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Abstract
Statins, which are inhibitors of 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase, are considered as one of the most important drugs and the drug of choice for
reducing an abnormal cholesterol level. Statins are normally used to decrease the risk of
coronary heart disease (CHD), but they tend to be associated with liver adverse effects and
others.
The objective of this prospective study was to investigate the influence of statins
therapy on the liver function in patients with CHD, to assess their efficacy on lipid profiles
and to clarify other statins side effects. To achieve this, 66 newly diagnosed CHD patients
were selected from UNRWA clinics in Gaza Strip-Palestine. The patients were clinically
examined and treated with atorvastatin (10-40 mg/day). A questionnaire was used to
collect the data concerning socio-demographic characteristics, life style habits, family and
medical history, drug data, drug interaction, and other concerning data. Total cholesterol
(TC), triglycerides (TG), high density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), liver enzymes tests such as alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) and total and direct blood bilirubin were
measured before starting treatment and after 3 and 6 months of treatment. Data were
analyzed using the statistical package for social science (SPSS).
The results showed a significant decrease in the plasma levels of TC and LDL, but
it showed no significant decrease in the plasma levels of TG. The results also showed no
significant increase in the plasma levels of HDL. Regarding the results of statins effects on
liver transaminases, there was a significant increase in the mean values of ALT and AST
levels after 3 months and decreased back after the next 3 months, but they were higher than
the baseline with insignificant association. The results also showed a significant increase in
the total and direct bilirubin in the first 3 months and decrease back after the next three
months of the study. The new attainable levels of bilirubin were higher but statistically
insignificant. The results showed other statins adverse effects such as: muscle pain;
abdominal pain; sleep disturbances; loss of appetite and peripheral neuropathy.
Keywords: statins, coronary heart disease, adverse effects, liver transaminases, lipid
profile.
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ملخص الدراسة
تأثير األدويت ال ُمخفضت للكولسترول الستاتينس ) (Statinsعلي وظائف الكبذ لذى المرضي المصابين بأمراض القلب
التاجيت في قطاع غسة.
ذؼرثش أدٗٝح اىسراذْٞض ) (Statinsاىَثثطح ه ٕٞ -3ذسٗمسٍٞ -3ٜثٞو خي٘ذٞشٝو م٘ اّضٍِ (HMG-CoA) A ٌٝ
إٌٔ األدٗٝح اى َُخفعح ىين٘ىٞسرشٗهٗ ,اىر ٜػادج ٍا ذسرخذً ىرقيٞو خطش اإلصاتح تأٍشاض اىقية اىراخٞح )(CHD
ٗىنِ ٕزٓ األدٗٝح ٍشذثطح تثؼط اٟثاس اىداّثٞح ػي ٚاىنثذ.
اىٖذف ٍِ ٕزٓ اىذساسح ٕ٘ دساسح ذأثٞش أدٗٝح اىسراذْٞض) (Statinsػيٗ ٚظائف اىنثذ ىذ ٙاىَشظ ٚاىَصات ِٞتأٍشاض
اىقية اىراخٞح ٗذق ٌٞٞفؼاىٞرٖا ػيٍ ٚسر٘ ٙاىن٘ىسرشٗه ٗاىذُٕ٘ ف ٜاىذًٗ ,ىر٘ظٞح اٟثاس اىداّثٞح األخش.ٙ
ٗىرحقٞق رىل ,ذٌ اخرٞاس ٍ 66شٝعا ذٌ ذشخٞصٌٖ حذٝثا تأٍشاض اىقية اىراخٞح ف ٜػٞاداخ األّٗشٗا ف ٜقطاع غضج-
فيسطٗ .ِٞذٌ فحص اىَشظ ٚسشٝشٝا اىز ِٝذَد ٍؼاىدرٌٖ تاألذ٘سفاسراذٍٞ 01 - 01 ) atorvastatin ِٞيٞدشاً /
ٍٞ٘ٝا) .ذٌ اسرخذاً اسرثاّح ىدَغ اىثٞاّاخ اىَرؼيقح تاىخصائص االخرَاػٞح ٗاىذَ٘ٝغشافٞح َّ ٗ ,ط اىحٞاج ٗاىراسٝخ اىطثٜ
اىؼائيٗ ٜاىراسٝخ اىطث ٜىيَشٝطٗ ,تٞاّاخ أخش ٙذرؼيق تاألدٗٝح اىرٝ ٜرْاٗىٖا ٗاىرفاػالخ اىذٗائٞح راخ اىؼالقح ٗغٞشٕا
ٍِ اىثٞاّاخ راخ اىؼالقح .مَا ذٌ قٞاط مو ٍِ ٍسر٘ ٙاىن٘ىسرشٗه اىني ٗ (TC) ٜاىذُٕ٘ اىثالثٞح ) ٗ (TGاىن٘ىسرشٗه
ػاى ٜاىنثافح )ٗ (HDL-Cاىن٘ىسرشٗه ٍْخفط اىنثافح ) ٗ (LDL-Cأّضَٝاخ اىنثذ ) ٗ (ALT , ASTاىثٞيٞشٗتِٞ
اىني ٗ (total bilirubin) ٜاىثٞيٞشٗت ِٞاىَثاشش ) (direct bilirubinف ٜاىذً قثو تذء اىؼالج تاألدٗٝح ٗقذ ذٌ
االسرَشاس تقٞاط ٕزٓ اىَرغٞشاخ ٍغ اسرخذاً األدٗٝح أثْاء فرشج اىذساسح اىثاىغح سرح أشٖش ٗرىل تؼذ ثالثح أشٖش ٗتؼذ
سرح أشٖش ٍِ اسرخذاً األدٗٝحٗ .قذ ذٌ ذحيٞو اىثٞاّاخ تاسرخذاً اىثشّاٍح اإلحصائ.(SPSS) ٜ
ىقذ أظٖشخ اىْرائح اّخفاظا ٍيح٘ظا ف ٜق ٌٞاىن٘ىسرشٗه اىني ٗ (TC) ٜاىن٘ىسرشٗه ٍْخفط اىنثافح )ٗ (LDL-Cىنِ
ىٌ ذظٖش أ ٛاّخفاض ٍيح٘ظ فٍ ٜسر٘ ٙاىذُٕ٘ اىثالثٞح .مَا ىٌ ذظٖش اىْرائح أ ّٛصٝادج ٍيح٘ظح فٍ ٜسر٘ٙ
اىن٘ىسرشٗه ػاى ٜاىنثافح .فَٞا ٝرؼيق تْرائح آثاس اىؼقاقٞش اىَخفعح ىين٘ىسرشٗه ػي ٚاىنثذ  ,ىقذ ماُ ْٕاك صٝادج مثٞشج
ف ٜقَٞح ٍر٘سط ٍسر٘ٝاخ إّضَٝاخ اىنثذ ) (ALT, ASTف ٜاألشٖش اىثالثح األٗىٗ ,ٚاّخفعد ٍشج أخش ٙخاله
األشٖش اىثالثح األخٞشج ٍِ ٍذج اىذساسح ,ىنْٖا ماّد أػيٍَ ٚا قثو اىؼالج ٗىنِ تشٜء غٞش ٍيح٘ظ ٗ .أظٖشخ اىْرائح
أٝعا صٝادج مثٞشج ف ٜاىثٞيٞشٗت ِٞاىنيٗ (total bilirubin) ٜاىَثاشش ) (direct bilirubinف ٜاألشٖش اىثالثح األٗىٚ
ٍِ اىذساسح ذثؼٔ اّخفاض خاله األشٖش اىثالثح األخٞشج ٍِ ٍذج اىذساسحٗ.ىنْٖا ماّد أػي ٍِ ٚقٍ ٌٞا قثو اىؼالج .مَا
أظٖشخ اىْرائح آثاسا سيثٞح أخش ٙألدٗٝح اىسراذْٞض )ٍ (Statinsثو :أىٌ ف ٜاىؼعالخ ,أىٌ ف ٜاىثطِٗ ,اظطشاتاخ اىًْ٘
ٗفقذاُ اىشٖٞح ٗأٍشاض األػصاب اىطشفٞح.
الكلماث الذالليت  :اىسراذ , ِٞأٍشاض ششا ِٞٝاىقية اىراخٞح  ,اٟثاس اىداّثٞح ٗ ,ظائف اىنثذٍ ,سر٘ٝاخ اىذُٕ٘ تاىذً.
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Chapter 1
Introduction
1.1. Background
Coronary heart disease (CHD) is the principle cause of morbidity and mortality
worldwide (Ludman et al., 2009). The main cause of CHD is atherosclerosis that develops
in the arteries that encircle the heart and supply it with blood (Hurst, 2008).
Many population studies have proved the link between CHD and cholesterol.
Framingham Study is one of the first studies that showed a direct link between high blood
cholesterol levels and development of CHD. It also showed a link between other risk
factors, such as hypertension, cigarette smoking, male gender, family history, and age with
CHD development (Torpy et al., 2009).
Dietary modification would reduce the levels of blood cholesterol by 10 – 20%,
but for further reduction; cholesterol lowering drugs are usually required. The most widely
used drugs developed for this purpose are statins or 3-hydroxy-3-methylglutaryl-CoA
(HMG-CoA) inhibitors which used for prevention and treatment of CHD. Statins lower
cholesterol levels by 20 – 30%, and even more at higher doses, and this has been clinically
proven to produce an equivalent decrease in the risk of myocardial infarction and death
(White and Wang, 2006). They have become one of the best-selling medication classes to
date since their introduction into the marketplace in 1986, and include the following drugs
commercially available in the United States (US): atorvastatin, lovastatin, pravastatin,
fluvastatin, simvastatin

and rosuvastatin (Kapur and Musunuru, 2008). Statins are

highly effective in reducing cardiovascular mortality and are widely prescribed; more than
145 million prescriptions were written for statins in the US in 2005, include atorvastatin,
the best selling prescription drug in the world (Bhardwaj and Chalasani, 2007; Golomb
and Evans, 2008).
Statins considered the drugs of first choice for modifying lipid risk factors for
CHD. In addition to reversible inhibition of HMG-CoA reductase, they have an ability to
produce large reductions in low-density lipoprotein cholesterol (LDL-C) and ability to
increase high- density lipoprotein cholesterol (HDL-C) (Mckenney, 2003; Thadani,
2009).

1

Statins like all medications, have potential adverse effects. The most serious are
muscle and liver adverse effects. Cognitive loss, neuropathy, sexual dysfunction and
pancreatic dysfunction are examples of other adverse effects (Golomb and Evans, 2008).
Hepatic dysfunction including either liver enzymes elevations as a result of liver
injury or liver function disturbances which were studied according to the current guidelines
which recommend measuring transaminases (ALT= alanine aminotransferase, AST=
aspartate aminotransferase) levels before initiating therapy, 12 weeks after starting therapy.
Signs of potential hepatotoxicity such as jaundice, malaise, fatigue, and lethargy should
alert physicians to measure transaminase levels and liver function tests. Fractionated
bilirubin levels are recommended to rule out hepatic injury (Chalasani, 2005).
Abnormal hepatic transaminase levels are recognized as an infrequent occurrence
of statin therapy. In particular, the transaminases seem to increase within the first 3 and 6
months of therapy (Armitage, 2007). In the majority of clinical trials, elevated ALT levels
greater than three times the upper limit of normal on two or more measurements have been
considered a safety endpoint. It was found that 1% of patients receiving low to
intermediate statins dose (10-40 mg daily ) and in 2%–3% of patients on high dose therapy
(80 mg/daily) ALT elevation occurs (Cohen et al., 2006).
1.2 Goal and objectives
The goal of this current study is to identify the influence of statins therapy on the
liver function in patients with Coronary Heart Disease.
Objectives are:
1. To determine the effects of statins on blood lipid profile.
2. To assess the effect of statins on liver function and liver enzymes in patients with
CHD.
3. To identify risk factors that may increase the adverse effects of statins on liver
function
4. To clarify other statins adverse effects.
5. To raise recommendations for physicians and pharmacists about liver function
and liver enzymes tests follow up before the start of therapy and at various
intervals during therapy.
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1.3 Problem statement
Coronary Heart Disease is one of the cardiovascular diseases which represents the
first cause of death in Palestine (Husseini et al., 2009), in which hyperlipidemia is one of
the major risk factors and its treatment by statins has come to the forefront of primary and
subspecialty care as a preventive strategy (Bhardwaj and Chalasani, 2007).
Statins have adverse effects; one of them is hepatic dysfunction so laboratory tests for
liver function and liver enzymes are much needed and reporting of any new adverse effects
or any health status changes will support more information about the statins which are still
considered new drugs (Bhardwaj and Chalasani, 2007; Kapur and Musunuru, 2008).
1.4. Justification
This study is considered the first one that study the effects of statins in Gaza Strip.
Statins are recently added to the treatment protocols in hospitals and health centers even in
pharmacies. There is a little information about the frequency of monitoring of liver
function in patients receiving statins (Andrade et al., 2003).
There is scarcity of health documentation and reporting in Gaza Strip especially in
adverse effects reporting systems. Therefore, this study was carried out to identify the
effects of statins on liver function and encouraging reporting any health status changes
among adult patients in Gaza Strip.
1.5. Geographic and demographic context of the study
Gaza Strip is a small geographical area lying in the east coast of the Mediterranean
sea, with an area of 365 sq. Km and population of 1.4 million which constitutes 36.7% of
the population in occupied Palestinian territory land at the end of 2003 (PCBS, 2008;
MOH, 2005). In Gaza Strip, the population density is 3808 inhabitants/km2 that comprises
the following main five governorates: north Gaza, Gaza, middle zone, khanyunis, and
Rafah (MOH, 2005).
1.6. Socio-economic context
The unstable political situation and the strict military siege imposed by the Israeli
occupation negatively affect the socio-economic status and lead to severe economic crises
in Gaza Strip (Lendman, 2009). The closure of Gaza since mid-2007 and the last Israeli
military strike between December 27, 2008 and January 18, 2009 have led to on-going
deterioration in the social, economic, and environmental determinants of health (WHO,
2010). The unemployment rate and poverty level are high in Gaza Strip, where the
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unemployment rate reached 38.6%; with 37.3% for males and 45.8% for females and the
poverty rate reached 70% (PCBS, 2010).
1.7. Health service context
The Palestinian health care system is consisting of four main sectors: the Ministry of
Health (MOH) which is the governmental sector, UNRWA, Non-Governmental
Organizations (NGOs), the United Nations Relief and Works Agency (UNRWA), and
private sectors (MOH, 2005). There are 654 Primary Health Centers (PHC) in Palestine in
2005; these centers provided health services for about 3.7 million people (129 centers and
525 centers in West Bank. Upon classification of these centers according to providers,
MOH considered the main provider with 63.6% from total PHC centers, followed by
NGOs with 28.3%, then UNRWA with 8.1% (MOH, 2007).
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Chapter 2
Literature Review
2.1. Coronary Heart Disease
2.1.1. General aspects
Coronary heart disease (CHD) is described as coronary artery disease (CAD),
where the vascular supply to the heart is impeded by thrombosis or spasm of coronary
arteries. This may impair the supply of oxygenated blood to cardiac tissues sufficiently to
cause myocardial ischemia which if sever or prolonged may cause the death of muscle
cells (Walker and Edwards, 2003). The main cause of CHD is atherosclerosis that
develops in the arteries that encircle the heart and supply it with blood (Hurst, 2008).
Coronary heart disease is commonly divided into two types of disorders: chronic
ischemic heart disease (IHD) and the acute coronary syndrome (ACS) (Fig.1). There are
three types of chronic ischemic heart disease: chronic stable angina, variant or vasospastic
angina, and silent myocardial ischemia. The acute coronary syndrome represents the
spectrum of ischemic coronary disease ranging from unstable angina through myocardial
infarction (Porth, 2003).

Figure 1: Types of chronic ischemic heart disease and acute coronary syndrome (Porth,
2003).
Angina pectoris is a painful sensation resulting from a short-term block of blood
flow to the myocardium. The pain is felt in the chest and down the left arm, and typically
passes within 15 minutes. Myocardial infarction (heart muscle death) is associated with
severe and protracted pain, following a long-term restriction of blood flow to the
myocardium (Mann, 2002). Diagnosis of the CHD is very variable in presentation, and
there are three main diagnostic factors in the evaluation of suspected CHD: The patient‘s
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symptoms and history, the electrocardiogram (ECG) and blood marker assays (Lee and
Goldman, 2000).
Treatment includes nonpharmacologic methods, such as pacing of activities and
avoidance of activities that cause angina, and the use of pharmacologic agents, including
aspirin (Maree and Fitzqerald, 2004), β-adrenergic blockers, Angiotensin-converting
enzyme inhibitors, calcium channel blockers (Verdecchia et al., 2005) and nitrates
(Abrams, 1995). The most recent drugs developed for prevention and treatment of CHD
are statins or 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase inhibitors; they
lower cholesterol levels by 20 – 30%, and even more at higher doses, and this has been
clinically proven to produce an equivalent decrease in the risk of myocardial infarction and
death (White and Wang, 2006).
2.1.2. Epidemiology
Global
Cardiovascular diseases kill more people every year than other diseases. In 2004,
7.2 million people died because of CHD, 5.7 million from stroke or another form of
cerebrovascular disease (WHO, 2008b).
Coronary heart disease is one of the most common diseases in the world today. It
causes 6.9 million deaths worldwide each year, and it is the leading cause of premature
death in developed countries (White and Wang, 2006). Figure 2 showed the distribution
of CHD death worldwide.
National
In the United States of America, it considered the most leading cause of death in
adults, accounting for approximately one-third of all deaths in people over the age of 35
years (Hadaegh et al., 2009). Coronary heart diseases are emerging as a major health
problem in the Eastern Mediterranean region, where the proportion of deaths from CHD
ranges from 25% to 45% (WHO, 2009b).
Regional
In the year 2005, in Palestine it was reported to be the first leading cause of death
in Palestine with other heart diseases, it account 56.5 deaths per 100,000 people and 21.0%
of all deaths (Husseini et al., 2009). In the last annual report of Ministry of Health (MOH)
in 2007, it was reported that heart diseases are the first leading cause of death among
general population. There were 1,662 persons died among both sexes with a proportion of
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33.8% in both sexes and 17.1% in males and 16.7 % in females to the total cause of death.
Ischemic heart disease is the leading cause of all heart disease mortality, (46%) with a rate
of 53.9 per 100,000 population (MOH, 2007).

Figure 2: Distribution of deaths from CHD (WHO, 2009b)
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2.1.3. Pathogenesis and pathophysiology of CHD
Atherosclerosis is by far the most common cause of CHD, and atherosclerotic
plaque disruption is the most frequent cause of myocardial infarction and sudden death.
More than 90% of persons with CHD have coronary atherosclerosis. Atherosclerosis can
affect one or all three of the major epicardial coronary arteries and their branches (i.e., one,
two, or three-vessel disease). Clinically significant lesions may be located anywhere in
these vessels but tend to predominate in the first several centimeters of the left anterior
descending and left circumflex or the entire length of the right coronary artery (Cotran et
al., 1999). There are two types of atherosclerotic lesions: the fixed or stable plaque, which
obstructs blood flow, and the unstable or vulnerable plaque, which can rupture and cause
platelet adhesion and thrombus formation. The fixed or stable plaque is commonly
implicated in chronic ischemic heart disease (stable angina, variant or vasospastic angina,
and silent myocardial ischemia) and the unstable plaque in unstable angina and myocardial
infarction (Porth, 2003).
Atherosclerotic plaques are made up of a soft lipid-rich core with a fibrous cap.
Plaques with a thin fibrous cap overlying a large lipid core are at greatest risk for rupture.
Plaque disruption may occur with or without thrombosis. Thrombotic and inflammatory
processes are central to atherosclerotic lesion formation (Kruth, 2001). Production of
inflammatory mediators and cytokines stimulate migration and proliferation of smooth
muscle cells of the vascular intima, and deposition of extracellular matrix molecules such
as elastin and collagen, which leads to plaque expansion and formation of the fibrous cap.
Eventually, the fibrous cap may weaken and rupture, exposing the underlying
thrombogenic tissues. Plaque rupture can cause continued development of the
atherosclerotic lesion by inducing further thrombus formation and release of more
inflammatory mediators, resulting in continuing luminal narrowing (Blumenthal, 2000;
Rang et al., 2007).
A more drastic outcome of plaque rupture is arterial occlusion, which can result in
myocardial infarction, ischemic stroke, or critical ischemia in peripheral tissues (Kruth,
2001). Figure 3 showed the difference in appearance of a normal and diseased coronary
artery. The atherosclerotic plaque can cause two common clinical conditions: angina
pectoris and myocardial infarction (mild and severe heart attacks) (Mann, 2002).
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Normal coronary artery.

Severe coronary atherosclerosis.

Figure 3: Difference in appearance of a normal and diseased coronary artery.
Source: (Medlibrary, University of Utah, 2002).
2.1.4. Coronary Heart Disease management
2.1.4.1. Non pharmacologic management
Therapeutic lifestyle changes
The guidelines of Adult Treatment Panel III (ATP III) recommend a reduced intake
of saturated fats and cholesterol to reduce LDL levels. In addition, a higher intake of total
fat (mostly unsaturated fat) can help to reduce triglycerides and raise HDL levels. Also,
moderate physical activity and weight reduction (in case of obese patients) is
recommended along with dietary changes. ATP III recommends changes in lifestyle to
lower lipid levels before initiating drug therapy (NCEP, National Cholesterol Education
Program, NCEP, 2001).
Smoking cessation
Cigarette smoking is associated with an earlier occurrence of CHD, by about 10
years (Brunzell, 2007). It appears to be a major hazard, the risk of heart disease to smokers
is over two times that of non-smokers. Also smoking tends to lower the age at which CHD
occurs and tends to neutralize the protective effects that females have at the younger age
(CFNI, 2004). Discontinuation of smoking is associated with improvement in lipid levels
despite the weight gain that often follows cessation (Brunzell, 2007). The US Department
of Health and Human Services recommends smoking cessation as an integral part of both
primary and secondary prevention of CHD (Frothingham et al., 2008).
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Dietary changes
Decreasing fat in diet can lead to weight loss and may result in reductions in both
LDL-C and HDL-C. Because replacing saturated fat with monounsaturated fat is a very
important step in reducing your blood cholesterol levels that leads to a smaller decrease in
HDL-C than replacing saturated fat with carbohydrates, a reasonable approach is to reduce
foods rich in saturated fat and replace them with complex carbohydrates and
monounsaturated and polyunsaturated fats (CFNI, 2004; Lichtenstein et al., 2006). For
patients with exercise limitations, the combination of a diet low in saturated fat and a
regimen of walking on a daily basis is a lifestyle change that can usually be maintained
(Brunzell, 2007).
Weight control
Obesity is a major risk factor of CHD because it is associated with many of the other
CHD risk factors, including hypertension, high LDL level, low HDL level, and glucose
intolerance (Fakhrzadeh et al., 2003). Heart disease occurs two and one-third times more
often in people who are 25% over their normal weight than among people of the same age
whose weight is within healthy age. Overweight or obese persons are more likely to have
high blood pressure, high cholesterol levels and diabetes, all of which increase the chance
of developing heart disease. The distribution of body fat may also affect risk. Excess fat in
the abdomen poses the highest risk for CHD (CFNI, 2004). Weight loss results in a mildto-moderate decrease in triglyceride levels (about 22%) and an increase in HDL-C (about
9%), cholesterol (about 43%). The level of small, dense LDL particles may decrease by as
much as 40% (Purnell et al., 2000). Although losing large amounts of weight and
maintaining that weight loss are difficult, even moderate weight loss may result in
reductions in triglyceride levels and may be maintained with exercise (Knowler et al.,
2002).
Physical activity
Physical Inactivity or a sedentary lifestyle increases CHD risk. Physical activity of
moderate intensity with high frequency (about 4 hours per week) has been associated with
maintenance of improved cardiorespiratory fitness and helps to prevent obesity and
decreases CHD risk (LaMonte and Blair, 2000; Batty and Lee, 2004; Duncan et al.,
2005). It has also been associated with a decrease in intra-abdominal fat, an increase in
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HDL-C levels if those levels were low, and a small decrease in triglyceride levels and may
help to prevent the onset of CHD (Ross, 1999; Leon and Sanchez, 2001).
Stress levels
Stress over the long term has been shown in several studies to raise blood
cholesterol levels. One way that stress may do this is by affecting your eating and exercise
habits. For example, when some people are under stress, they console themselves by eating
fatty foods. The saturated fat and cholesterol in these foods contribute to higher levels of
blood cholesterol. Excessive worry, anxiety or stress over long periods of time may be
harmful (CFNI, 2004). Our body is continuously generating free radicals such as reactive
oxygen species (ROS), collectively called oxidative stress. If not detoxified, they can result
in oxidative cellular damage and impaired body functions. For example, increased
oxidative stress can cause oxidative modification of plasma lipoproteins, associated with
an increased risk of atherosclerosis and CHD (Basu et al., 1999).
2.1.4.2. Pharmacologic therapy
Antiplatelet agents
Aspirin is the mainstay of antiplatelet therapy for patients who have known CAD or
symptoms suggestive of CAD. Aspirin inhibits both cyclooxygenase and the synthesis of
thromboxane A2 (Maree and Fitzgerald, 2004).
Clopidogrel, a thienopyridine derivative, blocks adenosine diphosphate–induced platelet
(ADP) activation. Clopidogrel is indicated as an alternative for patients who cannot take
aspirin, benefits of clopidogrel in patients with stable CAD undergoing elective
percutaneous coronary interventions and in patients presenting with acute coronary
syndromes are now well established (Baggish and Sabatine, 2006). Aspirin, 75 to 325 mg
per day, should be used routinely in all patients with acute and chronic ischemic heart
diseases with and without clinical symptoms in the absence of contraindications. In those
unable to take aspirin, clopidogrel may be used instead. Warfarin is the third choice
(CAPRIE Steering Committee, 1996).
Antianginal agents
Beta blockers, calcium channel blockers, and nitrates are the mainstays of
antianginal therapy. Unless contraindications exist, all patients who have a history of
angina pectoris should carry sublingual nitroglycerin. β- blockers are recommended as
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first-line therapy for the management of stable angina in all patients with established CHD,
reduce recurrent myocardial infarction and total mortality rates (Haim et al., 1998; Stark,
2001; Verdecchia et al., 2005). β- blockers decreases heart rate, contractility, arterial
pressure, and left ventricle wall stress. Randomized clinical trials comparing calcium
channel blockers and β- blockers have demonstrated that calcium antagonists are equally
effective as β- blockers in relieving angina and improving exercise time to onset of angina
or ischemia. The calcium antagonists are effective in reducing the incidence of angina in
patients with vasospastic angina. In combination with β- blockers or calcium antagonists,
nitrates produce greater antianginal and antiischemic effects in patients with stable angina
(Linn et al., 2009).
Lipid-Lowering agents
Recent clinical studies have convincingly demonstrated that low-density lipoprotein
cholesterol (LDL-C)-lowering agents can decrease the risk of adverse ischemic events in
patients with established CHD. Guidelines of the National Cholesterol Education Program
(NCEP) have recommended LDL level lower than 70 mg/dL for all patients with coronary
artery or other atherosclerotic disease. Patients whose LDL levels are higher than 100
mg/dL should start drug therapy (NCEP, 2002). Several classes of lipid-modifying drugs
are available, including bile acid-binding resins (e.g. cholestyramine, colestipol,
colesevalam), nicotinic acid (niacin), the fibrates (e.g. fenofibrate, clofibrate, gemfibrozil,
bezafibrate), and more recently the cholesterol- absorption inhibitors (e.g. ezetimibe). On
the basis of clinical trial evidence, the most commonly prescribed lipid-modifying
therapies are the HMG-CoA reductase inhibitors, more commonly known as the statins the
recommended first-line agents for patients who have CAD and elevated total and LDL-C
cholesterol levels (Schachter, 2005). Table 1 defines LDL-C cholesterol levels and
cutpoints for initiation of therapeutic lifestyle changes. and drug treatment (NCEP, 2001).
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Table 1: LDL-C cholesterol goals and cutpoints for therapeutic lifestyle changes and drug
therapy in different risk categories based on ATP III.
Risk Category

LDL-C

LDL-C level at which

LDL-C level at which

Goal

to initiate Therapeutic

to consider drug

(mg/dL)

Lifestyle Changes

therapy (mg/dL)

(mg/dL)

CHD or CHD

<100

> 100

> 130

<130

> 130

10-year risk 10 to

equivalents (10 year risk
>20 %)
>2 risk factors (10 year

20 %: > 130, 10-

risk < 20 %)

year risk<10 %:
>160
0 to 1 risk factors

<160

>160

>190
(160 to 189: drug
Optional

2.2. Statins
2.2.1. History
Epidemiologic studies had shown that increased levels of blood cholesterol were
causally related to an increased risk of CHD. The Framingham Study, the most famous of
these surveys, which started in 1949, showed that the risk of CHD rose progressively with
an increase in the level of blood cholesterol. Several clinical studies suggested that the
lowering of cholesterol levels by the ingestion of low-fat diets or by treatment with lipidlowering drugs would reduce the incidence of CHD. At the beginning of the 1970s, there
were some reasons to believe that levels of blood cholesterol could be reduced by
inhibiting 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR), the ratecontrolling enzyme in the cholesterol synthetic pathway. In 1976, the Japanese scientist
Akira Endo identified a fungal metabolite that blocks cholesterol synthesis by inhibiting
the enzyme HMGR, resulting in the first ‗statin‘ agent, mevastatin (Gaw et al., 2004).
These findings apparently stimulated the worldwide development of mevastatin
analogs (statins) in the 1980s and, by 1991, three statins: lovastatin (formerly called
mevinolin or monacolin K), simvastatin and pravastatin had been approved and marketed
in the USA and many other countries. All of these statins have been well established as
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effective and safe cholesterol-lowering agents and have been used by millions of patients
(Gaw, 2004).
2.2.2. Chemistry and functional properties
Statins could be classified according to their main scaffold origin into two classes:
Lovastatin, pravastatin and simvastatin are fungal derived inhibitors of HMGR, while
atorvastatin, cerivastatin, fluvastatin, pitavastatin and rosuvastatin are fully synthetic
compounds (Davidson, 2002).
The structures of these statins can be broadly divided into three parts: an analogue
of enzyme substrate, HMG-CoA; a complex hydrophobic ring structure that is covalently
linked to the substrate analogue and is involved in binding of the statin to the reductase
enzyme; side groups on the rings that define the solubility properties of the drugs and
therefore many of their pharmacokinetic properties (McTaggart et al., 2001).
Atorvastatin, fluvastatin, lovastatin and simvastatin are relatively lipophilic compounds,
while pravastatin and rosuvastatin are more hydrophilic as a result of a polar hydroxyl
group and methane sulphonamide group, respectively (Fig. 4) (McTaggart et al., 2001).
Despite their differences in solubility, however, both lipophilic and hydrophilic
statins are relatively hepatoselective (Schachter, 2005). Lipophilic statins readily
accumulate in hepatocytes due to facilitated passive diffusion, and the uptake of
hydrophilic statins by the liver is quite extensive as well due to efficient carrier-mediated
uptake. Interestingly, this carrier-mediated uptake is so efficient and specific to
hepatocytes that hydrophilic statins actually have greater hepatoselectivity and less
widespread tissue distribution than their lipophilic counterparts (Ziegler and Hummelsiep
1993; Hamelin and Turgeon, 1998).
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Figure 4: Chemical structures of some statins
Profoundly,

all

statins

consist

of

two

specific

structural

components,

a dihydroxyheptanoic acid unit and a ring system with lipophilic substituents. The
dihydroxyheptanoic acid component is essential to HMGR-inhibiting activity. Since they
bind to the same active site, the structure of the statin HMGR inhibitors resembles the
endogenous substrate, HMG-CoA. All statins contain a modified hydroxyglutaric acid
component that mimics the 3-hydroxyglutaryl unit of both the substrate (HMG-CoA) and
the mevaldyl CoA transition state intermediate )Fig.5). Statins that are active intact contain
a free acidic functional group, which mimics the free COOH of HMG CoA (Roche, 2005).
These compounds exist as anions at pH 7.4, and this is critical to their ability to compete
for the HMGR active site by anchoring via an electrostatic bond to the cationic Lys735
(binding site anchor) of the enzyme. Compounds that have their carboxylic acid group
―tied up‖ in a lactone (cyclic ester) are prodrugs. The essential anionic carboxylate group
must be liberated by hydrolysis before activity is realized. The enzymes that catalyze the
activating hydrolysis reaction are esterases (Roche, 2005).
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Figure 5: Structural relationship between HMG CoA and the statin pharmacophore.
The HMGR enzyme is stereoselective. Note that C3 and C5 of the
dihydroxyheptanoic acid segment (the carbons that bear the OH groups) are chiral. The
receptor preferentially binds the 3R, 5R isomer of the stains. All marketed statins have this
required stereochemistry.
The ring component of the HMG CoA reductase inhibitors binds to the HMGR
enzyme in the same general area where the coenzyme A component of the endogenous
HMG-CoA substrate binds. The binding interactions in this area hold the inhibitor very
tightly to the enzyme. This, in turn, decreases the chance that the endogenous HMG-CoA
substrate will displace the inhibitor from the binding site (Roche, 2005). Ring systems
utilized in clinically useful HMGR inhibitors include:
• Partially reduced naphthylene (lovastatin, simvastatin, pravastatin)
• Pyrrole (atorvastatin)
• Indole (fluvastatin)
• Pyrimidine (rosuvastatin)
• Pyridine (glenvastatin, investigational)
• Quinoline (pitavastatin)
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Regardless of the type of ring used, there will be at least 2 lipophilic substituents
affixed to it (Roche, 2005). All statins are competitive inhibitors of HMG-CoA reductase
with respect to the binding of the substrate, HMG-CoA, but not for that of the co-enzyme
NADPH, suggesting that their HMG-CoA-like moieties bind to the HMG-CoA-binding
portion of the enzyme active site. The structural mechanism for statin inhibition of HMGCoA reductase has been elucidated by solving crystal structures of the catalytic portion of
the enzyme bound to six different statins (Istvan and Deisenhofer, 2001). These structures
revealed that statins act by binding to the active site of the enzyme, sterically preventing
the substrate from binding. The substrate-binding pocket of the enzyme also undergoes a
rearrangement that enables the rigid, hydrophobic ring structures of the statins to be
accommodated. Comparison of the six statin–enzyme complexes revealed subtle
differences in their modes of binding (Schachter, 2005).
2.2.3. Mechanism of action
All statins interfere with the conversion of HMG-CoA to the cholesterol precursor
mevalonate by HMG-CoA reductase, an early and rate-limiting step in cholesterol
synthesis (Fig. 6) (Schachter, 2005). Statins competitively inhibit HMG-CoA reductase by
binding to the enzyme and sterically inhibiting substrate binding. The degree of inhibition
exhibited by statin compounds may differ depending on the strength of their bond to the
enzyme. Recent molecular studies have provided insights into the binding characteristics of
statin molecules with HMG-CoA reductase. All of the statin molecules contain an HMGlike moiety that binds to the catalytic domain of the target enzyme. In addition, the base
structures of these compounds determine how well the molecule fits into the binding
pocket of the enzyme and binds with it (Mckenney, 2003).
The synthetic statins, including cerivastatin, fluvastatin, atorvastatin, and
rosuvastatin, contain a fluorinated phenol group and other moieties in the base structure
that provide additional sites for binding within the enzyme pocket. X-ray crystallography
of statin-HMG-CoA reductase complexes has allowed visualization of these binding
characteristics. Through this work, it has been shown that all statins bind with the enzyme
through van der Waals forces with the HMG-like moiety and the base structure. The
synthetic statins have, in addition, a polar interaction via their fluorinated phenol group.
Some studies show that both rosuvastatin and atorvastatin have an additional interaction
with the enzyme that is not seen with the other synthetic statins. These differences in the
number and types of bonds between the statins and enzyme may explain the relatively
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greater efficacy of atorvastatin and rosuvastatin to lower LDL-C. The theory that greater
binding to the enzyme translates into greater potency of the statin appears to be confirmed
by in vitro and in vivo studies (Mckenney, 2003).

Figure 6 :The mammalian mevalonate pathway and the site of statins action
2.2.4. Pharmacology
2.2.4.1. Lipid effects of statins
The major lipid alterations associated with the progression of CHD include not only
increases in concentrations of total cholesterol (TC) and low density lipoprotein cholesterol
(LDL-C), but also increases in serum triglycerides, a decrease in high density lipoprotein
cholesterol (HDL-C), as well as compositional changes in HDL and LDL cholesterol
(Fehar, 2003).
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2.2.4.1.1. Effect of Statins on total cholestrol and LDL-C
Statins lower total cholestrol levels by partially inhibiting the enzyme HMG-CoA
reductase. This enzyme catalyzes the rate-limiting step in cholesterol synthesis in the liver,
depleting the cellular pool of cholesterol and causing upregulation of LDL-C receptors on
hepatocyte membranes. At the same time, the synthesis of LDL-C and very–low-density
lipoprotein cholesterol (VLDL-C) is reduced. These effects lead to increased removal of
LDL-C, intermediate-density lipoprotein cholesterol (IDL-C), and VLDL-C from the
circulation (Clark, 2003).
Hypercholesterolemia triggers and facilitates key events in atherogenesis and
plaque formation, including: migration and proliferation of smooth muscle cells (SMCs)
and macrophages in the artery wall; SMC production of a connective tissue matrix in the
subendothelial space; entry and accumulation of oxidized LDL-C (Ox-LDL-C), which is
formed in the presence of free radicals released by endothelial cells and SMCs; and uptake
of Ox-LDL-C by macrophages via scavenger receptors. Such macrophages are called foam
cells because of their foamy histological appearance, resulting from accumulation of
cytoplasmic lipid (Blumenthal, 2000). Uptake of Ox-LDL-C activates macrophages and
releases proinflammatory cytokines. Foam cells are pathognomonic of atheroma.
Subendothelial collections of foam cells and T lymphocytes form fatty streaks. Cholesterol
can be mobilised from the artery wall and transported in plasma in the form of high-density
lipoprotein cholesterol (HDL-C) (Range et al., 2007) .
Activated platelets, macrophages and endothelial cells release cytokines and growth
factors, causing proliferation of smooth muscle and deposition of connective tissue
components.. These processes result in formation of an extracellular lipid core, around
which the lesion develops, the whole structure comprising the atheromatous plaque
(Blumenthal, 2000; Rang et al., 2007). A plaque can rupture, forming a substrate for
thrombosis and the presence of large numbers of macrophages predisposes to plaque
rupture, whereas vascular smooth muscle and matrix proteins stabilise the plaque (Rang et
al., 2007). By lowering TC and LDL-C levels, statins favorably affect key steps in
atherogenesis and plaque formation (Clark, 2003).
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2.2.4.1.2. Effect of statins on HDL-C
It is of interest that there are emerging recommendations for an HDL treatment
target, in addition to LDL, in preventing progression of CHD (Sacks, 2002). However, the
data regarding the clinical significance of this are unclear. The statin-induced HDL-C
effects are relatively small compared with the LDL-C effects )Natarajan et al., 2010). It
was estimated that an increment of 1 mg/dL in HDL-C is associated with a 2–3% lower
risk of CHD. Thus, a relatively modest statin-mediated effect on HDL-C, for example, an
increase of 10% that is possible with statins might provide important protection from
cardiovascular diseases in addition to the undoubted benefits of LDL reduction (Barter,
2006). Statins also promote the formation of a more favorable HDL subfraction profile by
creating more cholesterol-rich HDL particles )Natarajan et al., 2010). One mechanism
whereby statins may increase HDL-C is through increasing production of apolipoprotein
A-I (the major apolipoprotein in HDL) and thus nascent HDL. The HMG-CoA reductase
inhibition may lead to an increase in HDL-C by producing a reduction of downstream
farnesyl pyrophosphate production, inducing upregulation of PPAR-receptors (Peroxisome
Proliferator-Activated Receptors)

in

the

periphery

and

consequently

increasing

apolipoprotein A-I production. A second potential mechanism for increasing HDL-C is a
reduction in transfer of cholesteryl esters from HDL to VLDL and LDL particles via
inhibition of cholesteryl ester transfer protein (Mckenny, 2003).
2.2.4.1.3. The effect of Statins on triglycerides
A raised triglyceride may therefore reflect atherogenic features including
postprandial lipaemia, and a shift in the particle distribution to small/dense HDL and LDL
particles and activation of clotting factors. Triglyceride elevation above 1.7 mmol/l is
associated with a compositional change in LDL with a preponderance of small, dense
LDL. These LDL particles (also called LDL type B or LDL-III) have the propensity to be
oxidised more readily than normal sized LDL, and are cleared less efficiently by the
normal receptor mediated clearance allowing more residence time in the plasma and
exposure to the arterial wall (Fehar, 2003). The ability to lower triglycerides is a class
effect of the statins. It is directly related to LDL-C lowering ability and to baseline
triglyceride levels. Significant and consistent dose-related reductions in triglyceride levels
only occur in those patients with high baseline triglycerides when statin therapy is initiated
(UK Medicines Information Pharmacists Group, 2005).
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2.2.4.2. Non Lipid (pleiotropic) effects of statins
Statins have a number of important nonlipid (pleiotropic) effects that may play a
role in reducing the incidence of cardiovascular events. These pleiotropic effects include
reduction of neointimal inflammation and stabilization of atheromatous plaque, improved
endothelial function, antiplatelet and antithrombotic activity, anti-ischemic activity (Kwak
et al., 2000; Clark, 2003).
2.2.4.2.1. Anti-ischemic activity
Statins have showed anti-ischemic properties. In a 2-year study of patients with
CHD, pravastatin treatment (40 mg daily) produced a 32% reduction in the number of
patients experiencing transient myocardial ischemia, compared with an increase of 15% in
patients receiving placebo (Van Boven et al., 1996). In another study that compared
cholesterol-lowering ability with diet plus placebo versus diet plus lovastatin on
myocardial ischemia in 40 patients with CHD: Patients treated with lovastatin had
a significant reductions in the number of episodes of ST-segment depression compared
with patients receiving placebo (Andrews, 1997). In addition to the last clinical outcome
studies, several investigators have explored the impact of statin therapy on the endothelial
control of vasomotor tone in hypercholesterolemic patients. Improvement in coronary
vasomotor function may be seen after as little as six months of therapy. Decreased
vasospasm is also suggested by improved forearm blood flow in hypercholesterolemic
patients treated with statins for only four weeks (Vaughan et al, 2000).
Improvement in myocardial perfusion, reported to occur after only three months of
statin therapy may related to decreased vasospasm. Electron-beam–computed tomography
has recently shown that statins reduce the volume of calcified plaque in coronary arteries in
12 months. This radiographic surrogate suggests that statins may alter the constituents and
behavior of plaque, rendering it more stable (Vaughan et al, 2000). Statins may contribute
to plaque stability by reducing plaque size or by modifying the physiochemical properties
of the lipid core. However, changes in plaque size tend to occur over extended time and are
quite minimal as assessed by angiography. These properties of statins may reduce the
incidence of ACS by decreasing the propensity for plaque to rupture and may explain the
rapid time course of event reduction in patients at high risk for recurrent coronary ischemia
(Liao and Laufs. 2005).
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2.2.4.2.2. Anti-inflammatory effects
Inflammatory processes are thought to play a pivotal role in the pathogenesis of
CHD (Schmidt, 2002). The secretion of inflammatory cytokines by macrophages and Tlymphocytes modify endothelial function, smooth muscle cell proliferation, collagen
degradation and thrombosis. Inflammatory processes are involved in endothelial
dysfunction as an early sign of atherosclerosis and in the stability of the atherosclerotic
plaque at an advanced stage of the disease (Lechleitner, 2002).
Plaques with thin fibrous caps generally have more abundant inflammatory
mediators and are more prone to rupture than the stable plaques with thick fibrous caps and
smaller lipid pools. Previous clinical observations suggest that, limiting the inflammatory
processes within the vessel wall and improving the functional state of the atheroma may
stabilize the plaque and blunt its atherogenicity (Clark, 2003).
Statins induced reduction in acute phase reactant proteins such as C-reactive
proteins (CRP) provide strong evidence for an anti-inflammatory effect of these agents,
independent of their cholesterol lowering effects. Statins have been related to an early
benefits among patients with acute coronary syndrome or to those undergoing
percutaneous coronary interventions, a state of vascular injury and inflammation by
reducing high sensitivity C-reactive protein (Tandon and Tandon, 2004).
2.2.4.2.3. Improvement of endothelial function
Endothelial dysfunction is now recognized as an initiating event in the development
of atherosclerosis. All the risk factors for CHD independently produce endothelial
dysfunction (Dupuis, 2001). Increased vascular oxidative stress in hypercholesterolemia
contributed to impaired endothelial function and atherogenesis. Reactive oxygen derived
free radicals may promote LDL oxidation in the vascular wall and attenuate endothelium
dependent vasodilatation. Therefore, LDL-C oxidation is critical in pathogenesis of
endothelial dysfunction (Tandon and Tandon, 2004). Endothelial dysfunction produces
less nitric oxide (NO), which is the most important endogenous vasodilator. Nitric oxide
also inhibits platelet aggregation and reduces leukocyte adhesion to the endothelium
(Dupuis, 2001).
The influence on endothelium is the most widely described of the pleiotropic
effects of HMG-CoA reductase inhibitors. It has been generally assumed that cholesterol
level reduction by statins is the predominant effect but not the only mechanism underlying
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their beneficial effects in endothelial dysfunction and atherogenesis. Statins have been
revealed to restore endothelial function via the mechanism independent of cholesterol level
reduction, which involves, at least partially effects include statin-induced reduction of the
number of inflammatory cells in atherosclerotic lesions and inhibition of adhesion
molecules: Inflammatory processes are thought to play a pivotal role in the pathogenesis of
CHD (Schmidt, 2002). Another study showed that atorvastatin treatment increased further
the functional activity of endothelial progenitor cells (EPCs), as assessed by their
migratory capacity. The results of that study define a novel mechanism of action of statin
treatment in patients with stable CAD: the augmentation of circulating EPCs with
enhanced functional activity. The well established role of EPCs of participation in repair
after ischemic injury, stimulation of EPCs by statins may contribute to the clinical benefit
of statin therapy in patients with CHD (Vasa et al., 2001).
2.2.4.2.4. Antiplatelet/antithrombotic activity
Platelets play a fundamental role in atherogenesis and in the pathophysiology of
ACS. Hypercholesterolemia is associated with both hypercoagulability as well as enhanced
platelet activation HDL-C increases platelet reactivity in association with enhanced
thromboxane A2 (TXA2) biosynthesis. Enhanced TXA2 production has been demonstrated
in the majority of patients with type IIa hypercholesterolemia (McFarlane et al., 2002).
Hypercholesterolemia has also been associated with increased platelet alpha2 adrenergic
receptor density, changes in the composition of platelet membrane phospholipids and
cholesterol and increases in platelet cytosolic calcium (Vaughan et al., 2000)
Statins may exhibit antithrombotic activity at the cellular level by down-regulating
a thrombin-induced process that leads to generation of additional thrombin. It was shown
that statins favorably alter the expression of plasminogen activator inhibitor-1 and tissuetype plasminogen activator, the major determinants of fibrinolytic balance. In a study in
patients with hypercholesterolemia, fluvastatin reduced platelet aggregation by 13% after
24 weeks of therapy and normalized platelet lipid composition, with the latter finding
paralleled by a 29% reduction in LDL-C levels. Thus, there was a direct effect on platelet
function resulting from drug binding and a hypercholesterolemic action on the cholesterol
content of the platelet membranes. In another study in patients with hypercholesterolemia,
treatment with atorvastatin, pravastatin, and simvastatin for 3 months was found to exert
similar beneficial effects on fibrinogen and von Willebrand factor antigen (Clark, 2003).

23

2.2.5. Pharmacokinetic properties of statins
All statins are absorbed rapidly following administration, reaching peak plasma
concentration (Tmax) within 4 hours. Owing the liver is the target organ for statins,
efficient first-pass uptake may be more important than high bioavailability for statin effect.
Food intake have a variable effect on statins absorption, Some are more effectively
absorbed when taken along with food (lovastatin), whereas the bioavailability of other is
decreased (atorvastatin, fluvastatin and pravastatin) or not be affected (simvastatin and
rosuvastatin). With the exception of pravastatin, all statins are extensively bound to plasma
proteins and as a result systemic exposure to unbound, pharmacologically active drug is
relatively low (Schachter, 2005).
All statins are relatively hepatoselective with respect to inhibition of HMG-CoA
reductase, an important property given that the majority of endogenous cholesterol
production occurs in the liver. The mechanisms contributing to this hepatoselective effect
are governed by the solubility profile of the statin. For lipophilic statins, passive diffusion
through hepatocyte cell membranes is primarily responsible for efficient first pass uptake,
while for hydrophilic statins extensive carrier-mediated uptake is the major mechanism.
Statins are predominantly metabolized by the cytochrome P450 (CYP450) family of
enzymes, composed of over 30 isoenzymes (Bottorff and Hansten, 2000).
Lipophilic drugs are known to be much more susceptible to oxidative metabolism
by the CYP450 system (Schachter, 2001) drug interactions may increase plasma levels of
statins, with a consequent increased risk of toxic effects. The predominant route of
elimination for the majority of statins is via the bile after metabolism by the liver
(Schachter, 2005). Elimination half-life may be an important determinant of the relative
LDL-C-lowering effectiveness of the statins together with the specific inhibitory effect on
HMG-CoA reductase. Some authorities have posited that the longer the statin is available
in suitable concentrations, the longer it inhibits HMG-CoA reductase and thus the greater it
lowers LDL-C (Mckenney, 2003). Table 2 summarizes some of the key pharmacokinetic
properties of the individual statins.
Atorvastatin pharmacokinetics
The clinical dose ranges for atorvastatin is 10–80 mg/day, and it is given in the
acid form. Atorvastatin acid is highly soluble and permeable (Lennern¨as, 2003). The
drug is completely absorbed after oral administration Cmax occurring within 1 to 2 hours
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(Williams and Feely 2002). However, atorvastatin acid is subject to extensive first-pass
metabolism in the gut wall as well as in the liver, as oral bioavailability is 14%. The
volume of distribution of atorvastatin acid is 381L, and plasma protein binding exceeds
98% (Lennern¨as, 2003).
Atorvastatin acid is extensively metabolised in both the gut and liver by oxidation,
lactonisation and glucuronidation, and the metabolites are eliminated by biliary secretion
and direct secretion from blood to the intestine. Food decreases the absorption rate of
atorvastatin, as indicated by decreased peak concentration and increased time to peak
concentration. Women appear to have a slightly lower plasma exposure to atorvastatin for
a given dose. Atorvastatin is subject to metabolism by CYP3A4 and cellular membrane
transport by organic anion transport proteins (OATPs) and P-glycoprotein (Lennern¨as,
2003). The mean elimination half-life is approximately 14 hours, although the half-life of
activity of inhibition for HMG-CoA reductase is approximately 20 to 30 hours as a result
of the contribution of active metabolites (Williams and Feely, 2002).
Table 2: Comparison of statin drugs on pharmacokinetic parameters including
bioavailability, solubility, protein binding, elimination half-life, presence of active
metabolites, and isoenzymes used for metabolism (Schachter, 2005).
Parameter

Lovastatin

Pravastatin

Simvastatin

Fluvastatin

Atorvastatin

Rosuvastatin

Bioavailability

5

18

5

24

12

20

Solubility

Lipophilic

Hydrophilic

Lipophilic

Lipophilic

Lipophilic

Hydrophilic

Protein binding

>95

~50

95-98

>98

98

90

Active metabolite

Yes

No

Yes

No

Yes

Minor

Elimination half-

3

1.8

2

1.2

14

19

3A4

Non

3A4

2C9

3A4

2C9/2C19

(%)

life (h)
Isoenzyme a

Isoenzyme refers to the specific isoenzyme in the cytochrome P450 system that is responsible for the
metabolism of each drug.
a
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2.2.6. Statins in CHD prevention
Reduction of cardiovascular risk of death and/or cardiovascular events in any given
patient may be divided into primary and secondary prevention (Knopp, 1999).
2.2.6.1. Statins in primary prevention of CHD
Primary prevention incorporates people or patients without a diagnosis of
coronary artery disease and/or who have not suffered an acute cardiovascular event
(Nixon, 2006). The numbers of individuals or patients now being considered for statins
therapy for primary cardiovascular prevention are gradually increasing with an increasing
understanding of the individuals‘ cardiovascular risk and how this risk may be reduced
(Nixon, 2006).
Many studies have documented the value of statin drugs for primary preventive care to
lower cardiovascular risk. The West of Scotland Coronary Prevention Study (WOSCOPS),
considered the pioneer study (Shepherd et al., 1995a), Asimilar study, the Air
Force/Texas Coronary Atherosclerosis Prevention trial (AFCAPS/ TexCAPS), included
both men and women with elevated cholesterol levels and utilized another statin drug,
lovastatin (Gotto et al., 2000). The lipid arm of the Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA) trial has followed 10 305 individuals
with hypertension and three other cardiovascular risk factors, but not a prior acute cardiac
event, and total cholesterol levels of less than 6.49 mmol/L, randomized to atorvastatin 10
mg or a placebo (Sever et al., 2003).
2.2.6.2. Statins in secondary prevention of CHD
Secondary prevention involves patients who have a diagnosis of CAD (confirmed
by the documentation of a prior acute cardiac event, CAD identified during cardiac
catheterization, or a positive stress or stress imaging study) or who have recently suffered
an acute cardiac event or acute coronary syndrome. The use of statins drugs as an integral
part of multifactorial management as primary and secondary preventative therapy utilized
to lower cardiovascular mortality and morbidity risk is clearly indicated (Nixon, 2006).
The goal of secondary prevention in patients with atherosclerotic disease is to lower
the risk of subsequent CHD events. Clinical trials have shown that most patients with CHD
are candidates for lipid-lowering medication. Individuals with CHD carry a five- to
sevenfold increased risk of recurrent CHD events and are most likely to benefit from lipidlowering therapy (Steinberg, 2008). The strongest evidence in support of lipid lowering as
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a means of secondary CHD may more effectively prevent worsening of atherosclerotic
plaque and promote regression of existing lesions. Achieving more aggressive LDL
lowering (100 mg per dL or less) for five years might produce a further 15 to 20 percent
reduction in CHD events and deaths (Crouch, 2000).
There are numerous outcomes based clinical studies that have confirmed the value
of secondary prevention using statins in patients with documented CHD or who have
suffered an acute cardiovascular event (Four S Group, 1994; Pitt et al., 1995 Sacks et al.,
1996; Reigger et al., 1999; Farnier and Dejagers, 2000; Schwartz et al., 2001; Athyros
et al., 2002; HPS Group, 2002).
The first major secondary prevention trial was the Scandinavian Simvastatin
Survival Study (Four S), This trial was the first major statin trial and the first lipid trial to
show major CHD event reduction as well as mortality reduction (Four S Group, 1994).
2.2.7. Adverse effects of statins
According to the World Health Organization (WHO), an adverse drug reaction
(ADRs) is defined as any response in which there is a noxious and unintended effect that
occurs at the normal doses used in man for prophylaxis, diagnosis and therapy of disease
(WHO, 2008a). They are usually class effects, however individual statins do not
necessarily cause the same problem when used in the same patient. Statins adverse effects
can be classified into minor and serious adverse effects (Abdul Alrazzaq, 2009), or into
muscle and non muscle adverse effects (Golomb and Evans, 2008). The most popular
about statins adverse effects are the serious effect (muscle and liver toxicity) and the other
associated adverse effects beyond muscle and liver toxicity such as gastrointestinal effects
(nausea, dyspepsia, abdominal pain, flatulence and diarrhea or constipation). However,
most patients continue treatment as these side effects are mild and transient. Dermatologic
adverse reactions include: alopecia, rash, cheilitis, lichenoid eruption dermographism,
chronic urticaria and toxic epidermic necrolysis. Moreover, there are two reports of
possible statins associated cataract development in humans (Kiortsis et al., 2007). Other
reports indicated that statins may cause peripheral neuropathy (Chong et al., 2004).
Patients treated with statins have many vascular risk factors, and therefore they may have
an increased risk for erectile dysfunction (Jackson, 1999). Case reports suggested that
statins may be associated with erectile dysfunction (Rizvi et al., 2002).
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Very few data exist regarding the effect of statins on mammary gland.
Gynecomastia was attributed to pravastatin in one case (Aerts et al., 1999). Statin use has
been associated with thrombocytopenia (Groneberg et al., 2001) and thrombotic
thrombocytopenic purpura (Koduri, 1998; McCarthy et al., 1998; Sundram et al.,
2004). Renal damage with statin use is usually due to associated rhabdomyolysis causing
acute tubular necrosis (Antons et al., 2006). Treatment with statins has been rarely
associated with autoimmune disorders. There is a number of reports of statin-induced lupus
erythematosus,

arthralgia, dermatomyositis and polymyositis.

Autoimmune hepatitis

associated with the use of atorvastatin and rosuvastatin has been described (Kiortsis et al.,
2007).
Headache, dizziness are also common complaints. Sleep disturbance may be a problem,
although more so with the lipophilic statins (simvastatin, atorvastatin). Loss of
concentration, loss of appetite, weight loss are rare adverse effects (Knopp, 1999). The
most serious, although infrequent, adverse events encountered with statins are
hepatotoxicity and myotoxicity.
2.2.7.1. Myotoxicity
Although 5–10% of patients report muscle symptoms while taking a statin, only 1–
3% of patients actually have muscle symptoms related to statin therapy (Thompson et al.,
2006 ; Law and Rudnicka, 2006). Muscle symptoms usually occur within the first 6
months of therapy, although they can begin months or even years after initiation of
treatment (Jacobson, 2008). Statin-related muscle symptoms will resolve, or substantially
abate, within 2 months of statin discontinuation, which is helpful for determining the
relationship of symptoms to statin therapy (Vandenberg and Robinson, 2010).
Muscle symptoms are most often categorized as a result of myalgias, myopathy, or
rhabdomyolysis. Myalgia is typically described as heaviness, stiffness, cramping, or
weakness that may be persistent, intermittent, or occur only during exertion and without
creatine kinase (CK) elevation (Jacobson, 2008). Symmetrical proximal muscle symptoms
are the most common, although symptoms may be generalized in about 25% of patients.
Tendon-associated pain, usually involving several tendons, may also occur (Law and
Rudnicka, 2006).
Myopathy refers to muscle symptoms with CK elevation defined as muscle pain,
tenderness and /or muscle weakness, accompanied by an abnormal elevation in CK. (Ucar
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et al, 2000). Myopathy is rare, occurring in 0.04-0.2% of the patients who are on statins
(Maron et al, 2000; Hamilton-Craig, 2001; Pasternak et al., 2002).
Rhabdomyolysis refers to CK elevations greater than 10,000 U/L, usually with renal
compromise and urinary myoglobin. Rhabdomyolysis is very rare, occurring in about
0.002% of statin users, and it is more likely to occur in patients who have renal
insufficiency, advanced age, other co-existing acute illness, or the use of multiple
medications. These symptoms occur in 0.05% of the statin patients. It is accompanied by
severe muscle pain, stiffness, weakness, fever, malaise and dark urine (Thompson et al.,
2003). Fatal rhabdomyolysis has been estimated to occur in approximately 1.5 in 10
million statin prescriptions (Law and Rudnicka, 2006).
2.2.7.2. Hepatotoxicity
The importance of investigating hepatic adverse effects of drugs on the liver lies
in the fact that drug-induced hepatotoxicity has become an important public health problem
(Bonacini and Miyashita, 2002). Statins are highly hepatospecific and therefore appear to
inhibit cholesterol synthesis in the liver greater than any other tissue (Gotto, 2003), and it
is not surprising that elevations in the liver enzymes ALT and AST have been noted since
the first clinical trials with lovastatin. There are four hepatic syndromes to be considered in
the context of statin therapy: acute liver failure, hepatitis, cholestasis, and ―transaminitis‖
(asymptomatic elevation of ALT and AST levels) (Vasudevan et al., 2005)
Acute liver failure
The most serious hepatic adverse effect is acute liver failure. The incidence of acute
liver failure in the general population is about 1:130,000 (Tolman, 2002). There is no
evidence that minor asymptomatic elevations of ALT and AST precede acute liver failure,
nor is there support for routine screening or monitoring for acute liver failure (Sniderman,
2004).
Hepatitis, cholestasis
Hepatitis, cholestasis are rare, the major statin trials have not reported any cases of
cholestasis or severe hepatitis, suggesting that these are rare (Sniderman, 2004).
Transaminitis
During post-marketing surveillance, clinically significant elevations in AST and ALT
(more than three times the upper limit of normal) have been reported in about 0.5 to 2.0
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percent of statins recipients and are usually dose dependent (Pasternak et al., 2002).
These elevations were dose-related and comparable among the various statins, although not
always significantly increased compared with placebo (Farmer and Torre-Amiore,
2000). Most elevations occur within the first 3 to 6 months of therapy and reversed when
the statins are stopped, so that monitoring for this adverse effect is helpful during this
period (Pasternak, et al., 2002). It is not yet known, however, whether these elevations
with statin therapy constitute true hepatotoxicity. The symptoms of hepatitis induced by
statins include fatigue, sluggishness, anorexia and weight loss, and resemble those of an
influenza-like syndrome. Most often the serum aminotransferases are only moderately
elevated. If the treatment is discontinued, symptoms subside almost overnight but the
serum aminotransferase concentration may not return to normal for several weeks,
depending on the degree of elevation (Kinnman and Hultcrantz, 2001).
Elevations in liver enzymes are not unique to statins and have been observed with
other classes of lipid lowering agents. This suggests that, the increase may be due to
changes in lipid metabolism induced by these drugs and not by drugs themselves )Gotto,
2003). Dose, drug interactions, genetic variants or other factors that affect clearance or
hepatic uptake

are the most common risk factors for statins adverse effects, other

metabolic syndrome factors such as obesity, hypertriglyceridemia, hyperglycemia and
particularly hypertension, have been considered as risk factors for statins adverse effects
(Golomb and Evans, 2008).
2.2.8. Drug interaction
Drug-drug interactions (DDIs) are a well known risk factor for adverse drug
reactions (ADRs). DDIs became an important issue in drug safety in the last few years
after the withdrawal of effective and commercially important drugs such as terfenadine,
astemizole, mibefradil, cerivastatin, and in the US and UK cisapride. After the world-wide
withdrawal of cerivastatin due to an increased incidence of potentially fatal
rhabdomyolysis seen in association with interacting drugs, the evaluate of the individual
safety profiles of the remaining available statins was mandatory, particularly since their
pharmacokinetic profiles are different (Bravo, 2004).
A drug interaction generally occurs when either the pharmacokinetics or
pharmacodynamics of one drug is altered by another. Many drug-drug interactions have
been demonstrated in clinical experience with statins and in many respects these
interactions are qualitatively and quantitatively comparable for all agents of this class.
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Some of these interactions are indeed of minor clinical consequence because they neither
compromise cholesterol-lowering activity nor increase toxicity. Due to differences in statin
physicochemical and pharmacokinetic properties, however, some important differences in
their interaction potential are evident (Paoletti et al., 2001).
The statins vary in their drug interaction profiles. Simvastatin, atorvastatin and
cerivastatin are metabolised via the cytochrome P4503A4 (CYP3A4) enzyme in the liver.
Concomitant therapy with CYP3A4 inhibitors e.g. macrolide antibiotics, azole antifungals,
protease inhibitors, cyclosporin, gemfibrozil and nefazadone may potentiate statin levels
and increase the risk of myositis (Knopp, 1999). For example, concomitant erythromycin
can increase the bioavailabilty of atorvastatin by 38%. The most severe of these; statins
with gemfibrozil; this combination should be carefully monitored. Pravastatin is not
specific for CYP3A4 and so has a lower propensity to interact with these drugs. Fluvastatin
differs from all other statins in that it is specific for CYP2C9. Fluvastatin clearance is
increased by rifampicin. Absorption of fluvastatin is increased in the presence of ranitidine,
cimetidine and omeprazole. Simvastatin and atorvastatin may enhance the effect of
warfarin (Williams and Feely, 2002). Many patients are prescribed this combination postmyocardial infraction (MI) and close monitoring of INR (International normalized ratio) is
needed. Pravastatin, fluvastatin and cerivastatin do not affect warfarin and may be
preferable for patients requiring oral anticoagulation Atorvastatin and simvastatin may also
potentiate serum digoxin levels and initial monitoring is needed (Bays and Dujovne,
1998). Drugs that affect endogenous steroid production e.g. spironolactone, cimetidine,
ketoconazole should be used with caution. Patients also taking cholestyramine, should take
the statin one hour before or four hours after the cholestyramine (Bays and Dujovne,
1998).

31

Chapter 3
Patients and Methods
3.1. Study design
The current study is a prospective (follow up) study design, in which a cohort of
patients with CHD was recruited.
3.2. Study setting and period
The study was conducted at UNRWA health centers in Gaza Strip between
November 2009 and July 2010.
3.3. Study population
It is represented newly diagnosed patients with CHD who were treated with
atorvastatin for the first time at therapeutic dose with a range of (10-40) mg daily,
according to cardiologist assessment.
3.4. Sample Size
The study sample size was determined according to a pilot study carried out before
the collection of data that identified the average number of cases that have been newly
diagnosed with CHD per month. It was expected the 5% level of statistical significance, a
test of strength 95%, and the loss of the sample 10%.
3.5. Sampling
During the study period, eighty patients were selected according to the inclusion
criteria. Seventy eight patients gave consent to participate. Of these, eight participants were
dropped out because they did not answer the researcher's calls, two patients died at the first
three months and two patients travelled abroad at the last three months. The remaining 66
patients were interviewed and gave blood samples for biochemical analysis.
3.6. Eligibility criteria
3.6.1. Inclusion criteria


Newly diagnosed patients with CHD.



Patients with normal liver functions and liver enzymes.
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3.6.2. Exclusion criteria


Patients with abnormal liver functions and liver enzymes.



Patients on current statins treatment or other lipid lowering agents.



Patients receiving other medications affecting liver functions or liver enzymes.



Patients with hepatitis B and C or any liver diseases.

3.7. Data collection tools
3.7.1. Health records
Patient‘s medical record file was reviewed regarding medical history and drugs
taken by the patient were checked.
3.7.2. Interview questionnaire
A questionnaire was used to collect the following data from each participant
concerning his socio-demographic characteristics (age, gender, residency, telephone
number or mobile number, marital status, working status and level of education). The
second part wa about life style habits (smoking, diet, weight control, physical activity and
others). Other data concerning participant‘s family and medical history was collected drug
interaction, drug dose and duration, compliance, food habit and other data was collected
during the study and reporting any change in health status or new effect or adverse effects
noticed by the patient (Annex No.1).
3.7.3 Clinical examination
The patients were examined by cardiologist for any signs and symptoms of heart
disease and any suspected complications, clinical examination was conducted for vital
signs. Body mass index was calculated, pulse, blood pressure, and heart ECG
abnormalities were recorded.
3.7.4. Laboratory measurements
The laboratory tests in this study were total cholesterol (TC), triglycerides (TG),
high density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C)
to identify the efficacy of statins as lipid lowering drugs and liver enzymes tests such as
alanine aminotransferase (ALT) and aspartarte aminotransferase (AST) to asses statins
liver injury and to asses their effects on liver function by measuring total and direct blood
bilirubin. A blood sample of approximately 5 ml was gathered in the morning overnight
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fasting for at least 12 hours under cardiologist supervision and order. Centrifugation was
applied and plasma was separated.
3.7.4.1. Measurement of plasma total cholesterol level
Method: Enzymatic colorimetric method.
Principle: Determination of cholesterol level was carried out after enzymatic hydrolysis
by cholesterol estrases and oxidation by cholesterol oxidase. The colorimetric indicator is
quinoneimine which is generated from 4-aminoantipyrine and phenol by hydrogen
peroxide under the catalytic action of peroxidase (Deeg and Ziegenhorn, 1983).
Specimen: plasma sample.
Procedure: Using (Human GmbH-Germany) kit procedure. The assay procedure was
carried as follows:
Reagent blank

Sample or Standard

Sample /Standard

--

10µl

Reagent (1)

1ml

1ml

Mix, incubate for 20 min. at 20-25 ºC or 10 min. at 37 ºC. Measure the absorbance of the
sample (Ab) and the standard (AS) against the reagent blank within 60 min. at 500 nm.
Calculation:
Cholesterol [mg/dL] =
absorbance of sample (Ab)/absorbance of standard (AS) X concentration of standard
[mg/dL].
References values: The desirable range for serum cholesterol is <200 mg/dL, borderline
high (200–239) mg/dL, high level is > 240 mg/dL (NCEP, 2002).
3.7.4.2. Measurements of HDL-C
Method: Precipitation method.
Principle: Low density lipoprotein (LDL) and chylomicron fractions are precipitated by
the addition of phosphotungstic acid in the presence of magnesium ions. After
centrifugation, the supernatant fluid contains only the HDL- fraction which assayed for
HDL cholesterol by spectrophotometer at (570-610 nm) (Lopes-Virella et al., 1977).
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Specimen: plasma sample.
Procedure: according to (Human GmbH-Germany) kit procedure.
a) Precipitation:
i. Pipette into centrifuge tube, taking 500 ul of patient‘s sample and 1000 ul of
undiluted precipitant
ii. Mix and let to stand for 10 minutes at room temperature.
iii. Centrifuge for 10 minutes at 4000 rpm.
iv. Separate the clear supernatant from the precipitate within 1 hour.
v. Determine the cholesterol content with last above method.
Calculation:
HDL-C [mg/dL] = absorbance of sample (Ab)/absorbance of standard(As) X
concentration of standard [mg/dL].
References values: HDL-C level is classified as low at < 40 mg/dL and high HDL-C
at > 60 mg/dL (NCEP, 2002).
3.7.4.3. Determination of LDL-C
After determination of HDL-C, LDL (low density lipoprotein) is calculated
manually according to the following equation
LDL-C(mg/dl) = Total cholesterol - ( Triglyceride/5 + HDL-C ) (Lopes-Virella et al.,
1977).
References values: The optimal range of LDL is less than 130 mg/dL, the borderline high
range is (130-159) mg/dL and the high level is > 160 mg/dL (NCEP, 2002).
3.7.4.4. Measurement of plasma triglycerides level
Method: Enzymatic colorimetric method.
Principle: Determination of triglyceride was carried out after enzymatic hydrolysis,
phosphrylation and oxidation of triglycerides in the sample. The colored

complex

quinoneimine is formed from the reaction of liberated hydrogen peroxide and 4aminotipyrene in the presence of 4-chlorphenol and the catalytic influence of peroxidase.
(Friedewald et al., 1972).
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Specimen: plasma sample.
Assay procedure: according to (Human GmbH-Germany) kits procedure.
Reagent blank

Sample or standard

Sample /Standard

--

10µl

Reagent

1ml

1ml

Mix, incubate for 20 min. at 20-25 ºC or 10 min. at 37 ºC. Measure the absorbance of the
sample (Ab) and the standard (AS) against the reagent blank within 60 min. at 500 nm.
Calculation
Triglyceride [mg/dL] = absorbance of sample (Ab)/absorbance of standard(As)

X

concentration of standard [mg/dL].
References values: The normal level of triglycerides is less than 150 mg/dL, the
borderline high range is (150-199) mg/dL and the high level is > 200 mg/dL (NCEP,
2002).
3.7.4.5. Measurement of direct and total bilirubin, (Photometric colorimetric method)
Principle: Bilirubin reacts with diazotized sulphinilic acid (DSA) to form a red azo
dye. The absorbance of this dye at 546 nm is directly propotional to the bilirubin
concentration in the sample. Water soluble bilirubin will only react with DSA in the
presence of an accelator:
Total bilirubin= direct+ indirect bilirubin.
Specimen: serum sample. Avoid hemolysed sample. It must be protected from the light.
Procedure: according to (Human GmbH-Germany) kit procedure.
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For total bilirubin:
Sample blank

Sample

Total bilirubin reagent (1)

1ml

1ml

T-Nitrite reagent (2)

---

1drop (40µl)

Sample

100µl

100µl

Mix, incubate at room temperature for 10 to 30 min. Measure the absorbance of sample
(As) against sample blank at 546 nm.
For direct bilirubin
Sample blank

Sample

Total bilirubin reagent

1ml

1ml

D-Nitrite reagent

---

1drop(40µl)

Sample

100µl

100µl

Mix, incubate at room temperature for 5 min. Measure the absorbance of sample (As) against
blank at 546 nm.

Calculation
Calculate the concentration of total and direct bilirubin by using the factor 13.0
Bilirubin concentration mg/dL= (As) X 13 mg/dL X17.1=µml/l
Reference values for adults :
Total bilirubin up to 1.1 mg/dL
Direct bilirubin up to 0.25mg/dL (Thapa and Walia, 2007).
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3.7.4.6. Measurment of aspartate aminotransferase AST- (GOT) principle
Glutamate Oxaloacetate Transaminase GOT (AST) catalyzes the follwing chemical
reaction
:
2-oxoglutarate + L-aspartate

L-glutamate + oxaloacetate

Oxaloacetate + NADH+ H+

L-malate + NAD+

The change in an absorbance of NADH is measured at 340 nm which is directly
proportional to the concentration of AST enzyme.
Specimen: serum sample.
Procedure: according to (Human GmbH-Germany) kit procedure.

Assay temperature

25ºC or 30 ºC

37 ºC

Sample

200 µl

100 µl

Working reagent

1ml

1ml

Mix, read the absorbance after 1 min. and the same time start the stop-watch. Read the
absorbance again after exactly 1, 2 and 3 min. at 340 nm.
Calculation:
From the readings, calculate the me an absorbance change per-minute (ΔA/min). If
ΔA/min exceeds 0.2, dilute 0.1 ml of sample with 0.4 ml saline, then multiply the result by
5. Mean ΔA/min at 340 nm* Factor ( as indicated in the used Kit) = U/L.
References values: (10-40)U/L (Thapa and Walia, 2007).
3.7.4.7. Measurement of alanine aminotransferase ALT-(GPT) principle
Glutamic- pyruvic transminase enzyme GPT (ALT) catalyzes the following reaction:

2-oxoglutarate + L-alanine

Pyruvate + NADH+ H+

L-glutamate + pyruvtate

L-lactate + NAD+
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The change in absorbance of NADH is measured at 340 nm which is directly proportional
to the concentration of GPT enzyme.
Specimen: serum sample. Avoid hemolysis.
Procedure: according to (Human GmbH-Germany) kit procedure.
Assay temperature

25ºC or 30 ºC

37 ºC

Sample

200 µl

100 µl

Working reagent

1ml

1ml

Mix, read the absorbance after 1 min. and the same time start the stop-watch. Read the
absorbance again after exactly 1, 2 and 3 min. at 340 nm.
Calculation:
From the readings, calculate the mean absorbance change per minute (ΔA/min). If
ΔA/min exceeds 0.2, dilute 0.1 ml of sample with 0.4 ml saline, then multiply the result
by 5.
Mean ΔA/min at 340 nm X Factor ( as indicated in the used Kit) = U/L.
References values: (10-55) U/L (Thapa and Walia, 2007).
3.8. Statistical processing
Statistical analyses were performed with Statistical Package for Social Science
(SPSS) for Windows, SPSS version 16.
3.8.1. Data entry
Once the study was completed, the data in the revised forms were stored in an
electronic format and cleaned.
3.8.2. Data analysis
Data were analyzed using the SPSS computer program version 16. Descriptive
statistics were performed to describe all variables. Chi-square was used to investigate the
association between the study variables. Paired t-test was used to study the differences
between the variables means. The significance of the association was tested at α level of
≤ 0.05.
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3.9. Ethical considerations


Approval letters from Dean of college of Pharmacy to general director of
concerned health centers.



Approval of Dean of postgraduate studies and research affair .



Approval letters from Helsinki, Ministry of Health (MOH) (Annex No.2).



Approval letters from UNRWA for performing the study (Annex No.3).



Inform consent was taken from the patients verbally, top security was taken into
account for data available in the study.

3.10. Obstacles of the Study


Incorrect information from some patients regarding their life style habits.



Biochemical tests were interrupted for few days due to kits shortage.



It was difficult for some patients to mention their previous medical family history.



It was the first data base; there were no previous studies in Gaza Strip in order to



avoid obstacles.



There is scarcity of adverse effects documentation and reporting in the world and
especially in Gaza Strip
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Chapter 4
Results
This study was conducted to investigate the influence of statins therapy on the liver
function in patients with CHD.
During the study period, eighty patients were selected according to the inclusion
criteria. Seventy eight patients gave consent to participate. Of these, eight were dropped
out because they did not answer the researcher's phone or mobile calls, two patients died at
the first three months and two patients travelled abroad at the last three months. The
remaining 66 patients were newly diagnosed with CHD participated in the study treated
with atorvastatin (10-40 mg). The study carried out in seven UNRWA health centers, data
collection were performed via face to face questionnaire to identify the socio-demographic
characteristics, life style and other variables and through biochemical analysis for blood
profile, liver enzymes and bilirubin.
4.1. Distribution of the study population
4.1.1. Distribution of the study population by socio-demographic variables
Sixty six participants were fulfilled the criteria of this study, 37 participants
(56.1%) were males and 29 (43.9%) were females (Fig.7). The age of the participants
ranged from 38 to 77 years. The majority of the patients were between (45-64) years old
(65.2%), while 18.1% were of age > 65 years old and the remaining (16.7% ) was < 45
years old. Moreover, 84.8% of the participants were unemployed and according to
governorates distribution, 37.9% were living in midzone governorate, 24.2% were from
Khanyunis governorate, 16.4% were from Gaza governorate, 15.2% were from Rafah
governorate and 6.1% were from North Gaza governorate.
Concerning marital status, 78.8% were married, 15.2% were widow, 4.5% were
single and 1.5% were divorced. In term of education, relatively large percent (30.3%) of
patients were illiterate, 39.4% had completed the elementary education, 9.1% had a high
education (Table 3).
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Table 3: Distribution of the study population by socio-demographic variables
Variables

Groups

Sex

Male
Female
North Gaza

37
29
4

56.1
43.9
6.1

Gaza
Midzone

11
25

16.7
37.9

Khanyounis

16

24.2

Rafah
Married
Single
Divorced
Widow
Illiterate

10
52
3
1
10
20

15.1
78.8
4.5
1.5
15.2
30.3

Elementary

26

39.4

Secondary

14

21.2

University

6

9.1

Employed
Unemployed
<45 years

10
56
11

15.2
84.8
16.7

45-64 years
> 65

43
12

65.2
18.1

Governorate

Marital Status

Patient Education Level

Patient Occupation
Age

Number

Sex

43.9
Male

56.1

Figure 7: Distribution of the study population by sex
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Female

%

4.1.2. Distribution of the study population by medical family history
Table 4 demonstrates the distribution of the study population by medical family
history and shows that the majority of patients had heart diseases and diabetes mellitus
(56.1%) medical family history. Moreover 40.9% had hypertension family history and
36.4% were with hypercholestremia and lipidemia family history. Small percent of study
population had liver or renal diseases family history.
Table 4: Distribution of the study population by medical family history
Variable

Number %

Heart dise Heart diseases

37

56.1

Hypertension

27

40.9

Diabetes mellitus

37

56.1

Hypercholestremia and lipidemia

24

36.4

Liver diseases

3

4.5

Renal disease

3

4.5

Others

6

9.1

4.1.3. Distribution of the study population by medical history
Table 5 illustrates that, 33.3% of the population were hypertensive, 4.5% of the
population were diabetic while 21.2% of patients suffer from both diseases.
Hypercholestremia and lipidemia were the problem of 3% of the population, the
distribution with an equal percent was within hypercholestremia/lipidemia and
hypertension or diabetes. Furthermore higher percent (4.5%) was found with
Hypercholestremia and lipidemia and both hypertension and diabetes. No medical
problems were found in 27.3% of the study population before CHD diagnosing.
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Table 5: Distribution of the study population by medical history
Variable

Number

%

Diabetes mellitus

3

4.5

Hypertension

22

33.3

Diabetes mellitus and Hypertension

14

21.2

Hypercholestremia and lipidemia

2

3.0

Hypertension and Hypercholestremia and lipidemia

2

3.0

Diabetes mellitus and Hypercholestremia and lipidemia

2

3.0

Hypertension, Diabetes mellitus and Hypercholestremia and lipidemia

3

4.5

Non of the above

18

27.3

4.1.4. Distribution of the study population according to life style
The collected data (table 6) showed that, 21.1% of the study population were heavy
smokers, while 56.1% were non smokers. Approximately half of the population study
(53%) sleep 6-8 hours, 42.4% sleep less than 6 hours and small percent (4.5%) sleep more
than 8 hours. Moreover, more than half of the population (63.6 % ) didn‘t practice any
moderate activity and 62.1% of the study population had exposed to poor major events
such (Precious death, home loss, shocking news, etc ).
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Table 6: Distribution of the study population by life style variables
Variable
Smoking

Moderate Activity**

Sleep per day

Exposure to poor major events

Number

%

Smoker

15

22.7

Never smoke

37

56.1

Heavy smoker*

14

21.2

Yes

24

36.4

No

42

63.6

6-8 hours

35

53

Less than 6 hours

28

42.4

More than 8 hours

3

4.5

Yes

41

62.1

No

25

37.9

* > 2 packets of cigarettes
** (Walking 2 miles in 30 minutes, running 1½ miles in 15 minutes, swimming laps for 20 minutes, stair
walking for 15 minutes, washing windows or floors for 45-60 minutes)
Source: (National Heart, Lung and Blood Institute, 2011).

4.1.5. Distribution of the study population by Body Mass Index (BMI) variables
The Body Mass Index (BMI) was obtained using the formula, BMI = weight
(kg)/height (m2) to evaluate obesity, according to cut-offs suggested by World Health
Organization (WHO, 2009a).
In this study, BMI was evaluated for the selected patients at the beginning of the study
and after 3 and 6 months (study period). The percent of patients suffering from obesity
(BMI > 30) were higher than those with normal or overweight BMI and didn‘t change
during the study period (six months) as shown in table 7. On the other hand, the percent of
overweight population decreased at the first three months from 33.3% to 28.8% and then to
25.8% after 6 months. In contrast, the percent of the population with a normal BMI
increased from 9.1% to 16.7% during the study period.
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Table 7: Distribution of the study population by Body Mass Index (BMI) variable
Body Mass Index BMI
(kg/m2)
Normal

Baseline
Number

After 3 months

%

Number

%

After 6 Months
Number

%

6

9.1

9

13.6

11

16.7

22

33.3

19

28.8

17

25.8

38

57.6

38

57.6

38

57.6

18.5-24.99
Overweight
25-29.99
Obese
>30
4.2. Distribution of the study population by clinical examination variables
Systolic and diastolic blood pressure, pulse, ECG are the basic clinical examination for
CHD. Table 8 showed the distribution of the study by these variables. The classification of
the blood pressure was according to the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)
(Chobanian et al., 2003).
The results revealed that 31.8% of the participants had normal systolic blood pressure;
27.3% were prehypertensive; 37.9% had hypertension stage 1 group and small percent 3%
had hypertension stage 2. The results also showed that 71.2% of the population had normal
diastolic blood pressure, while, 27.3 % were within stage 1 hypertension of the diastolic
blood pressure. The ECG results showed that, 43.9% of the study population were with Q
wave Myocardial Infraction (MI); 39.4% was with inverted T wave; 7.6% was with non Q
MI and small percent (4.5%) has ST-segment depression. Finally, 78.8% of the participants
had a normal pulse.
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Table 8: Distribution of the study population by clinical examination variables
Variable

Number

%

Systolic blood pressure

Normal <120

21

31.8

(mm Hg)

Pre-hypertension 120-139

18

27.3

Hypertension stage1 140-159

25

37.9

Hypertension stage2 >160

2

3.0

Diastolic blood pressure

Normal<80

47

71.2

(mm Hg)

Pre-hypertension 80-89

0

0

Hypertension stage1 90-99

18

27.3

Hypertension stage2 >100

1

1.5

Normal 60-100

52

78.8

Bradycardia <60

14

21.2

Normal

3

4.5

Inverted Twave

26

39.5

ST-segment elevation(Q wave MI)

29

43.9

5

7.6

3

4.5

Pulse (b/pm)

ECG

Non ST-segment elevation
(non Q MI)
ST-segment depression

4.3. Distribution of study population according to treatment compliance and side
effects
All the participants were treated with atorvastatin (10-40 mg) with the majority (83%)
were receiving a daily dose of 20 mg (Fig. 8). The medication compliance with atorvastatin
was measured by the medication possession ratio (MPR)
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number of days supply of medication received by patient

MPR=
number of days supply of medication required for continuous treatment
The data collected showed that 84.8% of the participants were good compliant in
the first 3 months and this percent was decreased to 77.3% in the last three months (Table
9). Regarding the adverse effects associated with statins administration, 48.4% of study
population suffered always from weakness, 31.8% always suffered from muscle pain and
31.8% suffered from headache. The incidence of other side effects, e.g., abdominal pain,
sleep disturbances, loss of appetite and peripheral neuropathy are shown in table10.
Table 9: Distribution of study population according to drug compliance
Compliance Category

MPR Value Range

First 3 months
Number

%

Last 3 months
Number

%

Poor

0.1-0.79

10

15.2

15

22.7

Good

0.8-1.1

56

84.8

51

77.3

Distribution of the study population according to atorvastatin
doses

40 mg
3%
10 mg
20 mg
40 mg
20 mg
83%

Figure 8: Atorvastatin doses
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10 mg
14%

Table 10: Distribution of study population by adverse effects appeared after statins
administration
Always

Sometimes

Never

Variable
Number

%

Number

%

Number

%

Rash

1

1.5

3

4.6

62

93.9

Nausea

0

0

5

7.6

61

92.4

Diarrhea

0

0

5

7.6

61

92.4

Loss of appetite

8

12.1

5

7.6

53

80.3

Weight loss

3

4.5

2

3.0

61

92.5

Abdominal pain

4

6.1

5

7.5

57

86.4

Muscle pain

21

31.8

8

12.1

37

56.1

Weakness

32

48.5

10

15.2

24

36.4

Headache

21

31.8

12

18.2

33

50.0

Sleep disturbance

6

9.1

5

7.6

55

83.3

Loss of concentration

6

9.1

4

6.1

56

84.8

Peripheral neuropathy

15

22.7

8

12.1

43

65.2

4.4. The effect of statins on lipid profiles
4.4.1 Distribution of study population according to lipid profiles
Table 11 showed that, 65.2% of the study population had desirable level of TC;
however, 15.1 % had high TC (>240 mg/dL). The percent of normal-TC category has
increased up to 83.3% after three months of treatment and up to 93.9% after six months of
atorvastatin treatment. Similarly, normal LDL-C level was found in 62.2% of participants,
this percent increased up to 97% after 6 months of treatment, and it was found high (>160
mg/dL) in 13.6 % of the patients. Approximately half (51.6.0%) of the participants had,
low HDL level (<40 mg/dl) and the percent of study population within high HDL-C
decreased from 13.6% to 9.1% after 6 months of treatment. Normal level of TG (<150
mg/dL) was found in almost 56% of the total population and TG was found high (>220
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mg/dL) in 22.7 % of the study population; however, this value has decreased to 16.7 %
after 6 months of treatment (Table 11).
Table 11: Distribution of study population according to lipid profile
Variable

TC

LDL-C

HDL-C

TG

Groups

Baseline

After3 months

After 6 months

Number

%

Number

%

Number

%

Desirable <200*

43

65.2

55

83.3

62

93.9

Borderline High200- 239

13

19.7

7.0

10.6

3.0

4.6

High >240

10

15.1

4.0

6.1

1.0

1.5

Optimal <130

41

62.2

57

86.4

64

97.0

Borderline High 130-59

16

24.2

7.0

10.6

2.0

3.0

High > 160

9

13.6

2.0

3.0

0

0

Low <40

34

51.6

38

57.6

37

56.1

Normal 40-59

23

34.8

24

36.3

23

34.8

High >60

9

13.6

4.0

6.1

6

9.1

Normal <150

37

56.1

38

57.6

45

68.1

Borderline High 150-199

14

21.2

9.0

13.6

10

15.2

High >200

15

22.7

19

28.8

11

16.7

* The classification according to (NCEP, 2002), all the values are mg/dL

4.4.2. Relationship between statins and lipid profiles
Data analysis revealed that, there is a significant statistical relationship between
statins therapy and the level of both total cholesterol and LDL-C (P<0.05). In the group as
a whole, the mean total cholesterol level decreased from 189.59±52.37 mg/dL at baseline
to 155.71±45.55 mg/dL and then to 140.92±37.87 mg/dL after 3 and 6 months of
treatment, respectively. Similarly, the average plasma level of LDL-C decreased from
116.73±40.64 mg/dL to 86.95±36.91 mg/dL after 3 months and to 72.79±28.32 mg/dL
after six months of statin treatment. On the other hand, there was no statistically significant
change in HDL-C level throughout the study period. Table 12 showed that the mean
triglycerides level decreased from 152.85 to 149.44 mg/dL at 3 months and to 139.38
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mg/dL at 6 months; however, this reduction was not statistically significant. Figure 9
demonstrated clearly the significant decrease in mean levels of total cholesterol and LDL
values and the non significant changes in means of TG and HDL throughout the six
months study period.
Table 12: Relationship between statins and the levels of total cholesterol, LDL, HDL,
triglycerides for the patients before and at 3, 6 months ( n= 66 )
Variable

Time

Number

Mean

t-test P-value*

(mg/dL)
TC

LDL

HDL

TG

*

Before Atorvastatin

66

189.59

After 3 months of Atorvastatin

66

155.71

6.466

0.00a

After 6 months of Atorvastatin

66

140.92

8.426

0.00b

Before Atorvastatin

66

116.73

After 3 months of Atorvastatin

66

86.95

7.09

0.00a

After 6 months of Atorvastatin

66

72.79

8.37

0.00b

Before Atorvastatin

66

42.95

After 3 months of Atorvastatin

66

39.64

1.235

0.221a

After 6 months of Atorvastatin

66

39.97

0.974

0.334b

Before Atorvastatin

66

152.85

After 3 months of Atorvastatin

66

149.44

0.443

0.659a

After 6 months of Atorvastatin

66

139.38

1.188

0.239b

P-value < 0.05

a

b

Difference of means between before atorvastatin and 3 months after atorvastatin
Difference of means between before atorvastatin and 6 months after atorvastatin
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200
189.59
Means of lipid profile values (mg/dl)

180
160

155.7
149.44

152.85

140
120

140.92
139.38
TC

116.73

LDL

100
86.95

80

HDL
72.79

60
40

42.95

39.64

TG

39.97

20
0
Baseline

3 Months

6 Months

Period of the study (Months)

Figure 9: Changes in TC, LDL, TG, HDL levels during the study period (6 months).
4.5. The effect of statins on liver function
4.5.1. Distribution of study population by the liver transaminases and bilirubin
According to the data shown in table 13, 98.5% of the study population were within
the normal ALT range. This percent decreased after 3 months to 81.8% and accordingly,
18.2% of the patients have abnormal values of ALT. On the other hand, all the patients had
normal values of AST at the baseline. However, the percent of patients with abnormal high
AST levels increased to 9.1% at the first three months of the study and then decreased to
3% after 6 months. Similarly, the percent of abnormal total and direct bilirubin increased in
the first three months and then decreased at the last three months of the study period. Table
13 described the distribution of study population by the liver transaminases and bilirubin
variables.
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Table 13: Distribution of study population by the liver transaminases and bilirubin
variables
Baseline
Variable
ALT

AST

Total bilirubin

Direct bilirubin

Number

(%)

After 3 Months

After 6 Months

Number

Number

(%)

(%)

Normal

65

98.5

54

81.8

61

92.4

Abnormal

1

1.5

12

18.2

5

7.6

Normal

66

100

60

90.9

64

97.0

Abnormal

0

0

6

9.1

2

3

Normal

66

100

61

92.4

64

97.0

Abnormal

0

0

5

7.6

2

3.0

Normal

64

97.0

63

95.5

64

97.0

Abnormal

2

3

3

4.5

2

3

4.5.2. The effect of statins on liver function and liver enzymes
4.5.2.1. The effect of statins on liver transaminases
Results shown in table 14 indicated a significant increase in the mean values of
ALT and AST levels after 3 months of statins treatment compared to pre-treatment values.
The mean ALT value increased from (18.95±7.28 U/L) to (26.95±14.43 U/L) (p<0.01) and
from (18.61 ± 6.305 U/L) to (24.85±12.329 U/L) (p< 0.01) for AST after the first 3
months of the study period. However, ALT and AST levels were decreased back to
(21.36±10.28 U/L) and (20.61±9.915 U/L), respectively after 6 months of treatment. The
new attainable levels of ALT and AST were higher than the baseline levels, however, they
were statistically insignificant. Figure 10 and table 14 described the effects of statins on
liver transaminases.
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Table 14: Levels of liver enzymes ALT, AST (U/L) before and at 3 and 6 months during
the study period ( n= 66 ).
Variable

Time

ALT

AST

*

Number

Mean

t-test

p-value*

Before Atorvastatin

66

18.95

After 3 months of Atorvastatin

66

26.95

-4.3

0.00a

After 6 months of Atorvastatin

66

21.36

-1.7

0.09b

2.8

0.006c

Before Atorvastatin

66

18.61

After 3 months of Atorvastatin

66

24.85

-3.113

0.00a

After 6 months of Atorvastatin

66

20.61

-4.884

0.171b

0.978

0.012c

P-value < 0.05

a

Difference of means between before atorvastatin and 3 months after atorvastatin

b

Difference of means between before atorvastatin and 6 months after atorvastatin

c

Difference of means between 3 months after atorvastatin and 6 months after atorvastatin

Means of the Liver Enzymes Values
(U/L)

30
26.95
24.85

25
20
15

21.36
20.61

18.95
18.61

ALT
AST

10
5
0
Baseline

3 months

6 months

Period of the study (Months)

Figure 10: Changes in ALT and AST levels during the study period (6 months).
4.5.2.2. The effect of statins on bilirubin
The data shown in table 15 pointed out a significant increase in the mean values of
total and direct bilirubin after 3 months of statins treatment compared to pretreatment
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values. The mean total bilirubin value increased from (0.659±0.218 mg/dL) to
(0.796±0.246 mg/dL) (p< 0. 01) and from (0.227± 0.137mg/dL) to (0.297 ± 0.249 mg/dL)
(p<0.05) for direct bilirubin after the first 3 months of the study period. However, the
levels of total and direct bilirubin were decreased back to (0.699±0.211 mg/dL) and
(0.265±0.135 mg/dL) respectively after 6 months of treatment. The new attainable levels
of bilirubin were higher than the baseline levels, however, they were statistically
insignificant (p>0.05). Figure 11 and table 15 how the levels of total and direct bilirubin
before and at 3 and 6 months during the study period.
Table 15: Levels of total and direct bilirubin for the patients before and at 3 and 6 months
during study period ( n= 66 ).
Variable
Total Bilirubin

Direct Bilirubin

*

Time Number

Mean

t-test

p-value*

Before Atorvastatin

66

0.659

After 3 months of Atorvastatin

66

0.796

- 4.948

0.00 a

After 6 months of Atorvastatin

66

0.699

-1.054

0.296 b

2.543

0.013 c

Before Atorvastatin

66

0.227

After 3 months of Atorvastatin

66

0.297

-2.115

0.038 a

After 6 months of Atorvastatin

66

0.265

-1.767

0.082 b

1.237

0.221c

P-value < 0.05

a

Difference of means between before atorvastatin and 3 months after atorvastatin

b

Difference of means between before atorvastatin and 6 months after atorvastatin

c

Difference of means between 3 months after atorvastatin and 6 months after atorvastatin.
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Mean Values of Bilirubin (mg/dl)

0.9
0.8

0.7968
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Figure 11: Changes in total and direct bilirubin levels during the study period (6 months).
4.6. The effect of other risk factors on liver transaminases
4.6.1. The relationship between elevation of liver transaminases and obesity
The results in table 16 show a significant association between obesity and ALT
elevation (p< 0.05). The results showed that, half of the patients with normal ALT are
normal and the other half are obese, it also showed that one patient with normal BMI had
abnormal ALT but it showed that 91.7% of the obese patients had abnormal ALT and
91.7% of the obese patients had abnormal ALT. Regarding the relationship between the
BMI and AST among study population, there was a significant statistical relationship
between BMI and AST (p>0.05). There was no patient with normal BMI had abnormal
AST but there were six obese patients had abnormal AST.
Table 16: The relationship between elevation of liver transaminases and BMI
BMI(kg/m2)

Normal and

ALT

Total

Normal

Abnormal

27(50.0)

1(8.3)

Pvalue

28(42.4)

AST

Total

Normal

Abnormal

28(46.7)

0(0.0)

28(42.4)

0.008

Overweight

0.027

Obese

27(50.0)

11(91.7)

38(57.6)

32(53.3)

6(100)

38(57.6)

Total

54(100)

12(100)

66(100)

60(100)

6(100)

66(100)

*

P-value < 0.05
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Pvalue*

4.6.2. The relationship between elevation of liver transaminases and the drug dose
The data collected in table 17 demonstrated that, there isn‘t any statistical relationship
between ALT nor AST elevation and atorvastatin dose ( p>0.05), no patient of those were
given 10 mg showed abnormal ALT or AST, while in patients within 20 mg atorvastatin
showed that 1.7% of them had abnormal ALT and 83.3% had abnormal AST. The highest
dose 40 mg given showed abnormality in ALT in 8.3% of the study population and AST
abnormality in 16.7% of them.
Table 17: The relationship between elevation of liver tranasminases and the atorvastatin
dose.
Atorvastatin ALT
Dose

Total

Normal

Abnormal

10 mg

9(16.7)

0(0.0)

9(13.6)

20 mg

44(81.5)

11(1.7)

55(83.3)

40 mg

1(1.9)

1(8.3)

2(3.0)

Total

54(100)

12(100)

66(100)

Pvalue

0.175

AST

Total

Normal

Abnormal

9(15.0)

0(0.0)

9(13.6)

50(83.3)

5(83.3)

19(28.8)

1(1.7)

1(16.7)

38(57.6)

60(100)

6(100)

66(100)

Pvalue*

0.084

*P-value < 0.05
4.6.3. The relationship between the elevation of liver transaminases and drug
interaction
It was found that 13.6% of the patients take diltiazem in concurrent use with
atorvastatin and 3% take atorvastatin and warfarin concurrently. Patients with elevated
transaminases levels have been checked for diltiazem interaction. The results showed
abnormal ALT level in 55.6% of the patients who were in both atorvastatin and diltiazem
and 12.3% in those on atorvastatin without diltiazem. The results also showed abnormal
AST level in 3.5% patients were taking atorvastatin without diltiazem. Furthermore,
44.4% of the patients taking both drugs showed elevated AST level. Table 18 showed the
significant diltiazem-atorvastatin interaction.
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Table 18: The relationship between diltiazem -atorvastatin interaction and elevation of
liver transaminases.
ALT
diltiazem

Total
Normal

Abnormal

Yes

4(44.4)

5(55.6)

9(100)

No

50(87.7)

7(12.3)

57(100)

Total

54(81.8)

12(18.2)

66(100)

*

P-value < 0.05
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AST

Pvalue

0.007

Total
Normal

Abnormal

5(55.6)

4(44.4)

9(100)

55(96.5)

2(3.5)

57(100)

60(90.9)

6(9.1)

66(100)

Pvalue*

0.002

Chapter 5
Discussion
5.1. Background
The present study was conducted to investigate the effect of statins on liver
function among patients with CHD in Gaza Strip, Palestine. This study was also designed
to determine the effectiveness of such drugs on lipid profiles .
To achieve this purpose, sixty six patients newly diagnosed with CHD were
selected from the UNRWA clinics in Gaza Strip. The selected patients were treated with
atorvastatin (10-40) mg and were followed-up for six months after the start of treatment.
Every three months, the patients were clinically examined, interviewed to investigate any
changes occurring after statins treatment. Furthermore, the patients were underwent a
number of biochemical tests including total cholesterol, LDL, HDL, triglycerides, ALT,
AST, total and direct bilirubin. Results showed significant changes in the patients lipid
profiles revealing the effectiveness of statins in lowering total cholesterol and LDL levels
and showed significant changes in liver functions in the first three month of the study
period.
5.2. Socio-demographic characteristics of the study population
The current study didn‘t show a strong variation among the selected patients in the
socio-demographic variables. The majority of the study population was males (56.1%) and
this was within the actual prevalence of CHD which considered male sex is one of the non
lipid risk factors for CHD. Age (defined differently for men and for women) is treated as a
risk factor because rates of CHD are higher in the older than in the young, and in men than
in women of the same age. The risk of CHD increases at age > 45 in men and >55 in
women (NCEP, 2002). In this study, the study population was according to inclusions and
exclusions criteria.
Furthermore, it has been found that most of the study population didn‘t have any
job; this was one of the most important impact of siege and closure after the second
Intifada in 2001 and as a result, most of the Palestinians workers in occupied Palestine area
lost their works (PCBS, 2009). Moreover, the majority of study population were married
and that was exactly the same as the report of PCBS 2009. Regarding the educational level
the data showed that more than quarter of the study population was illiterate and that might
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be related to the study was conducted in UNRWA health centers where the study
population were Palestinians refugees and were with low education level.
5.3. Medical family history and patients medical history
The present study showed that, most of the study population had a chronic diseases
family history such as heart diseases, diabetes, hypertension and Hypercholestremia and
hyperlipidemia which are considered as risk factors for the CHD. Heart disease and
diabetes mellitus had the highest percent 56.1% among study population in comparison to
other chronic diseases. Furthermore small percent (4.5%) was of family history of liver
diseases. The results demonstrated that, 33.3% of the population were hypertensive, 4.5%
of the population were diabetic, while 21.2% of patients had both of the diseases. This was
in agreement with the previous literature that identified the risk factors for CHD (Qureshi
et al., 2005). Diabetes mellitus is a major contributor, not only in development of CHD but
also in appearance of manifestations of the disease. In fact, increasing levels of blood
glucose, even below the level of established diabetes, serve as predictor of increased risk
(Coutinho et al., 1999). Furthermore, it was reported that hypercholestremia

and

dyslipidemia were the problem of 3% of the population, The atherogenic dyslipidemia
associated with insulin resistant states is characterized by hypertriglyceridemia; an increase
in very-low-density lipoprotein secretion from the liver; an increase in atherogenic small,
dense low-density lipoprotein; and a decrease in HDL-C. Each of these lipid abnormalities
is an independent risk factor for CHD (Watson et al. , 2003).
5.4. Life style variables of the study population
5.4.1. Smoking habits
The collected data showed that, 21.1% of the study population were heavy smokers
while 56.1% were non smokers, this wasn‘t matching the PCBS report, which reported that
83.5% of people live in Gaza city were ever never smoke (PCBS, 2009).
The influence of cigarette smoking on development of CHD has been well
documented (US Department of Health and Human Services, 2004). The relative risk
ranges from 1.5 to 3, depending on variables such as age, sex and quantity of tobacco used
(Critchley and Capewell , 2004). The majority of the CHD patients continue to smoke
after their disease occurrence, suggesting that these patients need strong, systematic
smoking-cessation programs (Abu-Baker et al., 2010).
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5.4.2. Physical activity and sleep
The study regarding the physical activity were expressive and reflect the palestinian
people‘s current situation. The majority of Palestinians didn‘t have any work due to the
bad political situations. Physical inactivity or a sedentary lifestyle was studied as one of the
most important of CHD risk factors (Goldenberg and Glueck, 2009). Physical activity or
exercise known to play an important role to prevent overweight and obesity problems and
to help reduce the risk of CHD.
Approximately, half of the population study sleep 6-8 hours, 42.4% sleep less than
6 hour, short sleep duration and sleep disturbance are associated with a high risk of CHD
and are associated with increased CHD mortality and morbidity (Chandola et al., 2010).
5.4.3. Psychological variables
The results showed that, 62.1% of the study population had exposed to poor major
events such (Precious death, home loss, shocking news, etc) and stressful factors;
recognizing these psychological factors enable approach not only to the disease as a sole
somatic disorder, but also the approach to recognize patient's exposition to stressful events
and patients response to these situations. All of these factors influence treatment of the
patient as a whole (Pešić, 2001).
5.5. Body Mass Index (BMI) variables
Obesity can be defined as ‗an excess of body fat, frequently resulting in a
significant impairment of health. A simple measure, such as body mass index, also known
as Quetelet‘s index (weight in kg . height-1 in m2), is commonly used as a surrogate
measure of obesity in epidemiological studies and in clinical practice. The increasing
prevalence of obesity in many countries means that it is now considered a pandemic
(Ashton et al., 2001).
Conventionally applied cut-points of body mass index define desirable or ‗healthy‘
weight as body mass index <25 kg/m2, overweight as >25–30 kg/m2 and obesity as BMI

>30 kg/m2 (WHO, 2009a).
The positive association between body mass index and total cholesterol, LDL
cholesterol, fasting blood glucose and triglycerides, and the inverse association with HDL
cholesterol increases the risk of CHD (Ashton et al., 2001) . At the baseline of this study,
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about 57.6% of study population were obese, this percent didn‘t change during 3, 6 months
of the study.
5.6. Treatment and compliance
Despite the availability of effective medications

to

lower cholesterol,

approximately two thirds of patients with dyslipidemia do not achieve their LDL-C goal.
Only 40% to 70% of patients comply with their medication regimen, which limits the
success of lipid reduction and, ultimately, CHD prevention (Valdez, 2005).
In this study compliance was determined by the Medication Possession Ratio
(MPR) which used to measure patient medication compliance (Valenstein et al., 2002;
Wogen et al., 2003 ). This ratio (range 0.0-1.1) has been validated in several studies and
provides numerical inference to therapy adherence. The generally accepted cut-off point
for ―poor compliance‖ is an MPR lower than 0.8, whereas ―good compliance‖ is defined as
an MPR of 0.8 to 1.1, and an MPR greater than 1.1 is considered to be the result of
excessive medication fills (Valenstein et al., 2002).
The study showed that, statins compliance decreased with time, it was higher in the
first three months of the study, the study population was good compliance with 84.8% and
within lower percent 77.3% in the last 3 months of the study. These results were agreed
with Vinker et al. (2008) who studied the statins adherence over 8 years in a usual care
setting and with another study which concluded that statins adherence declined with time,
male sex and at the age 65 and older, it showed that among the statins used most often in
that study, persistence was highest with atorvastatin (36%) compared with simvastatin
(26%) and pravastatin (5%) (Huser et al., 2005).
Kjellgren et al. (1995) had identified the factors influence patient compliance,
including: health conditions of the patient, complexity of drug regimens, patient
perceptions, and patient-provider relationship (Valdez, 2005).
5.7. Relationship between statins and lipid profiles
Hyperlipidaemia strongly enhances progression of CHD and its treatment is essential
for patients health. Epidemiologic evidence has established a strong relationship between
elevated levels of atherogenic lipoproteins, particularly LDL-C, total cholesterol, and risk
of death and complications from cardiovascular causes (Strang et al., 2010) Large-scale
drug intervention trials have proven that cholesterol-lowering therapy reduces the risk of
coronary events in a wide range of at-risk patient groups by reducing the plasma total

62

cholesterol and LDL-C to target levels (Barter, 2000). Accordingly, a reasonable
therapeutic strategy to reduce CHD progression is to decrease LDL-C concentration <130
mg/dL as well as increase HDL-C > 40 mg/ dL. Statins appear to be the fundamental
therapy in patients with established CHD as well as a mainstay for those with early
evidence of atherosclerosis (Sharma et al., 2009). Atorvastatin is one of the most effective
statins in reducing TC, LDL-C and TG levels (Mckenney, 2003).
In the current study, data analysis revealed that, there is statistically significant
decrease in the level of both TC and LDL-C (P < 0.01) as a result of statin treatment (total
cholesterol means decreased from 189.59±52.37 mg/dL to 140.92±37.87 mg/dL and LDL
level decreased from 116.73±40.64 mg/dL to 72.79±28.32 mg/dL after 6 months of statin
treatment).
Furthermore, the results showed a higher distribution of study population within
the optimal ranges of TC and LDL lipid profiles. These findings were in agreement with
the results obtained by Rauch et al. (2000) study where total cholesterol and LDL-C level
were significantly reduced in the patients after 3-month treatment with statins. These
results are predictable from the mechanism of action of statins in which they reduce the
production of mevalonic acid from HMG-CoA, resulting in a reduction in hepatic
cholesterol synthesis (Brown and Goldstein, 1986). Consequently, a compensatory
increase in the expression of high affinity LDL-C receptors on hepatocyte membranes
leading to an increased catabolism of LDL-C and its precursors, resulting in decreased
LDL-C production. Furthermore, the high significant correlation between statins and LDLC level could be attributed to the effective statin used (atorvastatin), Mckenney (2003) and
Barter (2000) found that atorvastatin lowers LDL-C to the target level at lower dose and at
lower cost more than any other statins.
Regarding the HDL level, the current study revealed that there is no significant
correlation between statin treatment and the HDL-C level. This finding is different from
that of Mckenney (2003) who found that statins generally produce moderate increase in
HDL-C and explained this elevation by two mechanisms. The first mechanism is through
increasing the production of apolipoprotein A-I (the major apolipoprotein in HDL). The
HMG-CoA reductase inhibition lead to a reduction of downstream farnesyl pyrophosphate
production, inducing upregulation of PPAR-receptors in the periphery and consequently
increasing apolipoprotein A-I production. The second potential mechanism for increasing
HDL-C is a reduction in transfer of cholesteryl esters from HDL to VLDL and LDL
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particles via inhibition of cholesteryl ester transfer protein. The difference between the
current study and other studies, regarding the effect on HDL level, could be attributed to
the short study period as McTaggart and Jones (2008) revealed that HDL-C elevations
are maintained in the long-term treatment of statins. This also might be due to the small
sample size or might be related to the dietary changes.
Similar to HDL results, there was no significant correlation between statins and the
decreasing of triglycerides, although the TG level decreased from approximately 153 to
139 mg/dL after 6 months of statins treatment. These findings are similar to Rauch et al.
(2000) in their study where the HDL-C and triglyceride levels were not affected by statins
therapy. However, several studies found that statins had the effect of decreasing
triglycerides concentration. This difference might be related to the diets high in saturated
fats, certain medications including diuretics, blood pressure medications, prednisone,
estrogens and testosterone or might be related to the short period of the study and the small
size sample (Maron et al., 2000).
5.8. The effect of statins on liver function
Although drug-related hepatotoxicity is uncommon for many drugs, the reported
incidence is between 1 in 10,000 and 1 in 100,000 patients (Larrey, 2002). The true
incidence is difficult to determine. The numbers may be much higher, because of
underreporting, difficulties in detection or diagnosis, and incomplete observation of
persons exposed (Navarro and Senior, 2006).
In most cases, there is no effective treatment other than stopping the drug and
providing general supportive care. When a drug is found to cause even rare hepatotoxicity
but is used by millions, it may be removed from clinical use. Although such a drug poses
great danger to only a few patients, its removal leads to the high loss of drug availability.
For practicing physicians, drug-related hepatotoxicity is a liability risk; for the
pharmaceutical industry, it leads to financial losses; and from a regulatory perspective, it is
the most common reason for regulatory actions on the part of the Food and Drug
Administration (FDA) (Temple, 2006).
Elevations in serum enzyme levels (ALT, AST) were taken as indicators of liver
injury, whereas both total and conjugated bilirubin levels were taken as a measure of
overall liver function. The distinction between injury and function is important, because it
is mainly when function is impaired that symptoms and clinically significant disease
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follow (Navarro and Senior, 2006). Alanin transaminase (ALT), also called glutamic
pyruvic transaminase (GPT), is an enzyme found primarly in the liver which is released
into the blood as a result of liver damage. On the other hand, AST, also called glutamic
oxalacetic transaminase (GOT), is an enzyme found in liver, muscle (cardiac and skeletal),
kidneys, brain, pancreas, lungs, leukocytes and erythrocytes. This enzyme is released into
the blood when either of these organs is damaged (Friedman et al., 2003). Bilirubin a
brownish-yellow pigment, is a byproduct of the breakdown of hemoglobin. Normally, it is
sent to the liver where it is metabolized and then excreted through the bile ducts and
gallbladder into the intestine where it gives the normal brown color to the stool. Before
bilirubin is acted upon by the liver it‘s called indirect (unconjugated) bilirubin. After being
metabolized by the liver, it‘s called direct (conjugated) bilirubin. Total bilirubin is the
combination of these two. The normal reference range for total bilirubin is 0.1 to 1.2
mg/dl. If this is abnormally high, the direct and indirect components are then determined.
If the total bilirubin in the blood is high, it is important to know how much it is conjugated
because it tells healthcare providers what process in the liver is not working normally.
High amounts of conjugated bilirubin means the bile flow is blocked either inside or
outside the liver. Problems of the liver such as hepatitis, fibrosis, cirrhosis and gallstones
can cause increased conjugated bilirubin (Friedman et al., 2003).
5.8.1. The relationship between statins and aminotransferases
The results of the current study showed mild to moderate asymptomatic but
statistically significant elevations of aminotransferases exceeding 1X upper normal limits
(UNL). However, no case was with sever elevation higher than 3X UNL was found. This
elevation can be identified as ―transaminitis‖ in which liver enzyme levels are elevated in
the absence of proven hepatotoxicity (Calderon et al., 2010). Furthermore, the obtained
results showed a significant increase in the mean values of ALT levels after 3 and 6
months of statins treatment compared to pre-treatment values. On the other hand, the mean
values of AST increased significantly only at the first 3 months post-statins treatment
compared to the pre-treatment values (p<0.001) and then decreased back to an
insignificant level (20.61+9.915 U/L) at the last three months. This difference between the
ALT and AST elevation, post-statin treatment, may be related to the higher sensitivity of
ALT to hepatic inflammation (Fraser, 2002).
The results obtained were similar to the results found in a study provided by Chang
and Schiano (2007) who declared that, generally mild aminotransferases elevation
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associated with statins occur within the first 12 weeks and is asymptomatic and improves
spontaneously. The incidence ranges from 0% to 3%. Similarly, another study conducted
by Al-Jubori and Mahmood (2007), demonstrated a mild elevation of ALT and AST
activities less than 3X the UNL post-statin treatment. On the other hand, several studies
reported higher elevation values of ALT and AST activities more than 3X UNL (Tolman,
2002; Buse, 2003; Gotto, 2003). Furthermore, several clinical cases of autoimmune
hepatitis; an acute cholestatic hepatitis were reported after atorvastatin treatment (Pelli et
al., 2003).
Castro et al. ( 2006) reported another case of a 72 years-old man who developed
acute cholestatic hepatitis after atorvastatin treatment at a higher dose than lower doses.
After treatment discontinuation, the patient made a full recovery. Elevations of all
measured hepatic parameters in the current study were observed. This may indicate that the
pattern of hepatotoxicity caused by atorvastatin is a mixed pattern of liver damage and
hepatocellular damage (Bhardwaj and Chalasani, 2007).
Review of literature revealed varied periods of therapy at which the hepatic effect
of statins was detected; 3 and 6 months (Armitage, 2007); 4 months (Angulo, 2002); 2- 4
times during the first year of treatment and 1–2 times per year subsequently (Bernini et
al., 2001).
The mechanisms behind these adverse effects are unclear, but few possibilities have
been suggested. It has been noted that statins can induce a transient acute phase response
on initiation, especially at high doses (Wierzbicki et al., 1998; Wierzbicki et al., 2001),
and this may represent a transient chemical hepatitis due to disturbance of the cholesterolbile acid pathways (Wierzbicki, 2003). Moreover, it was speculated that, the increased
tranaminases serum activity reflects alterations to the hepatocellular membrane (e.g.,
enhanced permeability) that permit leakage of these intracellular proteins (Tolman, 2000).
The former mechanisms appear to be a pharmacodynamic effects rather than a
representation of cellular and particularly liver toxicity (Macdonald and Halleck, 2004).
5.8.2. The relationship between statins and bilirubin
The published data on the effect of statins on bilirubin are rare in comparison with
articles related to the effect of statins on liver transaminases. Some studies assessed total
bilirubin (Calderon et al., 2010). as one of the liver parameters; some assessed fractioned
bilirubin (Cohen and Chalasani, 2006) and others assessed both (Minha et al., 2009).
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Since 2001, a total bilirubin level of more than 2X UNL has been used in combination to
transaminases to define clinically-significant abnormal liver function, with confirmation
required by additional clinical and laboratory data (CDER-PH RMA. AASLD
Conference, 2000). One case of a 68 year old man was on atorvastatin 20 mg/day, showed
abnormal elevation in both total and direct bilirubin which were 7.4 and 4.5 mg/dl
respectively in addition to transaminitis (Minha et. al, 2009).
In this study both total and direct bilirubin were measured and the relationship
between them and statins treatment were analyzed. According to the results obtained, there
was a significant increase in the mean values of total bilirubin in the first 3 months of study
period increased from (0.659±0.2179 mg/dL) to (0.796±0.2461 mg/dL), at (p<0.01). This
is similar to the results obtained in a previous study in which patients on simavastatin and
lovastatin (10-20 mg) showed statistically significant elevation in the total bilirubin level
(Al-Jubori and Mahmood, 2007). On the other hand, there was a mild increase, however,
statistically insignificant, in the direct bilirubin mean value after 3 and 6 months of
atorvastatin treatment.
This insignificant relation may be due to the antioxidant effect of statins which is
one of the most important of statins pleiotropic properties; a recent study on mice
administered statins showed that statins increase the plasma antioxidant level (Ahmed and
Cudmore, 2009). Statins have also been reported to up-regulate antioxidant enzymes:
catalase, superoxide dismutase and glutathione peroxidase, which eliminate free radicals
by the generation of water and oxygen (Wassmann et al., 2001; Wassmann et al., 2002,
Pe´rez-Guerrero et al., 2003). Thus that might be related to the short term of period of the
study and the small sample size.
In conclusion the effect of atorvastatin on both blood tranaminases and bilirubin
levels support the previous findings of potential statin hepatotoxicity. Therefore, the FDA
labeling information for all statins recommends liver function testing before putting a
patient on a statins, 12 weeks after initiation, at any dose increase, and ―periodically‖ for
long-term maintenance therapy. These recommendations are based on expert opinion only,
because most data suggest that significant liver damage from statins is very rare and that
routine monitoring of liver enzymes is not necessary. The ACC/AHA/NHLBI Clinical
Advisory on the Use and Safety of Statins agrees with the FDA, although it specifies
―periodically‖ to mean annually (Onusko, 2008).
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5.9. Some risk factors for statins liver adverse effects
As we mentioned before that the incidence of statins-induced hepatotoxicity is
uncommon events and the reported incidence is very low (Larrey, 2002). The incidence of
statin-induced liver injury may increase because of the presence other risk factors which
could increase patient liver-injury susceptibility.
5.9.1. Obesity
Several studies showed that obese individuals may have higher levels of serum
transaminases than their lean counterparts (Sheth et al., 1997). However; other studies
concluded that the administration of statins to obese patients seems to be equally safe with
the use of these drugs in lean subjects (Kiortsis et al., 2003).
The collected data, in the current study, has revealed that the majority of the study
population was suffering from obesity (57.6%) and this is consistent with the results of
many clinical studies which have identified obesity as one of the major risk factors for
CHD (Torpy et al., 2009). Therefore, obesity could increase, as one of the risk factors, the
patients susceptibility to transaminases elevation due to statin therapy. Furthermore, obese
patients usually suffer from CHD and other chronic diseases such as; diabetes,
hypertension..etc, and thus they usually take multiple medications concurrently. These
concurrent medications may have also an adverse effect on the liver function, even without
statins use (Chitturi and George, 2002; Mallory et al., 2004).
5.9.2. Dose
The results of the current study shows that there was no significant relationship
between liver enzyme elevation and the dose of statins. This was in agreement of
Shepherd et al. (1995b) study who claimed that adverse effects do not appear to be dose
related in all statins but they appear more frequently in association with combination
therapy. And was different from other studies that indicate that the enzymes and bilirubin
emerge with higher doses. The results of this study may be not real due to that no high
dose (80 mg) was administered from any of the patients, such (10, 20, 40 mg) doses which
were available in the study were classified as low and moderate doses respectively
(Ballantyne et al., 2003; Illingworth et al., 2001).
Shepherd et al. (2002) found that the rate of liver enzyme elevation with
atorvastatin 80 mg/dL was four times greater compared with atorvastatin 10 mg/dL. Thus,
hepatotoxic effects were related to the drug and dose used. Bhardwaj and Chalasani
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(2007) also found that higher doses leading to greater frequency of transminases elevations
and described it a dose-related phenomenon. The results of this study might be different to
the previous studies due to the range of doses used (10-40 mg) is considered a low to
moderate dose, no patient was on higher doses (80 mg).
5.9.3. Drug interaction
Hepatotoxicity and myotoxicity are both more common among patients who are
receiving drugs that are metabolized by cytochrome P-450 enzyme systems (Paoletti et al.,
2001). Four statins (lovastatin, simvastatin, rosuvastatin and atorvastatin) are metabolized
by the cytochrome P-450 3A4 (CYP3A4) system, fluvastatin is metabolize by the
cytochrome P-450 2C9 (CYP2C9) and pravastatin is metabolized by sulfation and possibly
other mechanisms (Schachter, 2001).
Atorvastatin undergoes microsomal metabolism in the liver by the cytochrome P450 3A4 (CYP3A4) isoenzyme. This isoenzyme also metabolizes about 60% of all drugs
used in clinical practice today, increasing the risk of interactions (Zhou et al., 2005). Many
patients, receiving statin treatment for secondary or primary prevention of CHD, have
hypertension as an associated risk factor. These patients may require the co-prescription of
calcium antagonists such as diltiazem or verapamil which are considered as inhibitors of
CYP3A4.
Once absorbed, a statin undergoes first-pass metabolism through the liver and is
biotransformed by the cytochrome P450 system. Circulating statin concentrations are
increased when statins are given in conjunction with another drug that either inhibits or is
metabolized by the same isoform of the enzyme include antibiotics, antifungal drugs, HIVprotease inhibitors, and cyclosporine (Gladding et al., 2004). Drugs that induce
cytochrome P-450 3A4, such as barbiturates and carbamazepine, reduce serum statin
concentrations (Knopp, 1999).
In this study, the selected patients were asked about the most common drugs that
interact with atorvastatin. The results showed that there was no drug interaction between
these drugs and atorvastatin except diltiazem. There was a significant relationship between
diltiazem co-administered with statins and transminitis. This result was similar to Law and
Rudnicka. (2006) who reported that diltiazem increases the plasma levels of statins, and
may lead to statin-related adverse effects. Gladding et al. (2004) found that the toxicity of
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statins metabolized by cytochrome P450 3A4, such as simvastatin and atorvastatin, is
enhanced when the drugs are prescribed in high doses with diltiazem.
5.10. Other statins adverse effects
The data collected in the questionnaire about the adverse effects accompanied statins
administration showed that, 48.4% of study population suffered always from weakness and
31.8% of sample always suffered from muscle pain. These were similar to many studies
which claimed that muscle pain and weakness are the most common reported adverse
effects of statins (Golomb and Evans, 2008). Other researcher described weakness as one
symptom of myopathy (Armitage, 2007). Creatine Kinase (CK) is usually used as
important parameter to monitor statin-induced myopathy (Bradford et al 1994; Serruys et
al., 2002; Armitage 2007). Several mechanisms have been suggested for the statininduced muscle injury (Thompson et al., 2003). One of these mechanisms is the reduction
of ubiquinone levels. Ubiquinone, also known as coenzyme Q10 (CoQ10), is a steroid
isoprenoid that helps in formation of adenosine triphosphate (ATP) through oxidation of
nutrients within cells. CoQ10 serves as a powerful antioxidant and membrane stabilizer
that is used by mitochondria for el ectron transport during oxidative phosphorylation.
Statins work by inhibiting the HMG-CoA reductase enzyme which is essential for the
production of mevalonate.
Mevalonate is a precursor for Ubiquinone synthesis. Interruption in the synthesis
of CoQ10 can lead to decrease in the oxidative phosphorylation, which is needed for
normal cellular respiration. This causes instability of muscle cell membrane resulting in
myopathy (Jamal et al., 2004). Other reported mechanism was the reduction of the
cholesterol content of skeletal muscle membranes.
Several risk factors could increase the statin-induced myopathy and other adverse
effects which include: drug-drug interactions (with fibric acid derivatives, erythromycin,
and azole antifungals); advanced age; small body habitus; renal insufficiency; ongoing
infection; trauma such as recent surgery; alcohol abuse and untreated hypothyroidism
(Kapur and Musunuru, 2008).
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Chapter 6
Conclusion and Recommendations
6.1. Conclusion
Coronary heart disease (CHD) is the principle cause of morbidity and mortality
worldwide. The main cause of CHD is atherosclerosis that develops in the arteries that
encircle the heart and supply it with blood.
Statins or 3-hydroxy-3-methyglutaryl coenzyme A reductase inhibitors which used
for prevention and treatment of CHD; they lower cholesterol levels by 20 – 30%, and even
more at higher doses, and this has been clinically proven to produce an equivalent decrease
in the risk of myocardial infarction and death. Statins have become one of the best-selling
medication classes to date since their introduction into the marketplace.
Statins like all medications, have potential adverse effects. The most serious are
muscle side effects, hepatic dysfunction which is the major of the nonmuscle side effects
and

others such as cognitive loss, neuropathy, sexual dysfunction and pancreatic

dysfunction.
Abnormal hepatic transaminase levels are recognized as an infrequent occurrence
of statin therapy. In particular, the transaminases seem to increase within the first 3 and 6
months months of therapy .
This study was conducted to investigate the influence of statins therapy on the liver
function in patients with CHD.
A total of 66 patients were newly diagnosed with CHD participated in the study, 37
males and 29 females, the mean age of both males and females was between 55+10.3
years.
They were treated with atorvastatin (10-40 mg). The study carried out in seven UNRWA
health centers, data collection were performed via face to face questionnaire to identify the
socio-demographic characteristics, life style and other variables and through biochemical
analysis for blood lipid profile (Total cholesterol, triglycerides, LDL-C and HDL-C), liver
enzymes (ALT, AST) and total and direct bilirubin.
The results of the current study showed significant decrease in both total cholesterol
and LDL-C, but no significant decrease in triglycerides or an increase in HDL-C following
6 months of treatment. Moreover it showed significant elevation in liver enzymes (ALTand
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AST) and bilirubin mean values after the first 3 months of statins treatment compared to
pretreatment values, but there was no significant elevation of them after the next 3 months
of the study. The mechanisms behind these adverse effects are unclear, but a few
possibilities have been suggested. Therefore, more studies are necessary to investigate the
mechanism of these adverse effects in the future.
The study also showed that the incidence of statins adverse effects on liver may
increase because of the presence other risk factors such as (dose, drug interactions, obesity)
which could increase patient liver adverse effects susceptibility. Furthermore, the study
showed that patients might suffered from other adverse effects like weakness muscle pain,
headache, abdominal pain, sleep disturbances, loss of appetite and peripheral neuropathy.
6.2. Recommendations
 Emphasizing the role of statins as efficient lipid lowering drugs and highlighting
their importance in prevention and treatment of CHD.
 Since significant changes on liver function were seen after statins treatment among
patients with CHD. Careful monitoring for liver function and dose adjustment of
statins should done.
 Careful clinical and laboratory monitoring for lipid profiles and liver function tests,
including Liver enzymes (ALT and AST) and bilirubin (total and direct), should
continue before, every 3 months during statins treatments and after discontinuation
and dose changes.
 Raising the awareness towards s adverse effects follow up among patients and
physicians.
 The present study emphasizes the importance of clinical pharmacologists role in
prescribing and monitoring drugs.
 The results indicate the importance of clinical pharmacologists role in highlighting
other risk factors that increasing adverse effects incidence.
6.2.1. Research recommendations
 Further studies on a larger number of patients and for a longer periods of time are
warranted to study the long-term effects of statins on lipid profiles and liver
function among CHD patients in Palestine.
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 Further studies to assess other adverse effects such as muscle adverse effects.
 Further comparative and experimental studies on different statins to assess their
efficacy and adverse effects.
 Further studies to discover the mechanisms of statins on liver function.
 Further studies to suggest solutions to decrease the statins adverse effects or
suggest new combinations.
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Appendix
Annex 1
"The Effect of Statins on Liver Function among Patients with Coronary
Heart Disease in Gaza Strip"
(Questionnaire Form)
Serial No.:

.

Health Record No.:

.

Name of the Patient:
Governorates:

.

1. North Gaza

2. Gaza

4. Khanyounis

5. Rafah

3. Midzone

Address:________________________________________________________
Tel. No:

Mobile:

.

Personal Data

1. Age:

years

Date of birth:

/

2. Sex:

1. Male

2. Female

3. Marital Status:

1. Married

2. Single

3. Divorced

4. Widow

/

4. Patient Occupation as:
1. Employed

2. Un- employed

5. Patient Education Level:
1. Illiterate

2. Primary

3. Preparatory

4. Secondary

5. University degree
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.

6.Body Mass Index (BMI):
Baseline

After 3 months

After 6 months

Family History
7. Do any of these diseases run in your first degree relatives and cousins?
CARDIOVASCULAR
DISEASES

1.YES

2.NO

Hypertension

1.Yes

2.No

Diabetes

1.Yes

2.No

Hyperlipidemias

1.Yes

2.No

Liver diseases

1.Yes

2.No

Renal disease

1.Yes

2.No

1.Yes

2.No

Others:

If yes, specify:

.

Medical History
8. Do you suffer from any of the following medical conditions?
1.
2.
3.
4.

Diabetes mellitus
Hypertension
Diabetes mellitus and Hypertension
Heart disease

9. Have you ever been admitted in hospital?
1. Yes
2. No
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If yes, how many times?

.

And why?

.

10. Have you ever visited the emergency room?
1. Yes
2. No
If yes. How many times per year?

.

Smoking
11. Do you smoke cigarettes?
1. Smoker
2. Never smoke
3. Ex. smoker
If you are smoker,
12. How long have you smoked?
1. One year or Less .
2. More than a year.
13. How much do you smoked per day?
1. Less than a packet
2. One packet .
3. More than a packet.
14. Are you exposed to smoke from other people?
1. Almost never
2. Occasionally
3. Regularly

Physical Activity & sleep
15. Do you practice any moderate activity ?this will include(Walking 2 miles in 30
minutes, Running 1½ miles in 15 minutes, Swimming laps for 20 minutes, Stair walking for 15
minutes, Washing windows or floors for 45-60 minutes )?

1. Yes
2. No
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16. How many hours do you sleep continuously per day?
1. 6-8 hours
2. less than 6-8 hours.
3. more than 6-8 hours.

Psychic State
17. Did you exposed to Psychic shock in the last few months?
1. Yes
2. No
18. Did you expose to high stress ?
ALMOST
NEVER

RARELY

SOMETIMES

MOST OF
THE
TIMES

Before statins

After 3 months of
statins therapy.
After 6 months of
statins therapy.

Vitamins &Supplements
19.Do you currently take vitamins?
1. Yes
2. No
If yes, list the names

.

20. Do you use any other dietary supplements on a regular basis ? this will include
silymarine supplements, garlic pills, omega 3,fish oil or other natural supplements.
1. Yes
2. No
If yes, list the supplements _______

.
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21. Clinical Examination
PULSE

BP

ECG

Before statins

After 3 months of statins therapy.

After 6 months of statins therapy.

22. Biochemical Measurements
BLOOD LIPID
PROFILE
TC

HDLC

LDLC

LIVER
ENZYMES
TG

Before statins
After 3 months
of statins
therapy.
After 6 months
of statins
therapy.
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ALT

AST

LIVER
FUNCTION
Total
BB

Conj.
BB

23. Do you feel any of these symptoms after statins therapy or any changes on your
health status?

SYMPTOMS

ALWAYS

SOMETIMES

Rash
Nausea
Diarrhea
Loss of appetite
Weight loss
Abdominal pain
Muscle pain
Weakness
Headache
Sleep disturbance
Loss of concentration
Peripheral neuropathy
Others
24. Do you take any of these drugs during the statins therapy?

DRUG

YES

NO

Dilitizem
Ketoconazole
Itraconazole
Fluconazole
Griseofulvin
Phenytoin
Rifampin
Erythromycin
Clarithromycin
HIV-protease inhibitors
Quinidine
Carbamazepine
Benzodiazepines
Non- sedating antihistamincs
Warfarine
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NEVER

25. Asking about the drug -Duration of therapy- When it was taken?- How was the
compliance?
STATINS
DRUG

DOSE

DURATION

TIME OF DOSE
ADMINISTRATION
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Comp.

COMPLIANCE
Mode.
Noncomp.

Food habit
Before Statins

After 3months Statins

After 6months Statins

How Often Did You Eat These Foods?

Food Group
Never
or less
than
once
per
Month

Per
Month

Per
Week

Per
Day

Never
or less
than
once
per
Month

Carbohydrates
White Bread
Black Bread
Proteins
Red Meat
White Meat
Fish
Eggs
Fruits & Vegetables
Pears, Peaches, and
Apples
cauliflower,
cabbage, broccoli
Garlic and onions
Vitamin C&E rich
food
Fresh Vegetables
Legumes
Beans
Peas
Refined sugar and sweetners
Refined sugar and
sweetners
Beverages
Milk
Tea & Coffee
Fruit juice
Grape fruit juice

Fats
Olive Oil
Butter
Plant Oils
Water
Water
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Per
Month

Per
Week

Per
Day

Never or
less than
once per
Month

Per
Month

Per
Week

Per
Day

Annex 2
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