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Abstract
Worldwide prevalence of metabolic syndrome (MetS) is widely diverse,
ranges from <10% to 84%. MetS is associated with increased
Cardiovascular disease (CVD) mortality. Elevated levels of high-
sensitivite C-reactive protein (Hs-CRP) are associated with increased risk
for CVD, this study aimed to assess serum level of High-sensitive C-

reactive protein in patients with MetS.

This case control study was carried out in Abdalla Khalil center and
Mahdi center, in Khartoum state, during the period from April 2019 to
November 2020. A total of 66 participants were enrolled in this study, 33
of them were MetS patients as case (16 male and 17 female) and 33
healthy individuals as control (16 male and 17 female), age was matched
in both groups. Serum Hs-CRP levels were estimated by using FIA meter.

Data were analyzed using SPSS computer program.

The level of Hs-CRP was significantly increased in MetS patients (20.7 £
14.8) compared to control group (6.38+£1.38) with P-value 0.000.
According to age Hs-CRP level was insignificantly differ in patients who
were < 50 years when compared to those who were > 50 years (22.75 *
15.47 and 18.78 £ 14.34) respectively, with P-value 0.452. According to
gender Hs-CRP level was insignificantly differ in females (23.76 £ 14.56)
compared to males (17.46 + 14.8) with P-value 0.227. According to BMI
Hs-CRP level was insignificantly differ in obese patients (> 30 Kg/m?)
compared to overweight patients (25-29.9 Kg/m?) (21.1 + 12.1 and
20.4 £ 17.04) respectively, with P-value 0.162. According to therapy
usage Hs-CRP level was significantly decreased in patients who were
using lipid-lowering drugs compared to patients who were not (13.5 + 8.6
and 24.8 £ 16.2) respectively, with P-value (0.014), but it was

insignificantly differ in patients who were using glucose-lowering drugs



or not (17.7 = 12.9 vs. 24.2 + 16.6), and those who were using blood
pressure-lowering drug drugs or not (23.1 £ 17.1 vs. 18.1 + 11.9), with P-
value (0.216 and 0.351) respectively. There was no correlation between
the level of Hs-CRP and both of BMI and WC with (r = 0.079 and -
0.118) respectively, but there was +ve, weak and significant correlation
between BMI and WC with (r = 0.475).

MetS patients had increased Hs-CRP levels which might be associated
with increased risk of CVD.
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CHAPTER ONE

INTRODUCTION, RATIONALE AND

OBJECTIVES



1.1 Introduction:

Worldwide prevalence of metabolic syndrome (MetS) is widely diverse,
ranges from <10% to 84%, depending on many factors including the
region, urban or rural environment, composition (sex, age, race, and
ethnicity) of the population studied, and the definition of the syndrome
used (Kaur, 2014).

In Sudan, a recent study provides evidence for the high prevalence of
MetS in Sudanese university students. It is varied depending on the
definition used. The prevalence was highest by using International
Diabetes Federation (IDF) criteria (8.4%) followed by National
Cholesterol Education Programme Adult Treatment Panel 11l (NCEP
ATP-111) (7.5%) and World Health Organization (WHO) (6.1%) (Sabir
et al., 2016).

Recent meta-analysis of prospective cohort studies showed that MetS is
associated with moderately increased cardiovascular disease (CVD)
mortality and all-cause mortality in older populations.The pathogenesis
of MetS involves both genetic and acquired factors which play a role in
the final pathway of inflammation that leads to CVD. MetS has become
increasingly relevant in recent times due to the exponential increase in

obesity worldwide (Rochlani et al., 2017).

Another study reported that patients with MetS appear with 1.5- to
three-fold higher risk for developing CVD and five times higher risk for
Type 2 diabetes over the next 5-10 years compared with individuals
without MetS (Kassi et al., 2011).

According to that, the prevalence of MetS is increasing globally, and
thus predictive biomarkers are required for identification of MetS

patients at an increased risk. Elevated levels of the inflammatory marker



high-sensitivity C-reactive protein (Hs-CRP) are associated with
increased risk for CVD and diabetes mellitus, and the utility of Hs-CRP
in predicting cardiovascular risk has been demonstrated in many studies.
For example, in the Women’s Health Study, Ridker et al found that
baseline Hs-CRP cut points of 1.0, 1.0 to 3.0, and 3.0 mg/L improved

prediction of relative risk of cardiovascular events (Haffner, 2006).

1.2 Rationale:

The prevalence of MetS is increasing globally. Accordingly the early
screening is vital to predict and prevent the development of
cardiovascular diseases and other consequences of MetS. Elevated levels
of the inflammatory marker high-sensitivite C-reactive protein (Hs-
CRP) are associated with increased risk for CVD and diabetes mellitus.
In Sudan there are studies about the prevalence of MetS, but there is no
information about Hs-CRP level in MetS patients. That is why we
attempt to do this study to provide information that improves the
monitoring, prognosis of risks associated with MetS and treatment

program in patients.
1.3 Objectives:

1.3.1 General objective:

To assess serum High-sensitive C-reactive protein level among patients
with metabolic syndrome.

1.3.2 Specific objectives:

1. To estimate High-sensitive C-reactive protein serum levels in study
groups.

2. To compare between mean concentrations of High-sensitive C-
reactive protein serum levels in case with control group.



3. To compare between mean concentrations of High-sensitive C-
reactive protein serum levels according to variables subgroups
(Age, Gender, BMI and Therapy usage).

4. To correlate between High-sensitive C-reactive protein serum levels
and both of BMI and WC.



CHAPTER TWO

LITERATURE REVIEW



2.1 The metabolic syndrome:

Metabolic syndrome (MetS) is defined as a combination of impaired
glucose metabolism, dyslipidemia, abdominal obesity, and elevated blood
pressure. MetS had been defined slightly differently by various
organizations. Three most popular definitions used for surveys and health

care plan are:

WHO 1999: Presence of insulin resistance or glucose > 6.1 mmol/L (110
mg/dl), 2 h glucose > 7.8 mmol (140 mg/dl) (required) along with any
two or more of the following: HDL cholesterol < 0.9 mmol/L (35 mg/dl)
in men, <1.0 mmol/L (40 mg/dl) in women, triglycerides > 1.7 mmol/L
(150 mg/dl), waist/hip ratio > 0.9 (men) or >0.85 (women) or BMI > 30
kg/m2 and/or blood pressure > 140/90 mmHg.

NCEP (National Cholesterol Education Program) ATP Il 2005:
Presence of any three or more of the following: Blood glucose greater
than 5.6 mmol/L (100 mg/dl) or drug treatment for elevated blood
glucose, HDL cholesterol < 1.0 mmol/L (40 mg/dl) in men, < 1.3 mmol/L
(50 mg/dl) in women or drug treatment for low HDL-C, blood
triglycerides > 1.7 mmol/L (150 mg/dl) or drug treatment for elevated
triglycerides, waist > 102 c¢cm (men) or >88 c¢cm (women) and/or blood

pressure > 130/85 mmHg or drug treatment for hypertension.

IDF (International Diabetes Federation) 2006: Waist > 94 ¢cm (men) or
>80 cm (women) along with the presence of two or more of the
following: Blood glucose greater than 5.6 mmol/L (100 mg/dl) or
diagnosed diabetes, HDL cholesterol < 1.0 mmol/L (40 mg/dl) in men,
< 1.3 mmol/L (50 mg/dl) in women or drug treatment for low HDL-C,
blood triglycerides >1.7 mmol/L (150 mg/dl) or drug treatment for



elevated triglycerides and/or blood pressure >130/85 mmHg or drug

treatment for hypertension (Saklayen, 2018).

According to the American Heart Association and the NHLBI the

presence of three or more of any of the following parameters defines the

presence of the metabolic syndrome in an individual. These parameters

include:an elevated waist circumference. In women, 35 inches (88 cm); in

men, 40 inches (102 cm), elevated triglyceride levels, i.e, 150 mg/dL,

elevated fasting glucose, i.e, 100 mg/dL, reduced HDL-cholesterol. In

women, 50 mg/dL; in men,40 mg/dL and/or elevated blood pressure, i.e,

130/85 mm Hg (Bishop et al., 2010).

Clinical measures WHO (1999) ATP 111 (2005) IDF (2006)
IGT, IFG, T2DM, or
Insulin resistance lowered insulin None, but any 3 of None

Sensitivity the following 5
plus any 2 of the features
following
Men: waist/hip ratio Increased WC
Body weight >0.90 WC >102 cm inmen | (population specific)
Women: waist/hip | or>88 cm in women plus any 2 of the
ratio > 0.85 and/or following
BMI>30 kg/m2
TGs >150 mg/dL or
Lipids TGs >150 mg/dL TGs >150 mg/dL and on TGs Rx.

and/or HDL-C <35
mg/dL in men or
<39 mg/dL in
women

HDL-C <40 mg/dL in
men or <50 mg/dL in
women

HDL-C <40 mg/dL in

men or <50 mg/dL in

women or on HDL-C
Rx

Blood pressure

>140/90 mmHg

>130/85 mmHg

> 130/85 mmHg or
on hypertension Rx

> 110 mg/dL >100 mg/dL (includes
Glucose IGT, IFG, or T2DM (includes diabetes) diabetes)
Microalbuminuria:
Other Urinary excretion

rate of >20 mg/min
or albumin:
creatinine ratio of
>30 mg/g




Table (2.1): Diagnostic criteria proposed for the clinical diagnosis of the MetS.
BMI: body mass index; HDL-C: high density lipoprotein cholesterol; IFG: impaired
fasting glucose; IGT: impaired glucose tolerance; Rx: receiving treatment; TGs:
triglycerides; T2DM: type 2 diabetes mellitus; WC: waist circumference (Kaur,
2014).

2.1.1 Epidimiology of metabolic syndrome:

Worldwide prevalence of MetS ranges from <10% to as much as 84%,
depending on the region, urban or rural environment, composition (sex,
age, race, and ethnicity) of the population studied, and the definition of

the syndromeused (Kaur, 2014).

Tanner and colleagues reported that: “The prevalence of MetS has
beenestimated that 20% to 25% of adults worldwide have MetS. In 2000,
it was estimated that 50 million US adults had MetS, and in studies of
European countries,the prevalence of MetS has ranged widely but has
exceeded50% in some studies and has routinely exceeded 20%. Similarly
high rates have been noted in Asia and Latin America.For example, in a
nationally representative sample of Chinese adults 35 to 74 years of age,
Gu and colleagues reported a prevalence of MetS of 9.8% among men
and 17.8% among women. Overall, these rates represent 71 million
Chinese adults with MetS” (Tanner et al., 2012).

The prevalence estimates vary, based on the criteria used for the
definition of MetS. For example, a national survey in Iran in 2007
showed prevalence of MetS was about 34.7% based on ATP Il criteria,
37.4% based on IDF definition. In Tunisia, prevalence was 45.5% based
on IDF criteria but 24.3% based on ATP Il criteria. But in all the Middle
Eastern countries, prevalence was much higher among women than men
(Delavariet al., 2009).



Cameron et al. have concluded that the diet, differences in genetic
background, smoking, levels of physical activity, family history of
diabetes, and education all influence the prevalence of the MetS and its

components (Cameron et al., 2004).
2.1.2 Pathophysiology of metabolic syndrome:

MetS is a state of chronic low grade inflammation as a consequence of
complex interplay between genetic and environmental factors. These
factors include: insulin resistance, visceral adiposity, atherogenic
dyslipidemia, endothelial dysfunction, genetic susceptibility, elevated

blood pressure, hypercoagulable state, and chronic stress.

2.1.2.1 Insulin resistance:

Insulin resistance (IR) is defined as a pathophysiological condition in
which a normal insulin concentration does not adequately produce a
normal insulin response in the peripheral target tissues such as adipose,
muscle, and liver. Taking into consideration the main tissues targeted by
insulin, insulin resistance in skeletal muscle results in a reduction in
glycogen synthesis and glucose transport, while insulin resistance in the
liver appears to lead to reduced effectiveness of insulin signalling
pathways (McCracken et al., 2017).

In the early stages of insulin resistance, the pancreas compensates by
increasing the secretion of insulin into the bloodstream in an attempt to
overcome defects in peripheral insulin action. Although hyperinsulinemia
may compensate for insulin resistance to some biological actions of
insulin, it may cause an overexpression of insulin activity in some
normally sensitive tissues, eventually decompensation will occur. This
accentuation of some insulin actions coupled with a resistance to other

actions of insulin results in the clinical manifestations of MetS.



Physiological insulin signalling occurs following the binding of insulin to
the insulin receptor, a ligand-activated tyrosine kinase. Binding of insulin
results in a tyrosine phosphorylation of downstream substrates and
activation of two parallel pathways: the phosphoinositide 3-kinase (P13K)
pathway and the mitogen activated protein (MAP) kinase pathway. The
PI3K-Akt pathway is affected, while, the MAP kinase pathway functions
normally in insulin resistance. This leads to a change in the balance
between these two parallel pathways. Inhibition of the PI3K-Akt pathway
leads to a reduction in endothelial Nitric oxide production, resulting in an
endothelial dysfunction, and a reduction in GLUT4 translocation, leading
to a decreased skeletal muscle and fat glucose uptake. By contrast, the
MAP kinase pathway is unaffected, so there is a continued endothelin-1
(ET-1) production, an expression of vascular cell adhesion molecules,
and a mitogenic stimulus to vascular smooth muscle cells. In these ways,
an insulin resistance leads to the vascular abnormalities that predispose to
atherosclerosis. Although insulin resistant individuals need not be
clinically obese, they nevertheless commonly have an abnormal fat
distribution that is characterized by a predominant upper body fat.
Regardless of the relative contributions of visceral fat and abdominal
subcutaneous fat to insulin resistance, a pattern of abdominal (or upper
body) obesity correlates more strongly with the insulin resistance and the
MetS than does lower body obesity (Kaur, 2014).

2.1.2.2 Abdominal obesity:

Adipose tissue is a heterogeneous mix of adipocytes, preadipocytes,
immune cells, and endothelium, which can respond rapidly and
dynamically to alterations in nutrient excess through adipocytes
hypertrophy and hyperplasia. Although not all overweight or obese
individuals are metabolically disturbed, the majority are IR. Central
obesity is thought to be an early step, as visceral adipose tissue secretes a



variety of bioactive substances termed adipocytokines, such as glycerol,
free fatty acids (FFA), leptin, resistin, tumor necrosis factor alpha
(TNFa), interleukin-6 (IL-6), and angiotensin Il which induce IR, along
with plasminogen activator inhibitor 1 (PAI-1), which is related to
thrombogenic vascular diseases, and C-reactive protein (CRP) (Kassi et
al., 2011).

Adipocytokines integrate the endocrine, autocrine, and paracrine signals
to mediate the multiple processes including insulin sensitivity, oxidant
stress, energy metabolism, blood coagulation, and inflmmatory responses
which are thought to accelerate atherosclerosis, plaque rupture, and
atherothrombosis. TNFa is a paracrine mediator in adipocytes and
appears to act locally to reduce the insulin sensitivity of adipocytes.
Evidence suggests that TNFa induces adipocytes apoptosis and promotes
insulin resistance by the inhibition of the insulin receptor substrate 1
signalling pathway. The paracrine action would further tend to exacerbate
the FFA release, inducing an atherogenic dyslipidemia. Plasma TNFa is
positively associated with the body weight, WC, and triglycerides (TGs),
while, a negative association exists between the plasma TNFa and High
density lipoprotein—cholesterol (HDL-C) (Kaur, 2014).
Interleukin 6 (IL-6) is a cytokine produced by adipocytes and immune
cells and has complex regulatory mechanisms. Production of IL-6
increases with increase in body fat and insulin resistance. It acts on the
liver, bone marrow, and endothelium, leading to increased production of
acute phase reactants in the liver, including C-reactive protein (CRP).
Several studies have demonstrated a correlation between high CRP levels
and the development of MetS, diabetes, and CVD. IL-6 also increases
fibrinogen levels resulting in a prothrombotic state. It also promotes
adhesion molecule expression by endothelial cells and activation of local
renin-angiotensin system (RAS) pathways (Rochlani et al., 2017).



Elevated levels of CRP are associated with an increased WC, insulin
resistance, BMI, and hyperglycemia, and are increased with the number
of the MetS components. It is more likely to be elevated in obese insulin-
resistant, but, not in obese insulin-sensitive subjects.

Other compounds produced by adipose tissue possibly implicated in the
pathogenesis of MetS, are the non esterified free fatty acids (FFAS). In
the presence of IR the process of FFAs mobilization from stored adipose
tissue triglycerides is accelerated. In the liver, FFAs result (due to hepatic
insulin resistance) in increased production of glucose and triglycerides
and secretion of very low-density lipoprotein (VLDL), maintaining a
vicious cycle. FFAs also reduce insulin sensitivity in muscle by inhibiting
insulin-mediated glucose uptake and increase fibrinogen and PAI-1
production (Kassi et al., 2011).

PAI-1 is A serine protease inhibitor is secreted from intra-abdominal
adipocytes, platelets, and the vascular endothelium. It exerts its effcts by
inhibiting the tissue plasminogen activator (tPA) and thus is considered as
a marker of an impaired firinolysis and atherothrombosis. Plasma PAI-1
levels are increased in abdominally obese subjects and inflmmatory
states, thus, increasing the risk of an intravascular thrombus and adverse

cardiovascular outcomes (Kaur, 2014).
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Figure (2.1): Pathophysiological mechanisms in metabolic syndrome. AT2,
angiotensin Il type 2 receptor; CRP, C-reactive protein; IL-6, interleukin 6; LOX,
lectin-like oxidized low-density lipoprotein; RAAS, reninangiotensin-aldosterone
system; ROS, reactive oxygen species; TNF, tumor necrosis factor (Rochlani et al.,
2017).

2.1.2.3 Hypertension:

High blood pressure is an important constituent of the metabolic
syndrome, but the underlying mechanisms for development of
hypertension in the metabolic syndrome are very complicated and remain
still obscure. Visceral/central obesity, insulin resistance, sympathetic
overactivity, oxidative stress, endothelial dysfunction, activated renin-
angiotensin system, increased inflammatory mediators, and obstructive
sleep apnea have been suggested to be possible factors to develop

hypertension in the metabolic syndrome (Yanai et al., 2008).



Studies suggest that both hyperglycemia and hyperinsulinemia activate
the Renin angiotensin system (RAS) by increasing the expression of
angiotensinogen, Angiotensin Il (AT II), and the AT1 receptor, which, in
concert, may contribute to the development of hypertension in patients
with insulin resistance. There is also evidence that insulin resistance and
hyperinsulinemia lead to SNS activation, and, as a result, the kidneys
increase sodium reabsorption, the heart increases cardiac output, and
arteries respond with vasoconstriction resulting in hypertension (Morse et
al., 2005).

2.1.2.4 Dyslipidemia:

Most patients with metabolic syndrome have atherogenic dyslipidemia.
The major component of atherogenic dyslipidemia is elevation of apo B-
containing lipoproteins. These include low-density lipoprotein (LDL) and
VLDL. Other components include elevated triglycerides and reduced
high density lipoprotein cholesterol (HDL-C). Circulating lipoproteins
filter into the arterial wall, where they are trapped, modified in various
ways, and incorporated into macrophages to form lipid-laden foam cells.
These cells dominate in the first stage of atherosclerosis, the fatty streak.
As foam cells degrade they stimulate a connective tissue reaction,
resulting in a fibrous plaque. This plaque usually covers a cholesterol rich
core. In regions where the fibrous covering of this core is thin and
enriched with macrophages, the plague becomes unstable: rupture can
occur, precipitating a thrombosis. Other risk factors of the metabolic
syndrome accelerate this process. When plague rupture occurs, the patient
frequently suffers an acute cardiovascular event, e.g., myocardial
infarction or stroke. Many clinical trials conclusively prove that intensive
lowering of apo B containing lipoproteins reduces the risk for major
cardiovascular events. Another component of atherogenic dyslipidemia is
a low level of HDL-C. In epidemiologic studies, this abnormality



associates strongly with a higher risk for atherosclerotic cardiovascular
disease (ASCVD) (Grundy, 2016).

2.1.2.5 Hypercoagulable State:

Individuals with obesity and metabolic syndrome appear to have multiple
abnormalities in the haemostatic system that may well predispose to
ASCVD. Among these are endothelial dysfunction, enhanced
coagulation, impaired fibrinolysis, and platelet dysfunction. Specific
abnormalities include elevated levels of inhibitor of plasminogen
activator type 1(PAI-1), tissue factor, fibrinogen, and factor VIII activity
(Grundy, 2016). These changes in the haemostatic system may favour the
development of thrombosis. Hyperactivity of platelets and
hypercoagulability — favour platelet and fibrin  deposits, and
hypofibrinolysis due to the PAI-1 excess prevents their elimination. The
increased PAI-1 expression that accompanies abdominal obesity is the
most documented abnormality associated with the MetS. As PAI-1 could
also be directly involved in the physiopathology of obesity, it could
represent an original target for preventing both the thrombotic and

metabolic risks (Alessi and Juhan-Vague, 2008).
2.1.3 Treatment of metabolic syndrome:

Clinical identification and management of patients with the MetS are
important to begin efforts to adequately implement the treatments to
reduce their risk of subsequent diseases. Effective preventive approaches
include lifestyle changes, primarily weight loss, diet, and exercise, and
the treatment involve the proper use of pharmacological agents to reduce
the specific risk factors. Pharmacological treatment should be considered
for those whose risk factors are not adequately reduced with the
preventive measures and lifestyle changes. In 2001, NCEP ATP Il

recommended two major therapeutic goals in patients with MetS:



Treating underlying causes (overweight/obesity and physical inactivity)
by intensifying weight management and increasing physical activity, and
treating cardiovascular risk factors if they persist despite lifestyle

modification.
2.1.3.1 Lifestyle Modifications:
(A) Weight reduction:

Four therapies can be used for weight reduction: calorie restriction (e.g.,
500 kcal/d deficit), increased physical activity, behavioural modification,
and, in appropriate patients, FDA-approved weight-reducing drugs.
Several authors recommend a weight loss goal of 10% reduction in body
weight in the first six months to a year and continued weight loss
thereafter until BMI is less than 25. A weight loss of as small as 5-10%
of body weight can significantly reduce TGs and increases HDL-C.
Furthermore, both hypertensive individuals and individuals at risk of
developing hypertension can see a significant reduction in the blood
pressure with a modest weight loss. Fasting blood glucose, insulin, and
haemoglobin Alc can also be decreased with a modest weight loss.
During weight maintenance (i.e., energy balance), a regular exercise
appears to play an important role in abdominal fat loss, and the
prevention of weight regain in those who have successfully lost weight
(Kaur, 2014).

(B) Diet:

Numerous trials reported that weight loss is beneficial for treating all
components of MetS. The Finnish Diabetes Prevention Study showed that
lifestyle intervention with modest weight loss significantly reduced the
prevalence of MetS (odds ratio, 0.62; 95% ClI, 0.40-0.95) compared with
the control group. A 41% reduction in the incidence of MetS was seen



with the intensive lifestyle intervention arm of the Diabetes Prevention
Program (DPP). For every kilogram of weight loss, the risk of diabetes
development was decreased by 16%. Dietary carbohydrate can be divided
into 2 categories: simple and complex. Complex carbohydrates should
form the bulk of carbohydrate intake, whereas simple carbohydrates
should be limited. A diet that is rich in complex, unrefined carbohydrates,
high in fiber (14 ¢g/1000 cal consumed daily), and low in added sugar
(25% of caloric intake) is recommended for individuals with or at risk for
MetS. These dietary changes contributed to weight loss, which was the
primary predictor of a decrease in diabetes incidence in the study (Prasad
etal., 2012).

A clear positive association has been shown between sodium intake and
blood pressure, with excessive sodium intake associated with
hypertension. Furthermore, a sodium restriction has also been associated
with reduced CVD events, and congestive heart failure. Guidelines
therefore recommend that a daily sodium intake should be restricted to no
more than 65-100 mmol. In addition to sodium restriction, an increased
potassium intake has also been shown to improve blood pressure,
especially in the setting of high sodium intake. Guidelines have
recommended the intake of foods enriched with potassium, such as fruits
and vegetables, with a goal of 90-120 mmol of potassium per day (Appel
et al., 2006).

The 2005 USDA dietary guidelines, primarily based on observational
studies, recommend a reduction in saturated fat intake (less than 7% of
caloric intake) and an increase in unsaturated fatty acids, specifically
linoleic acid (5%-10% of caloric intake) and alpha-linolenic acid (0.7%—
1.6% of caloric intake). These guidelines are also applicable for risk

reduction of CVD. Both serum cholesterol and overall CVD risk have



been shown to be improved by this type of dietary fat intake. The Nurses’
Health Study investigators reported that a 5% increase in saturated fat
intake was associated with a 17% increase in coronary risk, whereas
monounsaturated and polyunsaturated fat intakes were inversely related
to CHD (Prasad et al., 2012).

(C) Physical Activity:

Physical inactivity is identified as the fourth leading risk factor for global
mortality. Regular physical activity leads to enhanced energy
consumption and is associated with reduced risk of prevalent diseases
such as obesity, MetS, T2DM, CVD, cognitive impairment, depression,
and osteoporosis. In MetS, the excess energy that is accumulated in
adipose tissue and also stored ectopically in non adipose tissues like the
liver will cause metabolic disturbances that lead to increases in BP, blood
glucose, TGs, and inflammation. These metabolic alterations can be
prevented or reduced if physical activity is performed daily. Any type of
physical activity is better than inactivity, and increasing physical activity
may also have substantial beneficial effects on personal well-being
(Pérez-Martinez et al., 2017).

2.1.3.2 Pharmacological treatment:

In addition to lifestyle including weight loss, a targeted approach for
control of individual components of the metabolic syndrome is often
necessary. Because there are drugs proven effective in reducing specific
components of metabolic syndrome, optimal pharmacological
management must be individualized. First, because weight loss in patients
with the metabolic syndrome increases insulin sensitivity, anti obesity
drugs should be considered. In the USA the list includes, phentermine,

extended release phentermine/topiratmate, lorcaserin, orlistat, and now



sustained release bupropion/naltrexone and the glucagon like peptide-1
(GLP-1) agonist liraglutide. Drugs such as thiazolidinediones (TZD) or
metformin, which are insulin sensitizers, are recommended for insulin
resistant patients. Metformin, rosiglitazone and pioglitazone are known to
prevent type 2 diabetes in patients with and without the metabolic
syndrome and pioglitazone also increases HDL-C and reduces
triglycerides and hepatic steatosis. Lipid-lowering agents such as statins
are drugs of choice for atherogenic dyslipidemia. Most but not all
metabolic syndrome patients will be statin-eligible; moreover fibrates
may reduce CVD events in patients who are hypertriglyceridemic and
have reductions in HDL-C. New anti diabetic agents such as GLP-1
agonists and sodium glucose transporter-2 (SGLT-2) inhibitors result in
some weight loss and are candidate drugs particularly in metabolic
syndrome patients with or at risk for diabetes. RAS blockers are effective
in decreasing blood pressure and other cardiovascular risk. Cilostazol, an
anti platelet agent, is also known to improve atherogenic dyslipidemia

and increase nitric oxide levels (Lim and Eckel, 2014).
2.2 High sensitive C-reactive protein:

C-reactive protein (CRP) is synthesized in the liver and is one of the first
acute-phase proteins to rise in response to inflammatory disease. CRP
received its name because it precipitates with the C substance, a
polysaccharide of pneumococci. High-sensitivite CRP (Hs-CRP) is the
same protein but is named for the newer, monoclonal antibody—based test
methodologies that can detect CRP at levels below 1 mg/L (Bishop et al.,
2010). Its link to CHD was reported more than 60 years later. CRP has
been prodigiously investigated, largely facilitated by its relative stability
as a frozen sample, long plasma half-life of 19 h, and ease of testing with
a standardized assay (Yousuf et al., 2013).



In the past decade, high-sensitivity assays with rapid turnaround times for
measurement have become available. High-sensitivity assay techniques
such as immunonephelometry, immunoturbidimetry, high-sensitivite
enzyme-linked immunosorbent assay (ELISA) and resonant acoustic
profiling (RAP) can detect CRP with a sensitivity range of (0.01 to 10
mg/ 1). These high-sensitivity assays help quantify low grades of systemic
inflammation, in the absence of overt systemic inflammatory or
immunologic disorders. The Hs-CRP assays have been standardized
across several commercial platforms and can be accurately measured
from fresh or frozen plasma. The Hs-CRP is the most widely evaluated
biomarker in the quest for an ideal biomarker for global cardiovascular
disease (CVD) risk prediction (Kamath et al., 2015).

2.2.1 Biochemistry of High sensitive C-reactive protein:

CRP belongs to the pentraxin family of calcium-dependent ligand-
binding plasma proteins, the other member of which in humans is serum
amyloid P component (SAP). The human CRP molecule is composed of
five identical non glycosylated polypeptide subunits, each containing 206
amino acid residues. The protomers are non covalently associated in an
annular configuration with cyclic pentameric symmetry (Figure 2.2).
Each protomer has the characteristic "lectin fold," composed of a two-
layered B sheet with flattened jellyroll topology. The ligand-binding site,
composed of loops with two calcium ions bound 4 A apart by protein
side-chains, is located on the concave face. The other face carries a single
a helix (Figure 2.2). The pentraxin family, named for its electron
micrographic appearance from the Greek penta (five) ragos (berries), is
highly conserved in evolution, with homologous proteins throughout the
vertebrates and even in the phylogenetically distant arachnid, Limulus

polyphemus, the horseshoe crab. SAP, named for its universal presence in



amyloid deposits, is a constitutive, non—acute-phase plasma glycoprotein
in humans and all other species studied, except the mouse, in which it is

the major acute-phase protein (Pepys and Hirschfield, 2003).

Figure (2.2): Molecular structure and morphology of human CRP. (a) Negatively
stained electron micrograph showing the typical pentameric disc-likestructure face on
and side-on (arrows). (b) Ribbon diagram of the crystal structure, showing the lectin
fold and the two calcium atoms(spheres) in the ligand-binding site of each protomer.
(c) Space filling model of the CRP molecule, showing a single
phosphocholinemolecule located in the ligand-binding site of each protomer (Pepys
and Hirschfield, 2003).

2.2.2 Clinical significance of High sensitive C-reactive protein:

2.2.2.1 Hs-CRP and Cardiovascular Diseases:

CRP is an acute-phase reactant and non specific marker of inflammation,
produced predominantly in hepatocytes as a pentamer of identical
subunits in response to several cytokines. Interleukin (IL)-6, one of the
most potent drivers of CRP production, is released from activated
leukocytes in response to infection or trauma and from vascular smooth
muscle cells in response to atherosclerosis. CRP directly binds highly
atherogenic oxidized low-density lipoprotein cholesterol (LDL-C) and is
present within lipid-laden plaques. The possible mechanistic role of CRP
in plaque deposition is highly complex, exerting proatherogenic effects in
many cells involved in atherosclerosis. CRP may facilitate monocyte
adhesion and transmigration into the vessel wall, a critical early step in

the atherosclerotic process. Furthermore, M1 macrophage polarization,



catalyzed by CRP, is a proinflammatory trigger in plaque deposition,
leading to macrophage infiltration of both adipose tissue and
atherosclerotic lesions (Yousuf et al., 2013).

The utility of Hs-CRP in predicting cardiovascular risk has been
demonstrated in many studies. For example, in the Women’s Health
Study, Ridker et al found that baseline Hs-CRP cut points of 1.0, 1.0 to
3.0, and 3.0 mg/L improved prediction of relative risk of cardiovascular
events (according to the Framingham 10-year risk score) on multivariate
analysis among 27,939 apparently healthy subjects. In an analysis among
men in the primary prevention West of Scotland Coronary Prevention
Study (WOSCOPS) statin trial, Hs-CRP level was associated with a
significantly increased hazard ratio for CAD events of 1.36 (p 0.001) on
univariate but not multivariate analysis. The presence of the metabolic
syndrome using a modified NCEP ATP Il definition (body mass index
[BMI] criterion instead of waist circumference for abdominal obesity)
was associated with a significantly increased hazard ratio for CAD of
1.76 (p 0.001) on univariate analysis and 1.30 (p 0.05) on multivariate
analysis. For new-onset diabetes, the metabolic syndrome and Hs-CRP
levels were associated with significantly increased risk ratios of 3.51 and
1.55 (both, p 0.001). CAD risk increased with the presence of increasing

numbers of metabolic syndrome criteria (Haffner, 2006).
2.2.2.2 Role of Hs-CRP in disease intervention:

Several pharmacological agents that have demonstrated cardioprotective
ability such as aspirin and statins will lower Hs-CRP and /or risk of CHD
that is associated with increased Hs-CRP concentration. All statin drugs
have been shown to reduce Hs-CRP, but interestingly the magnitude of
LDL cholesterol reduction caused by statin therapy is minimally
correlated with the magnitude of Hs-CRP reduction. Data from several

large randomized trials suggest that the cardiovascular risk reduction



attributable to statin therapy may be most notable for those with increased
Hs-CRP concentration at baseline. Thiazolidinediones (TZDs) also
decrease inflammatory factors such as Hs-CRP and promote adipose
tissue differentiation in subcutaneous adipose tissue regions, which
increases the synthesis of adiponectin, thereby further reducing insulin
resistance (Lim and Eckel, 2014).



CHAPTER
THREE

MATERIALS AND METHODS



3.1 Materials:

3.1.1 Study design:

This is case control study.

3.1.2 Study area and period:

The study was carried out over 21 months (April 2019-December 2020)
in Abdalla Khalil center and Mahdi center in Khartoum state, Sudan.
3.1.3 Ethical consideration:

This study was approved by the ethical committee of Federal Ministry of
Health. Then an informed consent was obtained from participant
(Appendix 1), data was collected using questionnaire (Appendix II).
3.1.4 Study population:

This study included 33 metabolic syndrome patients (16 of them were
males and 17 were females) and 33 healthy individuals as control group,
age was matched in both groups, ranged from 28 to 75 years. Patients
with metabolic syndrome were excluded from this study if they had
chronic renal disease, thyroid disease, or pregnant women.

3.1.5 Sampling:

Three ml of venous blood was collected from each participant, placed in
plain containers, Sample left clot at room temperature then serum was
obtained after centrifuged for 3 minutes at 3000 RPM and analyzed
immediately or kept until analysis, the participants underwent routine
examinations that included the measurement of Height, weight, and BP.
Weight and height were measured without shoes; BP was measured on
the right upper arm and maintained at the level of the heart with
participants in sitting position. BP was measured by trained and certified

nurse’s working in Hospital.



3.2 Methods:

3.2.1 Estimation of High sensitive C-reactive protein level:

Principle of the method:

Hs-CRP rapid test is based on Fluorescence immunoassay technology
(FIA) uses a sandwich immune-detection method, when sample is added
to the sample well of the test cartridge, the fluorescence-labelled detector
CRP antibody binds to CRP antigen in blood specimen. As the sample
mixture migrates on the nitrocellulose matrix of test strip by capillary
action, the complexes of detector antibody and CRP are captured to CRP
antibody that has been immobilized on test strip. Thus the more CRP
antigens in blood specimen, the more complexes are accumulated on test
strip. Signal intensity of fluorescence of detector antibody reflects amount
of CRP captured and FIA Meter shows CRP concentrations in blood
specimen. The default results unit of Hs-CRP is displayed as mg/L.
(Appendix I11).

Procedure of method:

The test was been operated at room temperature. ID Chip checked and
inserted into the equipment, 5 uL. of serum was drawn with a transfer
pipette and add to the buffer tube, the specimen mixed well with buffer
for 1 minute by inverting the tube. 75uL. of sample mixture loaded onto
the sample well of the test cartridge. The test cartridge inserted onto the
test cartridge holder, 3 minutes later, the result was shown in the display.
(Appendix I11).

3.2.2 Quiality control:

Each CRP rapid quantitative test cartridge contains internal control that
satisfies routine quality control requirements. This internal control is
performed each time a patient sample is tested. This control indicates that

the test cartridge was inserted and read properly by FIA Meter. An



invalid result from the internal control causes an error message on FIA
Meter indicating that the test should be repeated.

3.2.3 Calculation of BMI:

Body Mass Index was calculated by formula:

BMI =body mass divided by the square of body height (Bishop, 2010).
Weight (kg)

Height (m?)

3.2.4 Statistical analysis:

Data were analyzed statistically by using the SPSS computer program
(Version 20), the independent T test and chi-square were used for

comparison, P-value (< 0.05) was considered significant.



CHAPTER FOUR



4. Results:

Table (4-1) shows clinical characteristics of study groups.

Table (4-2) shows that the level of Hs-CRP was significantly increased in
metabolic syndrome patients compared to control group (20.70 + 14.80
and 6.38 £ 1.38) respectively, with P-value (0.000).

Table (4-3) shows that there were no significant differences between
MetS patients who were < 50 years and >50 years in Hs-CRP levels
(22.75 £ 15.47 and 18.78 + 14.34) respectively, with P-value (0.452).
Table (4-4) shows that there were no significant differences between
males and females in Hs-CRP levels (17.46 £ 14.8 and 23.76 £ 14.56)
respectively, with P-value (0.227).

Table (4-5) shows that there were no significant differences between
overweight and obese MetS patients in Hs-CRP levels (20.4 £ 17.04 and
21.1 £ 12.1) respectively, with P-value (0.896).

Table (4-6) shows that the level of Hs-CRP was significantly decreased in
patients who were using anti lipid drugs compared to patients who were
not (13.5 + 8.6 and 24.8 * 16.2) respectively, with P-value (0.014).

Table (4-7) shows that there were no significant differences in Hs-CRP
levels between patients who were using anti DM drugs and patients who
were not (17.7 £ 12.9 and 24.2 £ 16.6) respectively, with P-value (0.216).
Table (4-8) shows that there were no significant differences in Hs-CRP
levels between patients who were using anti HTN drugs and patients who
were not (23.1 £ 17.1 and 18.1 £ 11.9) respectively, with P-value (0.351).
Table (4-9) shows that there was no correlation between the level of Hs-
CRP and both of BMI and WC with (r = 0.079 and -0.118) respectively,
but there was +ve, weak and significant correlation between BMI and
WC with (r = 0.475).



Table (4-1): Clinical characteristics of study groups:

Case Control P-value
(n = 33) (n=33)
Gender Males = 16 (48.5%) | Males = 16 (48.5%) --
Females =17 (51.5) | Females = 17 (51.5)

Age (years) 53.6+11.5 522 +115 0.602
BMI (Kg/m?) 29.1+£3.6 22145 0.000
WC (cm) 107.7 £10.3 84.1+10.6 0.000
SBP (mm Hg) 128.2 £13.2 1206 £2.4 0.001
DBP (mm Hg) 81.8+5.6 80.6+2.4 0.065




4.1 Comparison between metabolic syndrome patients and control

for Hs-CRP:

Table (4-2): Comparison between metabolic syndrome patients and

control for Hs-CRP:

Parameter Sample condition P - value
Case (n=33) Control (n=33)
Hs-CRP (mg/L) 20.70 £ 14.80 6.38 +1.38 0.000




4.2 Comparison between variables for Hs-CRP:

4.2.1 Comparison between Hs-CRP levels in MetS patients according
to age groups:

Table (4-3): Levels of Hs-CRP for metabolic syndrome patients
according to age groups.

Parameter Age P —value

< 50 years > 50 years
(n=16) (n=17)

Hs-CRP (mg/L) 22.715+15.47 18.78 +14.34 0.452




4.2.2 Comparison between Hs-CRP levels in MetS patients according

to gender groups:

Table (4-3): Levels of Hs-CRP for metabolic syndrome patients

according to gender groups.

Parameter Gender P —value
Male (n = 16) Female (n=17)
Hs-CRP (mg/L) 17.46 + 14.8 23.76 + 14.56 0.227




4.2.3 Comparison between Hs-CRP levels in MetS patients according

to BMI groups:

Table (4-5): Levels of Hs-CRP for metabolic syndrome patients

according to BMI groups.

Parameter BMI P —value
Overweight Obese
(25-29.9 Kg/m?) (n=18) | (=30 Kg/m?) (n=15)
Hs-CRP (mg/L) 20.4 +17.04 21.1+12.1 0.896




4.2.4 Comparison between Hs-CRP levels in MetS patients according
to therapy used:

Table (4-6): Levels of Hs-CRP for metabolic syndrome patients
according to lipid-lowering drug usage.

Parameter Lipid-lowering drug P —value

Yes (n=12) No (n=21)

Hs-CRP (mg/L) 13.5+8.6 24.8 +£16.2 0.014




Table (4-7): Levels of Hs-CRP for metabolic syndrome patients
according to glucose-lowering drug usage.

Parameter Glucose-lowering drug P —value

Yes (n=18) No (n=15)

Hs-CRP (mg/L) 17.7+12.9 24.2 +16.6 0.216




Table (4-8): Levels of Hs-CRP for metabolic syndrome patients
according to blood pressure-lowering drug usage.

Parameter Blood pressure-lowering drug P —value

Yes (n=17) No (n=16)

Hs-CRP (mg/L) 23.1+17.1 18.1+11.9 0.351




4.3 Correlation between Hs-CRP, BMI and WC of MetS patients:
Table (4-9): Correlation between Hs-CRP, BMI and WC of MetS

patients:
Variables r&P | Hs-CRP BMI wWC

Hs-CRP r 1 0.079 -0.118
P - 0.661 0.512
BMI r 0.079 1 0.475
P 0.661 - 0.005

wC r -0.118 0.475 1

P 0.512 0.005 -




Figure (4.1): Correlation between Hs-CRP and BMI of MetS patients:
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Figure (4.2): Correlation between Hs-CRP and WC of MetS patients:
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Figure (4.3): Correlation between BMI and WC of MetS patients:

BMI
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CHAPTER FIVE

DISCUSSION, CONCLUSION AND
RECOMMENDATIONS



5.1 Discussion:

MetS is a worldwide problem, its prevalence is widely diverse, ranges
from <10% to 84%, and cardiovascular diseases are common
complication of MetS (Kaur, 2014).

The result of present study showed that the level of Hs-CRP was
significantly higher in MetS patients compared to control group with P-
value (0.000), The cause of elevated levels of Hs-CRP seems to be due to
persistent inflammation in MetS, this result agreed with recent study by
(Mirhafez et al., 2016), who reported that the concentration of Hs-CRP
was significantly increased in MetS patients compared to control group
with P-value (0.001).

According to Age, Hs-CRP was insignificantly differ with increasing in
age with P-value (0.452), this result disagreed with study by (Nadrowski
et al., 2016), who reported that the mean of Hs-CRP increased
significantly with increasing in age with P-value (0.007).

According to gender, Hs-CRP was insignificantly differ in males and
females with P-value (0.227), this result agreed with recent study by
(Alaei et al.,, 2018), who reported that the mean of Hs-CRP was
insignificantly differ in females and males with P-value (0.140).

In concerning to BMI, Hs-CRP was insignificantly differ in overweight
patients and obese patients with P-value (0.896), this result disagreed
with study by (Guldiken et al., 2007), who reported that the mean of Hs-
CRP increased significantly with increasing in BMI with P-value (0.010).
According to Therapy usage, Hs-CRP was significantly decreased in
patients who were using lipid-lowerig drugs compared to patients who
were not with P-value (0.014), this result was in agreement with recent
study by (Kumar et al., 2019), who reported that the mean of Hs-CRP
was significantly decreased in patients after using statins with P-value

(0.000). This reduction in Hs-CRP level seems to be due to action of



lipid-lowering agents (such as statins and fibrates), which can diminish
circulating levels of Hs-CRP (Lim and Eckel, 2014).

There were non-significant differences in Hs-CRP levels between patients
who were using glucose-lowering drugs and patients who were not with
P-value (0.216), this result was in accordance with previous study by
(Abdulkadir and Thanoon, 2012), who reported that there were non-
significant differences in Hs-CRP levels between patients before and after
metformin therapy with P-value (> 0.05).

There were non-significant differences in Hs-CRP levels between patients
who were using blood pressure-lowering drug drugs and patients who
were not with P-value (0.351), this result disagreed with recent study by
(Ali et al., 2018), who reported that Hs-CRP levels was significantly
decreased in patients who were using regular anti HTN drugs compared
to patients who were not with P-value (0.018). The difference was non-
significant probably due to the limited sample size of this study.

In concerning to correlation, showed that there was no correlation
between the level of Hs-CRP and both of BMI and WC with (r = 0.079
and -0.118) respectively.

The correlation between BMI and WC was +ve, weak and significant
correlation with (r = 0.475), this result agreed with study by (Gierach et
al., 2014), who reported that WC was found to be significantly correlated
with BMI with (r= 0.780).



5.2 Conclusion:

MetS patients had increased Hs-CRP levels which might be associated
with increased risk of CVD.



5.3 Recommendations:

e The serum concentrations of the Hs-CRP could be done routinely
for MetS patients.

¢ Additional biochemical parameters could be considered, to
increase the specificity of Hs-CRP as predictive marker, such as:
fibrinogen, angiopoietin-like protein 8 and leptin/Adiponectin

ratio.
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