking rosuvastatin 10 mg and 5 mg once daily
had a 3% to 14% and 2% to 13% HDL-C elevation, respectively [22,58-59,61-65,90].
The percentage of HDL-C elevation of the patients in the control group was not
significantly different from that in the study group (p = 0.501). This finding indicates
that rosuvastatin 10 mg once daily and every other day had a comparable effect on
HDL-C.
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Table 35 Mean percentage of change in serum lipids, hsCRP, and fibrinogen from
baseline
Mean % change ± SD*
Data

TC change (%)
TG change (%)
HDL-C change (%)
LDL-C change (%)
hsCRP change (%)
Fibrinogen change
(%)

(range)
Control group

Study group

Total

(N = 40)

(N = 40)

(N = 80)

-36.76 ± 13.49

-28.08 ± 10.65

-32.42 ± 12.85

(-59.29, 5.26)

(-46.79, 4.29)

(-59.29, 21.55)

-20.95 ± 18.03

-8.59 ± 26.80

-14.77 ± 23.53

(-58.16, 25.00)

(-68.51, 60.53)

(-68.51, 60.53)

8.60 ± 18.42

5.79 ± 18.73

7.19 ± 18.51

(-33.87, 54.55)

(-16.00, 83.72)

(-33.87, 83.72)

-48.22 ± 19.06

-38.83 ± 12.42

-43.53 ± 16.67

(-73.11, 10.88)

(-61.76, -0.59)

(-73.11, 10.88)

-25.87 ± 44.03

-25.99 ± 39.70

-25.93 ± 41.66

(-90.15, 157.72)

(-74.78, 148.10)

(-90.15, 157.72)

3.41 ± 28.06

1.50 ± 26.18

2.46 ± 26.98

(-38.89, 125.00)

(-31.43, 84.85)

(-38.89, 125.00)

p valuea

0.002*
0.018*
0.501
0.011*
0.990
0.754

SD = standard deviation; TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein
cholesterol; LDL-C = low-density lipoprotein cholesterol; hsCRP = high-sensitivity C-reactive protein
*
intention to treat analysis was used in data at week 8 and missing data were replaced by series
mean
a
using independent t-test to compare mean % change of patients in the control with the study
group
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20%
8.6% 7.2%
5.8%

10%

3.4% 2.5%
1.5%

% change

0%
-10%
-20%
-30%
-40%
-50%
-60%

TC

TG

HDL-C

LDL-C

-14.8%
-8.6%
-21.0%
-32.4%
-28.1%
-36.8%

hsCRP fibrinogen

-21.9% -23.3%
-24.6%

control group
study group

-43.5%
-38.8%
-48.2%

all patients

TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C =
low-density lipoprotein cholesterol; hsCRP = high-sensitivity C-reactive protein
*

intention to treat analysis was used by replacing missing data with series mean

Figure 5 The mean percentage of change in serum TC, TG, HDL-C, LDL-C, hsCRP,
and fibrinogen of the patients in the control group (N = 40), the study group
(N = 40), and all patients (N = 80)*
The percentage of LDL-C reduction in the control group (48.22%) was
significantly higher than that in the study group (38.83%) (p = 0.011). It might be
that the rosuvastatin concentrations of patients receiving 10 mg every other day
regimen was not effective enough to lower LDL-C similar to 10 mg once daily
regimen. The percentage of LDL-C reduction of the patients in the control group is
similar to the previous studies that reported 43% to 53% of LDL-C reduction in
patients receiving rosuvastatin 10 mg [22,58-59,61-65,90]. On the other hand, the
percentage of LDL-C reduction of the patients in the study group is lower than those
previously reported in the rosuvastatin 10 mg (43% to 53%), but is similar to
rosuvastatin 5 mg (39% to 47%) [22, 58-59,61-65,90]. This may be because
rosuvastatin 10 mg every other day is an equivalent dose of rosuvastatin 5 mg once
daily.
The patients in the control and study groups had a decrease in serum hsCRP
by 25.87% and 25.99%, respectively. This was not significantly different (p = 0.754).
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The result supports the finding of an earlier study by Jialal, et al which demonstrated
that every other day dosing of statins probably would not compromise their effect on
hsCRP [34,40]. The effect of rosuvastatin on percentage of hsCRP reduction has
never been addressed yet. However, the percentage of hsCRP reduction in this study
is similar to other statins (i.e., pravastatin, cerivastatin, lovastatin, simvastatin, and
atorvastatin) that can reduce hsCRP between 13.1% and 47.0% [33,39-44,73,91].
For fibrinogen, the percentage of change in serum fibrinogen in the control
group (3.41%) was not significantly different from that in the study group (1.50%) (p
= 0.754). There have been no previous studies that determine the effect of
rosuvastatin on serum fibrinogen. However, this finding is consistent with the effect
of simvastatin and fluvastatin on fibrinogen levels (i.e., both simvastatin and
fluvastatin did not have an effect on fibrinogen) [47,49-51,53,82]. On the other hand,
this finding is inconsistent with the findings in those pravastatin, atorvastatin, and
lovastatin affected the serum fibrinogen (i.e., serum fibrinogen was decreased by
pravastatin and increased by atorvastatin and lovastatin) [46,49,51-53].
These findings indicate that both rosuvastatin 10 mg once daily and every
other day significantly reduced serum TC, TG, LDL-C, and hsCRP from baseline.
For HDL-C, rosuvastatin 10 mg every other day could not produce a significant
increase in serum HDL-C from baseline, whereas, rosuvastatin 10 mg once daily
could. In addition, both rosuvastatin 10 mg once daily and every other day could not
produce a significant decrease in serum fibrinogen. This study also shows that serum
TC, TG, HDL-C, LDL-C, and fibrinogen of patients receiving rosuvastatin 10 mg
once daily for 8 weeks were not significantly different from those of patients
receiving rosuvastatin 10 mg every other day. In contrast, there was a significant
difference of serum hsCRP between once daily and every other day dosing after the
patients had taken rosuvastatin for 8 weeks. Moreover, this study reveals that the
percentage of change in serum TC, TG, and LDL-C of patients receiving rosuvastatin
10 mg once daily was significantly higher than that of patients receiving rosuvastatin
10 mg every other day. But, no statistically significant difference of the percentage of
change in serum HDL-C, hsCRP, and fibrinogen was observed between patients
receiving rosuvastatin 10 mg once daily and every other day.
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2.2 The Percentage of Patients who Achieved LDL-C Goals According to NCEPATP III Guidelines
The percentage of patients who achieved their LDL-C goals according to
NCEP-ATP III guidelines are presented in Table 36 and Figure 6. Overall, 77.5% of
all patients in this study achieved their LDL-C goals. The percentage of patients who
reached LDL-C goals in the control and study groups were 85% and 70%,
respectively, which was not significantly different between groups (p = 0.180). This
finding is consistent with the previous study in that 76% to 86% and 67% to 88% of
patients receiving rosuvastatin 10 mg and 5 mg once daily achieved their LDL-C
goals, respectively [22,52,61-62,65]. In addition, these percentages are higher than
those found in other statins, which only half of patients (38% to 64%) could achieve
their LDL-C goals [5,8,19,65]. This finding also supports the previous study in that
rosuvastatin 10 mg once daily reduced LDL-C sufficiently to allow most patients to
achieve NCEP-ATP III goals [65]. Among the patients in control group, LDL-C
goals were achieved by 76.9%, 93.8%, and 81.8% of patients who were in low,
moderate, and high risk category, respectively. Likewise, 100.0%, 75.0%, and 50.0%
of patients in the study group who were in low, moderate, and high risk category,
reached their LDL-C goals. These findings are also consistent with the previous
studies in which 97%, 89%, and 61% of patients who achieved their LDL-C goals
after receiving rosuvastatin 10 mg once daily were in low, moderate, and high risk
category, respectively, [65].
The percentage of patients who received rosuvastatin 10 mg once daily and
achieved LDL-C goal in the low risk category (76.9%) was lower than that in the
other risk groups, despite the highest LDL-C goal in low risk category. This may be
because two patients who dropped out from the control group were in the low risk
category. Therefore, the result may be underestimated by using intention to treat
analysis [i.e., the percentage of patients who achieved LDL-C goal in each group were
calculated from the number of patients who achieved goal in each group divided by
the number of all patients (including dropped out patients) in that group]. Also, two
patients who dropped out from the study group were in the high risk category,
therefore, the percentage of patients who achieved goal in high risk category seemed
to be lower than that in the other risk groups. However, LDL-C goal in the high risk
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group is lower than that in the other risk groups and more patients in the high risk
category were in the study group. Therefore, it may be more difficult to help the
patients to reach their LDL-C goal. Despite these results, no significant difference in
the number of patients who achieved LDL-C goal between the control and study
groups was found in each risk category (all p > 0.05). These findings indicate that
rosuvastatin 10 mg once daily and every other day had a comparable LDL-C lowering
effect in reaching LDL-C goal, regardless of risk category. Therefore, every other
day dosing of rosuvastatin 10 mg may be an alternative therapy that allows the
patients to achieve their LDL-C goals, especially in the low risk category.
Table 36 The number of patients achieving and not achieving their LDL-C goals
according to NCEP-ATP III
No. of patients achieved LDL-C goal (%)*
Risk category

No. of patients not achieved LDL-C goal (%)*
Control group

Study group

Total

(N = 40)

(N = 40)

(N = 80)

High; CHD or CHD risk

9 (81.8)

8 (50.0)

17 (63.0)

equivalentsgg

2 (18.2)

8 (50.0)

10 (37.0)

15 (93.8)

12 (75.0)

27 (84.4)

1 (6.2)

4 (25.0)

5 (15.6)

10 (76.9)

8 (100.0)

18 (85.7)

3 (23.1)

0 (0.0)

3 (14.3)

34 (85.0)

28 (70.0)

62 (77.5)

6 (15.0)

12 (30.0)

18 (22.5)

Moderate; > 2 risk factors

Low; 0-1 risk factor

Total

g

g

g

p valuea

0.124

0.333

0.257

0.180

LDL-C = low-density lipoprotein cholesterol; CHD = coronary heart disease
*
% of patients in each group and each risk category
g
intention to treat analysis was used for two dropped out patients in low risk group of the control
group and for two dropped out patients in high risk group of the study group
gg
CHD risk equivalents = other clinical forms of atherosclerotic disease (peripheral arterial disease,
abdominal aortic aneurysm, and symptomatic carotid artery), diabetes mellitus, and 10-year risk
for CHD > 20%
a
using Fisher’s exact test to compare the number of patients who achieved and not achieved LDLC goal in the control with the study group
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% achieved LDL-C goal #

120%
100%

93.8%
75.0%
84.4%

80%

100.0%
76.9%

77.5%
85.7% 85.0%
70.0%

63.0%

control group

60%

study group
40%

all patients

20%
0%

#

81.8%
50.0%

*
High risk

Moderate
**
risk

Low risk
***

Overall

intention to treat analysis was used for two dropped out patients in low risk group of the control
group and for two dropped out patients in high risk group of the study group

*

patients who had CHD or CHD risk equivalents (other clinical forms of atherosclerotic disease
(peripheral arterial disease, abdominal aortic aneurysm, and symptomatic carotid artery), diabetes
mellitus, and 10-year risk for CHD > 20%)

**

patients who had more than one major risk factor and 10-year risk equal or fewer than 20%
without experienced CHD

*** patients who had fewer than two major risk factor

Figure 6 The percentage of patients who achieved LDL-C goals according to NCEPATP III guidelines were categorized by risk categories (N = 80 in all
patients, N = 40 in the control and the study group)
2.3 Monthly Cost per %LDL-C Reduction
Since most patients require a life-long therapy with statins and these drugs
(including rosuvastatin) are expensive, this can affect the patient affordability which
can reduce compliance or fail to lower LDL-C adequately. Therefore, monthly cost
per %LDL-C reduction is one of the strategies to evaluate the cost effectiveness of
statins therapy. This can help providers select the appropriate regimen for each
patient.
The cost of rosuvastatin 10 mg at Phramongkutklao hospital (2004) is 46 baht
per tablet. Patients receiving rosuvastatin 10 mg once daily and every other day could
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reduce their LDL-C by 48.22% and 38.83%, respectively. The monthly cost per
%LDL-C reduction was calculated by:
The monthly cost per % LDL-C reduction of rosuvastatin 10 mg once daily
=

cost of 30 tablets of rosuvastatin 10 mg
%LDL-C reduction of patients receiving rosuvastatin 10 mg once daily

=

46 x 30
48.22

=

28.62 baht

The monthly cost per % LDL-C reduction of rosuvastatin 10 mg every other day
=

cost of 15 tablets of rosuvastatin 10 mg
%LDL-C reduction of patients receiving rosuvastatin 10 mg once daily

=

46 x 15
38.83

=

17.77 baht

The monthly cost per %LDL-C reduction of patients receiving rosuvastatin 10
mg every other day was 17.77 baht, which accounted for 37.9% lower cost than the
patients receiving rosuvastatin 10 mg once daily (28.62 baht). Therefore, patients
who need a 30% to 40% reduction in serum LDL-C, have to pay about 858.56 to
1144.75 baht per month for once daily regimen and 533.09 to 710.79 baht per month
for every other day regimen. This finding is consistent with a previous study that
reported 34% lower of annual drug cost saving in every other day regimen of
atorvastatin therapy compared with once daily regimen [26].
This study shows that the every other day regimen seems to help the patients
save their healthcare costs when compared with the once daily regimen. However,
several factors (e.g., high baseline serum lipids, low LDL-C goal, and poor
compliance) should be also considered when managing individual patient with
hypercholesterolemia.

77
3. Safety Evaluation
During 8-week study period, three patients withdrew from the study due to
adverse events. Two patients in the control group experienced malaise and muscle
pain without CK elevation (myalgia). One patient in the study group experienced
headache.
The patient who experienced mild malaise had an event when she had taken
the study drug for three days and did not wish to participate in the study. The patient
refused to go to the hospital for further evaluation. Two days after drug
discontinuation, the symptom disappeared. The causality assessment by using
Naranjo’s algorithm showed this was a possible adverse event due to the study drug.
The patient who experienced myalgia had an event at week 6 of the study. All
laboratory data were in normal range including CK. The physician diagnosed
myofasciitis for this patient. However, the study drug was discontinued and restarted
with atorvastatin one month later. The causality assessment by using Naranjo’s
algorithm showed this was a possible adverse event due to the study drug.
Finally, the patient who experienced headache had an event after he had taken
the study drug for two days. The patient discontinued the study drug for five days and
then restarted again. After the study drug had been restarted for one day, the patient
experienced headache again. Therefore, the patient discontinued the study drug and
asked for a withdrawal from the study. The causality assessment by using Naranjo’s
algorithm showed this was a probable adverse event due to the study drug.
Table 37 presents the number of patients experienced adverse events. All
adverse events were reported about 25% of patients. The adverse event rates in the
study group was higher than the control group, but were not significantly different (p
= 0.439). This may be because of more advanced age, more female sex, more
concurrent drugs, and higher baseline serum creatinine in the study group. These
factors might increase risk of the adverse events. In addition, the number of each
adverse event in the control group was not significantly different from that in the
study group (all p > 0.05). Renal-related adverse events accounted for 15% of all
patients. Patient complaints (i.e., headache, muscle pain, muscle weakness, dry
mouth, foot edema, and mild malaise) and musculoskeletal-related adverse events
(i.e., CK > 3 times the ULN, muscle pain, and muscle weakness) were found about
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8.75% and 3.75%, respectively. However, liver-related adverse events (i.e., AST and
ALT increase more than 3 times the ULN) were not found in this study. Table 38 –
39 present mean ± SD and median of the safety data. Because AST, ALT, and CK
were not normal distribution from Kolmogorov-Smirnov test, median was reported to
represent the central tendency of these data
.
Table 37 The numbers of patients who experienced adverse events*
No. of patients (%)**
Adverse events

Control group Study group

Total

p valuea

(N = 40)

(N = 40)

(N = 80)

AST > 3 times the ULN

0 (0.0)

0 (0.0)

0 (0.00)

1.000

ALT > 3 times the ULN

0 (0.0)

0 (0.0)

0 (0.00)

1.000

CK > 3 times the ULNb

1 (2.5)

0 (0.0)

1 (1.25)

1.000

0 (0.0)

2 (5.0)

2 (2.50)

0.494

0 (0.0)

1 (2.5)

1 (1.25)

1.000

Hematuria increase 1 level# c

2 (5.0)

3 (7.5)

5 (6.25)

1.000

Hematuria increase 2 levels# c

2 (5.0)

2 (5.0)

4 (5.00)

1.000

Headacheb

0 (0.0)

2 (5.0)

2 (2.50)

0.494

1 (2.5)

0 (0.0)

1 (1.25)

1.000

1 (2.5)

0 (0.0)

1 (1.25)

1.000

Dry mouth

0 (0.0)

1 (2.5)

1 (1.25)

1.000

Foot edemac

0 (0.0)

1 (2.5)

1 (1.25)

1.000

Mild malaisec

1 (2.5)

0 (0.0)

1 (1.25)

1.000

8 (20.0)

12 (30.0)

20 (25.0)

0.439

Creatinine elevation > the ULNb
Proteinuria increase 1 level

Muscle painc
Muscle weakness

c

c

Total

#c

AST = aspartate aminotransferase; ALT = alanine aminotransferase; CK = creatine kinase; ULN =
upper limit of normal
*
one patient could have more than 1 events
** % in each regimen for the control and the study group columns, or % of all patients in total
column
#
increase from baseline in normal range
a
using Fisher’s exact test to compare the number of patients in the control with the study group for
each event, and using Chi-square test to compare total events of each patient group
b
probable adverse event assessed by using Naranjo’s algorithm
c
possible adverse event assessed by using Naranjo’s algorithm
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Table 38 Laboratory data for safety profile of all patients (N = 80)
Mean ± SD and median*

Data

p valueg

(range)

[normal range]

gg

week 0

week 8

24.08 ± 9.89

25.63 ± 8.54

(14, 73)

(15, 51)

20.0

24.0

26.86 ± 17.04

27.21 ± 15.49

(7, 108)

(7, 85)

22.0

24.0

CK (IU/L)

122.41 ± 87.10

137.47 ± 105.06

[25 – 200]

(26, 484)

(42, 714)

98.0

110.5

75.94 ± 20.78

73.28 ± 21.51

(42, 128)

(41, 169)

AST (IU/L)
[0 – 37]
Median
ALT (IU/L)
[0 – 41]
Median

Median
Creatinine (µmol/L)
[62 – 106 (male), 44 – 80 (female)]

0.108
0.024**
0.815
0.423
0.109
0.080
0.051

SD = standard deviation; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CK =
creatine kinase
*

using median for AST, ALT, and CK due to non-normal distribution, and using mean ± SD for
creatinine because of normal distribution

**

having a significant difference at α = 0.05

g

compare week 0 with week 8 by using Wilcoxon signed-rank test for AST, ALT, and CK, and
using paired t-test for creatinine

gg

normal range of Phramongkutklao hospital

Table 39 Comparisons of laboratory data for safety profile between week 0 and week
8 in each patient group and between the control and the study groups at
week 8
Control group (N = 40)

Study group (N = 40)

Mean ± SD and Median*

p

Mean ± SD and Median*

(range)

valueg

(range)

Data
week 0

week 8

(before-

week 0

Median
ALT (IU/L)
Median
CK (IU/L)

22.88 ± 7.55

26.73 ± 9.39

(14, 47)

(16, 51)

20.0

25.0

25.45 ± 9.82

29.61 ± 14.06

(14, 53)

(12, 75)

23.0

27.1

141.00 ± 101.60 166.82 ± 133.99
(43, 484)

(44, 714)

109.5

124.0

Creatinine

73.38 ± 18.05

70.96 ± 17.96

(µmol/L)

(42, 104)

(43, 108)

Median

0.002**
0.002**
0.011**
0.021**
0.148
0.133
0.087

p valuegg

valueg (between
week 8

after)
AST (IU/L)

p

(before- group)
after)

25.28 ± 11.76 24.53 ± 7.55
(14, 73)

(15, 45)

20.5

22.2

28.28 ± 22.09 24.81 ± 16.62
(7, 108)

(7, 85)

19.0

19.0

103.82 ± 65.87 108.12 ± 56.38
(26, 351)

(42, 262)

88.0

104.0

78.50 ± 23.14 75.59 ± 24.57
(44, 128)

(41, 169)

0.612

0.252

0.909

0.319

0.158

0.167

0.327 0.024**
0.489 0.013**
0.323 0.036**
0.207

0.339

SD = standard deviation; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CK = creatine
kinase
*

using median for AST, ALT, and CK due to non-normal distribution, and using mean ± SD for creatinine
because of normal distribution

**

having a significant difference at α = 0.05

g

compare week 0 with week 8 within group by using Wilcoxon signed-rank test for AST, ALT, and CK, and
using paired t-test for creatinine

gg

compare the control with the study group at week 8 by using Mann-Whitney U test for AST, ALT, and CK,
and using independent t-test for creatinine

Regarding the renal-related adverse events, two patients (5.0%) in the study
group had an increase in serum creatinine from normal range at baseline to above the
ULN, whereas no patient in the control group had. This may be because baseline
serum creatinine of patients in the study group was higher than that in the control
group. In addition, more patients who older (i.e., aged > 60 years) were in the study
group than those in the control group (Table 26 – 27). These patients were more
susceptible to having the adverse events. However, as shown in Table 38 – 39, there
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was no significant difference in mean serum creatinine between baseline and at the
end of study of all patients and patients in both the control and study groups (p =
0.051, p = 0.087, and p = 0.339, respectively). Mean serum creatinine of all patients
decreased from 75.94 ± 20.78 µmol/L (week 0) to 73.28 ± 21.51 µmol/L (week 8),
which accounted for 3.5% reduction. Similarly, mean serum creatinine of patients in
the control and study groups were also decreased from baseline by 3.3% and 3.7%,
respectively. This finding is consistent with the previous studies in that mean serum
creatinine either remained the same or slightly decreased from baseline about 1% to
4% in patients receiving rosuvastatin 10 mg to 40 mg [58,61-62].
Proteinuria and hematuria elevations were found about 1.25% and 11.25% of
all patients, respectively. The percentage of patients who had the one grade increase
in proteinuria and hematuria in the study group was more than that in the control
group, but was not significantly different (all p = 1.000). This may be because there
were more elderly patients in the study group. In addition, more patients with
hypertension were found in the study group. This can result in an increase in
proteinuria or hematuria in the study group. The one grade increase in proteinuria
was found about 2.5% in the study group. This result is lower than a previous study
in that 7.6% of patients receiving rosuvastatin had one grade increase in proteinuria
[62].

Perhaps the sample size of this study was small and rosuvastatin

concentrations was lower due to every other day dosing. The percentage of patients
who had an increase in one or two grades hematuria in this study was 11.25%, which
was more than the previous study (7%) [62]. This may be partly because in the
previous study there was a report of more than two grades increase in hematuria,
whereas this study was not. Both more than one grade increase in proteinuria and
more than two grades increase in hematuria were not found in this study. This is not
similar to the other studies in which the patients receiving rosuvastatin 10 mg had
more than one grade increase in proteinuria from baseline about 2% to 3% and more
than two grades hematuria elevation about 7% to 10% [62]. This phenomenon may
be due to sample specificity or insufficient of representative sample size to detect
these events. In addition, the patients who had creatinine clearance less than 30
mL/min were excluded from the study.
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When the complaints of the adverse effect were considered, rosuvastatin was
generally well tolerated in both patient groups. There were 8.75% of patients who
had complaints and no significant differences between the control and study groups
were found (p > 0.05). The most common complaint of the adverse effect was
headache, which accounted for 5.0% in the study group. This finding is consistent
with a previous study that found 5.5% of patients receiving rosuvastatin had headache
[58]. The other complaints were muscle pain, muscle weakness, dry mouth, foot
edema, and mild malaise. Of these, each event occurred in 1.25% of patient. Muscle
pain, muscle weakness, and mild malaise were found in the control group. While,
headache, dry mouth, and foot edema were reported in the study group. These
adverse event rates are similar to the previous studies [muscle pain and muscle
weakness (2.8%), dry mouth and malaise (<1%), and peripheral edema (> 2%)] [58].
However, the complaints of the adverse effect may be just a feeling or subjective data,
not objective. The patients might be anxious that they occurred these events.
Moreover, the patients who received every other day regimen might have a nocebo
effect. The patients also thought that they received relatively less treatment and drug,
which may result in undesirable events.
The musculoskeletal-related adverse events only occurred in the control group.
The events consisted of myalgia (2.5% of all patients or 5.0% in the control group)
and CK elevation more than 3 times the ULN (1.25% of all patients or 2.5% in the
control group). None of the patient had more than 10 times the ULN of CK elevation,
while the previous studies reported an incidence of 0.1% to 0.2% [62,66]. This may
be due to small number of the study population and low incidence of this adverse
event. Higher dosage of rosuvastatin and higher baseline CK concentration of the
patients in the control group may contribute to higher rate of musculoskeletal-related
adverse events. Consequently, serum CK at the end of study in the control group was
significantly higher than that in the study group (p = 0.036). However, serum CK was
not significantly increase from baseline in both the control and study groups (p =
0.133 and p = 0.323, respectively).
There were no AST or ALT elevation more than 3 times the ULN. This
finding does not support the previous studies reported that patients receiving
rosuvastatin 5 mg and 10 mg had AST or ALT elevation more than 3 times the ULN
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about 0.5% and 0.1% to 0.8%, respectively [62,66]. Serum AST of all patients at the
end of study was significantly higher than that at baseline, 24.0 and 20.0 IU/L,
respectively (p = 0.024). In the control group, serum AST at the end of study was
also significantly higher than that at baseline, 25.0 and 20.0 IU/L, respectively (p =
0.002). Unlike the control group, baseline AST in the study group was not
significantly different from that at the end of study (p = 0.909). These findings
indicate that patients receiving rosuvastatin 10 mg once daily had a significant
increase in serum AST from baseline, while patients receiving rosuvastatin 10 mg
every other day did not. However, serum AST at the end of study between the control
and study groups was not significantly different (p = 0.339). With regard to the serum
ALT, median ALT of all patients at the end of study was not significantly increased
from baseline, 24.0 and 22.0 IU/L at week 8 and week 0, respectively (p = 0.423).
However, serum ALT at the end of study in the control group was significantly
increased from baseline, 27.1 and 23.0 IU/L at week 8 and week 0, respectively (p =
0.021). Moreover, it was also significantly higher than that in the study group (p =
0.024). In contrast, median ALT at the end of study in the study group was equal to
baseline, both was 19.0 IU/L (p = 0.327). These findings indicate that serum ALT of
patients receiving rosuvastatin 10 mg once daily for 8 weeks significantly increased
from baseline and higher than patients receiving rosuvastatin 10 mg every other day.
Although a statistically significant increase in serum AST and ALT was found in the
control group, this difference might not be clinically significant. This may be because
these levels are still in the normal range and long term follow-up is needed to evaluate
this side effect.
Overall, rosuvastatin was well tolerated. The adverse event rates of patients
receiving rosuvastatin 10 mg once daily and every other day were not significantly
different. In addition, each adverse event that reported in this study was not
significantly different between the patients receiving rosuvastatin 10 mg once daily
and every other day (all p > 0.05).

CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
This randomized, open-labeled, parallel trial was designed to compare the
effectiveness and safety of rosuvastatin 10 mg once daily with every other day in
outpatients with hypercholesterolemia in terms of: (1) serum lipids, hsCRP, and
fibrinogen alteration, (2) the percentage of patients who achieved their LDL-C goals,
according to NCEP-ATP III guidelines, (3) adverse event rates, and (4) monthly cost
per %LDL-C reduction. The study was conducted from September 2004 to February
2005 at outpatient department, Phramongkutklao hospital. The subjects were patients
with hypercholesterolemia who met the criteria for starting statins therapy according
to NCEP-ATP III guidelines and they had never received statins. Eighty eligible
patients were randomly assigned equally into the control and study groups. The
patients in the control and study groups received rosuvastatin 10 mg once daily and 10
mg every other day for 8 weeks, respectively. Effectiveness and safety were
evaluated by laboratory data, physical examinations, and patient interviews. Data
were analyzed using intention to treat analysis with a significant level of 0.05.
Descriptive and inferential statistics were used to evaluate data. The conclusions of
this study are as follows:
1. Baseline patient demographics of both patient receiving rosuvastatin 10 mg once
daily and every other day were not significantly different in terms of: sex, weight,
height, BMI, waist circumference, SBP, DBP, number of concurrent drugs,
underlying diseases, number of patients with metabolic syndrome, occupation,
health insurance rights, alcoholic drinker, type of major risk factors, number of
major risk factors, and risk categories. However, mean age of patients receiving
rosuvastatin 10 mg every other day was significantly higher than patients receiving
rosuvastatin 10 mg once daily.
2. All baseline clinical laboratory data of patients receiving rosuvastatin 10 mg once
daily were not significantly different from patients receiving rosuvastatin 10 mg
every other day, except hsCRP. Baseline hsCRP of patients receiving rosuvastatin
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10 mg every other day was significantly higher than patients receiving rosuvastatin
10 mg once daily.
3. Both rosuvastatin 10 mg once daily and every other day at week 8 significantly
reduced serum TC, TG, LDL-C, and hsCRP from baseline and produced a nonsignificant decrease in serum fibrinogen. However, only rosuvastatin 10 mg once
daily significantly increased serum HDL-C from baseline.
4. Serum TC, TG, HDL-C, LDL-C, and fibrinogen at week 8 were not significantly
different between patients receiving rosuvastatin 10 mg once daily and every other
day. However, serum hsCRP at week 8 of patients receiving rosuvastatin 10 mg
every other day was significantly higher than patients receiving rosuvastatin 10 mg
once daily.
5. The percentage of change in serum TC, TG, and LDL-C of patients receiving
rosuvastatin 10 mg once daily for 8 weeks was significantly higher than that of
patients receiving rosuvastatin 10 mg every other day. Whereas, there was no
significant difference of the percentage of change in HDL-C, hsCRP, and
fibrinogen between patients receiving rosuvastatin 10 mg once daily and every
other day.
6. Rosuvastatin 10 mg once daily and every other day had a comparable LDL-C
lowering effect that allows the patients to achieve their LDL-C goals according to
NCEP-ATP III guidelines (85% and 70% of patients in once daily and every other
day regimens, respectively).
7. The number of patients experienced the adverse events was not significantly
different between patients receiving rosuvastatin 10 mg once daily and every other
day. However, serum AST and ALT at week 8 of patients receiving rosuvastatin
10 mg once daily were significantly increased from baseline. Whereas, there was
no significant difference of serum AST and ALT between baseline and week 8 in
patients receiving rosuvastatin 10 mg once daily. In addition, serum ALT and CK
at week 8 of patients receiving rosuvastatin 10 mg once daily were significantly
higher than those of patients receiving rosuvastatin 10 mg every other day.
8. Monthly cost per %LDL-C reduction of the patients receiving rosuvastatin 10 mg
every other day was lower than that of the patients receiving rosuvastatin 10 mg
once daily (17.77 baht and 28.62 baht, respectively).
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Limitations
1. This study had an unequal baseline of mean age between patients receiving
rosuvastatin 10 mg once daily and every other day. Age may be a confounding
factor which might affect the adverse event rates of the patients.
2. The researcher could not contact one patient during the study period because this
patient did not have own telephone. Despite less intervention, this patient
achieved his LDL-C goal according to NCEP-ATP III after 8-week study period
and did not have any adverse events.
3. Although, turbidimetric method often exhibits poor accuracy and precision than
Clauss method, the turbidimetric is the only method used at Phramongkutklao
hospital. Therefore, serum fibrinogen was measured using turbidimetric method.
Recommendations
Future studies should include:
1. Measuring at least three times of serum lipids, hsCRP, and fibrinogen should be
conducted to assess the tendency of the parameters changing and expanding time
more than 8 weeks period to evaluate long-term effect of every other day dosing of
rosuvastatin therapy.
2. Using Clauss method to measure serum fibrinogen to increase the accuracy and
precision of serum fibrinogen measurement.
3. Using the Asian dose of rosuvastatin (i.e., 5 mg) to evaluate the appropriateness
regimen for Thai patients.
4. Conducting multicenter study to confirm the effectiveness and safety of
rosuvastatin every other day when compared with once daily regimen.
5. Determining the effect of statins on the other emerging risk factors for CHD (e.g.,
homocysteine, lipoprotein(a) and apolipoprotein B-100) to investigate the other
beneficial effects of statins.
6. Studying pharmacogenomics in patients receiving once daily and every other day
regimen to determine the effectiveness and safety of the drug in individual patient.
7. Using the compliance aids (e.g., reminder cards and micro-electronic bottle cap
that have alarms and flashing indicators to alert a patient when a dose is due) to
improve the compliance of patients who received every other day regimen.
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วันที่เริ่มไดรับยา….....................
วันสิ้นสุดการวิจัย.......................

Appendix A
แบบฟอรมบันทึกขอมูลผูปวย

เลขที่

ชื่อ-สกุล.......................................................... HN…………… อายุ.........ป อาชีพ.............................
ที่อยู............................................................................................................. โทรศัพท.........................
สิทธิการรักษา เบิกได เบิกไมได อื่นๆ.............. ประวัติแพยา NKDA
รูปแบบยา Rosuvastatin ที่ไดรับ 10 mg OD
10 mg AD
แพยา........................
วันที่สะดวกใหโทร.สอบถาม ..............................................................................................................
โรคประจําตัว
โรคหลอดเลือดหัวใจ
โรคเบาหวาน
โรคตับ
โรคหลอดเลือดแดงแข็งอื่น เชน สมองขาดเลือดชั่วคราว โรคหลอดเลือดแดงสวน
ปลาย หลอดเลือดแดงที่ทองโปง โรคไทรอยด
โรคเกาต
โรคความดันโลหิตสูง
ภาวะไขมันในเลือดสูง โรคไต ClCr……..
โรคอื่นๆ..........................................................................................................
ยา/อาหารเสริม/สมุนไพรที่ไดรับรวมดวยขณะวิจัย
Metabolic syndrome
ภาวะอวนลงพุง M > 90 cm (36 inches)
F > 80 cm (32 inches)
TG > 150 mg/dL
HDL M < 40 mg/dL
{ Yes
F < 50 mg/dL
{ No
BP > 130/85 mmHg
FBS > 110 mg/dL

ปจจัยเสี่ยง

อายุ (เพศชาย > 45 ป เพศหญิง > 55 ป หรือประจําเดือนหมดกอนวัยและไมไดรับฮอรโมนเอส
โตรเจนชดเชย)
ประวัติญาติสายตรงเปนโรคหลอดเลือดหัวใจกอนอายุ 55 ปในเพศชายและ 65ปในเพศหญิง
ปจจุบันสูบบุหรี่ (หรือสูบบุหรี่ภายในเดือนที่ผานมา)
โรคความดันโลหิตสูง (ความดันโลหิต > 140/90 mmHg หรือไดรับยาลดความดันโลหิต)
ระดับ HDL < 40 mg/dL
{ ระดับ HDL > 60 mg/dL
รวม ………… risk factor(s)
10-year risk = ……….…%
risk category
LDL Goal

CHD or CHD risk equivalent (10-year risk > 20%)
> 2 risk factors (10-year risk < 20%)
0-1 risk factor

< 100 mg/dL (2.58 mmol/L)
< 130 mg/dL (3.36 mmol/L)
< 160 mg/dL (4.13 mmol/L)
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เลขที่
ผลการตรวจรางกาย พฤติกรรมการดําเนินชีวิต และผลการตรวจทางหองปฏิบัติการ
ขอมูล
น้ําหนัก (kg)
สวนสูง (m2)
BMI (kg/m2)
เสนรอบเอว (inches)
BP (mmHg)
การสูบบุหรี่
การดื่มสุรา
การออกกําลังกาย
การคุมอาหาร
Glu (mg/dL)
TC (mg/dL)
TG (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
hsCRP (mg/L)
Fibrinogen (mg/dL)
AST (IU/L)
ALT (IU/L)
CK (IU/L)
Cr (µmol/L)
Proteinuria/ Hematuria

วันที่……………..

Cost per %LDL reduction = ………..……
LDL เมื่อสิ้นสุดการวิจัยเทากับ ................... mg/dL
ผูปวย

วันที่.........................

% Change

achieve goal
not achieve goal
เกิด ADR…………………………………………………………………………….
ไมเกิด ADR
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Appendix B

เอกสารชี้แจงขอมูลแกผูเขารวมโครงการวิจัย (Research Subject Information Sheet)
ชื่อโครงการวิจัย
ประสิทธิผลและความปลอดภัยของยาโรซูวาสทาทิน ขนาด 10 มิลลิกรัมวันละครั้ง เทียบ
กับ 10 มิลลิกรัมวันเวนวัน ในผูปวยนอกทีม่ ีภาวะคอเลสเทอรอลในเลือดสูง ณ โรงพยาบาลพระ
มงกุฎเกลา
วันที่ชี้แจง
ชื่อและสถานที่ทํางานของหัวหนาโครงการวิจัย
พันโทนายแพทยนครินทร ศันสนยุทธ หนวยหทัยวิทยา ภาควิชาอายุรศาสตร ร.พ.พระ
มงกุฎเกลา โทร. 0-2354-7600
ชื่อผูวิจัยรวม
ผศ.ดร.ศุภกิจ วงศววิ ัฒนนุกจิ และเรือโทหญิงชุติพร กิติยาดิศัย โครงการจัดตั้งภาควิชา
เภสัชกรรมคลินิก ภาควิชาเภสัชกรรมคลินิก คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย โทร. 01848-5897
ทานไดรับการเชิญชวนใหเขารวมการวิจัยเรื่องนี้ แตกอนที่ทานจะตกลงใจเขารวม
โครงการวิจัยหรือไม โปรดอานขอความในเอกสารนี้ทั้งหมด เพื่อใหทราบวา เหตุใดทานจึงไดรับ
การเชิญใหเขารวมโครงการวิจัยนี้ โครงการวิจัยนี้ทําเพื่ออะไร หากทานเขารวมโครงการวิจยั นี้ทาน
จะตองทําอะไรบาง รวมทั้งขอดีและขอเสียที่อาจจะเกิดขึน้ ในระหวางโครงการวิจัยนี้
ในเอกสารนี้ อาจมีขอความทีท่ านอานแลวไมเขาใจ โปรดสอบถามหัวหนาโครงการหรือ
ผูชวยที่ทําโครงการวิจยั นี้ ใหชวยอธิบายจนกวาจะเขาใจตลอด ทานอาจขอเอกสารนี้กลับไปอานที่
บานเพื่อปรึกษาหารือกับญาติพี่นอง เพื่อน หรือแพทยที่ทานรูจัก ใหชวยคิดวาควรจะเขารวม
โครงการวิจัยครั้งนี้หรือไม การเขารวมโครงการวิจยั ครั้งนี้จะตองเปนความสมัครใจของทาน ไมมี
การบังคับหรือชักจูง ถึงแมทานจะไมเขารวมในโครงการวิจัยทานก็จะไดรับการรักษาพยาบาล
ตามปกติ การไมเขารวมหรือถอนตัวจากโครงการวิจัยนีจ้ ะไมมีผลกระทบตอการไดรบั บริการ การ
รักษาพยาบาล หรือผลประโยชนที่พึงจะไดรับของทานแตอยางใด
โปรดอยาลงลายมือชื่อของทานในเอกสารนี้ จนกวาทานจะแนใจวามีความประสงคจะเขา
รวมโครงการวิจัยนี้จริง คําวา “ทาน” ในเอกสารนี้ หมายถึงผูเขารวมโครงการวิจยั ในฐานะเปน
อาสาสมัครในโครงการวิจัยนี้ หากทานเปนผูแทนโดยชอบธรรมตามกฎหมายของผูท ี่จะเขารวม
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โครงการวิจัย และจะลงนามแทนในเอกสารนี้ โปรดเขาใจวา “ทาน” ในเอกสารนี้ หมายถึงผูเขารวม
โครงการวิจัยเทานั้น
โครงการวิจัยนี้มีที่มาอยางไร และวัตถุประสงคของโครงการ
ปจจุบันผูปวยภาวะคอเลสเทอรอลในเลือดสูงจํานวนมาก ไมสามารถควบคุมระดับไขมัน
ไดตามเกณฑ สงผลใหประชากรจํานวนมากเสียชีวติ จากโรคหัวใจและหลอดเลือดซึ่งเปนสาเหตุ
การตายที่สําคัญสาเหตุหนึ่งของประชากรไทย ยาลดระดับคอเลสเทอรอลในเลือดที่มปี ระสิทธิผล
สูงและนิยมใชในปจจุบนั ไดแก ยาอะทอวาสทาทิน และยาโรซูวาสทาทิน เปนตน แตเนื่องจากยา
เหลานี้ราคาแพงและตองใชเปนระยะเวลานาน ทําใหเกิดปญหาดานคาใชจายแกผูปว ย และ
เศรษฐกิจของประเทศ ผูวิจยั จึงทําการวิจัยเพื่อหาแนวทางการรักษาที่สามารถลดคาใชจายโดยคง
ประสิทธิผลและความปลอดภัยของยา โดยศึกษาการใชยารูปแบบวันเวนวัน และนอกเหนือจาก
ระดับไขมันในเลือดที่มีความสัมพันธกับการเกิดโรคหลอดเลือดหัวใจแลว ปจจุบนั พบวามีปจจัย
เสี่ยงอื่นที่เกีย่ วของกับโรคหลอดเลือดหัวใจเชนกัน ไดแก ซีรีแอ็กทีฟโปรตีน และไฟบริโนเจน
ดังนั้นการวิจยั นี้จึงมีวัตถุประสงคเพื่อ เปรียบเทียบประสิทธิผลและความปลอดภัยของยาโรซูวาสทา
ทินรูปแบบรับประทานทุกวันกับวันเวนวัน และศึกษาบทบาทของยาโรซูวาสทาทินตอ ซีรีแอ็กทีฟ
โปรตีน และไฟบริโนเจน ซึง่ ใชเปนตัวทํานายการเกิดโรคหลอดเลือดหัวใจ
ทานไดรับเชิญใหเขารวมโครงการวิจัยนี้เพราะคุณสมบัตทิ ี่เหมาะสมดังตอไปนี้
1. ไดรับการวินิจฉัยวามีภาวะคอเลสเทอรอลในเลือดสูงและยังไมเคยไดรับยาลดไขมันกลุม
สทาทิน
2. อายุไมนอยกวา 18 ป
3. มีคุณสมบัติเขาตามเกณฑทตี่ องเริ่มการรักษาดวยยาลดไขมันในเลือด
ทานไมสามารถเขารวมโครงการวิจัยไดหากทานมีคุณสมบัติดงั ตอไปนี้
1. ตั้งครรภหรืออยูระหวางการใหนมบุตร
2. มีโรคประจําตัวคือ โรคตับ โรคมะเร็ง หรือโรคที่มีการอักเสบเรื้อรัง ไดแก โรคขออักเสบ และ
โรคลําไสอักเสบ
3. มีภาวะติดเชื้อ
4. ไดรับยาที่มีผลตอระดับไขมันในเลือด ซีรแี อ็กทีฟโปรตีน ไฟบริโนเจน หรือยาที่อาจ
เกิดปฏิกิริยาระหวางยากับยาโรซูวาสทาทิน ไดแก ยาคุมกําเนิดชนิดรับประทาน ยาสเตียรอยด
ยากันชักฟโนบารบิทอล (phenobarbital) ยากันชักวาโพรอิกแอซิด (valproic acid) ยากด
ภูมิคุมกันไซโคสปอริน (cyclosporine) และยาตานการแข็งตัวของเลือดวารฟาริน (warfarin)
5. จําเปนตองไดรับยาลดไขมันอื่นที่นอกเหนือจากการวิจัย
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6. เกิดอาการไมพึงประสงค เชน ปวดเมื่อยกลามเนื้อ หรือกลามเนื้อออนแรง จนไมสามารถทนได
หรือมีระดับเอ็นไซมตับหรือกลามเนื้อสูงเกินกวา 3 เทาของคาสูงสุดของคาปกติ
สถานที่ทําโครงการวิจัย และจํานวนผูเขารวมโครงการวิจัย
สถานที่ทําโครงการวิจยั นี้คอื กองอายุรกรรมและกองตรวจโรคผูปวยนอก โรงพยาบาล
พระมงกุฎเกลา โดยมีจํานวนผูเขารวมโครงการวิจยั ทั้งสิ้น 80 คน
ระยะเวลาที่ทานจะตองรวมโครงการวิจัยและจํานวนครั้งที่นัด
ระยะเวลาที่ทานจะตองเขารวมโครงการวิจยั คือ 8 สัปดาห ซึ่งจะตองพบผูวิจัยจํานวน 2
ครั้ง ครั้งแรกเมื่อเริ่มตนการวิจัย และครั้งที่ 2 คือสัปดาหที่ 8 ของการวิจัย โดยระหวางที่ทานเขารวม
โครงการวิจัยผูวิจัยจะโทรศัพทถึงทาน เพือ่ สอบถามถึงอาการไมพึงประสงค หรือปญหาตางๆที่อาจ
เกิดขึ้นกับทาน
หากทานเขารวมโครงการวิจัยครั้งนี้ ทานจะตองปฏิบตั ติ ามขั้นตอน หรือไดรับการปฏิบตั ิอยางไร
บาง
เมื่อทานเขารวมโครงการวิจยั ทานจะไดรับการเจาะเลือดเพื่อตรวจวัดระดับไขมัน ซีรีแอ็ก
ทีฟโปรตีน ไฟบริโนเจน เอนไซมตับและกลามเนื้อ และตรวจปสสาวะ เพื่อเปนขอมูลพื้นฐานกอน
การวิจยั และไดรับความรูดานโรค ยา และการปรับเปลี่ยนพฤติกรรมการดําเนินชีวิต จากนั้นทานจะ
ไดรับการสุมใหไดรับยาซึ่งโดยปกติแลวผูเขารวมโครงการวิจัยจะถูกแบงเปน 2 กลุม กลุมละ 40 คน
ดวยวิธีการสุม โดยกลุมแรกจะไดรับยาโรซูวาสทาทินขนาด 10 มิลลิกรัม รับประทานวันละ 1 ครั้ง
ทุกวัน เปนเวลา 8 สัปดาห และกลุมที่สองจะไดรับยาโรซูวาสทาทินขนาด 10 มิลลิกรัม รับประทาน
วันเวนวัน เปนเวลา 8 สัปดาห ซึ่งโอกาสที่ผูเขารวมการวิจัยจะอยูกลุมใดนั้นมีอัตราสวนเทากันคือ 1
ตอ 1 ทานจะไดรับการนัดหมายใหมาพบผูวิจัยเมื่อทานไดรับยาครบ 8 สัปดาห โดยระหวางที่ทาน
ไดรับยานัน้ ผูวจิ ัยจะโทรศัพทถึงทานเพื่อสอบถามถึงอาการไมพึงประสงค ตลอดจนปญหาตางๆของ
ทาน เมื่อทานมาพบผูวิจัยตามนัดทานจะไดรับการเจาะเลือดและตรวจปสสาวะอีกครั้งเพื่อประเมิน
ประสิทธิผลและความปลอดภัยของยา หลังสิ้นสุดการวิจัยแพทยจะพิจารณาปรับเปลี่ยนยาลดไขมัน
ตามความเหมาะสมของผูปวยตอไป
ความไมสุขสบาย หรือความเสี่ยงตออันตรายที่อาจจะไดรับจากกรรมวิธีการวิจัย และวิธีการ
ปองกัน/แกไขที่หัวหนาโครงการวิจัยเตรียมไวหากมีเหตุการณดังกลาวเกิดขึ้น
ความไมสุขสบาย หรือความเสี่ยงตออันตรายที่ทานอาจจะไดรับคือ การเกิดอาการไมพึง
ประสงคจากการใชยาโรซูวาสทาทิน โดยอาจมีอาการปวดเมื่อยกลามเนื้อ กลามเนื้อออนแรง หรือมี
ระดับเอ็นไซมตับ และ/หรือเอ็นไซมกลามเนื้อสูงขึ้น ซึ่งผูวิจัยดําเนินการปองกันโดยการใหความรู
แกผูเขารวมโครงการวิจัยถึงอาการไมพึงประสงคที่อาจเกิดขึ้น เพื่อใหผูเขารวมโครงการวิจยั
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สามารถสังเกตและแจงแพทยหรือผูวิจยั ทันทีที่เกิดอาการ นอกจากนี้ผูวิจยั มีการโทรศัพทสอบถาม
และติดตามอาการและปญหาตางๆระหวางการใชยาของผูเขารวมโครงการวิจยั
ประโยชนที่อาจจะไดรับจากการวิจัย
ประโยชนที่ผูเขารวมโครงการวิจัยจะไดรบั จากการวิจัย คือ ไดรับความรูเรื่องภาวะไขมัน
ในเลือดผิดปกติ พฤติกรรมการดําเนินชีวิตที่เหมาะสม และการใชยาอยางถูกตอง เพือ่ ลดระดับ
ไขมันในเลือดใหอยูใ นเกณฑปกติ และประหยัดคาใชจา ยดานยาลดไขมันในเลือด ตลอดจนไดรบั
การติดตามปญหาตางๆอยางใกลชิด
ประโยชนที่อาจจะไดรับจากการวิจยั ตอสวนรวมคือ สามารถนําขอมูลที่ไดมาประกอบการ
พิจารณารูปแบบการสั่งใชยาที่เหมาะสมกับการรักษาผูปว ยแตละรายตามประสิทธิผลในการรักษา
ความปลอดภัย และเศรษฐฐานะของผูปวย และทราบขอมูลประสิทธิผลของยาโรซูวาสทาทินตอ
ปจจัยทีใ่ ชทํานายการเกิดโรคหลอดเลือดหัวใจ คือ ซีรีแอ็กทีฟโปรตีน และไฟบริโนเจน เพื่อใช
ในทางปฏิบัตติ อไป
คาใชจายที่ทานจะตองรับผิดชอบระหวางโครงการวิจัย
คาใชจายที่ทานจะตองรับผิดชอบระหวางโครงการวิจัยคือ คาใชจายดานยา และการรักษา
อื่นๆที่ไมเกี่ยวของกับโครงการวิจัย สวนทีท่ านจะไดรับจากโครงการวิจยั โดยไมเสียคาใชจายคือ คา
ยาลดไขมันในเลือดโรซูวาสทาทิน และคาตรวจทางหองปฏิบัติการของระดับไขมันในเลือด ซีรีแอ็ก
ทีฟโปรตีน ไฟบริโนเจน เอนไซมตับ เอนไซมกลามเนื้อ และคาตรวจปสสาวะ
หากทานไมเขารวมโครงการวิจัยนี้ทานมีทางเลือกอื่นอยางไรบาง
หากทานไมเขารวมโครงการวิจัยนี้ทานมีทางเลือกอื่นคือ
1. การปรับเปลี่ยนพฤติกรรมการดําเนินชีวิต เชน การเลิกสูบบุหรี่ การควบคุมอาหาร และการออก
กําลังกาย เปนตน
2. การที่แพทยพจิ ารณาเปลี่ยนยาลดไขมันในเลือดเปนยาชนิดอื่นที่ใหผลดีในการรักษา
เชนเดียวกัน
หากมีอันตรายที่เกี่ยวของกับโครงการวิจัยนี้เกิดขึ้นจะติดตอกับใคร และจะไดรับการปฏิบัติอยางไร
หากมีอันตรายที่เกี่ยวของกับโครงการวิจัยนี้เกิดขึน้ ทานสามารถติดตอกับ พันโทนายแพทย
นครินทร ศันสนยุทธ หนวยหทัยวิทยา ภาควิชาอายุรศาสตร โรงพยาบาลพระมงกุฎเกลา หัวหนา
โครงการวิจัย โทร. 0-2354-7600 หรือ เรือโทหญิงชุติพร กิติยาดิศยั ผูวจิ ัยรวม ไดที่โครงการจัดตั้ง
ภาควิชาเภสัชกรรมคลินิก ภาควิชาเภสัชกรรมคลินิก คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย
โทร. 0-1848-5897 ตลอด 24 ชั่วโมง กรณีที่มีเหตุการณฉุกเฉินทานสามารถโทรศัพทติดตอหัวหนา
โครงการวิจัยหรือผูวิจัยรวมไดทันที ซึ่งจะใหคําแนะนําในขณะนั้น และรับผิดชอบคาใชจายที่
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เกิดขึ้น พรอมชดเชยรายไดที่สูญเสียไประหวางการรักษา พยาบาลดังกลาว ตลอดจนเงินทดแทน
ความพิการที่อาจเกิดขึน้ ตามความเหมาะสม
หากทานมีคําถามที่เกี่ยวของกับโครงการวิจัย จะสอบถามไดจากใคร
1. พันโทนายแพทยนครินทร ศันสนยุทธ หนวยหทัยวิทยา ภาควิชาอายุรศาสตร โรงพยาบาลพระ
มงกุฎเกลา หัวหนาโครงการวิจัย โทร. 0-2354-7600 หรือ
2. เรือโทหญิงชุติพร กิติยาดิศยั โครงการจัดตัง้ ภาควิชาเภสัชกรรมคลินิก ภาควิชาเภสัชกรรม
คลินิก คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย ผูวิจัยรวม โทร. 0-1848-5897
หากทานรูสึกวาไดรับการปฏิบัติอยางไมเปนธรรมในระหวางโครงการวิจัยนี้ ทานอาจแจงเรื่องไดที่
สํานักงานพิจารณาโครงการวิจัย พบ. โทร. 0-2354-7600 ตอ 93681
ขอมูลสวนตัวของทานที่ไดจากโครงการวิจัยครั้งนี้จะถูกนําไปใชดังตอไปนี้
ผูวิจัยจะนําเสนอขอมูลจากโครงการวิจัยนี้ในรูปที่เปนสรุปผลการวิจัยโดยรวม เพื่อ
ประโยชนทางวิชาการ โดยไมเปดเผย ชื่อ นามสกุล ที่อยู ของผูเขารวมโครงการวิจัยเปนรายบุคคล
และมีมาตรการในการเก็บรักษาขอมูลทั้งสวนตัวและขอมูลที่ไดจากโครงการวิจัย โดยการเปดเผย
ขอมูลตอหนวยงานตางๆที่เกี่ยวของ กระทําไดเฉพาะกรณีจําเปนดวยเหตุผลทางวิชาการเทานั้น
ทานจะถอนตัวออกจากโครงการวิจัยหลังจากไดลงนามเขารวมโครงการวิจัยแลวไดหรือไม
ทานสามารถถอนตัวออกจากโครงการวิจัยไดตลอดเวลา โดยไมเกิดผลเสียใดๆตามมา และ
ทานอาจถูกขอใหออกจากโครงการวิจยั โดยหัวหนาโครงการวิจัย ในกรณีที่ทานไดรับยาที่อาจ
เกิดปฏิกิริยาระหวางยากับยาโรซูวาสทาทิน ไดรับยาลดไขมันชนิดอืน่ ที่นอกเหนือจากการวิจัย หรือ
เกิดอาการไมพึงประสงคจากยา
หากมีขอมูลใหมที่เกี่ยวของกับโครงการวิจัย ทานจะไดรับแจงขอมูลนั้นโดยหัวหนาโครงการวิจัย
หรือผูรวมวิจัยทันที
หากผูวจิ ัยมีขอมูลเพิ่มเติมทั้งดานประโยชนและโทษทีเ่ กีย่ วของกับการวิจัยนี้ ผูวิจยั จะแจง
ใหทานทราบทันทีโดยไมปด บัง
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หนังสือแสดงเจตนายินยอมเขารวมการวิจัย (Consent form)
รับรองโดยคณะอนุกรรมการพิจารณาโครงการวิจัย พบ.
วันที่ลงนาม....................................................................................................
กอนที่จะลงนามในใบยินยอมใหทําการวิจยั นี้ ขาพเจาไดรับการอธิบายจากผูวิจยั ถึง
วัตถุประสงคของการวิจยั วิธีการวิจัย อันตราย หรืออาการที่อาจเกิดขึน้ จากการวิจยั หรือจากยาที่ใช
รวมทั้งประโยชนที่จะเกิดขึน้ จากการวิจยั อยางละเอียด และมีความเขาใจดีแลว
ผูวิจัยรับรองวาจะตอบคําถามตางที่ขาพเจาสงสัยดวยความเต็มใจไมปด บังซอนเรนจน
ขาพเจาพอใจ
ขาพเจามีสิทธิที่จะบอกเลิกเขารวมในโครงการวิจยั เมื่อใดก็ได และเขารวมโครงการวิจัยนี้
โดยสมัครใจ และการบอกเลิกการเขารวมการวิจยั นี้ จะไมมีผลตอการรักษาโรคที่ขาพเจาจะพึง
ไดรับตอไป
ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกีย่ วกับตัวขาพเจาเปนความลับ และจะเปดเผยไดเฉพาะ
ในรูปที่เปนสรุปผลการวิจัย การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตางๆที่เกี่ยวของ
กระทําไดเฉพาะกรณีจําเปนดวยเหตุผลทางวิชาการเทานัน้
ผูวิจัยรับรองวาหากเกิดอันตรายใดๆจากการวิจัยดังกลาว ขาพเจาจะไดรบั การ
รักษาพยาบาลโดยไมคิดมูลคา และจะไดรบั การชดเชยรายไดที่สูญเสียไประหวางการรักษาพยาบาล
ดังกลาว ตลอดจนเงินทดแทนความพิการที่อาจเกิดขึน้ ตามความเหมาะสม
ขาพเจาไดอานขอความขางตนแลว และมีความเขาใจดีทุกประการ และไดลงนามในใบ
ยินยอมนี้ดว ยความเต็มใจ
ลงชื่อ......................................................................ผูเขารวมโครงการวิจยั
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
ลงชื่อ.................................................................ผูดําเนินการโครงการวิจัย
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
ลงชื่อ...............................................................................................พยาน
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
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ลงชื่อ...............................................................................................พยาน
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
ในกรณีที่ผูเขารวมโครงการวิจัยไมสามารถลงลายมือชื่อดวยตนเองได ใหผูแทนโดยชอบ
ตามกฎหมายซึ่งมีสวนเกีย่ วของเปน............................ของผูเขารวมโครงการวิจยั เปนผูลงนามแทน
ลงชื่อ........................................................................ผูแทนโดยชอบธรรม
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
ลงชื่อ...............................................................................................พยาน
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
ลงชื่อ...............................................................................................พยาน
(...........................................................................ชื่อ-นามสกุล ตัวบรรจง)
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เลขที่
แบบประเมินอาการไมพงึ ประสงคจากการใชยา (Naranjo’s Algorithm)
Appendix D

ชื่อ-สกุล............................................................................ HN…….………… อายุ.......................ป
ชื่อยาที่สงสัย...................................................... ประวัติการแพยา
NKDA
วันที่เริ่มใชยา................................................….
แพยา..................................
วันที่หยุดใชยา................................................... วันที่ประเมิน..........................................................
รายการประเมิน
1. เคยมีสรุปหรือรายงาน ADR เกี่ยวกับยาที่สงสัยมาแลว
2. อาการไมพึงประสงคเกิดขึ้นหลังไดรับยาที่สงสัย
3. อาการไมพึงประสงคดีขึ้นเมื่อหยุดยาที่สงสัยหรือเมื่อให
ยาตานที่เฉพาะเจาะจง
4. อาการไมพึงประสงคดังกลาวเกิดขึ้นอีกเมื่อไดรับยาที่
สงสัยเขาไปใหม
5. อาการไมพึงประสงคสามารถเกิดจากสาเหตุอื่น
นอกเหนือจากยาที่สงสัย
6. อาการไมพึงประสงคเกิดขึ้นไดใหมเมื่อไดรับยาหลอก
7. สามารถตรวจวัดระดับยาในเลือดหรือของเหลวใน
รางกายวามีความเขมขนที่ทําใหเกิดพิษ
8. อาการไมพึงประสงครุนแรงขึ้นเมื่อเพิ่มขนาดยาหรือ
ลดลงเมื่อลดขนาดยา
9. ผูปวยเคยเกิดอาการไมพึงประสงคเชนนี้มาแลวเมื่อ
ไดรับยาในครั้งกอน
10. อาการไมพงึ ประสงคนั้นมีหลักฐานที่ไดรับการยืนยัน
โดยวิธอี ันเหมาะสม
รวมคะแนน

ผลการประเมิน

ใชแนนอน (Definite) > 9 คะแนน
เปนไปได (Possible) 1-4 คะแนน

ใช
+1
+2

ไมใช
0
-1

ไมทราบ
0
0

+1

0

0

+2

-1

0

-1

+2

0

-1

+1

0

+1

0

0

+1

0

0

+1

0

0

+1

0

0

นาจะใช (Probable) 5-8 คะแนน
ไมนาจะใช (Doubtful) < 0 คะแนน
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