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Abstract

Background: The metabolic syndrome (Mets) has become one of the major public-health
challenges worldwide. Total protein and albumin are two important parameters in the diagnosis
and monitoring for diseases such as liver impairment and renal diseases in patients with
metabolic syndrome.

Objectives: The study was done to measure plasma total protein and albumin in metabolic
syndrome patients.

Materials and methods: The study was conducted in Khartoum state from Jun to September
2018. One hundred blood samples were collected, including 50 metabolic syndrome patients as
case group and 50 healthy subjects as control group with age ranging between 42-85 years old.
Plasma total protein and albumin were measured using semi-automated chemical methods, and
data were analyzed using statistical package for social science computer program (SPSS version
20).

Results: The results demonstrated that, metabolic syndrome is most common among the age
group (56 - 70) years (60%), and most abundant in females (66%) than males (34%).

The results showed that, there were significant increases in mean concentration of, total protein,
albumin, Body Mass Index ( BMI), and Waist Circumference ( WC) in metabolic syndrome
subjects compared to control group, meant SD cases versus control group, (4.2 + 0.6 versus 3.8
+ 0.3 g/dl, p- value 0.000), (7.2 £ 0.5 versus 6.8 £ 0.3 g/dl, p- value 0.000), (30.2 £ 7.0 versus
22.7 + 1.2 Kg/m?, p-value 0.000), (102.2 + 15.2 versus 79.2 + 2.7 cm, p-value 0.000),
respectively.

The study demonstrated that, there was moderate positive correlation between albumin and total
protein (r=0.456, P-value =0.000).

The study also showed that, there were no correlation between total protein levels, duration of
disease, Age, BMI, WC, among Mets group, (r=-0.188, P-value =0.190), (r=-0.01, P-value =
0.945), (r =-0.168, P-value =0.243). (r = 0.025, P-value = 0.861), respectively. Also there were
no correlation between albumin, age, BMI, WC, and duration of disease among Mets group, (r=-
0.023, P-value =0.874), (r=-0.177, P-value = 0.218), (r=0.191, P-value = 0.185), (r=-0.137, p-

value=0.343), respectively.



Conclusion: The present study concluded that, patients with metabolic syndrome had high level
of plasma albumin and total proteins. The metabolic syndrome is most abundant in females than

males, and most common in age group (56 — 70) years old.
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Chapter One

Introduction, Rationale and Objectives

1.1 Introduction:

Metabolic Syndrome (Mets) defined according to the Criteria proposed by “ China Diabetes
Society “(CDS), were three or more of the following risk factors : overweight or obesity , BMI >
25.0 kg/ m*, abdominal obesity was defined as elevated waist circumference > 85 cm in male ,>
80 cm in female , hypertention ,systolic blood pressure SBP > 140 mmHg , or diastolic blood
pressure ( DBP)> 90 mmHg , or previous diagnosis of hypertention , dyslipidemia, TG > 1.7
mmol /1 (150 mg / dl) or low HDL — C <0.9 mmol /1 in men, <1.0 mmol/l (40 mg /dl) in
women, and hyperglycemia, FBG > 6.1 mmol /1 (110 mg/dl) or 2 HPP >7.8 mmol /1 (140
mg /dl). Or previous diagnosis with hyperglycemia. (Alberti et al., 2006; Krithika et al., 2016;
Shumei etal., 2017).

Protein (Greek- proteios, primary) is the class of macromolecules containing nitrogen that are
essential for the survival of life. It is now well known that proteins are at the center of action in
biological processes and are essential structural components of the cells. Proteins are composed
of smaller units called amino acids. All proteins are composed of 20 different amino acids.
Each polypeptide has free «c. Amino group (from the first amino acid) represented on the left
hand side of the protein chain. It is called an amino terminal or N.terminal end. A polypeptide
also has free oc. carboxylic group (from the last amino acid), which is present on right hand side
of the chain and is called as the carboxy terminal or C-terminal end. (Harbans and Rajesh.,
2011). Total protein measurements can reflect nutritional status, kidney disease, liver disease,
and many other conditions. (Bishop et al., 2010).

Albumin is small globular protein with a molecular mass of 66.3 KDa. It is the most abundant
protein found in plasma, accounting for approximately one half the plasma proteins mass.
Because of its high plasma concentration and relatively small size, albumin is also the major
protein component of most extravascular body fluids, including CSF, interstitial fluid, urine, and
amniotic fluid. Approximately 60%of the total body albumin is in the extravascular space. It is

highly soluble in water due to its high net negative charge at physiological ph. (Carl et al., 2008).



1.2 Rationale:

Metabolic syndrome is a serious medical condition increases the incidence of multiple cancers,
community stigma, chronic depression, and effect of the life quality. Mets prevalence is about
20-25% of the world’s adult population with increased prevalence in advanced ages. (Carr etal.,
2004; Alberti et al., 2006). This problem is found all over the world, and it’s fatal unless
controlled and treated properly. Albumin is considered as a potent component in human body in
order to function properly. Any reduction or increase in total protein or albumin levels cancarry
rough consequences as it can be an indication for drastic prognosis. Plasma albumin and total
protein are biomarkers for metabolic syndrome risk for liver cancer. The present study help to
spot light on this side of metabolic syndrome regarding the biochemical changes in blood. There

is no pervious study published in Sudan.



1.3 Objectives:

1.3.1 General Objective:

To assess plasma total protein and albumin levels among metabolic syndrome patients.
1.3.2 Specific Objectives:

1. To estimate and compare plasma albumin, total protein concentrations, BMI, WC among
metabolic syndrome patients with control group.

2. To correlate plasma albumin and total protein concentrations with BMI, WC, age, and

duration of disease among metabolic syndrome patients.
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Chapter two
Literature Review

2.1 Metabolic syndrome:

The term "metabolic syndrome™ dates back to at least the late 1950s, but came into common
usage in the late 1970s. The terms "metabolic syndrome,” "insulin resistance, syndrome
"syndrome X", Dysmetabolic syndrome X, mixed metabolic syndrome. (Sarafidis et al., 2006;
Falkner et al., 2014).

The metabolic syndrome (visceral obesity, dyslipidaemia, hyperglycaemia, and hypertension),
has become one of the major public-health challenges Worldwide. The clustering received scant
attention until 1988 when Reaven described syndrome X: insulin resistance hyperglycemia,
hypertension, low HDL-cholesterol, and raised VLDL-triglycerides. (George et al., 2005).

2.1.1 Signs and symptoms of metabolic syndrome:

- Metabolic syndrome has no symptoms; although a large waist circumference (central
obesity) is a visible sign. Blood sugar is very high, might have signs and symptoms of
diabetes (including increased thirst and urination, fatigue, and blurred vision.)

- Impaired fasting glucose, insulin resistance, or prediabetes.

- High blood pressure.

- Decreased fasting serum HDL cholesterol. Elevated fasting serum triglyceride level.
(Knowler et al., 2002).

2.1.2 Causes of metabolic syndrome:

The following are causes of metabolic syndrome:

(A)Stress: Recent research indicates prolonged chronic stress can contribute to the hypo

thalamic-pituitary-adrenal axis (HPA-axis), high cortisol levels to circulate, which results in

raising glucose and insulin levels, dyslipidemia and hypertension. (Knowler et al., 2002;

Chiasson etal., 2003; Carr etal., 2004).

(B)Central obesity: Central obesity is a key feature of the syndrome, being both a symptom and

a cause of it in that the increasing adiposity often reflected in highs waist circumference both

often results from and often contributes to insulin resistance. However, despite the importance of

obesity, patients who are of normal weight may also be insulin-resistant and have the syndrome.



(C)Sedentary lifestyle: Many components of metabolic syndrome are associated with a
sedentary lifestyle, including increased adipose tissue (Predominantly central); reduced FUR
cholesterol; and a trend toward increased triglycerides, blood pressure, and glucose in the
genetically susceptible.

(D)Aging: Metabolic syndrome affects 60% of the U.S population older than age 50. With
respect to that demographic, the percentage of women having the syndrome is higher than that of
men. The age dependency of the syndrome's prevalence is seenin most populations around the
world.

(E) Psychiatric illnesses.

(F) Alcohol Abuse. (Knowler etal., 2002; Chiasson et al., 2003; Carr etal., 2004).

2.1.3 Diagnosis of metabolic syndrome:

Several organizations have criteria for diagnosing metabolic syndrome. According to guidelines
used by the National Institutes of Health, have metabolic syndrome if have three or more of these
traits or are taking medication to control them:

1- Large waist circumference:

a waistline that measures at least 35 inches (89 centimeters) for women and 40 inches (102
centimeters) for men.

2- High triglyceride level:

150 milligrams per deciliter (mg/dL), or 1.7 millimoles per liter.

3- Reduced high-density lipoprotein (HDL) cholesterol:

Less than 40 mg/dl (1.04 mmol/L) in men or less than 50 mg/dL (1.3 mmol1/1.) in women of
this “good" cholesterol. (Knowler et al., 2002; Chiasson et al., 2003; Carr et al., 2004; Krithika
et al., 2016).

4- Increased blood pressure:

130/85 millimeters of mercury (mm Hg) or higher.

5- Elevated fasting blood sugar:

100 mg/dL (5.6 mmol/L) or higher. (Knowler etal., 2002; Chiasson et al., 2003; Carr etal.,
2004; Krithika etal., 2016).

2.1.4 Prevention and Treatment of metabolic syndrome:

Various strategies have been proposed to prevent the development of metabolic syndrome.



2.1.4.1 A healthy lifestyle as:

(1)Eat better: Adopt a diet rich in whole grains, fruits, vegetables, lean meats and fish, and
low-fat or fat-free dairy products and avoid processed food, which often contains partially
hydrogenated vegetable oils, and is high in salt and added sugar.

(2)Get active: Incorporate at least 150 minutes of moderately vigorous physical activity into
weekly routine. Walking is the easiest place to start, but may want to experiment to find
something else like to do that gets heart rate up. If needed, break exercise up into several short,
10-minute sessions throughout the day to reach goal. (Knowler etal., 2002; Chiasson etal.,
2003; Carret al., 2004).

(3)Lose weight: Reduce risk by successfully losing weight and keeping it off. Learn
recommended calorie intake, the amount of food calories consuming, and the energy calories
burring off with different levels of physical activity. Balance healthy eating with a healthy level
of exercise when changes in lifestyle alone do not control the conditions related to metabolic
syndrome, health practitioner may prescribe medications to control blood pressure, cholesterol,
and other symptoms. Carefully following practitioner's instructions can help prevent many of the
long term effects of metabolic syndrome. Every step counts and hard work and attention to these
areas will snake a difference in health.

(4)Stopping smoking: Smoking cigarettes worsens the health consequences of metabolic
syndrome.

(5)Managing stress: Physical activity, meditation, yoga and other programs can help handle
stress and improve emotional and physical health. (Knowler et al., 2002; Chiasson et al., 2003;
Carr et al., 2004).

2.1.5 Risk factors of metabolic syndrome:

Risk increases when more components of metabolic syndrome are present. The following
factors increase chances of having metabolic syndrome:

(A)Age: risk of metabolic syndrome increases with age.

(B)Race: Inthe United States, Mexican-Americans appear to be at the greatest risk of
developing metabolic syndrome.

(C)Obesity: Carrying too much weight, especially in abdomen, increases risk of metabolic
syndrome. (knowler etal., 2002; Krithika et al., 2016).



(D)Diabetes: more likely to metabolic syndrome if had diabetes during pregnancy (gestational
diabetes) or if have a family history of type 2 diabetes.

(E)Other diseases: risk of metabolic syndrome is higher if ever had non-alcoholic fatty liver
disease, cardiovascular disease, polycystic ovary syndrome.

2.1.6 Management: Food and Drug administration:

The first line treatment is changing of lifestyle a healthy lifestyle, drug treatment is frequently
required. Diuretics and ACE inhibitors may be used to treat hypertension. Cholesterol drugs may
be used to lower LDL cholesterol and triglycerides levels, if they are elevated, and to raise HDL
levels if they are low. Use of drugs that decrease insulin resistance, e.g., rnetformin and
thiazolidinediones. (knowler et al., 2002; Krithika et al., 2016).

2.2 Liver:

The liver is a large and complex organ weighing approximately 1.2-1.5 kg in the healthy adult. It
is located beneath and is attached to the diaphragm, is protected by the lower rib cage, and is
held in place by ligamentous attachments. (Bishop et al., 2010).

The liver has a central and critical biochemical role in (1) metabolism, (2) digestion, (3)
detoxification, and (4) the elimination of substances from the body. All blood from the intestinal
tract initially passes through the liver, where products derived from digestion of food are
processed, transformed, and stored. It also has a central role in protein, carbohydrate, and lipid
metabolism and synthesizes bile acids from cholesterol to facilitate dietary fatand vitamin
absorption. The liver metabolizes both endogenous and exogenous compounds, such as drugs
and toxins through biotransformation, allowing their elimination. The liver performs endocrine
functions as it catabolizes thyroid hormone, cortisol, and vitamin D, and synthesizes insulin-like
growth factor 1, angiotensinogen, and erythropoietin. Many of these hepatic functions may be
assessed by laboratory procedures to gain insight into the integrity of the liver. (Carl et al.,
2008).

The liver has a significant reseme capacity, preventing protein concentrations from decreasing
unless there is extensive liver damage. In addition, many liver proteins have relatively long half-
lives, such as albumin at approximately 3 weeks. The patterns of plasma protein alterations seen
in liver disease depend on the type, severity, and duration of liver injury. For example, in acute
hepatic dysfunction, there is usually little change in the plasma protein profile or the total plasma

protein concentration; with fulminant hepatic failure or severe liver injury, concentrations of



short-lived hepatic proteins (such as transthyretin and prothrombin) will fall quickly and become
abnormal, whereas proteins with longer half-lives will be unchanged. In cirrhosis, concentrations
of all liver-synthesized plasma proteins decrease, while immunoglobulins increase (related to

impaired Kupffer cell function). (Carl etal., 2008).

Clinical and epidemiologic studies have associated non — alcoholic fatty liver with the metabolic
syndrome, with insulin resistance as the pivotal pathogenic factor. Obesity, type 2 diabetes
mellitus, dyslipidemia, and hypertension contribute to risk for liver disease and to disease
progression.

The presence of multiple metabolic abnormalities is associated with the severity of liver disease.

(Marchesini and Marzocchi., 2007).

There is higher risk of hepatocellular carcinoma among patients with metabolic syndrome.

(Raxitkumar etal., 2014).

2.3 Plasma protein:

Proteins are present in all body fluids, but it is the proteins of the blood plasma that are examined
most frequently for diagnostic purposes. Over 100 individual proteins have a physiological
function in the plasma. Quantitatively, the single most important protein is albumin. With the
exception of fibrinogen, the other proteins are known collectively as globulins. Changes in the
concentrations of individual proteins occur in many conditions and their measurement can
provide useful diagnostic information. (Marshal etal., 2012).

In very general terms, variations in plasma protein concentrations can be due to changes in any
of three factors: the rate of protein synthesis, the rate of removal and the volume of distribution.
The concentration of proteins in plasma is affected by posture: an increase in concentration of
10-20% occurs within 30 min of becoming upright after a period of recumbency. Also, if a
tourniquet is applied before venepuncture, a significant rise in protein concentration can occur
within a few minutes. In both cases, the change in protein concentration is caused by increased
diffusion of fluid from the vascular into the interstitial compartment. These effects must be borne
in mind when blood is being drawn for the determination of protein concentration. Only changes
in the more abundant plasma proteins (i.e. aloumin or immunoglobulins) will have a significant
effect on the total protein concentration. (Bishop etal., 2010).

The major measured plasma proteins are divided into two groups: aloumin and globulins. There

are four major types of globulins, each with specific properties and actions. A typical blood



panel will provide four different measurements—total protein, albumin, globulins, and the
aloumin/globulin ratio.

A fasting specimen is not needed. Interferences in some of the methods occur in the presence of
lipemia; hemolysis falsely elevates the total protein result because of the release of RBC proteins
into the serum. The reference interval for serum total protein is 6.5-8.3 g/dL (65-83 g/L) for
ambulatory adults. In the recumbent position, the serum total protein concentration is 6.0-7.8
g/dL (60-78 g¢/L). This lower normal range is a result of shifts in water distribution in the
extracellular compartments. The total protein concentration is lower at birth, reaching adult
levels by age 3 years. There is a slight decrease with age. Lower total protein levels are also seen
in pregnancy. (Bishop et al., 2010).

2.3.1 Protein synthesis:

Most plasma proteins are synthesized in the liver and secreted by the hepatocyte into the
circulation. The immunoglobulins are exceptions because they are synthesized in plasma cells. It
is the information encoded in genes, specified by the nucleotide sequence that provides each
protein with its own unique amino acid sequence. This amino acid sequence of a polypeptide
chain is determined by a corresponding sequence of bases (guanine, cytosine, adenine, and
thymine) in the DNA contained in the specific gene. This genetic code is sets of three

nucleotides known as codons with each three-nucleotide combination standing for a specific
amino acid. (Bishop et al., 2010).

2.3.2 Properties of protein:

Many properties of proteins are used for their separation, identification, and assay. The following
five properties are among them:

1. Molecular size: Most proteins are macromolecules of high molecular mass. Because of their
sizes and differing molecular masses, it is possible to separate proteins from smaller molecules
by (1) dialysis, (2) ultrafiltration, (3) gel filtration chromatography, and (4) density-gradient
ultracentrifugation. (Carl etal., 2008).

2. Differential solubility: Protein solubility is affected by the (1) pH, (2) ionic strength, (3)
temperature, and (4) dielectric constant of the solvent. When these parameters are varied,
individual proteins become either more or less soluble. For example, through variations in the
ionic strength of a solution, proteins become either more soluble (“salting-in™) or less soluble

("salting-out™).



3. Electrical charge: The effect of pH to introduce, enhance, or change the surface charges on a
protein creates various species of different charges that migrate atdifferent rates in an electrical
field. Separation by electrophoresis and isoelectric focusing are based on this behavior.
lonexchange chromatography is based on electrostatic interactions of charged proteins with
oppositely charged solid media.

4. Adsorption on finely divided inert materials: These materials offer large surface areas for
interactions with proteins. These interactions may be (1) hydrophobic, (2) absorptive, (3) ionic,
or (4) molecular (hydrogen bonding). (Carl etal., 2008).

2.3.3 Structural organization of proteins:

Variation in the number and order of different amino acids or the manner in which these amino
acids are arranged in a polypeptide chain, reflects the type of protein structure.

There are 4 levels of structural organization of proteins:

2.3.3.1 Primary structure of proteins:

Primary structure of protein refers to the unique order and sequence (dicated by the codon
sequence) of covalently linked amino acid residues in polypeptide chain.

2.3.3.2 Secondary structure of proteins:

Secondary level of protein structure includes folding or twisting patterns of the polypeptide chain
in a protein. Secondary structures include o. helix and §.pleated sheets. Certain compinations of
secondary structure are also observed in different folded protein structures. They are referred to
as structural motifs. These longer pattern lengths of secondary structure may include multiple
structural motifs and when commonly observed in more than one protein is referredto as
supersecondary structures. (Harbans and Rajesh., 2011).

2.3.3.3 Tertiary structure of proteins:

Tertiary structure of protein involves the intra —molecular folding of the polypeptide chain into
compact three dimentional structures with a specific shape. Tertiary structure is maintained by
electrostatic linkages, hydrogen bonds, disulphide bridges, vander woal forces and hydro phobic

interactions. (Harbans and Rajesh., 2011).
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2.3.3.4 Quaternary structure of proteins:
Multisubunit or multimeric proteins contain several identical and \ or different chains where each
of the polypeptide chain is called a subunit. These polypeptide subunits associated with specific
geometry. The spatial arrangement of these subunits refers to the quaternary structure. (Harbans
and Rajesh., 2011).
2.3.4 Functions of protein:
Proteins demonstrate numerous biological functions, for example:
- Enzymes are proteins that catalize biochemical reactions.
- Protein, polypeptide, and oligopeptide hormones regulate metabolism; and antibodies and
components of the complement system protect against infection.
- Plasma proteins maintain the osmotic pressure of plasma.
- They transport hormones, vitamins, metals, and drugs, often serving as reservoirs for
their release and use.
- Apo lipoproteins solubilize lipids; hemoglobulin carries oxygen; and protein coagulation
factors affect hemostasis. (Carl et al., 2008)
2.3.5 Total protein abnormalities:
The total protein testis a rough measure of all of the proteins in the plasma. Total protein
measurements can reflect nutritional status, kidney disease, liver disease, and many other
conditions. If total protein is abnormal, further tests must be performed to identify which protein
fraction is abnormal, so that a specific diagnosis canbe made. (Bishop etal., 2010).
2.3.5.1 Hypoproteinemia:
Hypoproteinemia, a total protein level less than the reference interval, occurs in any condition
where a negative nitrogen balance exists. One cause of a low level of plasma proteins is
excessive loss. Plasma proteins can be lost by excretion in the urine in renal disease; leakage into
the gastrointestinal tract in inflammation of the digestive system; and the loss of blood in open
wounds, internal bleeding, or extensive burns. Another circumstance producing hypoproteinemia
is decreased intake either because of malnutrition or through intestinal malabsorption as seenin
sprue. Without adequate dietary intake of proteins, there is a deficiency of certain essential
amino acids and protein synthesis is impaired. A decrease in serum proteins as a result of
decreased synthesis is also seen in liver disease (site of all nonimmune protein synthesis) or in

inherited immunodeficiency disorders, in which antibody production is diminished. Additionally,
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hypoproteinemia may result from accelerated catabolism of proteins, such as occurs in burns,
trauma, or other injuries. (Bishop etal., 2010).
2.3.5.2 Hyperproteinemia:
Hyperproteinemia, an increase in total plasma proteins, is not an actual disease state but is the
result of the underlying cause, dehydration. When excess water is lost from the vascular system,
the proteins, because of their size, remain within the blood vessels. Although the absolute
quantity of proteins remains unchanged, the concentration is elevated due to a decreased volume
of solvent water. Dehydration results after a variety of conditions, including vomiting, diarrhea,
excessive sweating, diabetic acidosis, and hypoaldosteronism. In addition to dehydration,
hyperproteinemia may be a result of excessive production, primarily of the _-globulins. Some
disorders are characterized by the appearance of a monoclonal protein or paraprotein in the
serum and often in the urine as well. (Bishop et al., 2010).
2.4 Albumin:
Albumin is the highest concentration protein in plasma. It’s produced from 585 amino acids at
the rate of 9 -12 grams per day with no reserve or storage. (Bishop etal., 2010). It’s synthesized
primarily by the hepatic parenchymal cells. The synthetic rate of aloumin is controlled by colloid
osmotic pressure (COP) and secondarily by protein intake.
Albumin catabolism occurs primarily by pinocytosis in all tissues. The normal plasma half-life of
albumin is 15 to 19 days. (Carl et al., 2008).
2.4.1 Functions of albumin:
Albumin’s primary function is the maintenance of COP in both the vascular and extravascular
spaces. Albumin also binds and transports a large number of compounds, including thyroid
hormones, iron, and fatty acids. For example, albumin binds unconjugated bilirubin, salicylic
acid (aspirin), fatty acids, calcium and magnesium ions, and many drugs. (Carl et al., 2008)
2.4.2 Clinical significance of albumin:
2.4.2.1 Hypoalbumine mia:
Hypoalbuminemia is defined as decreased concentrations of serum albumin. Itcan be seenin a
multitude of clinical conditions such as:

- Analbuminemia: Individuals with this rare genetic deficiency have plasma albumin

concentrations less than 0.5 g/L but mild if any edema. Major clinical manifestations are

related to abnormal lipid transport. (Carl et al., 2008).
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- Inflammation: Acute and chronic inflammations are the most common causes of
Hypoalbumine mia.p
- Hepatic disease: in which hypoalbuminemia is a result of increased immunoglobulin
concentrations, loss into the extravascular space, and direct inhibition of synthesis by
toxins and alcohol.
- Urinary Loss.
- Gastrointestinal Loss.
- Protein Energy Malnutrition. (Carl et al; 2008).
2.4.2.2 Hyperalbumine mia:
Hyperalbuminaemia can be either an artefact, for instance as a result of venous stasis during
blood collection or overinfusion of albumin, or be a result of dehydration. Albumin synthesis is
increased in some pathological states as a response to protein loss, but this never causes
hyperalbuminaemia. (Marshal etal., 2012).
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Chapter Three

Materials and Methods

3.1 Materials:

3.1.1 Study approach:

A gquantitative method was used to measure the levels of plasma total proteins and albumin in
metabolic syndrome patients during the period from Jun to September 2018.

3.1.2 Study design:

This is case control study.

3.1.3 Study area:

The study was conducted in Zenam and Samir medical center.

3.1.4 Study population:

The study included patients with metabolic syndrome, and apparently healthy individual.
3.1.5 Sample size:

The study included 50 patients with metabolic syndrome as case subjects and 50 apparently
healthy individual as control subjects (age and gender were matched).

Inclusion criteria:

Mets patients —individuals with central obesity (WC > 85 c¢m in male, > 80 cm in female),
hypertension and hyperglycemia. And healthy individuals as control were enrolled in this study.
Exclusion criteria:

Individuals suffering from liver disease, renal failure, any type of inflammations, recentburns,
malnutrition or thyroid disease were excluded from this study.

3.1.6 Ethical considerations:

Verbal consent was taken regarding acceptance to participate in the study and reassurance of
confidentiality. Before the specimen was collected, the donors knew that this specimen was
collected for research purpose.

3.1.7 Datacollection:

A structured interviewing questionnaire was designed to provide personal and medical
information about the study subjects.
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3.1.8 Sample collection and processing:

About 3 ml of venous blood was collected from each enrolled subject. The blood samples were
dispensed into containers with lithium heparin anticoagulant, mixed well and centrifuged
immediately after collection at 3000 rpm for 5 minutes, and the plasma from it was dispensed
into a clean dry plain container.

3.2 Methods:

The plasma sample from each subject was stored at 4°C until analysis by Biuret method for total
protein and BCG method for albumin estimation.

3.2.1 Estimation of plasma albumin:

Plasma albumin estimations were performed using bromocresol green method. The kits supplied
by (Biosystems, Spain)

3.2.1.1 Principle ofthe method:

Albumin in the sample reacts with bromocresol green in acid medium forming a coloured
complex that can be measured by spectrophotometry

3.2.1.2 Procedure of plasma albumin:

1. Reagents were pipetted into labelled test tubes as follow:

Blank Standard Sample
Albumin Standard(S) S 10 —
Sample(plasma) _ _ 10u
Reagent(A) 1.0 ml 1.0 ml 1.0 mi

2. Mixed thoroughly and incubated for 1 minute atroom temperature.

3. The absorbance (A) of the Standard and the Sample was read at 630 nm against the blank.
(The color is stable for 30 minutes). (Appendix I1).

3.2.2 Estimation of plasma total protein:

Plasma proteins were measured using biuret method. The kits supplied by (biosystems, Spain).
3.2.2 .1 Principle of the method:

Protein in the sample reacts with copper (I1) ion in alkaline medium forming a coloured complex

that can be measured by spectrophotometry.
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3.2.2.2 Procedure of plasma total protein:
1. Reagents were pipetted into labelled test tubes as follow:

Blank Standard Sample
Distilled water 20 S —
Protein Standard(S) — 20pl —
Sample(plasma) _ —_ 204
Reagent(A) 1.0 ml 1.Oml 1.0ml

2. Mixed thoroughly and and incubated for 10 minutes atroom temperature.

3. The absorbance (A) of the Standard and the Sample was read at 545 nm against the blank. The
colour is stable for at least 2 hours. (Appendix I11).

3.3 Quality control Method:

The precision and accuracy of all methods used in this study were checked by commercially
prepared control sample before it is application for the measurement of tests and control samples.
3.4 Statistical analysis:

Data obtained from this study were analyzed using statistical package for the social science
(SPSS version 20), and the results were presented into figures and tables using the Microsoft
Excel computer program. Independent t test was used for comparison and person correlation was

used for correlation.
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Chapter four
4. Results:
A total of 100 volunteers were enrolled in this study, half of which (50 subjects) were metabolic
syndrome patients as a case group with ages range from 42 — 85 years old and the other half (50
subjects) were healthy volunteers served as a control group.
Table (4.1): Represent the comparison mean x SD of albumin, total protein, BMI, and WC in
case versus control group. The result showed (4.2 £ 0.6 versus 3.8 £ 0.3 g/dl, p- value 0.000),
(7.2 +0.5 versus 6.8+ 0.3 g/dl, p- value 0.000), (30.2 + 7.0 versus 22.7 + 1.2 Km/m?, p-value
0.000), (102.2 + 15.2 versus 79.2 £ 2.7 Cm, p-value 0.000), respectively.
Table (4.2): Correlation between total protein levels, duration of disease, Age, BMI, WC, and
albumin, among MetS group, (r=-0.188, P-value =0.190), (r =-0.01, P-value = 0.945), (r= -
0.168, P-value =0.243), (r = 0.025, P-value = 0.861). (There were no correlations). (r=0.456, P-
value =0.0000), respectively. (There were moderate positive correlation between albumin and
total protein.
Table (4.3): Correlations between albumin levels, Age, BMI, WC, and duration of disease among
MetS group, (r=-0.023, P-value =0.874), (r=-0.177, P-value = 0.218), (r =-0.191, P-value =
0.185), (r =-0.137, P-value = 0.343). ). (There were no correlations).
Figure (4.1): Age distribution among case group, the result showed that, (60%) of patients group
(56 - 70), (26%) group (40 - 55), and (14%) group (71 - 85) years.
Figure (4.2): Gender distribution among case group, the result showed that, (66%) were females

while (34%) were males.
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Table (4.1): Mean concentrations, and values of albumin, total protein, BMI, and WC in

case and control group:

Case (n=50) | Control(n=50) | P. value

Variable Mean+SD | Mean+SD

Albumin (g/dl) 42 +0.6 3.8+0.3 0.000
(29-5.1) (3.5-4.6)

Total protein  (g/dl) 7.2+05 6.8 £0.3 0.000
(6.1-7.9) (6.4—-7.4)

BMI (Kg/m®) 302170 22.7+ 1.2 0.000
(21.7 - 50.0) | (20 —24.8)

WC (Cm) 102.2 £15.2 | 79.2 2.7 0.000
(80 - 149) (74 - 84)

**. Significant at 0.0 level, ranges between bracket. Analyzed by independent T-test.
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Table (4.2): Correlations between total protein levels, duration of disease, Age, BM |1, waist

circumference and albumin among MetS group:

Variables Coefficient Total protein
Duration of R -0.188
disease P 0.190™
Age R -0.01

P 0.945™
BMI R - 0.168

P 0.243"
Waist R 0.025
circumference [P 0.861"
Albumin R 0.456

P 0.000

Ns: No significant difference, **: significance at a level less than 0.01.
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Table (4.3): Correlations between albumin level, Age, BMI, WC and duration of disease

among MetS group:

Variables Coefficient Albumin
Age R -0.023
P 0.874"™
BMI R - 0.177
P 0.218"
Waist R -0.191
circumference P 0.185™
Duration of R -0.137
disease P 0.343™

Ns: No significant difference.
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Figure (4.1): Age distribution among metabolic syndrome patients.
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Figure (4.2): Gender distribution among metabolic syndrome patients.
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Chapter five

Discussion, Conclusion and Recommendations
5.1 Discussion:
Metabolic syndrome is a serious medical condition that increases the incidence of multiple
cancers, and has effects on the quality of life. Albumin and total protein are considered to be two
of the most important parameters in routine analysis and monitoring for disorders such as liver
impairment and renal diseases. This study was primarily conducted to estimate albumin and total
protein concentrations in Mets patients in an attempt to study the effects of metabolic syndrome
on plasma albumin and total protein levels.
The findings of this study demonstrated that, Mets is most common among age group (56-70)
years old. This finding agreed with another study carried by Chen et al, who reported that Mets
is highly prevalent in the middle aged and elderly. (Chen et al., 2017). The findings obtained
from especially designed questionnaire revealed that, Mets was more frequent in females than
males. This finding agreed with another study carried by Maleki et al which showed that Mets
patients most abundant in females than males. (Maleki et al., 2015).
This study showed, there were significant increases in mean values of plasma albumin, WC,
BMI in Mets subjects when compared to healthy individuals (p- value 0.000). This results
indicates those variables are closely related to Mets and considered as Mets components. This
result agreed with study carried by (Bae etal., 2013); Cho etal., 2012), and disagree with
(Augusthy et al., 2016).
Bae et al explained that the increase of albumin levels in Mets subjects might be a consequence
of increased albumin production in the liver under insulin resistant conditions. Insulin resistance
goes hand — in - hand with increased insulin levels and insulin is known to stimulate albumin
production in hepatocytes. (Peavy etal., 1985). Cho et al suggest that higher serum albumin
levels are positively associated with Mets probably through increase abdominal obesity, high
fasting blood glucose and triglycerides.
The study also demonstrated that, total protein concentrations was highly significant in Mets
patients compared to control group (p- value 0.000).
Result of this study showed, there were moderate positive correlation between albumin and total
protein level, (r=0.456, P-value =0.0000).
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Also the findings of this study showed, there were no correlation between values of alboumin and
study variables (age, BMI, WC, duration of disease) among Mets group. (r=-0.023, P-value
=0.874), (r=-0.177, P-value = 0.218), (r =-0.191, P-value = 0.185), (r =-0.137, P-value =
0.343). Also there were no correlations between values of total protein and study variables (age,
BMI, WC, duration of disease) among Mets group, (r = -0.01, P-value = 0.945), (r =-0.168, P-
value =0.243), (r=0.025, P-value = 0.861), (r=-0.188, P-value =0.190), respectively.

5.2 Conclusion:

According to the results of this study it is concluded that:

The level of plasma total protein and albumin are increased in metabolic syndrome patients. The
Mets is most abundant in females than males, and most common in age group (56 - 70) years old.
5.3 Recommendations:

1.Life style modification program such as exercise, healthy diets, low calories intake, and
physical activities should be implemented in whole community specially females to reduce the
susceptibility to metabolic syndrome.

2. Another parameters such amino acids, electrolytes, trace elements should be measured in Mets
patients.

3. The other researches should take into account other data such as exercise, diet, and medication
use for previously diagnosed hypertension and/or hyperlipidemia into account and observe its

effect on the prevalence and pathogenesis of metabolic syndrome.
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Appendices (I)

Al aa ) Al a
Sudan University of science and technology
Collage of graduate studies
Estimation of plasma total proteins and alboumin levels in metabolic syndrome patients
Questionnaire No ()

A. General information:

A 34 0 S

Gender: Male Female
Weight: ............... (Kg). Height: ................. (Cm)
W (Cm)
B. Clinical information:
Family history of disease: .............coovviiiiiiiiiiiiiiiiinin,
HT D.M
Duration of diseases................... Month.......coovvvvennn... Years.
Life style....ooonovniii i,
Smoker Alcoholism Tobaco

Laboratory investigation:

Parameters:
AlDUMIN....oiiiiiniiiiiineiiiiinrieiinrecsensrcsnnes g/dl
Total protein.......ccoeevviniiiiniiiniiinnieinncennnn g/dl
Date: ........ [eeeaees /2018 Signature:

27



Appendices (1)

OO T
Fa 30wl

Lo 1
SaEimi

ST0RT AT 3T

Famsgasty bor et of shar coreesewn
oty o i i i il ey

ALEUNM

PRENCIPLE OF THE METHOD
Ak i fa oo mech wE Sorocwal gesr £ oacd redis breng s coored
COrp T A e e by SpactpAeoorey

— Loty it 70 L
DOMTERTS — Fapme iy ferer
= niaF ] - - .
P Temmm e mag )
=] LTy TaEE ey -
SO TN — FeprEackiy jar s
“paageT Rl - DT ol mwgend, 41 [EepE———— -

A
5 Sbher Sercerd Doyee sbemn. Corcpeimion & gver on e Bbel Donoamrios vELs
3 momc o e Sraend Seleeecs Mees U7 ome Ertes o Sancess e
——T

ETORASE

Peagart A7 Taore o 24T
Saorm e -
Ploagart noc Shae i wre i oo fm iy e v o e e whan s sghty

Irciomiors of deeroroe

—Fmgert: Pramsecs of padtcsies mabesl rsidty, stecobarcs of S bk o 0200 o
B0 ) o i

— Stacierct Framarca o paricsin sl ety

REACENT PREFARATION

PGt anc SEamcir e srowicisc! e T G

AODITIGMAL ECLIPRERNT

—drwicw s izrmcd o T PFD- B
SAMPLES

e o pieem (TDITH, o o s | it by ancan sromacue
A i e s o e 3T

Tamar wn
P AT FEL T £ N CATLIN SO N LR
CLAGNOETIC CHARACTERISTICS
Shweic b Fm omos sSurekel prise n ferwn mees § b Sres smi broioes §
Srmam S TATCEG S8 DR OIC WIS ¥ SETTE R A W RO
e Y T -l =5

LR ] J

it arrerm @ Eord m 8 rmE o seyers) Seom mdwas syt e Ty e
TWAEE SO

B, pisr coecastwions, Mo FEnta By maragaT T snd fiow-s s sy

PROC EDURE e e i Sagrom’
1 Fraes ne abalsd e teay Mom | Y O L R PR TR TR T
s i mearn -
- ey MNOTES
- L © Tem g e e s wUorass arabae | Trarors by ey ¥ e we
LTS o= = o [ R
3 o Sorougily s e weed S iches B 1 mnde B o erpersue. 1 A rescion &S0 Dormemas g B msinis B oE o serrmaroes i oeleg
P o b Saepis ¥ EY) v mgure s D Tha g, mrce: citwr proisin mac sty
o s o 30 e 1o wi = il i
Boma wEyTET B S G B @ ScorTandec o CHETES AT B M
AL G A TS o | Taorrmramery Oy smel VM wnd 1A
Toa g TR ¢ T 3 e mg S by peree s BB IR

u G
&

REFERENCE VALUES

Sarart
s, 3 s T
s E TS
man -am g

- e

Thens WG 0 gven B eEEor oy s Rbaneory shoskd amahint @ own whewnos
s

SALITY CONTROL

& repereced © e e Docerary Comrol Serar el | e 00EY (O0R and

L A e ] R L o e e ———

P

Facn mEormeory 3 SrERER B3 oSer raeTAl DM SontT achema wn procscues b
et moer ki

Do tivmtinin ©.0. Daita Frivs, M. 08000 Mo boie (opeai]
2 ™

“ Ocare 7 Wemon & s Sg@ 1G Ahumn mrcend e s resurere o e
sharer Wit Srrarwal e O D Ao 1 38

1 Tty " mehoas of Gl Chamoy anc osc i Clagroso, 8 ad i 06, dgtwond
A, Beom O ' S Cry 200

1 Yeoumg [ Mern o chegm o il isborsicry i, 5 s 45T Pramm, X0

4 Frisdrar ad Foeg ety of desss o Siresl sborwiory e, & gf AACC T
o

RN e 1A el R L) P s

28



Appendices (I11)

000 15 oo 1 ] o0 1= FROTEM TOTAL
Tamml Ixmard tamaml i
STORT 47 330
“magentt v —amn s mmar ¥ e s T c €
Oy oy i i Lo T e nics| Ibomenry
PRIMCIRLE OF FHE METHOO AL ITY Croa TR

o
g

& SamgeT Copoer O mcmme ® ool Sesmr moios 10 oodl | aod e byssecs |12
i, ey

CHNETR WY Cmem e oo SumE G eve owmapes FOOD e oroiectes
oo FED F ON SN for

e n Sma
5 Foer Sarcaec (Joers shumn oo 3 gean o0 e absl Donoeneacs as
2 macercis © e Siarcend Sseeocs Mmes 0T [eeons seRas o Sanaend end
Tactroings, | 5k)
Fox e
ETORASE
Flengart A0 S w30
Frome Somremed (51 Swe @ T o mpensed
Flngars aoc St W maks Lo P ey SR e O e e e mored gy
oo o cear o
—r: Framnce o paicdme mmenl Grbsdty Esotecs o B S oee 0150 o
[

e TS

— Chamcigr [Tewmamrs of pATICoimE mern sy
FEASEHT PREFARAFOH
PG AT T e T3 Tty T 3

L - e | = TR, MR et | ICATY
| oo ST O T i £ parrns o . T oA,

FA ACTEOy mead EEENON D1 e CETE CLSy CTTD rteew and s B
mwsive. ey el O Y PR S TR S

METROLOGIAL Criuac TER TS

— et et 48 L

— ey e 150 gl For bt ke han sl 17 e deilac swer wne o
et

— Py b
M Comomsiotion =)
| =2 | & |

gl
- Puproaciy fur

e

ALCITEDSAL EUAPEENT Sore T
—AraheN ST O phoiorsie i s s w MY Do T fen g caum of Sersore o T TN pren e 8 Senge 0 e wolers of
simrm emm wrc e [EEp——

ALY I TIsraeE o b cmaec Dy SmEm s me s mTETg
S o St oy & maim W 40T S Adiors'y dnems debedc o] T @ 8 CEcl O oo roess r e coeeTsen
o o eciic pmisre irrenagcsuie N ST FRCETE, el - o B

rynemamis Ty b oEmad s herodieen mE cseer
PROCEDURE e TR T S TS, ST e e,
T " —_— e o by i aonames prom D dm £ o8 chne by
Sr s )
o e oot oG o' e Qe W ML Dir TS regTES
Lol i T
- .l S s W TNy e
e L HOTES
=} = e e 5 Tem [ 3T T MRS WCAROAT LTty may T e e
I N - o 10 it -ﬂ*—r“-:.d-

1 Seaci e sbacroerce [N of B Seroe and e S o 540 e oagens B Nank. T
ooy @ ek bor et T hours

AL CLILATIONS
T Tr s TCATTEA 7T ENCTRN 3 OTND NI T e RESet ] pAe T

&

it RS S -

B
FEF EFENCE WRLUES
Lo pagw
[ e, . o g g i

-
Trama g s e b TETED oy S o add armis @ sen weees
o

10 - P L iy
BOTS NTEYTEE © e s B acommended o calbrels LEng B e S

B HLENEAITY

o Gormll AL Darcmall £ Cwsic! U Celseussden o o prowees S5 sarn o B
Eire: mcicm. J i’ Chee: Bl T TRL-TEE

1 W el Cegaowior (ASDD ae of asioomgeien® n dspromic abormky
rvemigmicrn. Clocurmest W-CRTILL ARG 1 Py 05

1 Teo "o e Chemoery oe Mascie Degroo S ed Dots CA ket

[F, Bewm O W Sy O SO0

Yeumg O D¥ecew o craps on ciresl sty el S ac A0 Pesm OO0

I FPescrar s Faeng DFecty of doesss o ciresl mbomwery e, & s SO T
o)

Tow s ien %8 Dt Pirde, M. 08000 Mhascibosa (Smami] =

b E
jr—ry R ——
r.n.'mmf = T,

29



