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Impact of Statins on metabolic syndrome patients in UNRWA primary health
care (GAZA)
Abstract (English)
Background: Metabolic syndrome is a multi-component disorder associated with a high risk of
atherosclerotic cardiovascular disease. Its etiology is the result of a complex interaction between
genetic and environmental factors, including dietary habits, insulin resistance, hyperlipidemia
and visceral obesity. Statins are lipid lowering drugs used to decrease the cardiovascular
complication in high risk patients with dyslipidemia.
Objectives: Comparative study to evaluate the overall effect of statins on metabolic syndrome
patients, and on blood glucose level over six months of treatment.
Methodology: To achieve this purpose, eighty-eight patients with metabolic syndrome were
selected. The study population was divided into two groups, control group which consisted of
thirty-seven (37) patients and the statins treated group (atorvastatin 20mg, atorvastatin 40mg and
simvastatin 20mg) which consisted of fifty-one (51) patients. The study was carried out at the
United Nations Relief and Works Agency (UNRWA) clinics in North Gaza and Indonesi
hospital. A questionnaire interview was used to collect the different socio-demographic factors
as age, gender, occupation, level of education, marital status, and medical history of chronic
diseases. Biochemical tests were carried out on fasting blood glucose and lipid profile.
Additionally, anthropometric measurements as height, weight, body mass index and waist
circumference were performed.
Results: The study showed a significant decrease in lipid components by statins as follows,
triglyceride level decreased from (239.37±116.57mg/dl to 180.96±82.41mg/dl at six months),
total cholesterol decreased from (210.±47.70mg/dl to 175.29±43.07mg/dl at six months), LDL-c
from (119.51±44.95mg/dl to 101.33±38.36mg/dl at six months) and non-HDL-c from
(167.39±46.73mg/dl to 135.84±43.44mg/dl at six months). Insignificant effects of statins on
fasting blood glucose level, HDL-c level and also no effect on blood pressure were seen.
Conclusion: The results indicated that statins are an effective treatment on metabolic syndrome
patients due to their significant decrease in lipid components. There was no significant effect of
statins on fasting blood sugar, two new cases of diabetes mellitus out of twenty-one were
discovered in statins treated group at three months.
Recommendation: Metabolic syndrome is a serious problem and hence increased awareness is
recommended. These patients need more studies and for longer periods to evaluate the effect of
Statins on health. Keywords: Metabolic syndrome, Statins, cardiovascular disease.
iv

تأثير الستاتينات على مرضى متالمزم اأيض في عيادات اأنروا (غزة)
ملخص الذراس
المقذم  :يزالصيخ األَغ ػجبسح ػٍ يضَظ يٍ االػطشاثبد انظحُخ .فهٍ رضَذ يٍ خطش اإلطبثخ ثأيشاع انمهت وانششاٍَُ
وداء انغكشٌ.يٍ أهى أعجبثهب انؼبداد انغزائُخ انغُئخ ثبإلػبفخ إنً أعجبة وساصُخ وثُئُخ .ورشرجط ثحبنخ رؼشف ثًمبويخ
األَغىنٍُ و اسرفبع انذهىٌ فٍ انذو إنً عبَت انضَبدح فٍ انىصٌ وخظىطب يحُط انخظش.
ػمبس انغزبرٍُ احذ انؼالعبد انًغزخذيخ فٍ رمهُم يغزىَبد انذهىٌ فٍ انغغى ونهحذ يٍ اإلطبثخ ثأيشاع انمهت وانششاٍَُ  ،و
َغزخذو فٍ حبالد يزالصيخ األَغ َظشا ألٌ هؤالء انًشػً ػشػخ إليشاع انمهت وانششاٍَُ.
الغرض من الذراس  :هى رمُُى انزأصُش انكبيم نهغزبرٍُ ػهً يشػً يزالصيخ األَغ خالل فزشح ػالط يذرهب  6شهىس ثبنًمبسَخ
يغ يشػً ال َزُبونىا أٌ يضجطبد نهذهىٌ .وكزنك دساعخ رأصُش انغزبرُُبد ػهً يؼذل انغكش فٍ انذو و يؼشفخ إرا كبٌ نهب رأصُش
فٍ حذوس حبالد عذَذح رؼبٍَ يٍ يشع اسرفبع انغكش فٍ انذو.
منهجي الذراس  :نزحمُك هزا انغشع رى اخزُبس صًبٍَ وصًبٍَُ يشَغ ثًزالصيخ األَغ .رى رمغًُهى إنً واحذ وخًغىٌ
(ٌ= )51رُبونىا ػالط انغزبرٍُ (أرىسفبعزبرٍُ 20يغى،أرىسفبعزبرٍُ 40يغى ،عًُفبعزبرٍُ 20يغى) وانًغًىػخ األخشي ػذدهب
عجغ وصالصٍُ (ٌ= )37وهى ال َزُبونىا أٌ ػالط نهذهىٌ .أعشَذ انذساعخ فٍ انفزشح يب ثٍُ عجزًجش 2015إنً يبسط  2016فٍ
انًغزشفً االَذوَُغٍ و ػُبدح انىكبنخ /يُطمخ شًبل لطبع غضح.
ولذ رى اعزخذاو اعزجُبٌ نغًغ انؼىايم االعزًبػُخ وانغكبَُخ يضم :انؼًش ،انغُظ ،طجُؼخ انؼًم ،انًغزىي انزؼهًٍُ و األيشاع
األخشي و انزبسَخ انطجٍ نهًشَغ ،وانفحىطبد انًخجشَخ يضم يغزىي انغكش فٍ انذو ،يغزىَبد انذهىٌ وانكىنغزشول.
ثبإلػبفخ إنً حغبة انىصٌ  ،يؤشش انغًُخ ويحُط انخظش.
النتائج  :كبٌ نهغزبرٍُ رأصُش يهحىظ فٍ اَخفبع انذهىٌ حُش اَخفؼذ ثمًُخ راد دالنخ إحظبئُخ  ،فًُب َهٍ رغُش انفشوق لجم
ثذاَخ انؼالط وثؼذ عزخ أشهش يٍ رُبول انًشػً نهغزبرٍُ ،انذهىٌ انضالصُخ (239.37و116.57 ±يغى/دل إنً
82.41±180.96يغى/دل)  ،انكىنغزشول (47.7±210يغى/دل إنً 43.07±175.29يغى/دل)  ،انجشورٍُ انذهٍُ يُخفغ
انكضبفخ ثبنذو اَخفغ يٍ 44.95±119.51يغى/دل إنً 38.36±101.33يغى/دل وأَؼب انكىنغزشول غُش يشرفغ انكضبفخ
اَخفغ يٍ  46.73±167.39يغى/دل إنً  43.44±135.84يغى/دل  .و وعذ ػذو وعىد رأصُش واػح نهغزبرُُبد ػهً صَبدح
يغزىي انغكش ثبنذو ثبإلػبفخ إنً ػذو وعىد رأصُش ػهً يؼذل ػغط انذو نذٌ هؤالء انًشػً .وكبٌ نهحًُخ انغزائُخ رأصُش
يهًىط ثبَخفبع يحُط انخظش ثمًُخ راد دالنخ إحظبئُخ .
االستنتاج :أظهشد انُزبئظ وعىد رأصُش فؼبل نهغزبرُُبد ػهً يشػً يزالصيخ األَغ َظشا الَخفبع يؼذل انذهىٌ فٍ انذو .و
نى َظهش أٌ رأصُش اعزخذاو انغزبرُُبد أٌ رأصُش واػح ػهً اسرفبع يغزىي انغكش ثبنذو ،ونكٍ وعذ حبنزٍُ عذَذرٍُ أطجٍ
ثًشع انغكش يٍ أطم واحذ وػششٍَ حبنخ ثؼذ صالس شهىس يٍ رُبول ػالط انغزبرٍُ .
التىصيات :يشػً يزالصيخ األَغ َحزبعىٌ يضَذا يٍ االهزًبو وانشػبَخ خظىطب وأَه ال َىعذ فٍ غضح رشخُض خبص ثهى
و أَؼب الثذ يٍ يضَذ يٍ انذساعبد ػهً ػذد أكجش يٍ انًشػً ونًذح صيُُخ أطىل نًزبثؼخ هؤالء انًشػً واالهزًبو ثهى.
كلمات مفتاحيه :يزالصيخ األَغ ؛انغزبرٍُ ؛أيشاع انمهت وانششاٍَُ.
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Chapter –IIntroduction
1.1 Background
The metabolic syndrome (MetS) is one of the most important issues that received attention for
many years. It is characterized by a clustering of cardiovascular risk factors, constellation of
interrelated risk factors of metabolic origin, metabolic risk factors, that appear to directly
promote the development of atherosclerotic cardiovascular disease (ASCVD) (Dunkley et al.,
2012). MetS is a global public health problem that affects all nations and all races, and estimates
suggest that approximately 1/4–1/3 of the global population is affected by MetS and its
prevalence will continue to increase (Yan et al., 2015). In the Middle East, the MetS affect about
one in four people and the prevalence increase with age (Sliem et al., 2012). Metabolic
syndrome is a multi-component disorder characterized by abdominal obesity, dyslipidaemia,
hypertension and impaired insulin sensitivity; also it is associated with an increased risk of type
2 diabetes (T2DM) and cardiovascular diseases (CVD) (Grundy et al., 2005). The etiology of
MetS is the result of a complex interaction between genetic and environmental factors, including
dietary habits, particularly the quality of dietary lipids (Dik et al., 2007) , it is also associated
with low-grade inflammation, which links these patients with atherosclerosis risk development
(Kassi et al., 2011). Metabolic syndrome was described by Reaven in 1988, also called as
syndrome X (Reaven et al., 1988), the insulin resistance syndrome (Kassi et al., 2011),Deadly
quartet (DeFronzo et al., 1991). There is a variety of definition for MetS, these include WHO,
European Group for the study of insulin resistance, and National cholesterol education program
Third Adult Treatment Panel III (NCEP-ATP III) and international Diabetes Federation (IDF)
definition. The percentage of people with the metabolic syndrome differs by age Group (Ford et
al., 2002). It is more common among adult population of the world, and more common in
females than males (Eckel et al., 2005). The metabolic syndrome is influenced by
overweight/obesity, physical inactivity, and genetic factors, and closely associated with a
generalized metabolic disorder called insulin resistance, in which tissue responsiveness to the
normal action of insulin is impaired (Cameron et al., 2004).
Impaired fasting glucose (100–125 mg/dl) usually is an indicator of insulin resistance and is
frequently accompanied by other metabolic risk factors (Tripathy et al., 2000), so measurement
of fasting glucose in overweight and obese persons is a reasonable option. It is also characterized
by low high density lipoprotein (HDL-c), high triglycerides (TG) and high blood pressure (BP).
So management is a must either primarily by preventive management or curative in secondary
conditions. Management of MetS includes physical activity, healthy diet and drugs as lipid
1

lowering drugs as statins, which are the most important to decrease cholesterol level and to
prevent cardiovascular events.
The use of statins (3-hydroxy-3-methylglutaryl coenzyme-A reductase inhibitor) therapy for the
secondary prevention of atherosclerotic cardiovascular disease (ASCVD) is well-established
(Smith et al., 2011). Clinical trials of cholesterol lowering drugs support the efficacy of clinical
primary prevention in higher risk persons. Although they are considered to be drugs with a very
good safety profile, because of their wide use, there are many concerns that their adverse effects
might compromise their proven beneficial effects. Lifestyle therapy to improve atherogenic lipid
profile should be recommended to all subjects with MetS and if therapeutic lipid targets are not
achieved then maximally tolerated statins or combination therapies should be recommended
depending on risk stratification (Ilanne-Parikka et al., 2008).
1.2 Justification of the study
Although MetS was designed to cluster and predict risk for type 2 diabetes mellitus and CVD,
controversy remains on its usefulness in clinical practice. This is due to the fact that it is still not
fully clear whether MetS has an added value to the prediction of diabetes, cardiovascular disease
and mortality above the effect of its individual components (Iribarren et al., 2006). There are a
number of different definitions according to which MetS can be defined which may have led to
heterogeneity.
The currently applied definitions have substantial differences in the predefined components and
cut-off values (Grundy et al., 2005). According to ATP Ш definition, the prevalence of MetS
among patients with cardiovascular disease, aged 20-83 years in Gaza was 59.5%, and the
prevalence increases as age increases. The syndrome is more prevalent among male participants
62.1% (Jamee et al., 2013).
Another study estimated that the overall prevalence of MetS in Gaza Strip cohort was 23.0% and
39.5% according to NCEP/ATP III and IDF definitions respectively (Sirdah et al., 2012).
In Palestine, a study conducted in 2005 to determine the prevalence of MetS and other
atherosclerotic cardiovascular disease risk factors among sample of 342 Palestinian in East
Jerusalem, the syndrome was found in 33.6% participants with no significant difference between
sexes (Abu Sham'a et al., 2009). Also, a study found in Rabin center (Israel) among 20,000
subjects, between the year 2000 and 2010 with age range 20-80 years reported a prevalence of
MetS according to the ATP Ш equal to18.2% with high prevalence in males than females
(Cohen et al., 2012).
Many studies show that statins are one of the risk factors of diabetes but have cardio-protective
effect. Some studies reported the prevalence in metabolic syndrome in Gaza (Sirdah et al.,
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2012), but there is a lack of studies that evaluate the effect of statins on metabolic syndrome in
Gaza, so it is interesting to evaluate the overall effect of statins (atorvastatin and simvastatin) on
metabolic syndrome patients. This study was carried out to determine the effect of statin on
metabolic syndrome (lipid profile and glycemic control).
1.3 Aim of the study
 To determine the impact of statins therapy on metabolic syndrome patients in Gaza Strip.
 To study the most prevalent component of metabolic syndrome among patients in Gaza
Strip.
1.4 The Specific objectives of the study
1. To evaluate the prevalence of different cardiovascular risk factors in patients with
metabolic syndrome.
2. To evaluate the effect of Statins therapy on metabolic syndrome patients and compare
patients on statins therapy with control patients.
3. To evaluate the effect of Statins on cardiovascular disease risk factors (BP, TG, LDL,
HDL, total cholesterol and non-HDL-c).
4. To evaluate the effect of Statins on glycemic profile in patients with metabolic syndrome.
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Chapter-2Literature review
2.1 An overview of Metabolic Syndrome
The metabolic syndrome (syndrome X, insulin resistance syndrome) consists of a constellation
of metabolic abnormalities that confer increased risk of atherosclerotic cardiovascular disease
(ASCVD) and diabetes mellitus. Because the metabolic syndrome is a cluster of abnormalities,
several organizations have attempted to formulate simple criteria for diagnosis of metabolic
syndrome. The major features of the metabolic syndrome include central obesity,
hypertriglyceridemia,

low

levels

of

high-density

lipoprotein

(HDL-c)

cholesterol,

hyperglycemia, and hypertension.
The first proposal came in 1998 from a consultation group on the definition of diabetes for the
World Health Organization (WHO) (Alberti et al., 1998); this group emphasized insulin
resistance as the major underlying risk factor and required evidence of insulin resistance for
diagnosis.
In 1999, the European Group for Study of Insulin Resistance (EGIR) proposed a modification of
the WHO definition (Balkau et al., 1999). This group used the term insulin resistance syndrome
rather than metabolic syndrome. They assumed that insulin resistance is the major cause and
required evidence of it for diagnosis.
In 2001, the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP
III) introduced alternative clinical criteria for defining the metabolic syndrome. Here the
syndrome was met if an individual had three or more of the followings: 1. Waist circumference > 102cm in males and > 88cm in females.
2. Fasting plasma glucose ≥110mg/dl.
3. Blood pressure ≥130/85mmHg.
4. Serum Triglycerides ≥150mg/dl and serum HDL cholesterol <40mg/dl in males and
<50mg/dl in females.
In 2003, the American Association of Clinical Endocrinologists (AACE) modified ATP III
criteria to refocus on insulin resistance as the primary cause of metabolic risk factors (Einhorn
et al., 2003).
In 2005, the International Diabetes Foundation (IDF) published new criteria that again modified
the ATP III definition (IDF, 2005, Alberti et al.,2006). It includes several members of the
original WHO consultation group and they liked the ATP III definition because of its clinical
simplicity and considered that abdominal obesity is so highly correlated with insulin resistance.
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This makes the presence of abdominal obesity necessary for diagnosis and two additional factors
listed in the ATP III definition are sufficient for diagnosis. Currently, the International Diabetes
Federation consensus report for definition of the MetS for children and adolescents in 2007 is the
most well recognized (Zimmet et al., 2007).
The (IDF) definition includes waist circumference ≥ 94cm for European male and ≥ 80cm for
European female, and this European data used until more specific data are available for Middle
East (Arab) populations, plus any two of the following
 Triglyceride (TG ) ≥ 150mg/dL or on (TG) treatment .
 High density lipoprotein (HDL-c) less than 40mg/dL in men or less than 50mg/dL in
women or on (HDL-c) treatment or cholesterol treatment.
 Blood pressure ≥130mmHg systolic or ≥85mmHg diastolic or on hypertension
treatment.
 Fasting blood glucose ≥100 mg/dl or on diabetes treatment.
Some studies have shown the relationship between metabolic syndrome and coronary artery
diseases in different ethnic groups, gender, age, and postmenopausal women (Pearson et al.,
2003). Studies have shown that individuals with Mets have four and three times more risk for
developing diabetes and coronary heart disease, respectively (Lakka et al., 2002). Metabolic
syndrome is a complex disease and prognosis of this disease is poor and needs specific attention
to control. Individuals with MetS have a 30–40% probability of developing diabetes and/or CVD
within 20 years, depending on the number of components present (Enas et al., 2007).
The clustering of overweight, high blood pressure, high blood glucose and dyslipidemia has
previously been reported, which is important because of the close relationships with
cardiovascular diseases (CVD) and type 2 diabetes (T2DM) (DeFronzo et al., 1991). Metabolic
syndrome (MetS) is increasing in incidence and lead to significant cardiovascular disease (CVD)
and mortality. CVD includes all the disease of the heart and circulation including coronary heart
disease, peripheral artery disease, congestive heart failure, rheumatic heart disease and stroke
(Micucci et al., 2016).
Nowadays in Asia, life style has been dramatically westernized. The consequence of this change
is the increase of obesity. Indirectly affected by this phenomenon, the incidence of MetS and
hyperuricemia also become higher (Sun et al., 2015).
The prevalence of MetS varies largely across demographics (Schargrodsky et al., 2008) partly
due to the influence of cultural factors autochthonous to each population (Zhu et al., 2004).
MetS rises with economic development, sedentary lifestyle and associated overweight and
obesity as seen among populations in Asia, South and North America, and Eastern Europe. As a
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result, the metabolic syndrome is now both a public health and a clinical problem. On the other
hand, research has shown that many types of cancer are more common in people who have
MetS, such as breast cancer, in women after menopause, bowel cancer, colon cancer, esophageal
cancer, gastric cancer, pancreatic, kidney and liver cancer (Esposito et al., 2012). This is
probably due to harmful effects in the body that can have MetS, like producing hormones and
growth factors that affect the way our cells work.
It is thought that more than two in ten cancers in the UK are linked to being MetS. The
relationship between MetS and cancer is complex. Individual components of the metabolic
syndrome are known as risk factors for incident cancer disease, but it is not clear how the
clustering of these components is linked to the development and progression of tumors (Micucci
et al., 2016).
Psychological stress at work is considered to be a risk factor for MetS. A cross-sectional study of
Italian radiologists and radiotherapists showed that chronically distressed individuals had more
than four-fold prevalence of MetS compared to colleagues with lower stress levels (Garbarino
et al., 2015). MetS is also associated to a low-grade inflammation, which links MetS patients
with atherosclerosis risk development (Gregor et al., 2011). Additionally, MetS patients have
increased oxidative stress, which is directly related to the inflammatory process (Matsuda et al.,
2013). A cardiovascular risk factor survey in France identified, elevated body weight , waist
girth and low HDL cholesterol were significantly larger contributors to the metabolic syndrome
in women than in men whereas systolic and diastolic blood pressure contributed significantly
less in women than in men and insulin, glucose and triglyceride (TGs) made similar
contributions in both sexes (Dallongeville et al., 2004). Numerous epidemiologic and clinical
studies indicated that MetS was highly correlated to the occurrence of stroke (Grysiewicz et al.,
2008). Persons with MetS have a significantly higher risk of incident ischemic stroke than those
with no MetS.
A meta-analysis has shown that MetS increases the risk of myocardial infarction, cardiovascular
disease, and cardiovascular disease mortality by twofold (Bui et al., 2011). Family history is a
common non-modifiable risk factor for most of the chronic non-communicable diseases,
including cardiovascular disease, Type 2 diabetes and hypertension. It is a collective reflection of
the genetic susceptibility, shared environments and behaviors that, when present, influences the
probability of developing a disease.
2.2 Etiology
The etiology of Metabolic Syndrome is the result of a complex interaction between genetic and
environmental factors, including dietary habits, particularly the quality of dietary lipids
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(Kashani et al., 2006). A complete understanding of the etiology of the MetS is difficult to
achieve due to the presence of multiple components, each of which have their own individual
pathophysiological origins. Furthermore, the MetS includes metabolic (lipids and glucose),
cardiovascular (blood pressure) and anthropometric (waist circumference) factors with the latter
of these itself having an etiological input into each of the other components (Shen et al., 2006).
2.2.1 Insulin resistance
The most accepted hypothesis to describe the pathophysiology of the metabolic syndrome is
insulin resistance, which is caused by an incompletely understood defect in insulin action. The
onset of insulin resistance is heralded by postprandial hyper-insulinemia, which is followed by
fasting hyper-insulinemia and ultimately by hyperglycemia (Fauci et al., 2008).
An early major contributor to the development of insulin resistance is over abundance of
circulating fatty acids. Plasma albumin-bound free fatty acids are derived predominantly from
adipose-tissue triglyceride stores released by intracellular lipolytic enzymes. Fatty acids are also
derived from the lipolysis of triglyceride rich lipoproteins in tissues by lipoprotein lipase. Insulin
mediates both antilipolysis and the stimulation of lipoprotein lipase in adipose tissue. Of note,
the inhibition of lipolysis in adipose tissue is the most sensitive pathway of insulin action. Thus,
when insulin resistance develops, increased lipolysis produces more fatty acids, which further
decrease the antilipolytic effect of insulin. Excessive fatty acids enhance substrate availability
and create insulin resistance by modifying downstream signaling. Fatty acids impair insulin
mediated glucose uptake and accumulate as triglycerides in both skeletal and cardiac muscle,
whereas increased glucose production and triglyceride accumulation take place in the liver.
2.2.2 Leptin resistance
It has also been raised as a possible pathophysiologic mechanism to explain the metabolic
syndrome. Physiologically, leptin reduces appetite, promotes energy expenditure, and enhances
insulin sensitivity. In addition, leptin may regulate cardiac and vascular function through a nitric
oxide–dependent mechanism. However, when obesity develops, hyperleptinemia ensues, with
evidence of leptin resistance in the brain and other tissues resulting in inflammation, insulin
resistance, hyperlipidemia, and a plethora of cardiovascular disorders, such as hypertension,
atherosclerosis, CHD, and heart failure.
The oxidative stress hypothesis provides a unifying theory for aging and the predisposition to the
metabolic syndrome. Recently, the gut microbiome has emerged as an important contributor to
the development of obesity and related metabolic disorders, including the metabolic syndrome.
Although the mechanism remains uncertain, interaction among genetic predisposition, diet, and
the intestinal flora is important.
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2.2.3 Increased waist circumference
It is a state of excess adipose tissue mass. Although often viewed as equivalent to increased body
weight, this need not be the case, lean but very muscular individuals may be overweight by
numerical standards without having increased adiposity. Obesity is therefore defined by
assessing its linkage to morbidity or mortality. Although not a direct measure of adiposity, the
most widely used method to gauge obesity is the body mass index (BMI),which is equal to
weight/height2 (kg/m2).Other approaches to quantifying obesity include anthropometry (skin fold
thickness), densitometry (under water weighing), computed tomography (CT) or magnetic
resonance imaging (MRI), and electrical impedance. Most authorities use the term overweight
(rather than obese) to describe individuals with BMIs between 25 and 30. A BMI between 25
and 30 kg/m2 should be viewed as medically significant and worthy of therapeutic intervention
in the presence of risk factors that are influenced by adiposity, such as hypertension and glucose
intolerance. Obesity is an increasing worldwide problem and known risk factor for the
development of several chronic diseases (Grundy et al., 2004). The reasons for this incidence
vary from person to person. It can sometimes be linked to genes we were born with, or our
environments, as well as our individual behavior and choices. And some drugs and diseases can
also contribute to weight gain (Micucci et al., 2016).
Body mass index (BMI) has traditionally been used as an indicator of weight status and cardiometabolic risks associated with being overweight. However, despite being widely utilized as the
default for determining weight status, evidence suggests an inconsistent ability of the BMI to
predict disease risk. Several studies have shown individuals that were overweight or obese based
on BMI cut-offs were actually at reduced mortality rate compared with normal weight
individuals, while only those that were severely obese or underweight were at an increased risk
(Bohr et al., 2016). For these reasons, alternative measures of weight status that take the
distribution of body mass into consideration could be superior diagnostic measures for
identifying cardiovascular and metabolic disease risk (WHO, 2005). A systematic review of
cohort studies view an association of bodyweight with total mortality and with cardiovascular
events in coronary artery disease (Flegal et al., 2007).
Measuring abdominal obesity, such as waist circumference or (waist-to-hip index) WHR, proved
to be more accurate in predicting the risk of cardiovascular disease, and have replaced some of
the definitions of BMI in the clinical diagnosis of the metabolic syndrome (Zimmet et al.,
2007).
Waist circumference is an important component of the most recent and frequently applied
diagnostic criteria for the metabolic syndrome. However, measuring waist circumference does
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not reliably distinguish increases in subcutaneous adipose tissue from those in visceral fat; this
distinction requires CT or MRI. With increases in visceral adipose tissue, adipose tissue derived
free fatty acids are directed to the liver. In contrast, increases in abdominal SC fat release
lipolysis products into the systemic circulation and avert more direct effects on hepatic
metabolism. It is also possible that visceral fat is a marker for but not the source of excess
postprandial free fatty acids in obesity. Obesity is a common factor related to insulin resistance
and all components of the metabolic syndrome and results from unhealthy lifestyles including
inadequate levels of physical activity, poor diet and smoking. Chronic inflammation and
excessive oxidative stress are key pathophysiological hallmarks of obesity and their contribution
to downstream complications is well established (Després et al., 2012).
2.2.4 Dyslipidemia
Cholesterol is a fat-like substance (lipid) that is present in cell membranes and is a precursor of
bile acids and steroid hormones. Cholesterol travels in the blood indistinct particles containing
both lipid and proteins (lipoproteins). Three major classes of lipoproteins are found in the serum
of a fasting individual: low density lipoproteins (LDL), high density lipoproteins (HDL), and
very low density lipoproteins (VLDL).
LDL cholesterol typically makes up 60–70 percent of the total serum cholesterol. LDL-c is the
major atherogenic lipoprotein and has long been identified by NCEP as the primary target of
cholesterol-lowering therapy. HDL cholesterol normally makes up 20–30 percent of the total
serum cholesterol. Subsequent studies have shown that LDL is the most abundant and clearly
evident atherogenic lipoprotein. The role of LDL in atherogenesis is confirmed by genetic
disorders in which serum LDL cholesterol is markedly increased in the absence of other CHD
risk factors. Strong epidemiological evidence links low levels of serum HDL cholesterol to
increased CHD morbidity and mortality
This condition consists of abnormal levels of triglycerides and apo-B, small LDL particles, and
low HDL-c. According to (ATP III), atherogenic dyslipidemia can become a target for lipidlowering therapy after the goal for LDL-c has been attained (NCEP, 2002). In other words, as
long as LDL-c remains above goal level, LDL-c is the primary target of therapy even in the
metabolic syndrome. Other lipid risk factors are secondary.
As the prevalence of metabolic syndrome and diabetes increases, many patients present with low
concentrations of HDL-c (HDL-c<40mg/dl). A baseline measurement of HDL cholesterol
indubitably correlates with future cardiovascular risk. Blood HDL levels vary inversely with
those of triglycerides, and the independent role of HDL-c versus triglycerides as a cardiovascular
risk factor remains unsettled. The 2013 guideline does not advocate any specific therapy for
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raising HDL-c. Indeed, multiple recent trials failed to show that raising HDL cholesterol levels
improves cardiovascular outcomes, and recent genetic studies cast doubt on low HDL-c as a
causal risk factor for atherosclerotic events. Weight loss and physical activity can raise HDL-c,
and these lifestyle measures merit universal adoption. Nicotinic acid, particularly in combination
with statins, can robustly raise HDL-c, but clinical trial data do not support the effectiveness of
nicotinic acid in cardiovascular risk reduction (Lundbye et al., 2005).
In general, free fatty acid flux to the liver is associated with increased production of Apo-Bcontaining, triglyceride-rich, very low-density lipoproteins (VLDLs). The effect of insulin on
this process is complex, but hyper-triglyceridemia is an excellent marker of the insulin-resistant
condition. The other major lipoprotein disturbance in the metabolic syndrome is a reduction in
HDL cholesterol. This reduction is a consequence of changes in HDL-c composition and
metabolism. In the presence of hypertriglyceridemia, a decrease in the cholesterol content of
HDL-c is a consequence of reduced cholesteryl ester content of the lipoprotein core in
combination with cholesteryl ester transfer protein–mediated alterations in triglyceride that make
the particle small and dense. This change in lipoprotein composition also results in increased
clearance of HDL-c from the circulation. These changes in HDL-c have a relationship to insulin
resistance that is probably indirect, occurring in concert with the changes in triglyceride-rich
lipoprotein metabolism (Fauci et al., 2008). Statin therapy also significantly reduced the
incidence of major vascular events (defined as the combined outcome of major coronary event,
stroke or coronary revascularization) in both younger (aged <65 years) and older (aged >65 years
and aged >75 years) adult (Baigent et al., 2005) and in both younger (aged <65 years) and older
(aged >65 years) adults with diabetes (Downs et al., 2008).
For every l mmol/L (39mg/dl) reduction in low density lipoprotein cholesterol (LDL-c), statins
therapy reduced the incidence of major coronary events by 26% in individuals aged <65 years,
by 19% in those aged >65 years and by 18% in those aged >75 years (Baigent et al., 2005).
2.2.5 Glucose intolerance
Defects in insulin action in the metabolic syndrome lead to impaired suppression of glucose
production by the liver and kidney and reduced glucose uptake and metabolism in insulinsensitive tissues—i.e., muscle and adipose tissue. To compensate for defects in insulin action,
insulin secretion and/or clearance must be modified so that euglycemia is sustained. Ultimately,
this compensatory mechanism fails, usually because of defects in insulin secretion, resulting in
progression from impaired fasting glucose and/or impaired glucose tolerance to diabetes
mellitus.
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It is estimated that 366 million people had DM in 2011; by 2030 this would have risen to 552
million (Olokoba et al., 2012).
In 2013, the total number of new reported cases of diabetes mellitus in the West Bank was 178.4
per 100,000 of population, while in 2014 the total number of new reported cases of DM in the
West Bank was 3,692 with incidence rate 145.7 per 100,000 of population (Abdul-Rahim et al.,
2001, MOH 2014).
2.2.6 Hypertension
The relationship between insulin resistance and hypertension is well established. Paradoxically,
under normal physiologic conditions, insulin is a vasodilator with secondary effects on sodium
re-absorption in the kidney. However, in the setting of insulin resistance, the vasodilatory effect
of insulin is lost but the renal effect on sodium re-absorption is preserved. Insulin also increases
the activity of the sympathetic nervous system, an effect that may be preserved in the setting of
insulin resistance.
Insulin resistance is characterized by pathway specific impairment in phosphatidylinositol-3kinase signaling. In the endothelium, this impairment may cause an imbalance between the
production of nitric oxide and the secretion of endothelin-1, with a consequent decrease in blood
flow. Although these mechanisms a reprovocative, evaluation of insulin action by measurement
of fasting insulin levels or by homeostasis model assessment shows that insulin resistance
contributes only partially to the increased prevalence of hypertension in the metabolic syndrome
(Fauci et al., 2008). The prevalence of hypertension (HTN) in the United States was 73 million,
which was approximately 1/3 of the adult population (Ingsathit, et al., 2010). In Saudi Arabia,
HTN affects more than 25% of the adult population (Al-Nozha et al., 2007).
2.2.7 Hyperuricemia
Hyperuricemia is another consequence of insulin resistance and is commonly observed in the
Mets (Johnson et al., 2007). There is growing evidence not only that uric acid is associated with
hypertension but also that reduction of uric acid normalizes blood pressure in hyperuricemic
adolescents with hypertension. The mechanism appears to be related to an adverse effect of uric
acid on nitric acid synthase in the macula densa of the kidney and stimulation of the renin
angiotensin aldosterone system (Fauci et al., 2008).
2.2.8 Pro-inflammatory cytokines
The increases in pro-inflammatory cytokines including interleukins 1, 6, and 18; resist in; tumor
necrosis factor α; and the systemic biomarker C-reactive protein reflect over production by the
expanded adipose tissue mass . Adipose tissue–derived macrophages may be the primary source
of pro-inflammatory cytokines locally and in the systemic circulation. It remains unclear;
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however, how much of the insulin resistance is caused by the paracrine effects of these cytokines
and how much by the endocrine effects.
It has been shown that MetS accompanies a number of inflammatory disorders such as
rheumatoid arthritis and systemic lupus erythematosus. Co-morbid conditions result in increases
in the morbidity and mortality of MetS patients.
2.2.9 Adiponectin
Adiponectin is an anti-inflammatory cytokine produced exclusively by adipocytes. Adiponectin
enhances insulin sensitivity and inhibits many steps in the inflammatory process. In the liver,
adiponectin inhibits the expression of gluconeogenic enzymes and the rate of glucose production.
In muscle, adiponectin increases glucose transport and enhances fatty acid oxidation, partially
through the activation of AMP kinase. Adiponectin levels are reduced in the metabolic
syndrome. The relative contributions of adiponectin deficiency and overabundance of the proinflammatory cytokines are unclear (Ghoshal et al., 2015).
2.3 Clinical features of Metabolic Syndrome
2.3.1 Symptoms and Signs
The metabolic syndrome typically is not associated with symptoms. On physical examination,
waist circumference may be expanded and blood pressure elevated. The presence of either or
both of these signs should prompt the clinician to search for other biochemical abnormalities that
may be associated with the metabolic syndrome. Less frequently, lipoatrophy or acanthosis
nigricans is found on examination. Because these physical findings characteristically are
associated with severe insulin resistance, other components of the metabolic syndrome should be
expected. A World Health Organization expert consultation concluded that ―the metabolic
syndrome may be useful as an educational concept but it lacks utility as diagnostic or
management tool. The different definitions of the metabolic syndrome hamper its
epidemiological utility. It should not be applied as a clinical diagnosis. It is however, good
practice to control the other factors when one of the signs of the metabolic syndrome is seen‖
(Simmons et al., 2010).
2.3.2 Associated diseases with Metabolic Syndrome
2.3.2.1 Cardiovascular disease
To reduce lifetime risk for arteriosclerotic cardiovascular disease ASCVD, all individuals found
to have the metabolic syndrome deserve long-term management and follow-up in the clinical
setting.
The relative risk for new onset CVD in patients with the metabolic syndrome who do not have
diabetes averages 1.5–3 fold. However, an 8-year follow-up of middle aged participants in the
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Framingham Offspring Study documented that, the population-attributable CVD risk in the
metabolic syndrome was 34% among men and only 16% among women. In the same study, both
the metabolic syndrome and diabetes predicted ischemic stroke, with greater risk among patients
with the metabolic syndrome than among those with diabetes alone (19% vs. 7%) and a
particularly large difference among women (27% vs. 5%). Patients with the metabolic syndrome
are also at increased risk for peripheral vascular disease. Although cardiovascular disease
mortality is declining, it is uncertain whether increasing diabetes prevalence will reverse this
trend as people with diabetes are at higher absolute risk of cardiovascular disease than people
without diabetes (Fox et al., 2015). The increasing prevalence of the metabolic syndrome and
diabetes might be expected to slow or even reverse the decline in cardiovascular disease
mortality in general populations of developed countries and is expected to contribute to
increasing cardiovascular disease mortality in less developed countries. Overall, the risk for type
2 diabetes among patients with the metabolic syndrome is increased three- to fivefold. In the
Framingham Offspring Study’s 8-year follow-up of middle-aged participants, the populationattributable risk for developing type 2 diabetes was 62% among men and 47% among women.
2.3.2.2 Obstructive sleep apnea
Obstructive sleep apnea is commonly associated with obesity, hypertension, increased
circulating cytokines, impaired glucose tolerance, and insulin resistance. With these associations,
it is not surprising that individuals with obstructive sleep apnea frequently have the metabolic
syndrome. Moreover, when biomarkers of insulin resistance are compared between patients with
obstructive sleep apnea and weight-matched controls, insulin resistance is found to be more
severe in those with apnea. Continuous positive airway pressure treatment improves insulin
sensitivity in patients with obstructive sleep apnea.
2.3.2.3 Other associated conditions
In addition to the features specifically associated with the metabolic syndrome, other metabolic
alterations accompany insulin resistance. Those alterations include increases in ApoB and
ApoCIII, prothrombotic factors (fibrinogen,plasminogen activator inhibitor1),serum viscosity, a
symmetric dimethylarginine, homocysteine, white blood cell count, pro-inflammatory cytokines,
C-reactive protein, micro-albuminuria, non-alcoholic fatty liver disease and/or nonalcoholic
steatohepatitis, and polycystic ovary syndrome.
2.4 Factors that influence prevalence of the metabolic syndrome
2.4.1 Age
The prevalence of most individual factors within the metabolic syndrome increase with age, at
least to late middle-age. In the third National Health and Nutrition Examination Survey
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(NHANES III) performed in the United States (US). The prevalence of metabolic syndrome
(defined using NCEP criteria) increased from 6.7% among participants of 20–29 years of age to
43.5% for 60–69 year olds and was 42.0% for participants of 70 years or older (Ford et al.,
2002). The Norwegian HUNT 2 study reported that prevalence of IDF-defined metabolic
syndrome increased in men from 11.0% in 20–29 year olds to 47.2% in the 80–89 year olds and
in women from 9.2% to 64.4% for the same age groups (Hildrum et al., 2007). Given the
importance of age as a risk factor for the metabolic syndrome, meaningful comparisons of
prevalence between populations can only be made if data are adjusted for differences in age
distribution. About 47 million people in the US have the metabolic syndrome (MetS), 42% of
whom are over the age of 70 years (Al-Nozha et al., 2005).
2.4.2 Sex
As central obesity is one of the factors included in definition of the metabolic syndrome and for a
given body mass index, central obesity is more common in men, it might be expected that
prevalence of the metabolic syndrome would be higher in men than women. Among non-diabetic
European men and women from eight populations, the prevalence of the metabolic syndrome
(defined using modified WHO criteria) was generally higher in men than women (Hu et al.,
2004). The effect of generalized obesity is also important such that, in populations in which
obesity is more common in women than men, the prevalence of the metabolic syndrome will be
higher in women than men. This pattern can be observed in Indian, Iranian and Turkish
populations (Wild et al., 2005). A study in Finland reported that the metabolic syndrome
(defined using criteria similar to those of the WHO) was more common in men than in women
among subjects with normal glucose tolerance (15 vs. 10%) and impaired fasting glucose and/or
impaired glucose tolerance (64 vs. 42%), but not in patients with type 2 diabetes (84 vs. 78%)
(Isomaa et al., 2001). In the Canary Islands hypertriglyceridemia, hypertension and
hyperglycemia predominated in men whereas in women, abdominal obesity and low HDLcholesterol were more common components of the metabolic syndrome (Alvarez et al., 2003).
In data for the United States from 2003 to 2006, men had higher age adjusted prevalence of the
TG, blood pressure and glucose components of the metabolic syndrome, but lower age-adjusted
prevalence of the central obesity and low HDL components of the metabolic syndrome compared
to women (Ervin et al., 2009). Based on the International Diabetes Federation (IDF) definition
for MetS; a study conducted on Emirati adults (>20 years old) in 2008 reported the total MetS
prevalence was 40.5% and was higher among women 45.9% than men 32.9% (Malik et al.,
2008).
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2.4.3 Ethnicity
Some ethnic groups have a higher predisposition to central obesity than others: for example,
prevalence of central obesity is higher among South Asians than Europeans and is higher among
Europeans than Afro-Caribbeans. The association between anthropometric cut-points and other
components of the metabolic syndrome and risk of diabetes and cardiovascular disease varies by
ethnicity and ethnic-specific anthropometric cut-points have been proposed. Among Asian
populations the prevalence of the metabolic syndrome defined using standard criteria is generally
lower than among European populations. Within Middle-Eastern populations prevalence of the
metabolic syndrome was similar in Oman to that observed in most European populations but was
higher, particularly among women, in a study in Tehran (Wild et al., 2005).
2.4.4 Obesity and fat distribution
Prevalence of obesity is an important factor in influencing prevalence of the metabolic
syndrome. The association of central or general obesity and the metabolic syndrome varies with
sex (Ho et al., 2001). Distribution of fat influences prevalence of the metabolic syndrome for a
given BMI. The NHANES III study showed that prevalence of the metabolic syndrome (defined
using the ATP III criteria) increased from 0.9% to 3.0% for people with a BMI in the range
18.5–20.9 kg/m2 to 9.6–22.5% for people with a BMI in the range of 25.0–26.9 kg/m2 depending
on sex and ethnicity (St Onge et al., 2004).
2.4.5 Diet and physical activity
The major effects of levels of physical activity and diet on prevalence of the metabolic syndrome
are at least partly mediated through their effects on fat distribution and obesity.
The Whitehall II study of 5153 white European civil servants in Britain found that moderate and
vigorous physical leisure-time activity were associated with lower prevalence of the metabolic
syndrome (defined using 2-hour glucose, systolic blood pressure, fasting TGs, waist-hip ratio,
and HDL cholesterol) independently of age, smoking, and high alcohol intake (Rennie et al.,
2003). Moderate and vigorous leisure time physical activity was associated with decreased risk
of the metabolic syndrome (defined by a modified WHO definition) in a prospective populationbased cohort of 612 middle-aged Finnish men, even after extensive adjustment for potential
confounding factors (Laaksonen et al., 2002).
2.4.6 Menopause
Menopause is a physiological phenomenon, defined as the final menstrual period and reflecting
loss of the ovarian follicular function (Shifren et al., 2014). Natural menopause is recognized
retrospectively after 12 months of amenorrhea. Age of natural menopause may differ from 40 to
58 years old (Stepaniak et al., 2013).
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Limited data are available describing the effects of menopause on prevalence of the metabolic
syndrome. Postmenopause is associated with increased amounts of abdominal visceral fat and
there appears to be an effect that is independent of ageing (Carr et al., 2003).
2.5 Management
2.5.1 Management of metabolic risk factors
The primary goal of clinical management in individuals with the metabolic syndrome is to
reduce risk for clinical atherosclerotic disease. In people with the metabolic syndrome, first-line
therapy is directed toward the major risk factors: LDL-C above goal, hypertension, and diabetes.
In clinical management of elevated LDL cholesterol, the full benefit of risk reduction will be lost
if the metabolic syndrome is ignored. To achieve maximal benefit from modification of multiple
metabolic risk factors, the underlying insulin resistant state must become a target of therapy
(Grundy et al., 2005).The first target to decrease risk of metabolic syndrome includes weight
reduction in overweight and obese persons and increased physical activity. Both weight control
and exercise reduce insulin resistance and favorably modify the metabolic risk factors.
Patients should begin with life style change in the primary prevention of cardiovascular events,
then the second line begins with drug treatment (statins) in high risk patients for high cholesterol
level.
In the primary prevention population, overall data demonstrate benefits with a recent Cochrane
review indicating that statin therapy reduces all-cause mortality, major vascular events and
revascularization. From a clinical standpoint, presence of the metabolic syndrome identifies a
person at increased risk for ASCVD and/or type 2 diabetes mellitus. It is beyond any doubt that
statins do slightly increase the incidence of type 2 diabetes mellitus in people with two or more
components of metabolic syndrome, but the cardiovascular benefits of such treatment by far
exceeds this risk according to some studies (Ford et al., 2004).
Incidence of Mets increases with age and it has been estimated that, in the category over 50 years
of age, it affects more than 40% of the population in the United States and nearly 30% in Europe
(Cameron et al., 2004)
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2.5.2 Overview of Statins

The use of statin (3-hydroxy-3-methylglutarylcoenzyme-A reductase inhibitor) therapy for the
secondary prevention of cardiovascular disease (CVD) is well-established (Smith et al., 2011).
Statins inhibit hepatic de novo cholesterol synthesis by blocking HMG-CoA reductase, an
enzyme converting HMG-CoA into mevalonic acid. The inhibition of HMG-CoA reductase
decreases intracellular cholesterol, that in turn induces an increase of hepatic LDL receptor,
leading to a reduction in circulating LDL-c and of its precursors (intermediate-density, IDL, and
very low-density, VLDL, lipoproteins) (Schachter et al., 2005). In addition to lowering LDL
levels, statins have shown pleiotropic effects on the improvement of vascular endothelial
dysfunction, platelet dysfunction, bone diseases and central nervous system diseases (Hu et al.,
2013).In addition, statins inhibit hepatic synthesis of apolipoproteinB-100, decreasing the
synthesis and secretion of triglyceride rich lipoproteins (Wu et al., 2010). Beyond the effect on
lipid levels, statins have shown to confer antioxidant properties to LDL-c (Shishehbor et al.,
2003, Tavridou et al., 2010).
Despite the development of novel approaches to reduce cholesterol levels, statin therapy is
considered the cornerstone. The statins approved for clinical use are currently seven: lovastatin,
pravastatin and simvastatin are fungal derived inhibitors, while atorvastatin, fluvastatin,
pitavastatin and rosuvastatin are synthetic compounds (Schachter et al., 2005). Although they
may look quite different from each other, they have broadly the same structure consisting of
three parts: an analogue of enzyme substrate, HMG-CoA, a hydrophobic ring structure linked to
the substrate analogue and binding the statin to the reductase enzyme, and side groups on the
ring that determine the solubility and pharmacokinetic properties of the drugs.
Statins are well tolerated, reduce low-density lipoprotein cholesterol (LDL-c), and prevent
atherosclerotic cardiovascular disease (ASCVD). Also statin therapy reduces all cause mortality,
major vascular events and revascularization (Taylor et al.,2013). However, as new evidence has
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become available, an association between statin use and new-onset type 2 diabetes mellitus
(T2DM) has been demonstrated. A meta-analysis of 13 large statin trials including both primary
and secondary prevention populations showed a 9% increased relative risk for incident T2DM
(Sattar et al., 2010). This risk was highest in trials with older patients, but did not correlate with
body mass index (BMI) or low density lipoprotein cholesterol (LDL-c). Data from the Women’s
Health Initiative indicated that 48% increased risk of T2DM among postmenopausal women
taking a statin (Culver et al., 2012).A study found women with a lower BMI at increased risk
compared with women with a BMI of 25 kg/m2 or more. Data also suggest that a higher risk of
new-onset T2DM is related to the potency of the statin. A meta-analysis of 5 statin trials
comparing intensive-dose statin therapy (atorvastatin80 mg or simvastatin 40–80 mg) to
moderate dose statin therapy (simvastatin 20–40 mg, pravastatin 40 mg, or atorvastatin 10 mg)
revealed a 12% increased relative risk of incident T2DM in patients who were taking intensivedose statin therapy (Preiss et al., 2011). When compared with pravastatin, the authors of a
population-based cohort study found a 10–22% increased relative risk of incident T2DM in
patients taking atorvastatin, rosuvastatin and simvastatin, but not with fluvastatin or lovastatin.
These findings were similar among primary and secondary prevention patients (Carter et al.,
2013). The Justification of the Use of Statins in Primary Prevention: An Intervention Trial
Evaluating Rosuvastatin (JUPITER) trial, the largest prospective, randomized, placebocontrolled trial evaluating statin use in the primary prevention population to date, provided the
most patient data regarding risk of incident T2DM with statin therapy. JUPITER demonstrated
an increased risk of physician-reported incident T2DM with statin use (Wong et al., 2009). In
the ASCOT-LLA study, the diagnosis of incident diabetes was based on fasting glucose equals
126 mg/dl or 2-hrs Oral Glucose Tolerance Test (OGTT) glucose level 200 mg/dl; it revealed a
slight increase in the number of patients treated with atorvastatin who newly became diabetic
during the study period compared to the placebo group (Sever et al., 2003). Furthermore, the
Heart Protection Study (HPS) reported that the incidence of de novo patients with diabetes in
subjects at high risk was increased in the simvastatin group compared to placebo (Heart
Protection Study Collaborative Group (2003)). Of interest, the AFORRD trial reported an
increase in HbA1C in diabetic patients treated with atorvastatin (Holman et al., 2009). A metaanalysis by the Cholesterol Treatment Trialists (CTT) Collaborators found that lowering LDL-C
with a statin reduced the risk of a major ASCVD event by 21% for every 39 mg/dl (1mmol/L)
reduction – irrespective of age, sex, baseline LDL-c, or previous ASVCD. Another meta-analysis
by the CTT Collaborators found that high-intensity statin regimens resulted in a 15% further
reduction in major vascular events (Baigent et al., 2010).
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2.5.2.1 Statins adverse effects
Some reports indicate an adverse (Kostapanos et al., 2009, Moutzouri et al., 2011.,) or no
effect of statins on glucose metabolism (Yamakawa et al., 2008) while others reported a
beneficial effect (Meex et al., 2010); thus, the impact of statins on glucose metabolism still
remains an unsolved issue. In addition, it is unclear whether the risk to develop diabetes may be
related to the preexisting metabolic risk factors of patients and/or to statins in themselves and in
particular whether the risk varies with individual statins (Sattar et al., 2010) or with a dosedriven class effect (Baker et al., 2010). In 2012, the U.S. Food and Drug Administration (FDA)
issued new product labeling requirements for statins regarding the risk of statin-associated
adverse effects including muscle injury due to drug–drug interactions, incident or worsened
diabetes, and cognitive impairment (FDA, 2012).
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Chapter -3Patients and methods
This chapter deals with the patients and methods. During the study period, eighty-eight (88)
patients were selected according to the inclusion criteria. The study population was divided into
two groups, control group which consisted of thirty-seven (37) patients and the case group which
consisted of fifty-one (51) patients. The study was carried out in Indonesian hospital and
UNRWA clinic at north Gaza. Thereafter, data was collected from patients through questionnaire
and through biochemical analysis of blood.
The obtained results dealt with distribution of the study population by socio-demographic
variables, and patient history. Moreover, the results evaluated the impact of statins on metabolic
syndrome in addition to lipid profile. Further, the results compared these parameters among
patients receiving the indicated drugs with control patients.
3.1 Study design
Prospective, non-randomized comparative study in which the overall effect of statins was
evaluated in metabolic syndrome patients who met the criteria of International Diabetes
Foundation (IDF) published in (2005).
The (IDF) definition includes


Waist circumference ≥ 94cm for males and ≥80cm for females.

Plus, any two of the followings:
 Triglyceride (TG) ≥ 150mg/dL or on (TG) treatment.
 High density lipoprotein (HDL-C) less than 40mg/dL in men or less than 50mg/dL in
women or on (HDL) treatment.
 Blood pressure ≥130mmHg systolic or ≥85mmHg diastolic or on hypertension
treatment.
 Fasting blood glucose ≥100 mg/dL or on diabetes treatment.
All patients were asked to sign a written informed consent to the study and guideline of good
clinical practice was given to them
3.2. Study setting and period
The study was performed at the UNRWA health center in North Gaza. The study period was six
months from (09/2015 until 03/2016).
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3.2.1 Biochemical and Anthropometric Measurements were made according to the
proposed schedule:
3.2.1.1 Biochemical Measurements
1. Fasting blood glucose, blood pressure were performed at baseline then at three and six
months.
2. Measurement of lipid profile (HDL-c , LDL-c , TG , total cholesterol ) were performed at
baseline then at three and six months.
3.2.1.2 Anthropometric measurements
1. Waist circumference was measured at baseline, then at three and six months, (weight and
height were performed at baseline only).
2. Body mass index (BMI) was calculated and classified according to WHO.
BMI = Weight (kg) / Height (m2).
Table 3.1: Classification of body Mass Index according to WHO.

Underweight

< 18.5

Normal

18.5–24.9

Overweight

25.0–29.9

Obesity

≥30.0

3.2.2 Questionnaire interview
Face to face structured interviews were used to fill in the questionnaires which were designated
to match the study need. The interviewer explained to all participating patients the importance,
the aim and the purpose of the research study. Also, all questions were ideally asked in the same
way during the data collection to achieve a high degree of validity and reliability.
3.3 Study population
All patients aged between (20-70)years with metabolic syndrome according to (IDF) criteria
were included in the study.
3.4 Exclusion criteria
 Patients with life-threatening disease.
 Patients who are on statins before this time.
 Patients who are on lipid lowering drugs other than statins.
 Patients who have hypersensitivity to statin.
 Pregnant women.
 Persons with mental disorder.
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3.5 Sample size and sampling method
The sample size of the study was eighty-eight (88) patients with metabolic syndrome according
to IDF criteria, and they were divided into two groups.


Control group included thirty-seven (37) patients.



Patients on statin (atorvastatin 20mg, atorvastatin 40mg, simvastatin 20mg) therapy
included fifty-one (51) patients.

3.6 Treatment
3.6.1 Statins treated group


Patients on statins (atorvastatin 20mg, atorvastatin 40mg, simvastatin 20mg) therapy.



Antihypertensive drug therapy according to physician instructions.



Hypoglycemic drug or insulin therapy according to physician instructions.

3.6.2 Control group


Antihypertensive drug therapy according to physician instructions.



Hypoglycemic drug or insulin therapy according to physician instructions.

3.7 Data collection
To evaluate the effect of statins on metabolic syndrome (lipid profile and fasting blood glucose).
Samples were collected from all patients participating in the study after writing a consent as
follows:


Blood samples were collected from patients at the beginning of the study (for LDL,
HDL-c, FBG, TC, non-HDL-c).



Blood pressure was measured at the beginning of the study, at three and six months by
mercury sphyngomanometer. (Blood pressure measurement was taken with the
participant in the seated position with the cuff around the right upper arm, supported at
the level of the heart).

Anthropometric measurements:

Body weight was measured in kilograms (kg), a measure of mass. In this study weight
was measured by trusted calibrated weighting device.



Height was measured using a calibrated meter, usually in centimeters, then converted to
meter (m).



Waist circumference was measured by a meter at the beginning of the study (waist
circumference was measured by using a tape measure. Starting at the top of hip bone,
then bring the tape measure all the way around, level with the belly button. The tape was
not too tight and straight. The breath while measuring was not held).
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3.8 Data analysis
Student`s t test and chi square test were used to compare values between the two groups of
patients. P-value less than 0.05 is considered as significant. Data management and analysis was
performed using statistical package SPSS software version 20.
Percentages and Frequencies: This command is used mainly for the purpose of knowing the
variable class repetition and how to take advantage of them in the description of the study
sample.
Descriptive statistics: such as range, minimum, maximum, mean and standard deviation were
used. Simple distribution of the study variables and the cross tabulation were applied.
Continuous variables were presented as mean ± SD.
3.9 Ethical considerations
1. Approval from Faculty of Pharmacy at AL-Azhar University-Gaza.
2. Approval from Postgraduate Studies at AL-Azhar University-Gaza.
3. Helsinki committee approval before starting to ensure the participants safety during
performance of the study.
4. Approval letter from UNRWA and Palestinian Ministry Of Health (MOH).
5. Consent form all patients to ensure their voluntary participation.
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Chapter-4Results
4.1 Distribution of the study population
4.1.1 Distribution of the study population by socio-demographic variables
The total number of the study population who fulfilled the selective criteria was eighty-eight (88)
patients divided into two groups as illustrated in (Table 4.1). Thirty-four of them were males
(38.64%), and 54 (61.36%) were females. Figure 4.1 shows the study population by gender. The
age of participants ranged from (26 to 70) years with a mean of 51.70±9.74years old. Age
category divided as follows (20-40)years representing (14.77%), the other category (41-55) years
representing (51.14%) , while the rest of patients were thirty (34.09%) aged (56-70) years old.
Four males (11.76%) and nine females (16.67%) were (20-40) years old, while 17 (50%) males
and 28 (51.85%) females were in the age group of (41-55) years old, and 13 (38.24%) of
males,17 (31.48%) of females aged (56-70) years old as shown in (figure 4.2). This indicates that
the development of metabolic syndrome increases with age especially in the age category of (4155) years. Here there was no significant difference between the two groups (P>0.05).
In addition, 32 (36.4%) patients were workers, while 56 (63.6%) were not. Twenty-six (76.47%)
males and six females (11.11%) were workers, while 8 (23.53%) of males and 48 (88.89%) of
females were not workers. This indicates that the development of metabolic syndrome was
higher among not worker persons with statistical significant difference between the two groups
(P< 0.05).
In the field of education, 6 (6.82%) were illiterate, 26 (29.54%) of study population had primary
education only, while 34 (38.64%) completed their secondary school and the rest of the
participants 22 (25%) have finished their high education.
One (2.94%) male was illiterate, 8 (23.53%) had primary education, 8 (23.53%) completed their
secondary school and the rest of them 17 (50%) had finished their high education. Five (9.26%)
females were illiterate,18 (33.33%) had primary education, while 26 (48.15%) completed their
secondary school and the rest 5 (9.26%) finished their high education. Also, here there was
significant difference between the two groups (P<0.05). Metabolic syndrome was found among
patients who completed their secondary school.
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Male

Female

38.64%
61.36%

Figure 4.1: Distribution of the study population by gender.

Table 4.1: Socio-demographic distribution by gender.

Male

Variable

%

No.

%

No.

%

34

38.64

54

61.36

88

100

20-40yr

4

11.76

9

16.67

13

14.77

41-55yr

17

50

28

51.85

45

51.14

56-70yr

13

38.24

17

31.48

30

34.09

Workers

26

76.47

6

11.11

32

36.4

Not workers

8

23.53

48

88.89

56

63.6

Illiterate

1

2.94

5

9.26

6

6.82

Primary

8

23.53

18

33.33

26

29.54

Secondary

8

23.53

26

48.15

34

38.64

High school

17

50

5

9.26
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25

Age
category

Education

Total

No.

Gender

Occupation

Female

*P-value of t-test, P-value

0.05 is considered significant.

25

P-value

0.434

0.001

0.001

Male

60

Female
Total population
50 51.85 51.14

Percent %

50
38.24
31.48 34.09

40
30
16.67
11.76
14.77

20
10
0

20-40yr

41-55yr
Age groups

56-70yr

Figure 4.2: Distribution of the study population by age (years) category.

4.2 Distribution of the study population by metabolic syndrome risk factors
The study population was divided into two groups. Case (statins) group included fifty-one (58%)
patients, twenty-three (45.1%) males and twenty-eight (54.9%) females. The age of participants
ranged from (37-70) years with a mean of 54.18±9.02years old.
The control group consisted of thirty-seven (42%) patients, eleven (29.7%) males and twenty-six
(70.3%) females. The age of participants ranged from (26 to 64) years with a mean of 48.3±9.7
years old. The prevalence of Hypertension was 59.09% in population study distributed as
70.59% in case group and 43.24% in control group. On the other hand, thirty-six patients
(40.91%) were not hypertensive, 21 (56.76%) of them were in the control group, while the
statins group consisted of 15 (29.41%). Significant difference was indicated between the two
groups (P<0.05).
Fifty-four patients (61.36%) were diabetics, while 34 (38.64%) were not diabetics in total
population. Twenty-five (67.57%) of the control group were diabetics, twelve (32.43%) of them
were not diabetics.
In the statin treated group, there were 29 (56.86%)

diabetics and 22 (43.14%) were not

diabetics. No significant difference was found between the two groups (P>0.05).
Moreover, 8 (9.1%) of study population were smokers (cigarettes only), while the rest of the
participants 80 (90.9%) were nonsmokers. All smokers in this study were males. The control
group consisted of two smokers (5.41%) and 35 (94.59%) nonsmokers. While the statins group
consisted of six smokers (11.76%) and 45 (88.24%) nonsmokers. There was no significant
difference between the two groups (P>0.05).
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All respondents were divided into categories according to the body mass index BMI:


Under weight – less than 18.5 kg/m2.



Normal – less than 25kg/m2.



Overweight – between 25 and 29.9 kg/m2.



Obese – greater or equal to 30 kg/m2.

Moreover, there was 2 (2.27%) of the study population with normal weight (BMI< 25 kg/m2), 23
(26.14%) had BMI in the range of overweight (BMI=25-29.9 kg/m2) and 63 (71.59%) were
suffering from obesity (BMI≥30 kg/m2). The obese and overweight patients were distributed in
the control and the statins treated groups, while the normal weight in the statins group only as
shown in (figure 4.3). The control group consisted of 9 (24.32%) overweight patients while 28
(75.68%) were obese. While the statins group consisted of 2 (3.92%) patients with normal body
mass index, 14 (27.45%) patients were overweight and 35 (68.63%) were obese. Most statins
treated patients were obese. There was no difference between the two groups (P>0.05).
Moreover, 75 (85.23%) patients had family history of cardiovascular diseases (CVD). Twenty
eight (75.68%) of the control group had family history of cardiovascular diseases and 47
(92.16%) of the statins group. Furthermore, 21 (38.89%) of the females participated in this study
were menopause (age ≥53 years), 9 (34.62%) of them were of control group and the statins
group consisted of 12 (42.86%) patients.There was no difference between the two groups
(P>0.05). On the other hand, 47 (53.41%) of the study population were on diet, 41 (46.59%) of
them were not on diet. Eighteen persons (48.65%) were on diet from the control group and 29

Percent %

persons (56.86%) of the statin treated group.
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

75.68

68.63

27.45

71.59

26.14

24.32

3.92

2.27

BMI for case group

BMI for control

BMI for all

Body mass index distribution
Normal<25kg/m2

Overweight from 25-29.9kg/m2

Obese≥30kg/m2

Figure 4.3 Distribution of study population by body mass index.
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Table 4.2 Distribution of CVD risk factors of metabolic syndrome by group.

Statin group

Variable

No.
Age (mean±SD)

No.

54.18±9.02

%

48.30±9.79

No.

P-value
%

51.70±9.75

36

70.59

16

43.24

52

59.09

No

15

29.41

21

56.76

36

40.91

Yes

29

56.86

25

67.57

54

61.36

No

22

43.14

12

32.43

34

38.64

Yes

6

11.76

2

5.41

8

9.09

No

45

88.24

35

94.59

80

90.91

Normal

2

3.92

0

0

2

2.27

Overweight

14

27.45

9

24.32

23

26.14

Obese

35

68.63

28

75.68

63

71.59

Yes

47

92.16

28

75.68

75

85.23

No

4

7.84

9

24.32

13

14.77

Yes

12

42.86

9

34.62

21

38.89

No

16

57.14

17

65.38

33

61.11

On diet

29

56.86

18

48.65

47

53.41

No diet

22

43.14

19

51.35

41

46.59

T2DM
Cigarette
smoking

Family
history
Menopause

Life style

%

Total

Yes

HTN

BMI

Control group

*P-value of t-test, P-value

0.005
0.015

0.377

0.311

0.432

0.031

0.169

0.449

0.05 is considered significant.

*(HTN: Hypertension, T2DM: type 2 diabetes Mellitus, BMI: Body Mass Index)

4.3 Distribution of the study population by medication taken.
Table 4.3 shows that 71 (80.68%) of the population were on Baby.Aspirin, 22 patients (59.45%)
in control group and 49 patients (96.08%) in the statin group. Significant difference was found
between the two groups (P<0.05).
Fifty-one (57.95%) of the total population were not on antihypertensive therapy, while 18
(20.45%) received monotherapy, 15 (17.06%) were on bitherapy, the rest were on triple therapy.
Ten hypertensive patients in control group were on antihypertensive treatment, 8 (21.62%) were
on monotherapy and 2 (5.40%) patients were on bitherapy. In the statin treated group, twentyseven patients were on antihypertensive therapy, 10 (19.61%) were on monotherapy, 13 (25.5%)
patients were on bitherapy and only four (7.84%) on triple therapy, with P-value equal to
(0.015).
With respect to anti-diabetic drugs, 57 patients (64.77%) of the total population were not on antidiabetic drugs, while 21 (23.86%) received monotherapy, 9 (10.23%) were on bitherapy while
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the rest were on tritherapy. In the control group, there was 25 diabetic patients, only 15 were
treated, 12 (32.43%) were on monotherapy, and three (8.11%) on biotherapy. Statins group had
29 diabetic patients, only sixteen patients were treated, 9 (17.65%) were on monotherapy, six
(11.76%) on bitherapy and only one patient (1.96%) on tritherapy. No statistical significant
difference was found between the two groups (P>0.05).
Table 4.3 Distribution of population according to medical history by groups.

Statin group

Anti-diabetic
drugs

Antihypertensive Baby
drugs
aspirin

Variables

Control group

Total

N=51

%

N=37

%

No=8
8

%

Yes

49

96.08

22

59.45

71

80.68

No

2

3.92

15

40.54

17

19.32

Not treated

24

47.06

27

72.97

51

57.95

Monotherapy

10

19.61

8

21.62

18

20.45

Bitherapy

13

25.5

2

5.40

15

17.06

Tritherapy

4

7.84

0

0

4

4.55

Not treated

35

68.63

22

59.46

57

64.77

Monotherapy

9

17.65

12

32.43

21

23.86

Bitherapy

6

11.76

3

8.11

9

10.23

Tritherapy

1

1.96

0

0

1

1.14

P.value

0.001

0.015

0.355

*P-value of t-test, P-value

0.05 is considered significant.

4.4 Means of metabolic syndrome components
Table 4.4 shows the metabolic syndrome components by mean and (table 4.5) shows the
prevalence of metabolic syndrome components by gender. Prevalence of metabolic syndrome in
females (61.36%) vs (38.64%) in males. All the patients had met the criteria of waist
circumference, males ≥94cm with mean±SD 108.76±9.55cm and females ≥80cm with the
mean±SD 115.70±13.07cm. A significant difference was found (P<0.05) between the two
groups. While 62 (70.5%) patients met the HDL-c criteria with a mean of 41.56±8.89mg/dl,22
(64.7%) were males with HDL-c<40mg/dl with (a mean 39.26±6.99mg/dl) and 40 (74.1%) were
females with HDL-c<50mg/dl (mean 43.00±9.68mg/dl). Also in the HDL-c criteria the females
were more than males. Significant difference was found between males and females (P< 0.05).
Fifty-nine

(67.1%)

patients

had

triglycerides

(TG)

≥150mg/dl

with

a

mean

(219.41±110.98mg/dl), 26 (76.5%) males with mean of 228.59±101.75mg/dl and 33 (61.1%)
females with mean 213.63±116.98mg/dl.
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Measurements of fasting blood glucose (FBG) ≥100mg/dl showed that eighty-three (94.3%)
patients with mean (151.10±54.49mg/dl), included thirty-three (97.1%) males with mean
146.29±48.57mg/dl and fifty (92.6%) females with mean 154.13±58.15mg/dl. No significant
difference (P>0.05) was found between the two groups.
Measurement of blood pressure showed that, systolic blood pressure (SBP) ≥130mmHg with
mean 128.03±14.26mmHg in total population, the mean was 125.56±14.94mmHg in males,
129.59±13.73mmHg in females, and diastolic blood pressure (DBP) ≥85mmHg with a mean
80.41±8.47mmHg in total population, (males with a mean of 79.32±8.43mmHg, females with a
mean 81.09±8.501mmHg). The total number of patients met the criteria SBP ≥130mmHg or
DBP ≥85mmHg or on treatment were sixty-two (70.5%), included 27(79.4%)males and
35(64.8%) females.
Table 4.4. Means of metabolic syndrome components .

Variable

Male

Female

Total

P value

WC

108.76±9.55

115.70±13.07

113.02±12.26

0.009

HDL-c

39.26±

43.00±9.68

41.56±8.89

0.039

TG

6.99
228.59±101.75

213.63±116.98

219.41±110.98

0.541

FBS

146.29±48.57

154.13±58.15

151.10±54.49

0.541

SBP

125.56±14.94

129.59±13.73

128.03±14.26

0.198

DBP

79.32±8.43

81.09±8.501

80.41±8.47

0.343

*P-values (P-value<0.05) calculated by independent t-test.
*(WC: Waist circumference, HDL-c: High density lipoprotein, TG: Triglyceride, FBS: Fasting blood sugar, SBP: Systolic blood pressure, DBP: Diastolic blood pressure).

Patients meeting metabolic syndrome criteria
120%
100%

94.30%

Percentage %

100%
80%

70.50%

70.50%

67.10%

HDL-c(mg/dl)

BP(mmHg)

TG(mg/dl)

60%
40%
20%
0%
WC(cm)

FBS(mg/dl)

Metabolic syndrome criteria

Figure 4.4 Distribution of study population by metabolic syndrome criteria (IDF).
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Table 4.5 Prevalence of metabolic syndrome participant according to IDF criteria by gender.

Variable

Criteria

WC

≥94cm for male and

Male
No.
%
34
100

Female
No.
%
54
100

Total
No.
%
88
100

33

97.1

50

92.6

83

22

64.7

40

74.1

27

79.4

35

64.8

62

70.5

26

76.5

33

61.1

59

67.1

≥80cm for female
FBS

FBS≥100mg/dl or

94.3

On treatment
HDL-c

<40mg/dl for male and

62

70.
5

<50mg/dl for female
BP

SBP≥130mmHg or
DBP≥85mmHg or
On treatment
≥150mg/dl

TG

*(WC: Waist circumference, FBS: Fasting blood sugar, HDL-c: High density lipoprotein, BP: Blood pressure, TG: Triglyceride)

4.5 Effect of the statins on metabolic syndrome during the study period (6 months).
4.5.1 Waist circumference (WC) in males in both groups (control and statins group).
Figure 4.5 shows the WC at different times,WC0, WC3,WC6, in control group, it was
108.82±8.06cm,108.09±9.01cm, 106.91±9.56cm respectively .
In statins group WC0,WC3,WC6, it was 108.74±10.35cm, 107.65±11.79cm, 106.74±12.08cm
respectively. As shown in Table 4.6 no statistical significance was seen over the six months in
both groups.
4.5.2 Waist circumference (WC) in females in both groups (control and statins group).
Figure

4.6

shows

the

females

control

group

WC0,WC3,WC6,

it

was

115.08±13.87cm,114.65±13.49cm,114.69±12.84cm respectively and the results show no
significant decrease during this period (P>0.05). In the statins group WC0,WC3,WC6 was
(116.29±12.51cm,117.43±11.79cm,115.61±12.39cm) respectively and the results showed
insignificant increase at three months from beginning of the study (P>0.05). Then it decreased at
six months significantly in comparison to three months (P<0.05) as shown in table 4.6.
We concluded that there was no effect of statins on waist circumference but there was
continuous decline following healthy diet in both males and females as follow:
In males the waist circumference was decreased at three and six months significantly
WC0,WC3,WC6 was 107.95cm,105.24cm,104.95cm respectively. In females there was
significant decrease at six months WC0,WC3,WC6 was 119.54cm,117.88cm,115.69cm
respectively.
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Waist circumference mean
(cm)

109
108.5
108
107.5
107
106.5
106
105.5

WC at
baseline
(WC0)

WC at three
months
(WC3)

WC at six
months
(WC6)

Control(male)

108.82

108.09

106.91

Statin(male)

108.74

107.65

106.74

Waist circumference mean (cm)

Figure 4.5. Waist circumference means in both groups for males during the study period.
118
117.5
117
116.5
116
115.5
115
114.5
114
113.5
113
WC at baseline

WC at three
months

WC at six
months

Control(female)

115.08

114.65

114.69

Statin(female)

116.29

117.43

115.61

Figure 4.6.Waist circumference means in females during the study period (statins and control group).
Table 4.6. P-values for waist circumference (cm) during the study period (both groups) .

Variables

Gender

Statin group

Control group

0.211

0.671

0.092

0.409

WC3-WC6

0.308

0.341

WC0-WC3

0.313

0.630

0.599

0.728

0.011

0.951

WC0-WC3
WC0-WC6

WC0-WC6

Male

Female

WC3-WC6

*(WC0,WC3,WC6 waist circumference at baseline, three months and six months respectively).
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4.5.3 High density lipoprotein cholesterol (HDL-c) in both groups for males.
Figure 4.7. shows the HDL-c at different times in both groups. First in control group HDL0,
HDL3, HDL6 was 37.27±4.08mg/dl,41.18±9.02mg/dl, 38.27±5.42mg/dl respectively and the
results showed slight increase at three months then decrease at six months with no significant
changes during these periods (P>0.05) as described in (table 4.7).
HDL0, HDL3, HDL6 in the statins treated group was 40.22±7.94mg/dl, 42.22±6.05mg/dl and
40.04±5.87mg/dl respectively. The results showed an increase at three months then a decrease at
six months with no significant changes during these periods (table 4.7).
4.5.4 High density lipoprotein (HDL-c) in both groups for females.
In the control group HDL0, HDL3, HDL6 41.31±8.62mg/dl,42.15±7.49mg/dl, 41±5.49mg/dl
respectively and the results showed insignificant changes over the study period (P>0.05) as
described in (table 4.7).
HDL0, HDL3, HDL6 values in the statins treated group was 44.57±10.48mg/dl,
42.64±6.37mg/dl and 38.96±6.96mg/dl respectively (Figure 4.8). The results showed significant
decrease at six months of treatment (P<0.05) as described in (table 4.7).
43
42
Mean of HDL-c (mg/dl)

41
40
39
38
37
36
35
34

Basline

Three months

Six months

Control(for Male)

37.27

41.18

38.27

Statin(for Male)

40.22

42.22

40.04

Time in months
Figure 4.7.High density lipoprotein (HDL-c) means in both groups for males during the study period.
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45
44

Mean of HDL-c (mg/dl)

43

42
41
40
39
38
37
36

Basline

Three months

Six months

Control(for Female)

41.31

42.15

41

Statin(for Female)

44.57

42.64

38.96

Time in months
Figure 4.8.High density lipoprotein (HDL-c) means in both groups for females during the study period.
Table 4.7. P-value for High density lipoprotein (HDL-c) (mg/dl) during the study period for both groups.

Variables
HDL0-HDL3
HDL0-HDL6
HDL3-HDL6
HDL0-HDL3
HDL0-HDL6
HDL3-HDL6

Gender

Statin group
0.242
0.917
0.127
0.36
0.011
0.041

Male

Female

Control group
0.160
0.569
0.378
0.631
0.847
0.443

*(HDL0,HDL3,HDL6 high density lipoprotein at baseline, three and six months respectively)

4.5.5 Triglyceride level (TG) in the control group.
Figure 4.9 shows triglyceride (TG) in the control group,191.89±97.72 mg/dl at the beginning of
the study,226.59±104.59mg/dl at three months, and at six months was 198.30±86.62mg/dl, there
was insignificant increase at three months (p>0.05). A significant decrease in TG level from
three months to six months was found (p<0.05)as described in table 4.8.
4.5.6 Triglyceride level (TG) in the statins group.
Figure 4.9 shows (TG) in the statins treated group, it was 239.37±116.57mg/dl at the beginning
of the study, then 194.04±88.22mg/dl at three months and 180.96±82.41 mg/dl at six months.
There was significant decreases in TG level at three and six months (p<0.05) as shown in table
4.8.

34

300

Mean of TG (mg/dl)

250
200
150

100
50
0

Baseline

Three months

Six months

Control

191.89

226.59

198.3

Statin

239.37

194.04

180.96

Time in months
Figure 4.9.Triglyceride level (TG) means among patients treated with statin and control groups during the study
period.
Table 4.8. P-value for Triglyceride (TG) (mg/dl) during the study period for both groups .

Variables

Statin group

Control group

TG0-TG3

0.002

0.051

TG0-TG6

0.001

0.605

TG3-TG6

0.147

0.024

*(TG0,TG3,TG6 Triglyceride at baseline ,three and six months)

4.5.7 Fasting blood sugar (FBS) in the control group.
As shown in figure 4.10 fasting blood sugar (FBS), was 151.22±53.19 mg/dl at beginning of the
study,134.89±30.63 mg/dl at three months, 136.84±33.29 mg/dl at six months. A significant
decrease (p<0.05 ) was noticed at three and six months, as shown in table 4.9. There was slight
increase at six months in comparison to value at three months, but it was insignificant.
4.5.8 Fasting blood sugar (FBS) in the statins group.
Figure 4.10.shows the FBS in statins treated group, 151.02±55.94mg/dl at the beginning of the
study, 133.67±48.18mg/dl at three months, 141.39±60.39mg/dl at six months. A significant
decrease (p<0.05 ) was found at three months of the study as represented in table 4.9.
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Mean of FBS mg/dl

155

150
145
140
135
130
125
120

Baseline

3 months

6 months

Control

151.22

134.89

136.84

Statin

151.02

133.67

141.39

Time in months
Figure 4.10.Fasting blood sugar (FBS) means among patients treated with statins and control groups during the
study period.
Table 4.9. P-value for Fasting blood sugar (FBS) (mg/dl) during the study period in both groups .

Variables

Statin treated group

Control group

FBS0-FBS3

0.005

0.023

FBS0-FBS6

0.121

0.02

FBS3-FBS6

0.106

0.655

*(FBS0,FBS3,FBS6 Fasting blood sugar at baseline, three and six months).

4.5.9 Systolic blood pressure (SBP) in the control group.
Figure 4.11. shows systolic blood pressure (SBP) in the control group,125.57±15.08mmHg at the
beginning of study,123.65±15.01mmHg at three months and 124.16±11.95mmHg at six months.
No significant changes were seen (p>0.05 ) at three and six months as shown in table 4.10.
4.5.10 Systolic blood pressure (SBP) in the statins group.
Figure 4.11. shows the systolic blood pressure (SBP) in statins group, it was
129.82±13.50mmHg at the beginning of the study, 127.45±12.74mmHg at three months and
128.78±14.07mmHg at six months. No significant changes were seen (p>0.05 ) at three and six
months as represented in table 4.10.
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SBP means (mmHg)

131
130
129
128
127
126
125
124
123
122
121
120

Basline

3 months

6 months

Control gp.

125.57

123.65

124.16

Statin gp.

129.82

127.45

128.78

Time in months
Figure 4.11. Systolic blood pressure (SBP) means among patients treated with statin and control groups during
the study period.
Table 4.10. P-values for Systolic Blood Pressure (SBP) (mmHg) during the study period for both groups .

Variables

Statin group

Control group

SBP0-SBP3

0.207

0.492

SBP0-SBP6

0.561

0.369

SBP3-SBP6

0.407

0.80

*(SBP0,SBP3,SBP6 Systolic blood pressure at baseline, three and six months).

4.5.11 Diastolic blood pressure (DBP) in the control group.
Figure 4.12. shows diastolic blood pressure (DBP) in the control group, it was 79.49±9.21mmHg
at the beginning of study, 78.84±8.74mmHg at three months, and 79.24±9.38mmHg at six
months. No significant changes were noticed (p>0.05 ) at three and six months in (DBP) as
described in table 4.11.
4.5.12 Diastolic blood pressure (DBP) in the statins group.
Figure 4.12. shows the diastolic blood pressure (DBP) in the statins group, it was
81.08±7.92mmHg at the beginning of the study, 79.90±8.80mmHg at three months and
82.35±7.58mmHg at six months. No significant changes were noticed (p> 0.05 ) at three and six
months in (DBP) indicating no effect of statins on such parameter as shown in table 4.11.
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83
Mean of DBP in mmHg

82
81
80
79
78
77

Baseline

Three Months

Six Months

Control

79.49

78.84

79.24

Statin

81.08

79.9

82.35

Time in months
Figure 4.12.Diastolic blood pressure (DBP) means among patients treated with statin and control groups during
the study period.
Table 4.11. P-values for Diastolic Blood Pressure (DBP) (mmHg) during the study period in both groups .

Variables

Statin group

Control group

DBP0-DBP3

0.355

0.683

DBP0-DBP6

0.273

0.886

DBP3-DBP6

0.066

0.782

*(DBP0,DBP3,DBP6 Diastolic blood pressure at baseline, three and six months respectively).

4.6 Effect of statins on the following parameters not involved in the metabolic syndrome
criteria during the study period (6 months).
4.6.1 Low density lipoprotein (LDL-c) in the control group.
Figure

4.13

shows

the

LDL-c

in

the

control

group,

LDL0,LDL3,LDL6

were

107.33±33.41mg/dl,103.29±34.49 mg/dl,111.15±34.91mg/dl respectively. As shown above,
there was insignificant decrease at three and six months (P>0.05) as described in table 4.12.
4.6.2 Low density lipoprotein (LDL-c) in the statins treated group.
Figure 4.13 shows the LDL-c in statins group, it was 119.51±44.95mg/dl at the beginning of
study, at three months 107.64±31.61mg/dl and 101.33±38.36mg/dl at six months. A significant
decrease (p>0.05) was noticed at six months as described in table 4.12.
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125

Means of LDL (mg/dl)

120
115

110
105
100
95
90

LDL at baseline

LDL at three months

LDL at six months

Control

107.33

103.29

111.15

Statins

119.51

107.64

101.33

Figure 4.13 Low density lipoprotein (LDL-c) means in both groups during the study period.

Table 4.12. P-values for low density lipoprotein (LDL-c) (mg/dl) during the study period in both groups .

Variables

Statin group

Control group

LDL0-LDL3

0.097

0.408

LDL0-LDL6

0.026

0.467

LDL3-LDL6

0.217

0.225

*(LDL0,LDL3,LDL6, Low density lipoprotein at baseline, three and six months respectively).

4.6.3 Total Cholesterol (TC) in the control group.
Figure 4.14. shows the TC in the control group, 185.77±35.09mg/dL at the beginning in the
study ,190.46±32.64 mg/dL, 191.41±36.39mg/dL at three and six months respectively. These
results showed insignificant increases in total cholesterol level at three and six months as
represented in table 4.13.
4.6.4 Total Cholesterol (TC) in the statins group.
Figure 4.14. shows TC in the statin group, 210±47.70mg/dL at the beginning of the
study,188.92±37.32mg/dL, 175.29±43.07mg/dL at three and six months respectively. A
significant decrease (p< 0.05) was found at three and six months following treatment and a
significant decrease was seen between the level of total cholesterol at three and six months as
described in table 4.13.
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Total cholesterol mean in mg/dl

220
210
200
190
180
170
160
150

TC. at baseline

TC. at three months

TC. at six months

Control

185.77

190.46

191.41

Statins

210

188.92

175.29

Figure 4.14.Total cholesterol (TC) means in both groups during the study period.
Table 4.13. P-values for Total Cholesterol (TC)(mg/dl) during the study period for both groups .

Variables

Statin group

Control group

TC0-TC3

0.003

0.396

TC0-TC6

0.001

0.320

TC3-TC6

0.013

0.860

*(TC0,TC3,TC6, total cholesterol at baseline, three and six months respectively).

4.7 Comparison between the effects of the statins on metabolic syndrome criteria during the
study period (6 months).
4.7.1 Waist circumference (WC) among patients treated with statins and control group during
the study period (6 months).
Table 4.14. represents the changes in WC means among statins treated patients and patients in
the control group in both males and females. Results showed that there was no significant
difference in males between the control and statins group at three and six months (p>0.05).In
females there was only significant difference between the control and statin group in the period
between three and six months (P<0.05).
Table 4.14. Waist circumference (cm) changes during the study period by groups .

Time

Statins

Control

P-value

Statins

Male

Gender

Control

P -value

Female

WC0-WC3

1.09

0.73

0.831

-1.14

0.42

0.277

WC3-WC6

0.91

1.18

0.860

1.82

-0.04

0.048

WC0-WC6

2.0

1.9

0.968

0.68

0.38

0.863

*P-value (P-value<0.05) for mean difference in control and statins group.
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4.7.2 High density lipoprotein (HDL-c) among patients treated with statins and control group
during the study period (6 months).
As shown in table 4.15. The changes in HDL-c means among statins treated patients and patients
in the control group in both males and females were insignificant at three and six months
(P>0.05). This means that statins caused no significant alterations in HDL-c over the course of
study.
Table 4.15. High density lipoprotein HDL-c (mg/dl) changes during the study period by groups

Time

Statin

Control

P-value

Statin

Male

Gender

Control

P-value

Female

HDL0-HDL3

2.0

3.91

0.528

-1.93

.846

0.314

HDL3-HDL6

-2.17

-2.91

0.804

-3.68

-1.15

0.273

HDL0-HDL6

-0.17

1.0

0.661

-5.61

-0.3

0.048

*P-value (P-value<0.05) for mean difference in control and statins group

4.7.3 Triglyceride (TG) among patients treated with statins versus control group patients
during the study period (6months).
The changes in TG means among statins treated patients and patients in control group (table
4.16) showed a statistical significant difference (p<0.05) between the reduction in means at
baseline and after 3 months of treatment. The difference between these levels still significant
after 6 months of treatment, which means that statins treatment caused reduction in TG level.
The results also showed slight increase in TG level in control group after six months .
Table 4.16.Triglyceride (mg/dl) changes during the study period by groups .

Time

Statin

Control

p-value

TG0-TG3

45.33

-34.70

0.001

TG3-TG6

13.07

28.29

0.300

TG0-TG6

58.41

-6.40

0.002

*(TG0, TG3, TG6, Triglyceride at baseline, three and six months respectively).

4.7.4 Fasting blood sugar (FBS) level among patients treated with statins versus control group
patients during the study period (6 months)
The changes in FBS level among statins treated patients and patients in the control group (table
4.17) shows a statistical insignificant difference (p>0.05) between the means from baseline to
three months. The difference between these levels was insignificant after six months, indicating
no effect of statins treatment on the level of FBS. The results showed reduction in fasting blood
sugar after three months, but at six months, there was slight increase in both control and case
group.
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4.17. FBS (mg/dl) among patients treated with statins and control group during the study period (6months).

Time

Statin

Control

p-value

FBS0-FBS3

17.35

16.32

0.911

FBS3-FBS6

-7.72

-1.94

0.386

FBS0-FBS6

9.62

14.37

0.589

*(FBS0, FBS3, FBS6, Triglyceride at baseline, three and six months respectively).

4.7.5 Systolic blood pressure (SBP) among patients treated with statins and control group
during the study period (6 months)
The changes in systolic blood pressure (SBP) among statin treated patients and patients in
control group (table 4.18) showed a statistical insignificant difference (p>0.05) between the
reduction at baseline and after three months. The difference between these levels was still
insignificant after six months of treatment, which means that statin treatment caused no
alteration in SBP. The results also showed reduction in systolic blood pressure after three months
and at six months in comparison with the baseline, but there was slight increase in both control
and case group at six months in comparison to the value at three months.
4.18. SBP (mmHg) among patients treated with statins and control group during the study period (6months).

Time

Statin

Control

p-value

SBP0-SBP3

2.37

1.91

0.888

SBP3-SBP6

-1.33

-0.51

0.747

SBP0-SBP6

1.03

1.40

0.882

*(SBP0, SBP3, SBP6, Systolic blood pressure at baseline, three and six months respectively).

4.7.6 Diastolic blood pressure (DBP) among patients treated with statins and control group
during the study period (6 months)
The change in diastolic blood pressure DBP among statin treated patients and patients in the
control group (Table 4.19) showed a statistical insignificant difference (p>0.05) between
baseline , three and six months of treatment. These results mean that statin treatment caused no
alteration in DBP.
4.19. DBP (mmHg) among patients treated with statins and control group during the study period (6months).

Time

Statin

Control

P-value

DBP0-DBP3

1.17

0.64

0.792

DBP3-DBP6

-2.45

-0.40

0.301

DBP0-DBP6

-1.27

0.24

0.443

*(DBP0, DBP3, DBP6, Diastolic blood pressure at baseline, three and six months respectively).
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4.7.7 Low density lipoprotein (LDl-c) among patients treated with statins and the control
group during the study period (6 months).
The changes in Low density lipoprotein (LDL-c) among statin treated patients and patients in the
control group (table 4.20) showed a statistical insignificant difference (p>0.05) between the
baseline values and after three months. The difference between these levels was still
insignificant between the period from three months to six months of treatment. But there was
significant difference between the values at baseline and six months (p<0.05). These results
indicate effect of statins on LDL-c level at six months.
4.20. LDL-c (mg/dl) in patients treated with statins versus control group during the study period (6months).

Time

Statin

Control

P-value

LDL0-LDL3

11.87

4.04

0.398

LDL3-LDL6

6.30

-7.86

0.081

LDL0-LDL6

18.18

-3.82

0.036

*(LDL0, LDL3, LDL6, Low density lipoprotein at baseline, three and six months respectively).

4.7.8 Total cholesterol (TC) among patients treated with statins and control group during the
study period (6 months)
The changes in Total cholesterol (TC) among statin treated patients and patients in the control
group (table 4.21) showed a statistical significant difference (p<0.05) between the reduction in
means at baseline and after 3 months of treatment. But the difference between these levels was
insignificant at three months versus six months of treatment (p>0.05).However significant
difference was found between the value at six months (p<0.05) and at baseline. And the results
showed reduction in total cholesterol after three months and six months in the case group, but
slight increase in control group. This shows the significant effect of statin on total cholesterol.
4.21. Total cholesterol (TC) (mg/dl) among patients treated with statins and control group during the study period
(6months).

Time

Statin

Control

P-value

TC0-TC3

21.07

-4.68

0.007

TC3-TC6

13.62

-0.94

0.062

TC0-TC6

34.70

-5.63

0.001

*(TC0, TC3, TC6, Total cholesterol at baseline, three and six months respectively).
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4.7.9 Non HDL cholesterol among patients treated with statins and control group during the
study period (6 months).
The National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III)
identified non–high-density lipoprotein cholesterol (HDL-c) as the second target of therapy after
low-density lipoprotein cholesterol (LDL-c) goals have been achieved in patients with elevated
triglyceride levels between 200 and 500mg/dl (NCEP,2002). Non–HDL-c is calculated by
subtracting HDL-c from total cholesterol, and it reflects circulating levels of the atherogenic
apolipoprotein-B containing lipoproteins including LDL-c, very low-density lipoprotein
cholesterol, intermediate-density lipoprotein cholesterol, chylomicron remnants. It is a superior
predictor of cardiovascular risk compared with LDL-c (Cui,et al.,2001).
Table 4.22. shows the decrease

in non-HDL-c among statin treated patients that showed

significance at three and six months in comparison to values at baseline (p<0.05).
Patients in control group

showed a statistical insignificant increase at three and six

months(p>0.05).
4.22. Non-High density lipoprotein cholesterol (Non-HDL-c) (mg/dl) among patients treated with statins during
the study period (6months).

Variable

mean±SD

Time

P-value

Non-HDL0

167.39±46.73

Non-HDL0-NonHDL3

0.004

Non-HDL3

146.47±38.29

Non-HDL3-Non-HDL6

0.056

Non-HDL6

135.84±43.44

Non-HDL0-Non-HDL6

0.001

*(Non-HDL0, Non-HDL3, Non-HDL6, non-high density lipoprotein cholesterol at baseline, three and six months respectively).
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Chapter -5Discussion
5.1 Background
This study was designed to investigate the impact of statin drugs (Atorvastatin 20mg,40mg and
Simvastatin 20mg) on metabolic syndrome patients.
It is the first study performed in Palestine to determine the impact of statins effect on metabolic
syndrome patients and to compare their effect with control patients.
5.2 Socio-demographic characteristics of the study population
The study population included eighty-eight patients, divided into fifty-four (61.4%) females, and
thirty-four (38.6%) males.
Gender of the study population:
In our study, the number of female respondents was more than male respondents, this may be
due to the condition of waist circumference, it is easy to find women with waist circumference
≥80cm according to IDF definition. A study at Gaza Strip investigated the socio-demographic
factors related to metabolic syndrome found higher prevalence of MetS among females
compared to males (28.1% vs. 18.1%) (Sirdah et al., 2011). A different study performed in
Gaza, showed that according to ATP Ш definition, the prevalence of MetS among patients with
cardiovascular disease was more prevalent among male participants 62.1% (Jamee et al., 2013).
Age of the study population:
The age of patients in this study was from (20-70)years old, but it was mostly in the age category
(41-55) years old (51.14%). There was a significant trend toward developing MetS with age. A
study performed in Gaza revealed that approximately the metabolic syndrome was more
prevalent at the age (41-50) years old (Sirdah et al., 2011), the same in our study. Another study
performed in Gaza, showed that according to ATP Ш definition, the prevalence of MetS among
patients with cardiovascular disease, aged 20-83 years in Gaza was 59.5% and the prevalence
increases as age increases. (Jamee et al., 2013).
Working status of the study population:
Thirty-two (36.4%) of participant were workers in our study, the percent of workers was less
than those who did not work. Most female participants did not work 48 (88.89%) and only eight
males (23.53%) did not work. Females who don't work practice less physical activity than those
who work, which increases their chance of having metabolic syndrome. Also most of males were
working, exposing them to more stress and unhealthy habits during work hours. A study was
done in Japan concluded that workers especially office workers were more prone to metabolic
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syndrome because of sedentary time (Honda et al., 2016). So work has a bidirectional influence,
not working females were more prone to metabolic syndrome in contrast to working males who
suffered more from metabolic syndrome.
Educational level in study population:
With respect to the educational level, only 6 (6.82%) participants were illiterate, 26 (29.54%)
had primary school, 34 (38.64%) were secondary educated and the rest 22 (25%) patients
completed university education. We found that the most prevalent groups with metabolic
syndrome were patients with secondary education and the least number were the illiterates.
There is controversy about the role of education level in metabolic syndrome, some studies
found that low education is associated with increased risk of metabolic syndrome in middle-aged
women (Wamala et al., 1999). In our study, there was 32 (59.26%) females with primary and
secondary education and only 5 (9.26%) aged less than 55 years old, which means that females
with low education level constituted higher percentage of participants.
However, a different study showed that literacy had no effect on metabolic syndrome (Wu et al.,
2016). In our study, illiterates were the least group with MetS, a study in India found that those
who were a graduate or above had increased odds in comparison to lower literates
(Chakraborty et al., 2015). This result may be due to that illiterate persons eat healthy food in
contrast to persons with higher education who eat fast food, and this increases the risk of
metabolic syndrome. In the case of elderly females, they had an effort to manage their health
status due to their health concern by advanced age.
Marital status of the study population:
Finally our sample included married patients (100%), a study performed in Saudi Arabia
demonstrated that, there was high prevalence of metabolic syndrome among married participants
(Al-Daghri et al., 2014).
5.3 Distribution of the study population by metabolic syndrome risk factors
Body Mass Index of the study population:
According to body mass index (BMI), two (2.27%) of the study population were with normal
weight (BMI< 25 kg/m2), twenty-three (26.14%) had BMI in the range of overweight (BMI=2529.9 kg/m2) and sixty-three (71.59%) were suffering from obesity (BMI≥30 kg/m2).Obese
patients constituted the highest percent among total population. A study carried out in Iran found
that the risk of developing metabolic syndrome was at a BMI of 26.2 kg/ m2(Zabetian et al.,
2009). BMI became a widely-used indicator of obesity and indirect predictor for metabolic
syndrome. Our results suggest that metabolic syndrome risk was positively correlated with BMI
and similar to previous studies that examined metabolic syndrome risk factors.
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Dietary habits of the study population:
In this study, 37 (42.05%) of the study population were on healthy diet, 51 (57.95%) of them
were not on healthy diet. Our study found correlations between an unhealthy diet and the
presence of metabolic syndrome. The results of several studies confirmed the dependencies
between an unhealthy diet and the occurrence of the metabolic syndrome features, whereas
healthy dietary patterns decreased this risk (Sahay et al., 2013, Naja F et al., 2013).
A study by (Baik et al., 2013) included 5,251 male and female Koreans aged 40-69 years, found
a significant association between unhealthy dietary pattern and MetS risk only among women,
also in our study similar result was found, 28 (51.9%) females were on unhealthy diet versus 13
(38.2%) male participants.
Family history of the study population:
Seventy-five patients (85.23%) had family history of cardiovascular diseases, hypertension and
diabetes mellitus, thirteen (14.77%) patients had no family history. Our study showed a clear
difference between patients with family history of cardiovascular disease and patients with no
family history. Many studies found that patients with family history of (CVD) are more prone to
metabolic syndrome, due to the presence of a family history of diabetes which associated with
higher fasting plasma glucose, lipids, systolic blood pressure and BMI (Katulanda et al., 2015),
in contrast to a study performed in Gaza Strip that found family history of cardiovascular
diseases, hypertension, diabetes, or obesity is not associated with the prevalence of MetS
(Sirdah et al., 2011).
Our study showed that, eighty three patients (94.32%) according to IDF definition had
(FBS≥100). Some studies suggest that metabolic syndrome is insulin resistance syndrome and
reasoned that patients with type 2 diabetes mellitus often have a clustering of ASCVD risk
factors, which puts them at particularly high risk for (ASCVD), (Ninomiya et al., 2004).
Smoking status of the study population:
Eight patients (9.09%) were smokers ,while 80 (90.91%) were not smokers. All females were
nonsmokers, there was 26(70.27%) male smokers. According to our study, no association was
noticed between smoking and metabolic syndrome. Different studies found no association
between smoking and MetS, neither between the use of tobacco leaf and MetS (Khanam et al.,
2011, Sirdah et al., 2011).
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Menopause vs nonmenopause females in the study population:
Menopause females (38.89%) vs (61.11%) nonmenopause women. Menopause is a process
closely related to insulin resistance and cardiovascular risk factors. Most studies showed that
menopausal transformation in women leads to an increase in body mass and a change of adipose
tissue distribution (Lovejoy et al., 2008), deterioration of the lipid profile and also increased
frequency of metabolic syndrome (MetS) and its components (Eshtiaghi et al., 2010).In a
different study carried out on Iranian women, the authors found that menopausal status can be a
predictor of metabolic syndrome independent of age in Iranian women (Eshtiaghi et al., 2010).
5.4 Distribution of the study population by Metabolic syndrome criteria.
All the patients had waist circumference criteria, male ≥94 and female ≥80 because it is a
condition for the metabolic syndrome criteria according to ( IDF).
While fasting blood glucose (FBG) ≥100mg/dl includes eighty-three patients, thirty-three
(97.1%) of the males and fifty (92.6%) are of females. In this study, FBG was the most common
one in metabolic syndrome criteria.
While sixty-two (70.5%) met the criteria of HDL-c (male have HDL<40mg/dl and female have
HDL<50mg/dl). Here females (74.1%) with abnormal HDL-c were more than males (64.7%).
Fifty nine (67.1%) patients had triglycerides (TG) ≥150mg/dl.
Overall patients who met the criteria of increased blood pressure were sixty-two (70.5%) of total
population, this included patients with systolic ≥130mmHg or DBP≥85mmHg or patients on
antihypertensive treatment. Fifty-one patients had SBP≥130mmHg, eighteen (35.29%) of them
were males while the rest were females. Also here females were more than males. With respect
to diastolic blood pressure, twenty-five patients had DBP≥85 Hg, eight (32%) of them were
males. A study performed in Netherland to investigate the prevalence of components in each
definition of MetS, a total of 3646 patients were included, prevalence of criteria was as follows,
central obesity 3646 (100 %) patients, BP 3302 (90.6 %), hyperglycemia 2489 (68.3 %), TG
1896 (52.0 %) and HDL 1750 (48.0 %) (Herpt et al., 2016)
In our study, we found that hyperglycemia was the most abundant component, in the previous,
increased blood pressure was the most abundant which was the second most abundant one, the
third component was TG and the least abundant component HDL-c. Our study consisted of small
sample in comparison to the study mentioned, so it could show some comparative differences, in
addition to that metabolic syndrome criteria varies with ethnicity. In a study performed
according to ATP Ш definition, the most common abnormalities in population study were high
blood pressure (87.3%), high blood sugar (86.4%), high Triglycerides (78.6%) and increase
waist circumference (67.9%) (Jamee et al., 2013).
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5.5 Effect of statins on metabolic syndrome during the study period (6 months).
5.5.1 Effect of statins on waist circumference (WC) during the study period (6 months).
In this study, the waist circumference differ according to gender, we found in control group, that
males have insignificant decline in waist circumference at three and six months. Males in the
statins group showed insignificant decline in waist circumference, this may be because eight of
them were not on diet and there was an increase in WC at three months then a decline at six
months ,leading to insignificant changes in WC in spite of the significant decrease in patients on
diet.
Physicians in different studies encouraged patients to increase exercise and reduce caloric intake
in patients who demonstrate even small increases in body weight. Such an approach can help
patients prevent obesity. When overweight has developed, physicians firmly encourage exercise
and caloric restriction (Lundbye et al., 2005). In females of the control group, there was
insignificant decrease in waist circumference in spite of significant decrease in females on diet,
an increase in waist circumference in the females not on diet which was significant at six months
from baseline value, this was the cause of increase of waist circumference in all females at six
months in the control group.
Females in the statins group when divided into females on diet subgroup and the other non-diet
subgroup, we found that there was a significant decrease in waist circumference between the
three and six months in the diet group, leading to significant decline in all statins group. The
decrease in waist circumference in the diet subgroup was offset by changes seen in the non-diet
subgroup over the course of six months treatment. This indicates the importance of dieting while
using statins in cases with metabolic syndrome. Healthy diet decreased waist circumference
significantly in both males and females.
5.5.2. Effect of statins on lipid profile ( HDL-c) during the study period (6 months).
High density lipoprotein (HDL-c) in control and statins groups show a different way in which the
criteria of HDL-c differ between males and females, here HDL-c in male<40mg/dl and in female
HDL-c<50mg/dl. In our study, both males and females had an increase in HDL-c at three months
then a fall at six months. This happened in both groups (control and statins). These fluctuations
were not significant except the decline from baseline to six months in females of the statins
group. Previous studies did not describe a similar effect to our study however, a case study
described a patient with type 2 diabetes who showed paradoxical fall in HDL-c (baseline HDL-c:
1.8mmol/L; on simvastatin 40 mg HDL-c 0.6mmol/L; on atorvastatin20 mg HDL-c 0.9mmol/L),
(Ramachandran et al., 2011). It was also observed that diabetes is associated with significantly
smaller increases in HDL-c on statins treatment (with the exception of atorvastatin 80 mg). This
49

observation had previously been seen with simvastatin treatment in the HPS study (Heart
Protection Study Collaborative Group (2002). Here in our study, there was (94.32%)diabetics of
the total population and the same result for HDL-c in both groups. A different study carried out
by (Lundbye et al., 2005) found an increase in HDL-c due to statins treatment, another study
performed on four Statin trial who satisfied lipid criteria for the metabolic syndrome and were
treated with simvastatin 20 or 40 mg/d experienced 10.3% versus a 0.6% increase in HDL
cholesterol compared with patients not meeting these criteria. In our study, total population
treated with statins experienced continuous decline at three and six months; however, there was a
4.97% increase in males at three months, then a decrease at six months. There was a continuous
decrease in females at three and six months. We do not know the exact reason for the
fluctuations in HDL-c in our study.
5.5.3 Effect of statins on triglyceride (TG) during the study period (6 months).
In this study, there was significant decreases in TG at three and six months from baseline.
Patients in the four Statin trial who satisfied lipid criteria for the metabolic syndrome and were
treated with simvastatin 20 or 40 mg/d experienced a 24.1% versus 6.7% decrease in TG
compared with patients not meeting these criteria (Lundbye et al., 2005). In our study, patients
experienced 18.9% decrease in TG at three months versus 24.4% decrease at six months.
5.5.4 Effect of statins on fasting blood sugar (FBS) during the study period (6 months).
Patients on statins (atorvastatin 20mg, atorvastatin 40mg and simvastatin 20mg) experienced
significant decrease in FBS at three months then insignificant decrease at six months in both
groups (control and statin). In patients that were not treated and had FBS<126mg/dl, there was
continuous decline in FBS at three and six months. In our study, there was only two patients out
of twenty-one became diabetic at three months (FBS≥126mg/dl) after statins treatment. Because
of the conflicting outcomes in the literature, several large meta-analyses have been carried out to
try to prove or disprove whether statins as a class cause conversion to diabetes .Large metaanalysis of over 91000 subjects in 13 statin trials conducted between 1994 and 2009, each of
which included more than a thousand subject treated for at least one year, indicated that there
was a statistically significant (9%) increase in the development of diabetes as defined by the
development of a fasting glucose of over 126mg/dl or initiation of anti-diabetic therapy (Sattar
et al., 2010).With atorvastatin, the incidence of new-onset diabetes was not increased with a
dose 10 mg, in over 19000 subjects in the hypertensive arm of the Anglo-Scandanavian Cardiac
Outcome Trial–Lipid Lowering Arm (ASCOT-LLA) (Sever et al., 2003). However, the
Collaborative Atorvastatin Diabetes Study CARDS showed a significant increase in hemoglobin
A1c (HbA1c) with atorvastatin versus placebo (p=0.03) and the Stroke Prevention by Aggressive
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Reduction in Cholesterol Levels (SPARCL) trial indicated that atorvastatin caused a significant
34% increase in new-onset type 2 diabetes (Waters et al., 2011). In the Heart Protection Study
(HPS) diabetic subjects who utilized simvastatin 40 mg daily showed no worsening of glycaemic
control (Collins R et al., 2003).
Atorvastatin 20 mg daily was prospectively compared with pitvastatin (4mg) daily in type-2
diabetic subjects with combined dyslipidaemia. Atorvastatin but not pitvastatin was shown to
elevate the fasting glucose level especially in women (Gumprecht et al., 2011). In our study,
female as a total population showed a decline at three and at six months from baseline, but
insignificant, increase at six months compared to values at three months. In patients with
(FBG<126) ,there was continuous insignificant increase in the control group. However, in the
statins treated group, there was a decrease at three months then an insignificant increased at six
months. The overall effect was insignificant effect of statins on fasting blood sugar, in spite of
inducing two new cases of diabetes mellitus. These results may be due to the short period of
treatment (6 months). We also studied the effect of atorvastatin and simvastatin with each other
without separation, in addition our patients had many risk factors in addition to unhealthy
behaviors.
5.5.5 Effect of statins on systolic, diastolic blood pressure during the study period (6 months).
Statins shows rapid effects in improving endothelial function, both in the coronary and
peripheral circulation with significant effects within 2 weeks (Stroes et al., 1995).
Endothelial dysfunction is associated with hypertension and strongly with other cardiovascular
risk factors, including existing atherosclerosis, diabetes mellitus, inflammation and LDL-C.
Nitrates act as vasodilators and lower blood pressure acutely through an endotheliumindependent mechanism by supplying excess nitric oxide to the vascular wall. This would imply
that any agent capable of improving endothelial dysfunction should be associated with a
reduction in blood pressure.
In this study, both SBP and DBP declined at three months, then this decrease dissipated at six
months and returned to increase in both groups (control and statins treated).
The effects of statins on blood pressure is conflicting with some studies showing reductions in
blood pressure, whereas others did not show such reduction in blood pressure. Cholesterol and
Recurrent Events (CARE) study investigated the effects of pravastatin therapy on blood pressure
and the incidence of new hypertension in 4128 patients (99%) at 3, 6 and 24 months. No
difference was found in any of these parameters, indicating that statins had no significant effects
on blood pressure in the CARE study ,which was compatible to our study (Wierzbicki et al.,
2006). In ASCOTLLA study, atorvastatin (10 mg) achieved a 35% reduction in LDL-c.
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However, in the period between 6 weeks and 18 months, a significant 1.1/0.7mm Hg difference
in blood pressure was seen in favor of the atorvastatin arm despite titration of doses and numbers
of drugs (Poulter et al., 2004). The University of California San Diego (UCSD) statin study
recruited 1106 primary prevention patients with LDL-c (3.0–4.9mmol/l) and compared the
effects of placebo and simvastatin (20 mg) and pravastatin (40 mg). A significant blood pressure
decrease was seen at one month, and it was maximal at 2.54/2.24mmHg at 6 months but tended
to dissipate at 8 months (Golomb et al., 2005). In our study, there was 4mmHg decrease in
systolic blood pressure in treated patients (from 127.75 to 123.75mmHg) but diastolic blood
pressure decreased 0.09mmHg and these effect dissipated at six months. Some studies showed
that reductions in SBP and DBP occurred with hydrophilic and lipophilic statins and extended to
normotensive subjects. These modest effects may contribute to the reduced risk of stroke and
cardiovascular events reported on statins. Some double-blind, randomized studies failed to show
an effect but had a small sample size. Large, randomized, double-blind, placebo-controlled trial
reported that statins lower both SBP and DBP relative to placebo, and the effect extends to
persons with ―prehypertension (Chobanian et al., 2003).
A different study found that blood pressure reductions with statins were suggestive and not
significant at one month of treatment, but were manifested and significant at 6 months, two
months after statins were discontinued, the difference in BP between the statin and placebo
groups had dissipated. These findings extend our understanding of the BP effects of statins, as
underscored by a previous statement suggesting that ―statins may decrease elevated but not
normal blood pressure‖ (Glorioso et al., 1999).
In the Cholesterol and Recurrent Events (CARE) study, subjects showed no BP reduction with
statins (Tonelli et al., 2006). In our study, there was minor decrease in SBP but on DBP showing
very little effect. Also a meta-analysis of randomized controlled trials of statins reporting effects
on BP, with an aggregate sample size of 828 subjects, reported significant reduction in systolic
BP only (Strazzullo et al., 2007).
Alternatively, BP effects may genuinely fail to be sustained because physiological responses to
statin effects evolve over time (eg, tachyphylaxis), and this may be the cause for BP increase at
six months in our study.
A study found that statins may reduce blood pressure provided that LDL-c is reduced by 50% or
2 mmol/l, and that these effects may be better demonstrated in lower risk primary prevention
populations where endothelial function is easier to normalize.
There was unexpected effect of B.Aspirin on blood pressure, there was a decrease in blood
pressure at three months, but it was reversed to an increase at six months in the statins treated
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and control group. In contrast, patients who did not receive B.Aspirin, showed a decrease in
blood pressure at three and six months. These results on blood pressure may be due to patients
dependence on drugs, neglecting their diet or may be due to patients compliance because some
of these patients suffered from stomach pain, so neglect taking B.Aspirin.
5.5.6 Effect of statins on low density lipoprotein cholesterol, total cholesterol and Non-HDL-c
during the study period (6 months).
Statins was shown to confer antioxidant properties to LDL-c (Shishehbor et al., 2003). First, the
antioxidant effect of statins is due to their ability to reduce lipoprotein cholesterol, thus reducing
level of oxidation substrates. In addition to preventing the formation of oxidized LDL, statins
attenuate atherogenesis in hypercholesterolemic patients, by suppressing the up regulation of
oxidized-LDL degradation and scavenger receptors gene expression in differentiating monocytes
(Fuhrman et al., 2002). In addition, statins inhibit hepatic synthesis of apolipoprotein B-100,
decreasing the synthesis and secretion of triglyceride rich lipoproteins (Wu et al., 2010). In
ASCOTLLA, atorvastatin (10 mg) achieved a 35% reduction in LDL-c-and reduced coronary
event. Patients in the four Statin trial who satisfied lipid criteria for the metabolic syndrome and
were treated with simvastatin, 20 or 40 mg/d experienced a 37.5% versus a 36.0% decrease in
LDL cholesterol compared with patients not meeting these criteria (Lundbye et al., 2005). In
our study, patients experienced a decrease by 10% at three months and 15.2% at six months
(about 0.5mmol), LDL-c reached 100mg/dl and this value is targeted in such patients. Data from
statin studies of coronary endothelial function suggest that endothelial function is normalized
and angina is reduced only when a LDL-c (2.00–2.50mmol/l) is a chieved. For every one
mmol/L (39mg/dl) reduction in low density lipoprotein cholesterol (LDL-c), statin therapy
reduced the incidence of major coronary events by 26% in individuals aged <65 years, by 19% in
those aged>65 years and by 18% in those aged >75 years. Statin therapy also significantly
reduced the incidence of major vascular events (defined as the combined outcome of major
coronary event, stroke or coronary revascularization) in both younger (aged <65 years) and older
(aged >65 years and aged >75 years) adults (BaigentC et al., 2005) and in both younger (aged
<65 years) and older (aged >65 years) adults with diabetes (Downs et al.,2008).
One of the examples of the effect of statins on LDL-c was the contrast between the antianginal
benefits of atorvastatin (80mg) in the Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering (MIRACL) trial where a LDL-c of 1.6mmol/l was achieved (Schwartz et
al., 2001),and in contrast to fluvastatin of 80 mg in the FLuvastatin On RIsk Diminishment after
Acute myocardial infarction (FLORIDA) trial, where the achieved LDL-c was 2.5mmol/l (Liem
et al., 2002). Analysis of 27 clinical trials comprising more than 170 000 patients showed a 21%
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reduction in major vascular events and (9%) decrease in all-cause mortality for every 1.0mmol/l
reduction in LDL-c (Mihaylova et al., 2012). In our study, there was a continues significant
decline in total cholesterol in the statin group and insignificant increase in the control patients
group. Clinical trials have consistently demonstrated that pharmacologic treatments that lower
blood pressure (BP) and cholesterol levels reduce the risk of cardiovascular events (Mihaylova
et al., 2012).
In our study, there was significant decrease in non HDL-c among statin treated patients at three
and six months in comparison to values at baseline (p<0.05). Patients in control group showed a
statistical insignificant increase at three and six months (p>0.05). Non-HDL-c was found to be
superior to LDL-c (Sniderman et al., 2012). Recent evidence indicates that both non-highdensity lipoprotein cholesterol (non-HDL-c) and apolipoprotein B (apoB) are more accurate
indices of cardiovascular risk than LDL-c. In the STELLAR trial, 35% of patients had
triglyceride levels of ≥200mg/dl at baseline, non-HDL-cholesterol levels were reduced by 34–
48% with atorvastatin 10–80 mg, 26–42% with simvastatin 10–80 mg. These reductions parallel
the LDL cholesterol reductions achieved by the statins studied. Indeed, the more efficacious the
LDL-cholesterol-lowering properties of the statin, the greater the reduction in non-HDLcholesterol values (Ballantyne CM et al., 2003).
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Chapter -6Conclusions and Recommendations
6.1. Conclusions
Metabolic Syndrome (MetS) is a complex disorder defined as a cluster of interconnected risk
factors such as hypertension, dyslipidemia, obesity and high blood glucose levels (Mohan et al.,
2003). Meanwhile, the IDF definition includes the occurrence of central (abdominal) obesity
together with decreased HDL-cholesterol, increased triglycerides, increased blood pressure and
hyperglycemia (Khunti et al., 2010). Using these criteria, a prevalence of 13–30% in developing
countries and approximately 30–35% in developed countries is usually found (Ford et al., 2004,
Alkerwi et al., 2011,). Despite increasing use of statins, a significant number of coronary events
still occur and many of such events take place in patients presenting with the metabolic
syndrome. Whereas statins remain the drugs of choice for patients who need to achieve the LDLcholesterol goal.
This study is prospective, non-randomized comparative in which the overall effect of statins was
evaluated in metabolic syndrome patients who met the criteria of International Diabetes
Foundation (IDF) published in (2005).
From this study, we conclude the followings:


There was no effect of statins (Simvastatin 20mg, Atorvstatin 40mg and Atorvastatin
20mg) on waist circumference.



There was significant decline in triglyceride level in the statin treated group.



There was significant decrease in fasting blood sugar at three months in statins treated
group.



Two new diabetic cases out of twenty-one (FBS≥126mg/dl) were discovered at three
months in the statins treated group.



LDL-c decreased significantly at six months in statins treated patients.



Total cholesterol was decreased significantly by statins at three and six months.



There was significant decrease in Non-HDL by statin at three and six months.



Healthy diet may be the optimum management of metabolic syndrome patient due to its
significant effect on decreasing waist circumference which is the main criteria in MetS
according to IDF definition.
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6.2 Recommendations
1-Metabolic syndrome needs increased care in Gaza strip, continuous testing and diagnosis on
abroad scale for the case.
2- Increased awareness of obesity and its serious complications, and encouraging healthy diet.
3-More studies are needed to evaluate the effect of different statins on metabolic syndrome and
for larger samples for longer periods.
4-We recommend further studies with another type of lipid lowering drugs.
5-Continuous follow up for diabetic and hypertensive patients receiving statins.
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Metabolic syndrome
Serial number:
Name ………………………………………

Age …………… Tel …………………………

Date ………………
Gender: Male

Female

Years of education

Hospital

HTN:

UNRWA

Yes

Diabetes:

NO

Yes

:

Weight
NO

Smoker: Yes

No

FHCAD

NO

Yes

INSD

NO

FHDM

NO

WC
NINSD

Sheesha

Pervious CAD: Yes
Yes

height

cigarette

History of stroke Yes
hyperlipedemia Yes

NO
NO

Tests :HB
TG1
HDLCH1

creatinine

FBS1

TG2

FBS2

TG3

HDLCH2

HDLCH3

Bp1

Bp2

Bp3

LDL1

LDL2

LDL3

Drugs taken by the patient :ASP: Yes

NO

Statin: Yes

Insulin

NO

Hypoglycemic drugs
Other antihypertensive drugs

what ?
what ?
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FBS3
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