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ABSTRACT

Type 2 diabetic patients have increased morbidity and mortality due to cardiovascular
risk events. This increased risk has been shown to be independent from conventional
risk factors. Different factors have been found to be responsible for an increased
prevalence of CAD in T2DM. One of these are the raised serum levels of lipoprotein
(@). The present case-control study designed to evaluate the association of the Lp(a)
levels with T2DM in Libyans, in addition to its association with the degree of
glycemic control, insulin, and lipid profile.

A total of 100 type 2 diabetic patients were recruited from the Benghazi Center for
Diagnosis and Treatment of Diabetes, and Alhaia Clinic in Benghazi, and 30
apparently healthy age and sex- matched individuas were selected from the High
Institute of Medical Professions-Benghazi, to serve as controls. Clinical information
and medical history were obtained through a questionnaire from all diabetic and
normal control subjects. Blood samples were collected and analyzed for Lp(a), FBS,
HbA1c, insulin, TC, TAG, LDL-c, and HDL-c.

Lipoprotein (a) was significantly higher in diabetic patients when compared to control
subjects. Lp(a) was positively correlated with TC, and LDL-c. No significant
correlations were found between Lp(a) and glycemic control parameters, insulin,
TAG, HDL-c, BMI, and BP.

These results are in line with other studies that reported that CVD risk in type 2
diabetic patients may be dependent on additional lipid risk factors and indicated that
LDL-c may not be an independent risk factor for the development and progression of
atherogenesis in type 2 DM. Lp(a) may to be a new member of metabolic syndrome
and it may be useful in routine clinical practice in future as a cardiovascular risk

marker.
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Chapter 1

Review of Literature



1. Review of literature

1.1. Diabetes M dllitus:
Diabetes mellitus is a metabolic disorder of multiple etiologies. It is characterized by

chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism
resulting from defects of insulin secretion, insulin action or both (Alberti and Zimmet,
1998).

1.1.1. Classification:

Diabetes mellitus is classified by the World Health Organization (WHO) according to
etiology to:

1- Type 1 diabetes:

This form of diabetes accounts for only 5-10% of those with diabetes, and results
from cellular-mediated autoimmune destruction of the pancreatic p-cells. TIDM was
previously known as insulin dependent or juvenile-onset diabetes (American Diabetes
Association, 2012).

2- Type 2 diabetes:

T2D accounts for 90-95% of those with diabetes, previously encompassed by the
terms non—nsulin-dependent diabetes, or adult onset diabetes. Its main feature is
insulin resistance accompanied by insulin deficiency  (i.e. patients secrete insulin, but
not enough to overcome the insulin resistance) (Holt et a., 2011).

3- Gestational Diabetes M ellitus (GDM):

Gestational diabetes mellitus is a circumstantial classification (rather than
a pathophysiologic condition) identifying women who develop diabetes mellitus
during gestation (Reasner and Defronzo, 2006).

4- Other Specific Types:

The various types of diabetes with known etiologies are grouped together to form the
classification called "Other Specific Types'. This group includes patients with genetic



defects of beta-cells or their action; patients with diseases of the exocrine pancreas,
such as pancreatitis; patients with dysfunction associated with other endocrinopathies
(e.g. Acromegaly); and patients with pancreatic dysfunction caused by drugs,
chemicals or infections (Patidar and Dwivedi, 2012).

1.2. Type 2 diabetes mellitus.

1.2.1. Epidemiology:

Over the past three decades, the number of people with type Il diabetes mellitus has
more than doubled globaly, making it one of the most important public health
chalenges to al nations. The increasing prevalence of type Il diabetes is a result of
population ageing, urbanization and associated life style changes (Zimmet et 4.,
2001). The total number of people worldwide with type Il diabetes was expected to
increase from 171 million in 2000 to 366 million in 2030 (Wild et a., 2004).
Unfortunately, the prevalence worldwide aready reached 366 million by 2011
according to the International Diabetes Federation (IDF), which estimated that the
figure is expected to reach 439 million by 2030 (Whiting et a., 2011), and the disease
accounts for 4.6 million deaths in 2011 for people aged 20 — 79 years, accounting for
8.2% of global all-cause mortality for people in this age group with arate of one death
every seven seconds (Federation, 2011), while In 2013, IDF announced that 382
million people worldwide or 8.2% of adults have type 2 diabetes, and by 2035 this
figure will rise to 592 million. The federation aso estimated that about 80% of
patients live in low- and middle- income countries (Guariguata et al., 2014), and the
disease isresponsible for 5.1 million deaths in 2013, or one death every six seconds.

In Africa, nearly 19.8 million people or 4.9% of the adult population are affected. By
2035 this number is expected to rise to 41.5 million. The highest prevalence of
diabetes in the Africa Region is on the idand of Reunion (15.4%), followed by
Seychelles (12.1%), Gabon (10.7%) and Zimbabwe (9.7%). Of all mortalities in 2013,
diabetes caused about 8.6% (Federation, 2013).



In Middle East and North Africa region, about 9.2% of adult population, equivalent to
34.6 million people has diabetes. The figure is expected to increase to 67.9 million by
2035. The Gulf region has the highest prevalence of diabetes, with Saudi Arabia,
Kuwait, Qatar and Bahrain has prevalence of 24%, 23.1%, 22.9%, and 21.8%
respectively, and is of the world's highest prevalence. United Arab Emirates has
a prevaence of about 19%. Prevalence of diabetes is also very high in countries that
are not of the Gulf region, such as Egypt (16.8%), Lebanon (14.9%), and Oman
(14.2%). Prevadlence in Tunisia, Algeria, and Sudan are 9.5%, 7.4%, and 9.4%
respectively (Majeed et al., 2014). Diabetes was responsible for about 10% of al
deathsin MENA region in 2013 (Federation, 2013).

In 1999, a study of Kadiki et a showed that the prevalence of T2DM in Benghazi was
about 19% of the adult population, and the most common complication of diabetes
was neuropathies (45.7% of all complications) (Kadiki and Roaed, 1999). In 2011,
IDF announced that the comparative prevaence of diabetes in Libya was about 14.1%
(Federation, 2011), then in 2013 they estimated the comparative prevaence of
diabetes at about 9.8%, and the national prevalence at about 8.43% of the adult
popul ation (Federation, 2013).

In a study of 952 type 2 diabetic patients in Benghazi, about 68.7% had long term
complications of diabetes. 14.9% of patients had coronary heart disease, 30.6% had
diabetic retinopathy, 47.1% had peripheral neuropathy, 25.8% had macroa buminuria,
15.2% had peripheral arterial disease, and 13.1% had cataract (Roaeid and Kadiki,
2011). In Tripoli, diabetes was responsible for about 26.2% of all mortalities during
aperiod of three years (2005 — 2008)(Abduelkarem et al., 2010), whereas in Benghazi,
diabetes accounted for 12.1% of all deaths during a period from 2000 to 2004 (Roaeid
and Kablan, 2010).

1.2.2. Diagnosis:
The diagnosis of T2D, as currently outlined by the American Diabetes Association
(ADA), is based on an Alc > 6.5%, or fasting plasma glucose level > 126 mg/dL,



or 2-h plasma glucose > 200 mg/dL during an oral glucose tolerance test, or the
presence of classical symptoms of hyperglycemia (polyuria, nocturia, polydypsia, etc)
and arandom plasma glucose > 200 mg/dL (American Diabetes Association, 2011).

1.2.3. Etiology:

Type 2 diabetes mellitus (T2DM) is a heterogeneous disorder caused by a combination
of genetic and environmental factors which adversely affect 8 - cell function and tissue
insulin sensitivity (Gerich, 1998) .

Insulin is the key hormone for regulation of blood glucose. In skeletal muscle, insulin
stimulates glucose transport, glycolysis, glycogenesis, and tricarboxylic acid cycle
activity. Intheliver, Insulin inhibits glucose output by down regulating glycogenolysis
and gluconeogenesis, and stimulates glycogenesis. In adipose tissue, insulin promotes
glucose transport, glycerol formation, and triacylglycerol synthesis, while at the same
time exerting an antilipolytic effect. During periods of fasting, the circulating levels of
insulin falls and that of counter regulatory hormones increases leading to breakdown
of stored fuels and increased availability of metabolic substrates for cellular energy.
Insulin resistance is the faillure of insulin to produce its usual biologic effects at
circulating concentrations that are sufficient in normal subjects.

Insulin resistance leads to impaired suppression of hepatic glucose production and to
reduced periphera uptake of glucose. Resistance to the ability of insulin to suppress
very low density lipoprotein (VLDL) cholesterol production leads to increased serum
triacylglycerols, while resistance in adipose tissue impairs the ability of insulin to
inhibit lipolysis, and results in increased circulating free fatty acids (Holt et a., 2011).
Insulin resistance is largely associated with obesity and physical inactivity.
Furthermore, insulin action is modulated by a number of circulating hormones,
cytokines, and metabolic fuels, such as free fatty acids, that are originated in the
adipocytes. An increased mass of stored triacylglycerol, especially in visceral or deep
subcutaneous adipose tissue, leads to large adipocytes that are themselves resistant to
the insulin action on lipolysis. This leads to increased release and circulating levels of



FFA and glycerol, both of which exacerbate insulin resistance in skeletal muscle and
liver (Boden, 1997) (Figure 1.1).

The genetic factors implicated in insulin resistance, include not only insulin receptor
and insulin receptor substrate (IRS)-1 gene polymorphisms that directly affect insulin
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Stumvoll, M., Goldstein, B. J. & Van Haeften, T. W.
2005. Type 2 diabetes. principles of pathogenesis and
therapy. The Lancet, 365, 1333-1346.

Figure 1.1: Pathophysiology of hyperglycaemia and increased circulating fatty acids in
type 2 diabetes.

signals but also polymorphisms of thrifty genes such as the B; adrenergic receptor
gene and the uncoupling protein (UCP) gene, associated with visceral obesity and
promote insulin resistance (Kohel, 2010).

Initialy, insulin secretion from pancreatic  cells increases in response to insulin
resistance to maintain normal glucose levels (Stumvoll et a., 2005). T2DM develops
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because of a progressive deterioration in -cell function coupled with the addition of
acquired insulin resistance for which the B-cell cannot compensate (Kahn, 2001). At
time of diagnosis, B-cell function is aready reduced about 50% (Group, 1995).

In T2DM, the impairment of [-cell function results from a combination of genetic and
acquired factors. T2DM is a polygenic disorder in which multiple genes (i.e.
polymorphisms), each insufficient in themselves, must be present with or without
acquired abnormalities in order to cause diabetes (Bell and Polonsky, 2001). Such
genes may cause defects in B-cell regeneration, apoptosis, glucose sensing, glucose
metabolism, energy transduction, ion channels, microtubules and other islet proteins
necessary for the synthesis, packaging, movement and release of secretory granules
(Stumvoll et a., 2007).

Acquired factors include glucotoxicity, lipotoxicity, obesity, alterations in incretins
(GLP-1, GIP), interleukin 1B which induces 3 cells apoptosis, B cells cytotoxic idet
amyloid, and malnutrition in utero and in early life which may affect programing of
the B-cell with respect to glucose sensing, apoptosis, regeneration and the ability to

compensate for insulin resistance (Holt et al., 2011).

1.3. Plasma lipoprotens:

1.3.1. Chylomicrons:

Chylomicrons are mainly synthesized in the jeunum after a meal, during the
postprandial phase. They are lowest density lipoprotein particles and are very
heterogeneous in size (Vors et a., 2013). Chylomicron particle consists of a core of
neutra lipids, predominantly TAG, with traces of cholesteryl ester, surrounded by
a shel of amphipathic lipids (phospholipids, cholesterol) and one structura protein,
the apolipoprotein (apo) B48, as well as other exchangeable apolipoproteins (Vance
and Vance, 2008).

In the blood circulation, chylomicrons' triacylglycerols are hydrolyzed by lipoprotein
lipase into free fatty acids that are taken up by organs such as the adipose tissue for

storage, or skeletal muscles and the heart for energy supply. The chylomicron



remnants are endocytosed by the liver, especialy by the LDL receptor that has a high
affinity for apoE, but other routes are involved including the LDL receptor-related
protein 1 (LRP1) and the heparin sulfate proteoglycan (HSPG) pathway (Hassing et
a., 2012, Lambert and Parks, 2012).

1.3.2. Very low density lipoprotein:

VLDL is synthesized in the liver. It is composed of a large amount of de novo
synthesized TAG, apo B-100, apoC, and apoE. In the blood circulation, it incorporates
additional apoC from HDL particles (Crook, 2012). The fatty acids required for TAG
synthesis are derived from de novo synthesis using glucose as substrate or from
lipolysis in adipose tissue by the action of adipose tissue TAG lipase, and hormone
sensitive lipase (Yen et al., 2008), which is inhibited by insulin (Evans et a., 2002).
Whereas insulin inhibits lipolysis in adipose tissue during postprandial period, it
activates the enzymes involved in fatty acid and TAG synthesis (lipogenesis) in
adipose tissue and liver (Holt et a., 2011). VLDL is hydrolysed by lipoprotein lipase
in periphera tissues (Crook, 2012). The amount of free fatty acids released from
chylomicrons and VLDL depends on the activity of LPL, which is stimulated by
insulin (Karpe et a., 2011). The liberated FFASs are taken by adipose tissue for storage,
and by heart and skeletal muscle for energy (Evans et a., 2002). The resulting VLDL
remnant contains cholesterol and triacylglycerol as well as apoB and apoE and is
rapidly taken up by the hepatic receptors or modified by the action of hepatic lipase to
LDL by losing apoE and triacylglycerol (Crook, 2012). Many studies have suggested
that VLDL synthesisisinhibited by insulin (Mamstrém et a., 1997).

1.3.3. Low density lipoprotein:

LDL is a small cholesterol rich lipoprotein particle containing only apoB100. It
constitutes about 70% of the total plasma cholesterol concentration. It can be taken up
by most cells, especially hepatocytes by the LDL or B/E receptor which recognizes
and bind apoB100. Inside the cell, the LDL particles are broken down by |ysosomal
enzymes, releasing cholesterol. This cholesterol can be used to synthesize steroids in
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specific tissues such as the adrenal cortex or gonads or incorporated into cell
membranes. Most cells synthesize cholesterol, but there is a feedback control system
reducing the rate of LDL receptor synthesis and de novo cholesterol synthesis by
cholesterol itself, to avoid intracellular cholesterol accumulation.

If the plasma cholesterol concentration is excessive, LDL particles can infiltrate
tissues by passive diffusion and can even cause damage, as in atheroscleross.
An alternative route of LDL removal from plasma is via the reticuloendothelia
system, which recognizes only chemically modified LDL, for example oxidized LDL
(Vance and Vance, 2008, Crook, 2012).

1.3.4. High density lipoprotein:

In human plasma, most of the HDL s are spherical particles that contain a hydrophobic
core of cholesteryl esters and a small amount of triacylglycerol stabilized by
amonolayer of phospholipids especially phosphatidylcholine, unesterified cholesterol,
and apolipoproteins mainly apo A-l1 (Dixon and Ginsberg, 1992). HDLs are
surrounded by the rest of apo A class, apo C, and apo E apolipoproteins (Murray et al.,
2009). HDL can be classified on the basis of density, resulting in the large HDL2 and
the small dense HDL3, which can be further subclassified into 5 distinct
subpopulations (HDL 2a, HDL 2b, HDL3a, HDL3b and HDL 3c ) (Camont et al., 2011).
Apo A-l is synthesized in liver and intestine and secreted into the plasmain lipid free
or lipid poor form. After hepatic secretion, it acquires phospholipids and unesterified
cholesterol from cell membranes and other lipoproteins in the blood circulation and is
converted into discoida HDL (pre-p-HDL). These nascent particles interact with
peripheral tissues acquiring more FC, which is then converted to cholesteryl ester by
lecithin-cholesterol acyl transferase (LCAT) (Pirillo et al., 2013), the enzyme that is
activated by apo A-1 (Panagotopulos et al., 2001). The hydrophobic cholesteryl esters
(CE) move into the center of the particles, resulting in the formation of spherical
lipoproteins HDL 3, the mgjor type of circulating HDL. Small HDL 3 particles acquire
more cholesterol, and are converted into large spherical HDL2 particles that contain



a lipid core composed of CE and triacylglycerol (Rye and Barter, 2004, Firillo et d.,
2013). Spherica HDL can be remodeled by lipases especially hepatic lipase in liver,
which hydrolyses HDL phospholipids and triacylglycerols resulting in reduction in
HDL size, formation of lipid-poor HDL particles and release of lipid-free apoA-I,
which can redtart the lipidation cycle (Clay et a., 1991, Pirillo et a., 2013).
Cholesteryl ester transfer protein (CETP) and Phospholipid transfer protein (PLTP)
contribute to the HDL remodeling. CETP remodels HDLs by transferring chol esteryl
esters from HDLs to VLDLSs in exchange for triacylglycerols (Barter et a., 2003).
CETP can also mediate bi-directional equimolar exchanges of cholesteryl esters
between HDLs and LDLs (Barter and Jones, 1979). PLTP transfers phospholipids
between different HDL particles, as well as between HDL and other plasma
lipoproteins (Rao et al., 1997).

A magjor function of HDL is to act as a reservoir for the apo C and apo E required in
the metabolism of chylomicrons and VLDL. HDL promotes the uptake of cholesterol
from periphera tissues, including the arterial wall, and returns cholesterol to the liver
for excretion via the bile (either as cholesterol or after conversion to bile acids), in
a process known as reverse cholesterol transport.

Class B1 scavenger receptor (SR-B1) has been identified as an HDL receptor with
adual role in HDL metabolism. In the liver and in steroidogenic tissues, it binds HDL
viaapo A-I, and cholesteryl ester is selectively delivered to the cells. In the tissues, on
the other hand, SR-B1 mediates the acceptance of cholesterol effluxed from the cells
by HDL, which then transportsit to the liver (Vance and Vance, 2008).

A second important mechanism for reverse cholesterol transport involves the ATP-
binding cassette transporter A1 (ABCA1). ABCAL is a member of a family of
transporter proteins that couple the hydrolysis of ATP to the binding of a substrate,
enabling it to be transported across the membrane. ABCA1 preferentially transfer
cholesterol from cells to poorly lipidated particles such as pre-B-HDL or apo A-1,
which are then converted to HDL3 (Remaley et al., 2001, Vance and Vance, 2008).



1.4. Diabetic dyslipidemia and Related CVD:

Many epidemiologic studies have demonstrated that diabetes mellitus is
an independent risk factor for cardiovascular disease and that it aggravates the effects
of other common risk factors, such as smoking, hypertenson, and
hypercholesterolemia (Stamler et al., 1993, Almdal et al., 2004). The mortality
associated with cardiovascular diseases in people with diabetes mellitus is
significantly higher than the mortality in nondiabetic individuals (Sprafkaet a., 1991).
The increased risk of atherosclerosis in diabetics consists of multiple factors. Diabetes-
related changes in plasma lipid levels, which are collectively known as diabetic
dyslipidemia or atherogenic dyslipidemia, are among the key factors that increase the
risk of CVD in diabetics (Hachem and Mooradian, 2006).

Diabetic dyslipidemia is attributed mostly to insulin resistance and insulin deficiency
and characterized by high plasma triacylglycerol concentration, low HDL cholesterol
concentration and increased concentration of small dense LDL—cholesterol particles
(Taskinen, 2003, Chahil and Ginsberg, 2006).

Type 2 diabetic patients exhibit a lack of insulin action on hepatic lipid metabolism,
which normally limits the synthesis of VLDL1, and on the lipolytic activity of
lipoprotein lipase. Impaired insulin action also results in defective suppression of
lipolysisin adipose tissue with the influx of the released free fatty acidsto the liver.
This scenario induces a dramatic increase of VLDL1 production, the largest
lipoproteins rich in triacylglycerols (Adiels et al., 2008, Krentz, 2003). The increased
concentration of VLDL1 in type 2 diabetic patients is mainly observed in the
postprandial period. This pattern of metabolic impairment is maintained for many
hours upon food intake, exposing the patient to a prolonged period of
hypertriacylglycerolemia and hyperchilomicronemia (Ginsberg and Illingworth, 2001,
Panarotto et al., 2002). Under hypertriacylglycerolemic conditions, there is excessive
exchange of cholesterol esters and triacylglycerols between HDL and VLDL,
mediated by cholesterol ester transfer protein (CETP). Hepatic lipase hydrolyzes
TAG-rich HDL particles and, as a result, are rapidly catabolized and cleared from
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plasma. Reduced activity of LPL may further decrease levels of HDL cholesterol by
decreasing the conversion of HDL3 to HDL2 particles (Mooradian et al., 2008).
Increased concentrations of VLDL particles in the circulation of patients with T2DM
also increase the CETP-mediated exchange of cholesterol ester and triacylglycerol
between VLDL and low density lipoprotein (LDL) cholesterol particles. This increase
in triacylglycerol content of LDL particles makes them a good substrate for hepatic
lipase, which hydrolyzes triacylglycerols in the LDL particles and increases their
density, resulting in increased concentration of small dense LDL particles (Krauss and
Ronald, 1998, Krauss, 1998) (Figure 1.2).
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Figure 1.2: Therole of insulin resistance in diabetic dyslipidemia.

Hypertriacylglycerolemia, in conjunction with excessive small dense LDL cholesterol
concentration and low HDL cholesterol concentration, is an important contributor to
accelerated atherosclerosis in type 2 diabetic patients (Detection, 2001). Many studies
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have shown that LDL cholesterol is the strongest risk factor for CVD, followed by low
HDL as the second strongest, then triacylglycerol (Turner et al., 1998b).

Small dense LDL has a reduced binding affinity to the LDL receptor and increased
binding affinity to arterial wall proteoglycans. The result is greater existence of small
dense LDLs in blood circulation, which easily adhere to the endothelial surface and
are more easily captured in the subendothelium space (Skaén et al., 2002, Anber et
al., 1996). The prolonged presence of sdLDL particles in the circulation enables their
glycation and oxidation (Soran and Durrington, 2011). Thus, they can be taken up by
the scavenger receptor of the macrophage which has a much greater affinity for
modified LDL than non-modified. The reduction in HDL-c level is accompanied by
a reduction of the HDLS' antiatherogenic properties, which in addition to reverse
cholesterol transport from the arterial wall to the liver (Tan, 2009) include:

1. Anti-oxidative properties due to glutathione, paraoxonase, and selenoperoxidase
enzymes.

2. Anti-inflammatory properties by suppression of endothelial tumor necrosis factor
apha (TNF-a) production, cytokine-mediated expression adhesion molecules,
and serum amyloid A protein.

3. Anti-thrombotic properties by reduction of platelet aggregation by platelet
activating factor and thromboxane.

4. Vasodilatory action by increasing the activity of endothelial NO synthase (eNOS)
(Leeper and Heidenreich, 2008, Rader, 2012).

1.4.1. Cardiovascular disease:

Cardiovascular disease is a broad term for a number of pathological conditions of
blood vessels associated mainly with the heart and brain. The major causes of death
are coronary heart disease and stroke. The common, chronic condition behind these
diseases is atherosclerosis. Atherosclerosis can result in complete blockage of
coronary artery, resulting in coronary heart disease or stroke if it isin the brain (Gurr
et a., 2002).
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Atherosclerosis is a disease of large- and medium-sized arteries that is characterized
by a formation of atherosclerotic plagues consisting of necrotic cores, calcified
regions, accumulated modified lipids, endothelial cells (ECs), inflamed smooth
muscle cells (SMCs), leukocytes, and foam cells (Epstein and Ross, 1999).

A primary initiating event in atherosclerosis is LDL retention in the subendothelial
matrix. LDL accumulation is greater when their circulating levels are raised. LDL
diffuses passively through EC junctions, and its retention in the vessel wall seems to
involve interactions between the LDL constituent apolipoprotein B and matrix
proteoglycans (Borén et a., 1998). Trapped LDL particles undergo modification,
including lipolysis, oxidation, proteolysis and aggregation, and such modifications
contribute to inflammation and foam-cell formation. One of the modifications most
significant for early lesion formation is lipid oxidation as a result of exposure to the
oxidative waste of vascular cells. Such modifications initially give rise to ‘minimally
oxidized' LDL species that have pro-inflammatory activity but may not be sufficiently
modified to be recognized by macrophage scavenger receptors (Lusis, 2000).

Small dense LDL has a decreased binding affinity to the LDL receptor and increased
binding affinity to arterial wall proteoglycans. The result is a greater persistence of
circulating small dense cholesterol-rich LDL lipoproteins which easily adhere to the
endothelia surface and are more easily captured in the subendothelium space (Anber
et al., 1996, Skadén et a., 2002). The prolonged presence of sdLDL particles in blood
enables their modification more than native LDLs (Soran and Durrington, 2011).
High-density lipoprotein (HDL) is strongly protective against atherosclerosis.
An important mechanism contributing to this protective effect is the role of HDL in
the removal of excess cholesterol from peripheral tissues. But in addition, HDL also
protects by inhibiting lipoprotein oxidation. The antioxidant properties of HDL are
due in part to its serum paraoxonase content, an esterase carried on HDL that can
degrade certain biologically active oxidized phospholipids (Hegele, 1999, Shih et d.,
2000). HDL have other antiatherogenic properties including Anti-inflammatory

properties by suppression of endothelial tumor necrosis factor apha (TNF-a)
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production, cytokine-mediated expression adhesion molecules, and serum amyloid A
protein, Anti-thrombotic properties by reduction of platelet aggregation by platelet
activating factor and thromboxane, and Vasodilatory action by increasing the activity
of endothelia NO synthase (eNOS). Therefore, the reduction in HDL-c leve is
accompanied by a reduction of the HDLS antiatherogenic properties (Leeper and
Heldenreich, 2008, Rader, 2012).

Atherosclerosis involves the recruitment of lymphocytes, and monocytes to the artery
wall. A triggering event for this process is the accumulation of minimally oxidized
LDL, which stimulates the overlying ECs to produce a number of proinflammatory
molecules, including adhesion molecules and growth factors such as macrophage
colony-stimulating factor (M-CSF) (Watson et al., 1997). Oxidized LDL can aso
block the production of nitric oxide (NO), a chemical mediator with multiple anti-
atherogenic properties, including vasorelaxation (Knowles et al., 2000). In addition to
oxidized LDL, many other factors are likely to modulate inflammation, including
homocysteine levels, haemodynamic forces, sex hormones, and infection. Diabetes
may promote inflammation in part by the formation of advanced end products due to
glycation that interact with endothelial receptors (Hofmann et al., 1999, Lusis, 2000).
The entry of specific leukocytes into the artery wall is mediated by adhesion
molecules and chemotactic factors. The first step in adhesion, the ‘rolling’ of
leukocytes along the endothelial surface is mediated by selectins, which bind to
carbohydrate ligands on leukocytes (Dong et a., 1998, Collins et a., 2000). The
cytokine M-CSF induces the proliferation and differentiation of macrophages, and
modulates various macrophage functions such as expression of scavenger receptors
(Smith et d., 1995).

LDL must be extensively modified (highly oxidized) before it can be picked up
sufficiently rapidly by macrophages to form foam cells. This modification involves
reactive oxygen species produced by ECs and macrophages, but several enzymes are
aso involved, including myeloperoxidase, sphingomyelinase and a secretory

phospholipase, all of which occur in human atherosclerotic lesions. Myeloperoxidase
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generates highly reactive species such as hypochlorous acid and tyrosyl radical, and
myeloperoxidase-modified LDL binds to macrophage scavenger receptors (Podrez et
al., 2000). Sphingomyelinase may promote lipoprotein aggregation, resulting in
increased retention and enhanced uptake by macrophages (Marathe et a., 1999).
Finally, a secretory phospholipase (group Il sPLA2) can promote LDL oxidation
(lvandic et d., 1999). The rapid uptake of highly modified LDL particles by
macrophages, leading to foam-cell formation, is mediated by a group of receptors that
recognize a wide array of ligands such as scavenger receptors (SR-A and CD36)
(Suzuki et a., 1997, Febbraio et a., 2000). Lipid uptake by scavenger receptor is not
controlled by feedback regulation (Gurr et al., 2002).

Macrophages express CD40 receptor and the engagement of this receptor and CD40
ligand expressed on T cells results in the secretion of cytokines, and growth factors,
that are important for SMC migration and proliferation and extracellular matrix
production to form fibrous plagues which are characterized by a growing mass of
extracellular lipid, mostly cholesterol and its ester, and by the accumulation of SMCs
and SMC-derived extracellular matrix (Schonbeck et al., 2000b).

Advanced atherosclerotic lesions lead to ischemic symptoms as a result of progressive
narrowing of the vessel lumen. Myocardial infarction and stroke are generally thought
to result from plaque rupture and thrombosis (Lee and Libby, 1997). Vulnerable
plaques generally have thin fibrous caps and increased numbers of inflammatory cells.
Rupture frequently occurs at the lesion edges, which are rich in foam cells (Libby,
2000), and exposes plague lipids and tissue factor to blood components, initiating the
coagulation cascade, platelet adherence, and thrombosis (Schonbeck et al., 2000a).
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1.5. Lipoprotein (a):

Lp (a) has been described nearly 50 years ago by Kare Berg (Berg, 1963), and has
been considered a genetic variant of low density lipoprotein. After many years, it has
been recognized as a distinct class of lipoproteins (Dubé et al., 2012). At present, the
true physiologic role of apoA has not been detected (Yano et al., 1997), and many
studies have shown that elevated plasma Lp (a) levels contribute significantly to the
incidence of cardiovascular diseases (Marcovinaet a., 2003).

1.5.1. Structure:

Lipoprotein (a) consists of an LDL-like core lipoprotein and glycoprotein apo(a)
covalently linked by a disulfide bond. The disulfide bridge links Cys4326 in apoB-100
with the only free Cys4057 in apo(a), located in kringle four (K-1V) type 9. The lipid
core of Lp(a) is very similar to that of LDL. Apo(a), the characteristic glycoprotein
component of Lp(a) consists of repetitive protein segments, so-called kringles (K) that
are highly homologousto K-1V of plasminogen (McLean et al., 1987). The N-terminal
part of apo(a) consists of multiple repetitive copies of these kringle-1Vs. Apo(a) in
addition has one copy of a K-V like and a protease-like domain similar to
plasminogen. The protease domain of apo(a) lacks enzymatic activity (Figure 1.3).

In humans, 30 or more genetically determined apo(a) isoforms exist, giving rise to
substantial size heterogeneity. The smallest apo(a) isoform consists of the protease
domain, one copy of K-V and 11 K-I1Vs of which K-1V type 1 and K-V types 3 to 10
occur once, whereas K-1V type 2 is present in two identical copies. Larger apo (a)
isoforms differ by the number of K-V type 2; the largest apo(a) has 52-54 K-1Vs. The
K-IVs are connected by linkers that are highly glycosylated with N- and O-linked
sugars. Although apo(a) is mostly associated with LDL, there are small and variable

amounts of free apo(a) present in the plasma (Grieset d., 1987).
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Figure 1.3: Lipoprotein (a) structure.

1.5.2. Metabolism:

Apo(a) is synthesized almost exclusively in the liver and follows classical steps of
glycoprotein biosynthesis. Plasma Lp(a) levels are highly correlated with apo(a)
production (Kostner et a., 2013). The transcription of genes involved in lipid and
lipoprotein metabolism is strongly regulated by nuclear receptors including
peroxisome proliferator-activated receptors, hepatocyte nuclear factors (HNFs),
retinoid X receptor, liver X receptor, and farnesoid X receptor (FXR) (Chawla et al.,
2001). FXR activation by bile acids reduce plasma concentrations and hepatic
expression of human LPA (Chennamsetty et a., 2011). Bile acids have a dua
influence on apo(a) expression. Apo(a) expression is driven by the specific liver
transcription factor HNF4a. The apo(a) promoter has several putative-binding sites for
HNFs. In the first regulatory pathway driven by bile salts, the HNF4a-binding site at
-826 to -814 isinvolved. Activation of FXR by bile sats or synthetic ligands leads to
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a translocation to the nucleus and a competitive displacement of HNF4a from this
binding site. The second pathway is mediated by FXR stimulation of fibroblast growth
factor 19 (FGF-19) expression in the intestine. Fibroblast growth factor 19 migrates to
the liver, binds to the FGF-receptor 4, and down-regulates apo(a) expression by
mitogen-activated protein kinase (RAS-ERK1/2) sdignaling and binding of
phosphorylated ELK-1 to the ETS promoter segment at 21603 to 21615
(Chennamsetty et a., 2011, Chennamsetty et al., 2012a).

Hepatocytes from primates synthesize a pre-form of apo(a) with a lower degree of
glycosylation. Upon maturation, intracellular apo(a) reaches the Golgi and is released
in a mature form as a glycoprotein, most probably without being linked to LDL. The
genetically determined size of apo(a) correlates with the intracellular persistence time
and thus, small isoforms are secreted much faster than large isoforms. This appears to
be the reason for the inverse correlation between apo(a) size and plasma Lp(a)
(Kostner et al., 2013, Frank et al., 1994) .

The assembly of Lp(a) from apo(a) and LDL is atwo-step process and isn’t dependent
on any enzymatic activity. In the first step, specific K-1Vs of apo(a), particularly K-1V
types 3—6 non-covaently bind to lysine groups of apolipoprotein B in LDL, and This
binding is reversible (Frank et al., 1995). In the second step, a covalent disulfide bond
between Apo(a) cys4057 and apoB Cys4326 is formed (McCormick, 2004). Although
the evidence for an extracellular assembly is preferred by many researchers, there are
data that support an intracellular assembly (Dieplinger and Utermann, 1999).
Alternative mechanisms are favored by Jenner et al. who supposed severa
dissociation and re-association steps between apo(a) and apoB containing lipoproteins
(Jenner et a., 2005).

Lp(a) concentrations strongly and significantly correlated with the production rate,
while there was no correlation with Lp(a) catabolism (Kronenberg et a., 2006). The
liver is the mgor organ of Lp(a) degradation (Lawn et a., 1995). In vivo
approximately 50% of Lp(a) is taken up by the liver, followed by the kidney, the
spleen, and muscles (Kronenberg et a., 1997). In the urine of healthy humans apo(a) is
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found as free apo(a) fragments which are 50-160 kD in size. It is not fully clear where
and how these fragments are formed, but it appears that a large portion is formed
extra-renally, and is selectively excreted by the kidney (Kostner et a., 1996).

1.5.3. Genetics of lipoprotein (a):

The apo(a) gene location is on chromosome 6g26-g27and is one of the most
polymorphic genes in humans (Kostner et al., 2013). Different types of isoforms are
independently associated with Lp(a) concentrations. Apo(a) occurs in isoforms
differing in their sizes. The size heterogeneity of apo(a) is attributable to different
numbers of exon sequences encoding kringle IV type 2 repeats and correlates with
plasma Lp(a) levels, whereby small isoforms give rise to high plasma Lp(a) and vice
versa (Utermann et al., 1987). Mechanistically, larger apo(a) isoforms are most likely
trapped and degraded immediately following biosynthesis in the rough endoplasmic
reticulum or in the Golgi at a higher rate than smaller ones (White et a., 1993a). There
Is a variable number of a pentanucleotide repeats (TTTTA) in the promoter region of
the apo(a) gene (Kamstrup et al., 2008), and the untranslated region of the gene
contains +93 C/T polymorphism (Vaenti et a., 1999). Further mutations and
polymorphisms are abundant in the apo(a) gene and explain in part the variable
concentrations of plasma Lp(a) (Clarkeet al., 2009, Li et a., 2011).

There are two functional SNPs in the distal enhancer region 20 kB upstream of the
apo(a) gene, and numerous polymorphisms in the K-V domains of the apo(a) gene
impacting significantly on apo (a) concentrations (Ichinose, 2008).

In human plasma, Lp(a) concentrations range from < 1 to 250 mg/dL and more
(Kostner et a., 2013). Approximately one-third of the variation in Lp(a)
concentrations is due to genetic heterogeneity of the Lp(a) locus(Lanktree et al., 2010,
Li et a., 2011). The upstream proximal apo (a) promoter region contains NUMerous
regulatory elements including response elements for interleukin 6 (IL-6), HNF-1 and
-4, CAMP response element-binding protein, and sterol regulatory element binding
proteins (Ramharack et al., 1998, Schultz et al., 2010, Kostner et a., 2013). Lp(a)
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concentrations vary significantly among different ethnic groups for example,
Caucasans have much lower plasma concentrations than African Americans
independent of isoform variations. In Chinese and some Asian populations, the
oppositeistrue (Ogorelkovaet al., 2001, Geethanjali et al., 2003).

1.5.4. Non-genetic factor s affecting lipoprotein (a):

Lp(a) levels can be increased in certain disease conditions such as renal disease. Both
nephrotic syndrome and renal failure increase Lp(a) levels two- to three-fold, probably
by different mechanisms. While in the nephrotic syndrome the rate of Lp(a)
biosynthesis appears increased, reduced Lp(a) catabolism may occur in renal failure.
Urinary apo(a) significantly falls once the glomerular filtration rate becomes < 70
mi/min and this contributes to the increased plasma Lp(a) in chronic kidney disease
(Kostner et al., 19983, Kostner et a., 1998D).

Since Lp(a) synthesis occurs in the liver, it is not surprising that Lp(a) is decreased in
liver diseases such as cholestasis. Other substances that are toxic to the liver including
alcohol and several drugs have also been shown to significantly decrease Lp(a)
(Kostner et a., 2013). It has been found that hypothyroid patients had significantly
higher and hyperthyroid patients had lower Lp(a) concentrations than normal subjects
(Eremet al., 1999).

Results of studies investigating Lp(a) levels in patients with type 1 diabetes mellitus
(DM) are inconsistent. No correlation has been found in young children with type 1
DM and it is clear that the positive correlation with type 1 diabetes in adults is mostly
indirect, because many patients at the same time may have renal failure (Kollerits et
a., 2006). The pathogenesis of type 2 diabetes is complex and it isn’'t expectable that
Lp(a) levels are affected in all patients to the same extent. This may explain the highly
conflicting results in which unaltered, higher, or lower Lp(a) plasma concentrations
have been reported (Mora et al., 2010). The cross-sectional analysis of plasma Lp(a)
concentrations from 36 studies reported that Lp(a) levels were 11% lower in diabetic
patients than normal subjects (Collaboration, 2009). Although the type of diabetes was
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undetermined, it is likely that 90% of these diabetic patients were affected by type 2
diabetes (Qi and Qi, 2012).

Lp(a) levels have an inverse relationship with fasting insulin, and insulin and glucose
levels measured by the 2-h glucose challenge test in both diabetic and nondiabetic
subjects (Rainwater and Haffner, 1998). A report based on an in vitro study showed
that insulin suppresses apoA production in primary cynomolgus monkey hepatocytes
(Neele et a., 1999). These data may partly explain the reduced Lp(a) levelsin patients
with type 2 diabetes (characterized by hyperinsulinemia and insulin resistance), and
elevated Lp(a) levels in patients with type 1 diabetes (characterized by insulin
deficiency (Qi and Qi, 2012).

Several pharmacologic agents have been shown to influence plasma Lp(a) levels. For
example, lipid-lowering drugs, including niacin, statins, fibrates, neomycin, and
ezetimibe have all been reported to decrease plasma Lp(a). Unfortunately, their effects
are inconsistent. The only drug that consistently reduces Lp(a) by up to 35% by
interfering with apo(a) gene transcription is niacin or its derivatives (Chennamsetty et
a., 2012b). Regular aspirin intake has aso been reported to lower apoA MRNA
expression by up to 85% (Kagawa et al., 1999).

Other agents have been demontrated to lower Lp(a) levels, including ascorbic acid
combined with |-lysine, |-carnitine, calcium antagonists, angiotensin converting
enzyme inhibitors, androgens, estrogen and its replacements (e.g., tibolone),
antiestrogens (e.g., tamoxifen) and thyroxine replacement (Tziomalos et al., 2009,
Nordestgaard et a., 2010, Dubé et al., 2012).

The administration of insulin in patients with type 2 diabetes led to higher plasma
Lp(a) levels than the treatment with diet or oral hypoglycemic agents (Heller et al.,
1993). Also intype 1 diabetes insulin administration results in a significant increase in
Lp(a) levels (Matsumoto et al., 1997). Metformin, an antihyperglycemic drug, has
been reported to decrease Lp(a) levels in nondiabetic individuals, while a study in
patients with type 2 diabetes showed that Lp(a) levels were not influenced by
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metformin administration (Ovalle and Bell, 1999, Tack et a., 1999, Lanktree et al.,
2010).

1.5.5. Mechanisms of Lp(a) atherogenicity:

Many in vitro studies have shown that Lp(a) is involved in atherogenesis by a number
of different mechanisms (Deb and Caplice, 2004). Lipoprotein(a) increases the
expression of adhesion molecules (eg. VCAM-1) and stimulates human vascular
endothelial cells to produce monocyte chemotactic protein (MCP), resulting in
monocyte adhesion and migration (Allen et al., 1998). After transfer into the arterial
intima, Lp(a) may be more avidly trapped than LDL as it binds to the extracelular
matrix not only through apolipoprotein B, but also via its apolipoprotein (a)
component, thereby contributing its cholesterol content to the expanding
atherosclerotic plague (Nielsen, 1999).

An in vitro studies showed that, Lp(a) binds to severa extracellular matrix proteins
including fibrin (Lundstam et a., 1999) and defensins, which are released by
neutrophils during inflammation and severe infection, and provide a link between
Lp(a) and the extracellular matrix (Bdeir et a., 1999).

Lp(a) reduces the activation of latent transforming growth factor- (TGF- ) by
displacing plasminogen from the surfaces of macrophages in atherosclerotic plagues.
In the absence of activated TGF- , cytokines might stimulate smooth muscle cell
proliferation and the differentiation into more atherogenic cellular phenotype
(Grainger et a., 1994). In addition, lipoprotein(a) has been shown to carry modified
phospholipids implicated in vascular inflammation and atherosclerosis (Edelstein et
al., 2003, Navab et a., 2002).

The protease domain of apolipoprotein (a) contains 88% amino acid identity to the
protease domain of plasminogen, but is not an active protease able to degrade fibrin
(McLean et a., 1987). On the contrary, lipoprotein (a) prevents the activation of
plasminogen by t-PA (the enzyme which cleaves the plasminogen to form plasmin)

(Marcovina and Koschinsky, 2003) partly by competing with plasminogen for binding
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to the fibrin or endothelial cell surface (Hajjar et a., 1989, Loscalzo et a., 1990), and
also stimulates endothelia cell synthesis of plasminogen activator inhibitor (PAI-1)
possibly hindering fibrinolysis (Etingin et al., 1991). Recently, lipoprotein(a) has been
demonstrated to bind and inhibit tissue factor pathway inhibitor (TFPI), a potent
inhibitor of the tissue factor mediated coagulation cascade, thus perhaps directly
promoting thrombosis (Caplice et al., 2001).

Some studies showed that Lp(a) particles are sensitive to oxidation and that the
increased risk of cardiovascular diseases associated with elevated plasma Lp(a) levels
may be due in part to their oxidative modification and pick up by macrophages,
resulting in the formation of foam cells (Naruszewicz et al., 1992). The oxidative form
of Lp(@ (ox-Lp(a)) might reduce the fibrinolytic activity through the reduction of
plasminogen activation by t-PA, and the enhancement of vascular endothelial cells to
produce PAI-1, and might impair endothelium-dependent vasodilation (Malaguarnera
et a., 2012). Nonenzymatically glycated Lp(a) is higher in diabetic patients than
normal subjects. Glycation of Lp(a) further enhances the production of PAI-1 and
attenuates the synthesis of t-PA in arteria and venous endothelia cells (EC). The
formation of advanced glycation end-products (AGEs) and EC-mediated oxidative
modification may contribute significantly to the alterations of the production of PAI-1
and t-PA induced by Lp(a). The combination of hyperglycemia and hyperlipoprotein
(@ may attenuate EC-derived fibrinolytic activity, which may promote the
development of thrombosis and atherosclerosis in subjects with diabetes (Doucet et al.,
1995, Lawn et al., 1992).
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1.6. Aim of study:

Diabetes mellitus causes a two-fold higher risk for a wide range of vascular diseases,
independent of other known risk factors. Any additional risk factor along with diabetes
would increase the vascular disease risk. High Lp(a) levels had been proven to be
arisk factor for atherosclerosis and related morbidity and mortality in many studies. It
would be logical to consider higher vascular disease risk among diabetic patients with
elevated Lp(a) leves although such an association is yet to be proven in controlled
trials.

Type 2 diabetics are usualy hyperinsulinemic and insulin tends to lower the Lp(a)
levels. Large population-based studies have shown inverse associations between Lp(a)
levels and the incidence of diabetes. However, some Arabic studies clearly showed
higher Lp(a) levels among type 2 diabetics. These conflicting reports on the
association between Lp(a) levels and type 2 diabetes prompted us to estimate the Lp(a)
levelsin Libyan type 2 diabetic patients, to correlate the values with other lipid
parameters, and to examine the relationship to insulin, glycemic control, body mass

index, and blood pressure.
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Subjectsand Methods



2. Subjects and methods

2.1. Subjects:

A total of 100 Libyan patients with type 2 DM (55 women and 45 men) were recruited
from the Benghazi Center for Diagnosis and Treatment of Diabetes, and Alhaia Clinic
in Benghazi, and 30 apparently healthy age and sex- matched individuals (16 women
and 14 men) were selected from the High Institute of Medical Professions-Benghazi,
to serve as controls.

Informed consent was obtained from all subjects before the study. The diagnosis of
diabetes was based on previous history of diabetes based on the American Diabetes
Association criteria 2006 (i.e., Alc > 6.5%, or fasting plasma glucose level > 126
mg/dL, or 2-h plasma glucose > 200 mg/dl during an ora glucose tolerance test).
Clinical information and medical history were obtained through the review of patient
medical files and patients interviews. Face-to- face interview were based on
a questionnaire (Appendix 1), that included variables such as age, sex, date of the
diagnosis, physica activity, history of smoking, following a diet, and any health
problems, or prescriptions.

The height and weight were measured and obesity was defined as body mass index
(BMI) of > 30 kg/ nm?, where BM| was calculated by dividing the weight in kilograms
on height in meters squared. Blood pressure was measured using mercury
sphygmomanometer with subjects in a seated position. Systolic and diastolic pressures
were determined at the time of the appearance and disappearance of Korotkoff sounds,
respectively.

All patients presented stable metabolic conditions. Patients presenting any disease that
could affect their metabolic status and the parameters studied such as nephrotic
syndrome, acute or chronic renal failure, liver disease, thyroid disorders, acute
infections, stroke, gout, diabetic ketoacidosis and non-ketotic hyperosmolar syndrome
were excluded. The patients with history of familial hypercholesterolemia or acute

myocardial infarction were also excluded from the study. The history of medication
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was recorded and the patients taking insulin, lipid lowering agents, oral contraceptives,
calcium antagonist, beta blockers, and steroids were also excluded.

The control group consisted of healthy subjects who were not suffering from any acute
infection, or metabolic or psychologica disorder. They were non-smoker, and non-
overweight. They had no history of familial hypercholesterolemia or DM.

The diabetic subjects were divided into good and poor glycemic control groups based
on acutoff HbA . value of 7.5%.
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2.2. Methods:

2.2.1. Blood collection:

Venous blood samples were drawn from al the participants after at least 10 hours
fasting. Blood was collected in EDTA and plain tubes, and sera were separated from
plain tubes and stored at — 70°C until the assays were performed. The whole blood
was stored at 4-8°C, and analyzed for HbA1c within a week. Sera were analyzed for
Lp(a), insulin, blood glucose, total cholesterol, triacylglycerol, and HDL.

2.2.2. Instruments:

The measurements of glucose, HbA1lc, total cholesterol (TC), triacylglycerol(TAG),
high density lipoprotein (HDL), and LDL were done using the standard procedures
and available commercia kits in a fully automated system COBAS INTEGRA 400
plus (ROCH, Germany).

Serum insulin was measured using COBAS e 411 (ROCH, Germany).

Serum Lp(a) was estimated using Microplate Washer and Reader (LINEAR, Spain).

2.2.3. Estimation of blood glucose (FBG):

Test principle:

Enzymatic reference method with hexokinase.

Hexokinase (HK) catalyzes the phosphorylation of glucose by ATP to form glucose-6-
phosphate and ADP. A second enzyme, glucose-6-phosphate dehydrogenase (G6PDH)
is used to catalyze the oxidation of glucose-6-phosphate by NADP' to form NADPH.

hexokinase

D-glucose + ATP —— D-glucose-6-phosphate + ADP
D-glucose-6-phosphate + NADP* it D-6-phosphogluconate + NADPH + H*
The concentration of the NADPH formed is directly proportional to the glucose

concentration. It is determined by measuring the increase in absorbance at 340 nm.

Test definition:
Measuring mode: Absorbance
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Abs. calculation mode: Endpoint
Reaction mode: R-S
Reaction direction: Increase
Test range: 0-730 mg/dl
Wavelength A/B: 340/409 nm
Test temperature: 25°C or 37 °C
Calculation:
COBAS INTEGRA analyzer automatically calculate the analyte concentration of each
sample using the calculation formula:
Sample. Conc = Stand. Abs/ Sample. Abs x Stand. Conc.
( Roche Diagnostics, 2007).

2.2.4. Estimation of serum total cholesterol (TC):

Test principle:

Enzymatic colorimetric method:

Cholesterol esters are cleaved by the action of cholesterol esterase to yield free
cholesterol and fatty acid. Cholesterol oxidase then catalyzes the oxidation of
cholesterol to cholest-4-en-3-one and hydrogen peroxide. In the presence of hydrogen
peroxide, peroxidase enzyme catalyzes the oxidative coupling of phenol and

4-aminoantipyrine to form ared quinine-imine dye.

cholesterol esterase

Cholesterol ester + H,O » cholesterol + fatty acid

cholesteral oxidasze

Cholesterol + O, » cholest-4-en-3-one + H,0,

eroxidase
2 H,O, + 4-aminoantipyrine + phenol e guinine-imine dye + 4 H,O
The color intensity of the dye formed is directly proportiona to the cholesterol
concentration. It is determined by measuring the increase in absorbance at 512 nm.
Test definition:

Measuring mode: Absorbance
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Abs. calculation mode: Endpoint
Reaction mode: R-S
Reaction direction: Increase
Test range: 0-800 mg/dl
Wavelength A/B: 512/659 nm
Test temperature: 25°C or 37 °C
Calculation:
COBAS INTEGRA analyzer automatically calculate the analyte concentration of each
sample using the calculation formula:
Sample. Conc = Stand. Abs/ Sample. Abs x Stand. Conc.
( Roche Diagnostics, 2007).

2.2.5. Estimation of serum triacylglycerols (TAG):

Test principle:

The lipase enzyme hydrolyses triacylglycerol sequentially to di and monoacylglycerol
and finaly to glycerol. Glycerol Kinase (GK) using ATP as PO, source converts
glycerol liberated to glycerol-3-phosphate (G-3-phosphate). G-3-phosphate oxidase
(GPO) oxidizes G-3-phosphate and forms dihydroxy acetone phosphate and hydrogen
peroxide. Peroxidase (POD) uses the hydrogen peroxide formed to oxidize 4-

aminophenazone and 4-chlorophenol to a colored complex.

lipoprotein lipase

Triacylglycerol + H,O » glycerol + fatty acids

glyveceral kinase

Glycerol + ATP ———  glycerol-3-phosphate + ADP

glycerophosphate oxidase

Glycerol-3-phosphate + O, » dihydroxyacetone phosphate +
HZOZ

peroxidase

H,0O, + 4-aminophenazone + 4-chlorophenol ——

4-(p-benzoquinone-monoi mino)-phenazone + 2H,0 + HCL
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The absorbance of the colored complex is measured at 512 nm which is proportional
to triacylglycerol concentration.
Test definition:
Measuring mode: Absorbance
Abs. calculation mode: Endpoint
Reaction mode: R-S
Reaction direction: Increase
Wavelength A/B: 512/659 nm
Test temperature: 25°C or 37 °C
Calculation:
COBAS INTEGRA analyzer automatically calculate the analyte concentration of each
sample using the calculation formula:
Sample. Conc = Stand. Abs/ Sample. Abs x Stand. Conc.
( Roche Diagnostics, 2007).

2.2.6. Estimation of serum high density lipoprotein-cholesterol (HDL-c):

Test principle:

Homogenous enzymatic colorimetric assay.

In the presence of magnesium sulfate and dextran sulfate, water-soluble complexes
with LDL, VLDL, and chylomicrons are formed which are resistant to PEG-modified
enzymes. The cholesterol concentration of HDL-cholesterol is determined
enzymatically by cholesterol esterase and cholesterol oxidase coupled with PEG to the
amino groups (approximately 40%). Cholesterol esters are broken down into free
cholesterol and fatty acid by cholesterol esterase. In the presence of oxygen,
cholesterol is oxidized by cholesterol oxidase to A4-cholestenone and hydrogen
peroxide. In the presence of hydrogen peroxide, peroxidase enzyme catalyzes the

oxidative coupling of HSDA and 4-aminoantipyrine to form a purple blue dye.

PEG —cholesterol esterase

HDL-cholesterol ester + H,O + HDL-cholesterol + fatty acid
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PEG—choleterol esterase

HDL-cholesterol + O, » Ad-cholestenone + H,0,

2H,0, + 4-aminoantipyrine + HSDA + H* poronees Purple blue pigment + 4H,0
The color intensity of the coloured dye formed is directly proportional to the HDL-
cholesterol concentration. It is determined by measuring the increase in absorbance at
583 nm.
Test definition:
Measuring mode: Absorbance
Abs. calculation mode: Endpoint
Reaction mode: R1-S-SR
Reaction direction: Increase
Wavelength A/B: 583/659 nm
Test temperature: 25°C or 37 °C
Calculation:
COBAS INTEGRA analyzer automatically calculate the analyte concentration of each
sample using the calculation formula:

Sample. Conc = Stand. Abs/ Sample. Abs x Stand. Conc.

( Roche Diagnostics, 2007).

2.2.7. Calculation of low density lipoprotein-cholesterol (LDL-c):
COBAS INTEGRA analyzer calculate LDL-cholesterol concentration of each sample
using the Friedwalds formula.

LDL-c=(TC—-HDL-c) - TAG/S.

2.2.8. Estimation of glycosylated hemoglobin (HbA1c):

Test principle:

Turbidimetric inhibition immunoassay.

The whole blood sample is hemolyzed using a detergent-containing reagent. The
hemolyzing step can either be performed automatically on the instrument or manually

using hemolyzing reagent. The liberated hemoglobin in the hemolyzed sample is
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converted to a stable derivative which is measured photometrically during the
preincubation phase of the immunological reaction. Glycohemoglobin (HbA1c) in the
sample reacts with the anti-HbAlc antibody to form soluble antigen-antibody
complexes. The polyhaptens in the reagent react with excess anti-HbA1c antibodies
and form an insoluble antibody-pol yhapten complex. This complex can be measured
turbidimetricaly, the higher the HbA 1c concentration, the lower the turbidity.
Hb Test definition:
Measuring mode: Absorbance
Abs. calculation mode: Endpoint
Reaction mode: R1-S
Reaction direction: Increase
Wavelength A/B: 378/659 nm
Test temperature: 25°C or 37 °C
HbA1c Test definition:
Measuring mode: Absorbance
Abs. calculation mode: Endpoint
Reaction mode: R1-S-SR
Reaction direction: Increase
Wavelength A/B: 340/659 nm
Test temperature: 25°C or 37 °C
Calculation:
COBAS INTEGRA analyzer automatically calculate the analyte concentration of each
sample using the calculation formula:
HbA1c. Conc = (HbA1c/HB) x 100.
( Roche Diagnostics, 2007).
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2.2.9. Estimation of serum insulin:
Test principle:
Electrochemiluminescence.
Electrochemiluminescence (ECL) processes are known to occur with numerous
molecules including compounds of ruthenium, osmium, rhenium or other elements.
ECL isaprocess in which highly reactive species are generated from stable precursors
at the surface of an electrode. These highly reactive species react with one another
producing light. The development of ECL immunoassays is based on the use of
a ruthenium chelate as the complex for the development of light. The
chemiluminescent reactions that lead to the emission of light from the ruthenium
complex are initiated electrically rather than chemically. This is achieved by applying
a voltage to the immunological complexes (including the ruthenium complex) that are
attached to Streptavidin — coated micro particles.
The chemiluminescent insulin assay employs two monoclonal antibodies which
together are specific for human insulin (sandwich principle).
In the first step, patient sample is combined with a reagent containing
biotinylated insulin antibody and a ruthenium-labelled insulin specific
antibody in an assay cup. During a nine minute incubation step, antibodies
capture the insulin present in the sample and form sandwich compl exes.
In the second step, streptavidin — coated paramagnetic particles are added.
During a second nine minute incubation, the biotinylated antibody attaches
to the streptavidin — coated surface of micro particles.
After the second incubation, the reaction mixture containing the immune
complexes is transported into the measuring cell; the immune complexes are
magnetically entrapped on the working electrode, but unbound reagent and
sample are washed away by the system buffer.
In the ECL reaction, the conjugate is a ruthenium based derivative and the

chemiluminescent reaction is electrically stimulated to produce light. The
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amount of light produced is directly proportional to the amount of insulin
present in the sample.

Test definition:

Sample volume: 20 pl

Detection limit: 0.20 pU/mi

Measuring range: 0.20 - 1000 pU/ml

Test temperature: 37 °C

Calculation:

COBAS INTEGRA analyzer automatically calculate the analyte concentration of each

sample.

( Roche Diagnostics, 2009).

2.2.10. Assay of Lipoprotein (a):

2.2.10.1. Principle:

Abcam’s Lipoprotein A (APOA) human in vitro ELISA employs a quantitative
sandwich enzyme immunoassay technique.

A polyclonal antibody specific for human lipoprotein A has been precoated onto 96-
well plates and blocked. Lipoprotein A in standards and samplesis sandwiched by the
immobilized antibody and biotinylated polyclonal antibody specific for lipoprotein A,
which is recognized by streptavidin-peroxidase conjugate. All unbound material is
then washed away, and TMB is added to visualize streptavidin-peroxidase enzymatic
reaction. TMB is catalyzed by streptavidin-peroxidase to produce a blue color product
that changes into yellow after adding acidic stop solution. The density of yellow
coloration is directly proportional to the amount of lipoprotein A captured in plate.
2.2.10.2. Reagent preparation:

All reagents were diluted, brought to room temperature, and freshly used. Reagent
bottles were mixed gently to remove any crystals formed.

Diluent (10X): The diluent was prepared via dilution 1:10 with distilled water.
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Sample: The serum samples were diluted 1:8000 with diluent as follows: 5ul of
sample were added to 395ul of diluent (1:80) to make solution A; then 10ul of
solution A were added to 990pl of diluent (1:100) to make a final working solution
(1:8000).
Standard curve: The lipoprotein A standard was reconstituted with the appropriate
amounts of diluent to generate a standard solution of 50 ng/ml. The standard was
allowed to sit for 10 minutes with gentle agitation prior to making dilutions. Duplicate
standard points were prepared by serially diluting the standard solution (50 ng/ml) 1:2
with equal volume of diluent to produce 25, 12.5, 6.25, 3.123, 1.56, and 0.78 ng/ml.
diluent served as the zero standard (0O ng/ml).
Biotinylated Human Lipoprotein A Antibody: The biotinylated antibody was
agitated gently to be diluted 1:50 with the desired amount of diluent.
Wash Buffer Concentrate (20x): The wash buffer was diluted 1:20 with the
appropriate volume of distilled water.
SP Conjugate (100x): The conjugate was agitated gently, and diluted 1:100 with the
appropriate amount of diluent.
2.2.10.3. Procedure:

1

50 ul sample or standard were added to each well in the plate. The plate was

covered with asealing tape and incubated for two hoursin room temperature.

2- Each well in the plate was washed six times with 300 pl wash buffer using
microplate washer, and then the plate was inverted to decant the content of the
wells and tapped 4-5 times on absorbent paper towel to completely remove the
liquid.

3- 50 pl of biotinylated human lipoprotein A antibody were added to each well,
and the plate was incubated for one hour.

4- The microplate was washed again as describe above.

5- 50 ul of streptavidin-peroxidase conjugate were added to each well, and the
plate was incubated for 30 minutes.

6- The plate was washed for the last time as described above.

35



7- During washing, the microplate reader was turned on, and the program for
lipoprotein (a) assay was selected.
8- 50 pl of chromogen were added to each well, and the microplate was incubated
for about 10 minutes.
9- The plate was agitated gently to ensure thorough mixing, and the bubbles in the
wells were broken with pipette tip.
10- 50 pl of stop solution were added to each well. The color changed from blue to
yellow.
11- The absorbance of each well in the plate was immediately measured on
microplate reader at 450 nm.
2.2.10.4. Calculation:
Calculations of Lp(a) concentrations were performed automatically by the microplate
reader.
The standard curve is constructed by the instrument via plotting the absorbance of
standards (Y) at 450 nm against log of the known concentrations of standards (X), and
the results are reported as concentration of Lp (&) in samples (Figure 2.1).
The concentrations of Lp (a) calculated from the standard curve were multiplied in
their respective dilution factor, because samples have been diluted prior to the assay.
Unit conversion factor: ng/ml * 0.0001 = mg/dl.
2.2.10.5. Sensitivity:
The minimum detectable dose of lipoprotein A istypically 0.8 ng/mL.
(Abcam, 2013)
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Figure2.1: Standard curve.
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2.3. Statistical analysis:

The data were ana yzed using the statistical package for the social sciences (SPSS
version 17). Descriptive characteristics of the study participants were calculated as
mean + standard deviation (SD). Analysis of variance (ANOVA) was used to
determine differences in subject characteristics. Pearson’s correlation coefficient
determination was done to evaluate the degree of association between Lp (a) and
clinical and biochemical parameters. P value (two- tailed) < 0.05 was considered as

statistically significant.
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Chapter 3

Results



3. Resaults

The mean age and standard deviation (SD) of the patients with type 2 DM selected for
this study was 50.17 + 5.16, and the female: male ratio was 11: 9. The age range was
37- 63 years. The mean age and SD of the healthy control subjects was 47.33 + 6.18,
and the female: male ratio was 8: 7. The age range was 37-60 years.

3.1. Body massindex (BM1):

BMI was significantly higher in both groups of diabetics when compared to the
normal control group (p < 0.05). There was a significant difference in BMI between
controlled and uncontrolled diabetic groups (p= 0.009) (Table 3.1, Figure 3.1).

Table 3.1: Mean = SD of body mass index (BMI) in diabetic and healthy control

subjects.
Uncontrolled patients | Controlled patients Controls P value
Iroups N=54 N= 46 N=30
BMI (K g/mz) 26.8+0.88 26.34+ 1.03 2448 + 0.32 0.00

N: number of patients.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1lc < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.1: Mean of body massindex (BM1) in diabetic and healthy control subjects.

3.2. Blood Pressure (BP):

Systolic and diastolic blood pressure measurements showed significant differences
comparing diabetic patients to the control group (p < 0.05). Non-significant difference
in systolic and diastolic blood pressure measurements were found between controlled
and uncontrolled diabetic groups (p= 0.87 and p= 0.88, respectively) (Table 3.2,

Figure 3.2).
Table 3.2: Mean = SD of blood pressure (BP) in diabetic and healthy control subjects.
Uncontrolled patients | Controlled patients Controls P value
Groups
N= 54 N= 46 N=30
Diastolic BP
84.65+ 4.75 84.78 + 4.48 76.09 £ 3.7 0.00
(mm Hg)
Systolic BP
132.72+ 8.36 13298+ 8.1 1141+ 6.83 0.00
(mm Hg)

N: number of patients.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
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Controlled patients: Diabetic patients with good glycemic control ( HbA1lc < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.2: Mean of blood pressure (BP) in diabetic and healthy control subjects.
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3.3. Fasting blood Glucose (FBG):

Diabetic patients had significantly higher blood glucose than non-diabetic controls
(p > 0.05). In addition, diabetics with poor glycemic control had significantly higher
levels of blood glucose when compared to patients with good glycemic control (p=
0.00) (Table 3.3, Figure 3.3).

Table 3.3: Mean £ SD of fasting blood glucos (FBG) in diabetic and healthy control

subjects.
Uncontrolled patients | Controlled patients Controls P value
groups N=54 N= 46 N= 30
FBS (mg/dl) 185.1+62.7 129.93 + 38 89.4 + 5.56 0.00

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control (HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control (HbA1c < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.3: Mean of fasting blood Glucose (FBG) in diabetic and healthy control
subjects.
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3.4. Glycosylated hemoglobin (HbA¢):

Diabetic patients had a significant increase in HbA;c when compared to normal
control subjects (p < 0.05) (Table 3.4, Figure 3.4).

Table 3.4: Mean £ SD of HbA ¢ in diabetic and healthy control subjects.

Uncontrolled patients | Controlled patients Controls P value
roups
group N= 54 N= 46 N=30
HbA1c (%) 948+ 1.3 6.41+0.73 4.88+0.27 0.00

N: number of subjects.

Uncontrolled patients. Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1c < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.4: Mean of glycosylated hemoglobin (HbA 1) in diabetic and healthy contr ol
subjects.
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3.5. Serum total cholesterol (TC):

The mean level of the serum total cholesterol in patients with type 2 DM was higher
than that of the control subjects and the difference was statistically significant (p <
0.05). Comparing total serum cholesterol in controlled and uncontrolled diabetic

patient groups showed no significant differences (p= 0.64) (Table 3.5, Figure 3.5).

Table 3.5: Mean = SD of total cholesterol (TC) in diabetic and healthy control subjects.

Uncontrolled patients | Controlled patients Controls P value
roups
arotp N=54 N= 46 N=30
TC (mg/dl) 225.61 + 44 222,39+ 31.34 163+ 17.56 0.00

N: number of su

Uncontrolled patients. Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1lc < 7.5%).

Controls; Norm

bjects.

al healthy subjects.
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Figure 3.5: Mean of Total cholesterol (TC) in diabetic and healthy control subjects.
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3.6. High density lipoprotein-cholesterol (HDL -c):

Patients with type 2 DM had significantly lower HDL-c than normal control subjects

(p < 0.05). There was a non-significant difference in HDL-c between controlled and

uncontrolled diabetic groups (p= 0.28) (Table 3.6, Figure 3.6).

Table 3.6: Mean + SD of high density lipoprotein-cholesterol (HDL-c) in diabetic and

healthy control subjects.

Uncontrolled patients | Controlled patients Controls P value
roups
group N= 54 N= 46 N=30
HDL-c (mg/dl) 44.69 + 11.37 46.83 £ 9.86 70.18 + 6.77 0.00

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).

Controlled patients: Diabetic patients with good glycemic control ( HbA1c < 7.5%).

Controls: Normal healthy subjects.

Figure 3.6: Mean of high density lipoprotein-cholesterol (HDL-c) in diabetic and

|

uncontolled controlled controls
patients patients

groups

healthy control subjects.
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3.7. Low density lipoprotein-cholester ol (L DL-c):
LDL-c was significantly higher in both groups of diabetic patients when compared to

the normal control group (p < 0.05). The difference between LDL-c in controlled and

uncontrolled diabetic patient groups was statistically insignificant (p= 0.62) (Table

3.7, Figure 3.7).

Table 3.7: Mean = SD of low density lipoprotein-cholesterol (LDL-c) in diabetic and
healthy control subjects.

Uncontrolled patients | Controlled patients Controls P value
roups
greup N=54 N= 46 N= 30
LDL-c (mg/dl) 139.53 + 43.67 142.97 + 33.88 91.51+14.25 0.00

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).

Controlled patients: Diabetic patients with good glycemic control ( HbA1lc < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.7. Mean of low density lipoprotein-cholesterol (LDL-c) in diabetic and healthy

control subjects.
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3.8. LDL-c/HDL-c Ratio:
Diabetic patient groups had a significantly higher LDL/HDL ration when compared to

the normal control group (p < 0.05). There was a non-significant difference in
LDL/HDL ratio between controlled and uncontrolled diabetic groups (p= 0.56) (Table
3.8, Figure 3.8).

Table 3.8: Mean + SD of LDL-c/HDL-cratio in diabetic and healthy control subjects.

Uncontrolled patients | Controlled patients | Controls | Pvalue
roups
group N= 54 N= 46 N=30
LDL/HDL Ratio 3.29+1.27 3.17+£0.98 131+026 | 0.00

N: number of subjects.

Uncontrolled patients. Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1c < 7.5%).
Controls: Normal healthy subjects.
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Figure 8 Mean of LDL-c/HDL-cratio in diabetic and healthy control subjects.
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3.9. Serum triacylglycerol (TAG):

Mean TAG levels were higher in the diabetic groups as compared to the control group
and the difference was statistically significant (p < 0.05). Uncontrolled diabetic patient
group had significantly higher levels of TAG than controlled diabetic patient group

(p=10.003) (Table 3.9, Figure 3.9).

Table3.9: Mean + SD of Triacylglycerol (TAG) in diabetics and healthy control subjects.

G Uncontrolled patients | Controlled patients Controls P value
roups

P N= 54 N= 46 N=30
TAG (mg/dl) 205.62 + 83.53 159.21 + 78.24 1095+ 314 0.00

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1¢ < 7.5%).

Controls: Normal healthy subjects.
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Figure 3.9: Mean of triacylglycerol (TAG) in diabetic and healthy control subjects.
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3.10. Serum Insulin:
Serum insulin levels were significantly higher in both groups of diabetic patients when

compared to the normal control group (p < 0.05). The controlled diabetic patient group
showed a non-significant difference in serum insulin when compared to the
uncontrolled diabetic patient group (p= 0.19) (Table 3.10, Figure 3.10).

Table 3.10: Mean + SD Of serum insulin in diabetic and healthy control subjects.

Uncontrolled patients Controlled patients Controls | Pvalue
roups
greup N=54 N= 46 N= 30
Insulin (ulU/ml) 16.11+11 13.54+10.3 8.32+4.2 0.003

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1c < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.10: Mean of serum insulin in diabetic and healthy control subjects.
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3.11. Lipoprotein (a):

The mean levels of Lp(a) in type 2 diabetic patient groups were significantly higher
than that of the normal control group (p < 0.05). The differencein Lp(a) level between
the controlled and uncontrolled diabetic patient groups was statistically insignificant
(p= 0.30) (Table 3.11, Figure 3.11). The mean Lp(a) levels in both males and females
were comparable (males vs females- 11.3 mg/dl vs 12.2 mg/dl, p= 0.29). In addition,
no significant differences were observed in Lp(a) levelsin relation to age.

Table 3.11: Mean = SD of Lipoprotein (a) in diabetic patients and healthy control subjects.

Uncontrolled patients | Controlled patients Controls P value
roups
group N= 54 N= 46 N=30
Lp(a) (mg/dl) 114+42 12.25+ 49 813+2 0.00

N: number of subjects.

Uncontrolled patients: Diabetic patients with poor glycemic control ( HbA1c > 7.5%).
Controlled patients: Diabetic patients with good glycemic control ( HbA1lc < 7.5%).
Controls: Normal healthy subjects.
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Figure 3.11: Mean of lipoprotein (a) in diabetic and healthy control subjects.
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3.12. Relationship between Different Parameters

Pearson’s correlation analysis of BMI, BP, lipids, Lp (@), and glycemic control
parameters in diabetic patients showed that, BMI was positively correlated with
systolic BP (r= 0.267, p < 0.01), diastolic BP (r= 0.303, p < 0.01), FBS (r=0.338, p <
0.01), HbAlc (r= 0.278, p < 0.01), and TAG (r= 0.676, p < 0.01), and negatively
correlated with LDL-c (r= - 0.327, p < 0.01). There was a linear and positive
correlation between systolic BP and TC (r= 0.430, p < 0.01), and between systolic BP
and LDL-c (r= 0.311, p < 0.01). There was a positive correlation between diastolic BP
and TC (r= 0.434, p < 0.01), and between diastolic BP and LDL-c (r= 0.236, p < 0.05).
FBS concentration was positively correlated with HbA,c (r= 0.745, p < 0.01), and
TAG (r= 0.230, p < 0.05). There was a strong positive relationship between TC and
LDL-c (r= 0.740, p < 0.01). Furthermore, TC was postively correlated with
LDL-c/HDL-c ratio (r= 0.729, p < 0.01), and LDL-c positively correlated with
TC/HDL-c ratio (r=- 0419, p< 0.01). TAG was negatively correlated with HDL-c
(r=-0.471, p<0.01), and LDL-c (r=- 0.456 , p < 0.01). On the other hand it had a
positive correlation with TC/HDL-c ratio (r= 0.437, p < 0.01). Insulin levels had a
strong positive correlation with insulin/glucose ratio (r= 0.973, p < 0.01).

Lp(a) was positively correlated with TC (Figure 3.12), and LDL-c (Figure 3.13). No
significant correlation was seen between Lp(a) and, age, BMI, BP, TAG, HDL-c,
LDL-c/HDL-c ratio, TC/HDL-c ratio, insulin and the parameters of glycemic control
(HbA1c and fasting glycemia).

Table 3.12 summarize correlation among LP(a@) and some parameters in type 2
diabetic patients.

In non-diabetic control subjects, Lp(a) levels did not show any significant correlations

with BMI, BP, lipid profile, insulin, or glycemic control parameters.

Table 3.13 shows the non-significant correlations between Lp(a) and some parameters

in non-diabetic control subjects.
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Table 3.12: Correlation (r) between Lp(a) and some clinical and biochemical
parametersin type 2 diabetic patients.

Variable Pear son correlation (r) P value
Age 0.154 0.127
BMI -0.044 0.663

Systolic BP 0.051 0.613
Diastolic BP 0.103 0.306
FBS 0.025 0.802
HbA1c - 0.001 0.990
TC 0.309** 0.002
HDL-c 0.042 0.680
LDL-c 0.236* 0.018
TAG -0.013 0.900
Insulin 0.040 0.694
LDL-c/HDL-c 0.163 0.105
TC/HDL-c 0.142 0.157

**_ Correlation is significant at the 0.01 level.
*, Correlation is significant at the 0.05 level.

25.0007 -

20.0007

15.000

Lp(a) [mg/dI]
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T T T T T T
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Figure 3.12: correlation between Lp(a) and TC in diabetic group.
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Figure 3.13: correlation between Lp(a) and LDL-c in diabetic group.

Table 3.13: Correlation (r) between Lp(a) and some clinical and biochemical
parametersin non-diabetic healthy control subjects.

Variable Pear son correlation (r) P value
Age -0.101 0.595
BMI 0.006 0.976

Systolic BP - 0.476 0.022
Diastolic BP -0.345 0.107
FBS - 0.430 0.018
HbA1lc - 0.045 0.815
TC -0.094 0.622
HDL-c 0.220 0.243
LDL-c -0.247 0.188
TAG 0.140 0459
Insulin 0.256 0.173
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4. Discussion

In the present case-control study of 100 type 2 diabetic patients and 30 normal control
subjects, Lp(a) was significantly higher in diabetic patients when compared to control
subjects. Lp(@) was positively correlated with TC, and LDL-c. No significant
correlations were found between Lp(a) and glycemic control parameters, insulin,
TAG, HDL-c, BMI, and BP.

BMI was significantly higher in diabetic group than control group, and this finding is
consistent with several similar studies (Turner et al., 1998a, Daousi et a., 2006,
El-Hazmi and Warsy, 1999). It is well documented that obesity increases morbidity
and mortality in type 2 diabetic patients and short-term studies have demonstrated that
even moderate weight reduction through diet and/or exercise can improve patient
hyperglycemia (Maggio and Pi-Sunyer, 2003, Scheen, 2003). However, the few long-
term cohort studies regarding the effects of weight loss on glycemic control in diabetic
patients produced inconsistent results (Aucott et al., 2004, Shoff et al., 1998). It has
been speculated that the inconsistencies may have arisen from the confounding
influences of other factors on body weight, such as the disease process itsdlf or the
medications used (Heller, 2004, Turner et a., 1998a).

The present study showed that, BMI is positively correlated with SBP, and DBP in
type 2 diabetic group. This result is consistent with other studies of type 2 diabetic
patients conducted in India, and Taiwan (Tseng, 2007, Dudekhulaet al., 2012).

The association between BMI and BP has been widely reported across general
populationsin Africa, Asia, Latin America, United States, and Canada. In a study that
included five Latin American populations (urban) and seven Asian populations (four
urban, three rura), direct positive relationships of similar magnitude were observed
between BMI and BP, despite differences in mean BMI levels between the study
populations (Tesfaye et al., 2006, Collaboration, 2004, Nogueira et al., 1996).

A study by Tseng reported that, in type 2 diabetic patients without hypertension
history, BMI increase of 1kg/m? corresponded to an increase in DBP of 0.45 and 0.46
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mmHg in men and women, respectively; and a respective increase in SBP of 0.62 and
0.64 mmHg (Tseng, 2007). These were comparable to the findings of the study
reported by Kissebah and Krakower, they documented a gain of 1 unit BMI
corresponding to an increase in SBP of approximately 0.59 and 0.80mmHg in men and
women, respectively (Kissebah and Krakower, 1994).

Based on our finding BMI showed a positive correlation with FBS. A positive
correlation between BMI and fasting blood sugar in type 2 diabetics was previously
reported by other studies  (Al-mukhtar et a., 2006). These changes and correlations
were explained by the statement put forward by DeFronozo and Ferrannini who
reported that obesity causes peripheral resistance to insulin mediated glucose uptake
and may also decrease the sensitivity of the beta-cells to glucose, so that obesity is
associated with hyperglycemia (DeFronzo and Ferrannini, 1991).

The present study reveadled a positive association between BMI and HbA1c in the
diabetic group, and a significantly higher BMI mean value in diabetics with poor
glycemic control (HbAlc > 7.5%) when compared with those with good glycemic
control (HbAlc < 7.5%). These findings are consistent with other studies (Habib,
2013, Daousl, 2006) that reported that the proportion of poorly controlled diabetics
was increased with increasing BMI which means that poorly controlled diabetic
patients were more in obese patients than non-obese patients.

A variety of intervention studies demonstrated that patients with type 2 diabetes who
succeeded in losing weight often had modest improvements in glycemic control and
cardiovascular risk profiles, aslong as the weight loss is maintained (Gill, 2004).

BMI in the present study had a positive relationship with triacylglycerols in diabetic
group. This positive correlation was found by many studies (Sone et al., 2007, Daousi
et a. 2006). The most common lipid abnormality in diabetes is
hypertriacylglycerolemia with or without increase in plasma cholesterol (Al-Nuaim et
a., 1995), and BMI increase due to adiposity characterized by increased
triacylglycerols and reduced HDL-c (Maki et a., 1997). A study carried out by  Al-
mukhtar et al. showed that diabetic patients with obesity have a significantly higher
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levels of serum triacylglycerols when compared to non- obese diabetics (Al-mukhtar
et a., 2006).

In the present study, BMI was negatively correlated with LDL-c in diabetic group.
Many studies showed a non-significant correlation between BMI and LDL-c
(Himabindu et al., 2013, Sandhu et a., 2008), while other studies revealed a positive
correlation between BMI and LDL-c (Al-mukhtar et a., 2006). LDL-c was
determined by calculation using the Friedewald formula (cLDL-c). With the
Friedewald equation, cLDL-c (in mg/dL) = TC — (HDL-c) — (TAG/5); avaue of TAG
dividing by 5 represents the VLDL-c concentration. An overproduction of the TAG-
enriched large VLDL, acharacteristic of diabetic dyslipidemia, leads to overestimation
of the VLDL-c and underestimation of the cLDL-c concentrations, so that an increase
in TAG is associated with a decrease in LDL-c by using friedwald formula
(Srisawasdi et al., 2011), and this may explain the negative relation between LDL-c
and BMI, which is strongly positively associated with serum triacylglycerols. A recent
study has revealed significant differences in anthropometric parameters and lipid
profile patterns in type Il diabetics in three different ethnic groups living in Malaysia
(Blehil et al., 2011). These studies indicate that anthropometric parameters and lipid
profile patterns may vary from one ethnic group to another, one geographical region to
another and among different races. So the results of one study cannot be extrapolated
to other studies and generalized conclusions cannot be drawn for all populations.

The present study showed that systolic and diastolic blood pressures were significantly
higher in diabetic group when compared to control group. Diabetic hypertensive
patients were excluded from the study, because hypertension and its treatments affect
serum Lp (@) levels. Many studies demonstrated a high prevalence of hypertension
among diabetic patients. A study by Berraho et a. reported a prevalence of about
70.4 % (Berraho et a., 2012), while a study by Mengesha reported a prevalence of
about 61.2 % (Mengesha, 2008).

In comparison with the genera population, individuals with type 2 diabetes mellitus

(DM) have a 2- to 4-fold increased risk for cardiovascular disease. Hypertension is an
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important and modifiable risk factor for cardiovascular disease associated with DM,
and the results of many studies suggested that 35% to 75% of the cardiovascular risk
in diabetic patients can be attributed to the presence of hypertension (Booth et al.,
2006, Lloyd-Joneset a., 2006, Lee et a., 2000).

In the present study, systolic and diastolic blood pressure of diabetic patients had
significant positive correlation with serum cholesterol and LDL-c. Many studies
concerned with type 2 diabetic population showed consistently similar results (Nasri et
a., 2014, Behradmanesh and Nasri, 2012, Nasri, 2006). Elevated low-density
lipoprotein cholesterol (LDL-c) may increase the sensitivity of angiotensin I1. A study
by Van Der Linde et al., on healthy young subjects with hyperchol esterolemia showed
increased senditivity to angiotensin Il that can be restored partly by LDLc- lowering
therapy (van der Linde et al., 2006). These findings indicate that LDL-c levels directly
influence angiotensin |1 sensitivity. In addition, it is possible that impaired endothelia
function or up regulation of the AT1 receptor by low density lipoprotein cholesterol
leadsto an increase in diastolic blood pressure (Nishimura, 2012).

The present study results showed that FBS was significantly higher in diabetic patients
when compared to the controls, and this finding is quite logical, since hyperglycemia
is the primary factor that distinguishes diabetic individuals in general population.
Furthermore, patients with HbA1c higher than 7.5% had significantly higher levels of
FBS than patients with HbA1c < 7.5%, and FBS showed a direct association with
HbAlc. These findings are in agreement with the findings reported by others
(VinodMahato et al., 2011, Rosediani et a., 2006, Ramona et al., 2011).

FBS in this study had a positive relationship with TAG, and this correlation had been
reported in previous studies (VinodMahato et a., 2011, Poorsoltan et al., 2013). It has
been documented that, insulin resistance in diabetes results in impaired glucose uptake
and utilization by peripheral tissues, and impaired ability of insulin to suppress the
expression or activity of gluconeogenic enzymes leading to hyperglycemia. This
abnormality coexists with hypertriacylglycerolemia (Matsumoto et a., 2006), caused
by the lack of insulin action on hepatic lipid metabolism, which normally limits the
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synthesis of VLDL1, and on the lipolytic activity of lipoprotein lipase. Impaired
insulin action results in defective suppression of lipolysis in adipose tissue with the
influx of the released free fatty acids to the liver. This scenario induces a dramatic
increase of VLDL1 production, the largest lipoproteins rich in triacylglycerols (Adiels
et al., 2008, Krentz, 2003).

In the present study, HbA1c had a non-significant correlations with total cholesteral,
LDL-c, HDL-c, and triacylglycerols, and these results are consistent with many other
studies (Sheikhpour et al., 2013). In this study, patients with poor glycemic control
(HbAlc > 7.5%) showed a significantly higher levels of triacylglycerols when
compared to those with good glycemic control (HbA1lc < 7.5%). HbAlc had a positive
correlation with TAG, but this correlation was statistically non-significant (p= 0.053).
This finding is similar to the findings reported in many studies (VinodMahato et al.,
2011, Rohlfing et al., 2002). Other studies reported that, HbA1c showed direct and
significant correlation with cholesterol, triacylglycerols and LDL cholesterol, and
reverse correlation with HDL cholesterol, and suggested HbA1c can predict serum
lipid levels in both male and female diabetic patients (Blebil et al., 2011, Ramona et
a., 2011, Gaurav et a., 2012). The level of HbAlc value < 7.0% was said to be
appropriate for decreasing the risk of cardiovascular complications (Rohlfing et a.,
2002). Khan et a. reported that the severity of dyslipidemiaincreases in patients with
higher HbA1c values. Elevated HbA1c and dyslipidemia are independent risk factors
for CVD, therefore diabetic patients with elevated HbA1c and dyslipidemia can be
considered as avery high risk group for CVD (Khan et a., 2007). Improving glycemic
control can profoundly reduce the risk of cardiovascular events in diabetics. It has
been estimated that reducing the HbA1c value by 0.2% could lower the mortality by
10% (Smith Jr, 2007).

The result of the present study revealed that serum total cholesterol, LDL cholesterol
and triacylglycerols were significantly raised, whereas the level of HDL cholesterol
was significantly lower in diabetics as compared to control subjects. These observed

increases and decreases in serum lipid profile associated with diabetes mellitus are in
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agreement with the findings of Calismasi, Kandula et a. , and Albriki et al.
(Calismasi, 2008, Kandula and shegokar, 2013, Albrki et al., 2007).

LDL-c/HDL-c ratio in the present study was significantly higher in diabetic subjects
than in the controls. Many studies showed consistent results (Gordon et a., 2010,
Indumati et al., 2011). The LDL/HDL ratio is actually a more pure ratio than tota
cholesterol/HDL ratio, because LDL is a measure of "bad' cholesterol and HDL is
a measure of "good" cholesterol, whereas the total cholesteral is the sum of HDL-c,
LDL-c, and the VLDL-c. The LDL-c/HDL-c ratio reflects the bidirectional traffic of
cholesterol entering and leaving the arterial intimae in a way that the individual levels
of LDL-c and HDL-c do not (Kannel, 2005). Severa large epidemiological and
clinical studies have found the LDL-c/HDL-c ratio to be an excellent predictor of
CHD risk (Packard et al., 2005).

The findings of this study showed a significant inverse relationship between TAG and
HDL-c, and thisrelation is consistent with the findings of many studies(Mohammed et
a., 2012, Kolovou et a., 2006). Under hypertriacylglycerolemic conditions
characteristic of diabetes, there is excessive exchange of cholesterol esters and
triacylglycerols between HDL and VLDL, mediated by cholesterol ester transfer
protein (CETP). Hepatic lipase hydrolyzes TAG-rich HDL particles and, as a result
HDL particles are rapidly catabolized and cleared from plasma. Reduced activity of
LPL may further decrease the levels of HDL cholesterol by decreasing the conversion
of HDL3 to HDL 2 particles (Mooradian et al., 2008).

The present study also showed a negative correlation between TAG and LDL-c.
Increased concentrations of VLDL particles in the circulation of patients with T2DM
also increase the CETP-mediated exchange of cholesterol ester and triacylglycerol
between VLDL and low density lipoprotein (LDL) cholesterol particles. This increase
in triacylglycerol content of LDL particles makes them a good substrate for hepatic
lipase, which hydrolyzes triacylglycerols in the LDL particles and increases their
density, resulting in increased concentrations of small dense LDL particles (Krauss
and Ronald, 1998, Krauss, 1998). Small dense LDL particles are highly atherogenic
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because of their enhanced susceptibility to oxidative modification and increased
uptake by the arterial wall (Brautbar and Ballantyne, 2011). Minnich et al. reported
that, the CETP-mediated exchange of cholesterol ester and triacylglycerol between
VLDL and low density lipoprotein (LDL) cholesterol particles was responsible for low
LDL-c concentrations found under hypertriglyceredemic conditions (Minnich et al.,
1989).

LDL-c in the present study was determined by calculation using the Friedewald
formula (cLDL-c). With the Friedewald equation, cLDL-c (in mg/dL) = TC — (HDL-
c) — (TAG/5); avaue of TAG dividing by 5 represents the VLDL-c concentration. An
overproduction of the TAG-enriched large VLDL, a characteristic of diabetic
dyslipidemia, might lead to overestimation of the VLDL-c and underestimation of the
cLDL-c concentrations, so that an increase in TAG is associated with a decrease in
LDL-c by using friedwald formula (Srisawasdi et al., 2011).

Insulin in the present study was significantly higher in diabetic patients as compared to
control subjects, and had a significant direct association with insulin resistance. These
findings are in agreement with a study by Habib et a. (2009). Insulin secretion from
pancreatic  cells increases in response to insulin resistance to maintain normal
glucose levels (Stumvoll et al., 2005).

It has been observed that patients with type 2 DM have increased morbidity and
mortality due to coronary risk events. This increased risk has been shown to be
independent from conventional risk factors (Stamler et al., 1993). Different factors
have been found to be responsible for an increased prevalence of CAD in T2DM. One
of these are the raised serum levels of Lp(a) (Kostner and Kostner, 2002).

The mgor finding of the present study was revealing a significantly higher level of
Lp(@) in diabetic patients when compared with control subjects. This significant
finding is consistent with several studies (El-gari, 2013, Habib, 2013, Smaoui et a.,
2004, Singla et al., 2009, Habib et a., 2009, Habib and Adam, 2004, Patil et a.,
2014).
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The effect of hyperglycemia on the rate of synthesis, transcription, and trandation of
apo(a) is till not exactly known. The concentration of glycosylated Lp(a) isincreased
in the blood stream of diabetic patients. It is evident from many studies that
glycosylation prolongs the half-life of lipoproteins and this may be applicable for
Lp(a), which may result in higher levels of Lp(a) in diabetic patients (Klaya et al.,
1997, Maca et a., 2007). Plasma Lp(a) concentrations are primarily regulated at the
level of the gene that encodes apo(a), and an inverse correlation has been found
between plasma Lp(a) concentration and apo(a) size that may result, at least in part,
from the relatively inefficient secretion of the larger apo(a) isoforms from the
hepatocytes. Additionally, the level of Lp(a@) in human plasma is largely uninfluenced
by diet, physical activity, and conventional lipid therapy (Marcovina and Koschinsky,
1999). Further supporting evidence in favor of the present study is the finding of
Ribault et al. , who found that type 2 diabetic patients had a higher prevalence of low
molecular weight isoforms of apo(a) (Ribault et a., 2000), raising the possibility that
diabetic patients of the present study may have small size isoforms of apo(a), which
result in higher levels of Lp(a).

Some studies found no differences in serum Lp(a) levels between diabetic patients
and controls (Chang et al., 1995, Chico et al., 1996).

Rainwater, Hernandez and Albaharani demonstrated lower serum Lp (a) levels in
diabetic patients as compared to control subjects. Rainwater et a. attributed their
findings to the presence of large size Apo(a) isoforms responsible for lower plasma
Lp(a) concentrations in type 2 diabetic patients. These authors presumed that
nonenzymatic glycosylation of Apo(a) is responsible for its large size and each allele
in diabetic subjects averaged 4.1 kDa larger than the same alele in nondiabetic
subjects, which may be responsible for lower Lp(a) levels in type 2 diabetics
(Rainwater et al., 1994, Hernandez et a., 2001, AlBahrani et al., 2007).

The present study showed a non-significant correlation between either fasting glucose
or HbA1c and plasma Lp (a). Changes in Lp (&) concentrations relative to diabetic

control remain controversial, but most studies have failed to show any association of
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Lp(a) levels with glycemic control in patients with type 2 DM (Smaoui et al., 2004,
Singlaet d., 2009, Habib and Aslam, 2004, Ogbera and Azenabor, 2010).

In the present study, Lp(a) was positively correlated with LDL-c, and total cholesterol.
No significant correlation has been found between Lp(a) and TAG, HDL-c, BMI, or
BP. These findings are in agreement with the results of many studies (Habib and
Aslam, 2004, Smaoui et al., 2004, Habib and Aslam, 2003).

The positive correlation between Lp(a) and LDL-c, and total cholesterol is not
surprising because dyslipidaemia is very common in T2DM. One possibility for
elevated concentration of Lp(a) in diabetics could be explained by understanding the
assembly of apo(a) with apo-B 100 moiety of LDL. Apo(a) is primarily synthesized in
the liver and is entered into the circulation, where the LDL moiety is attached to it
(White et al., 1993b). Thus, if higher number of LDL particles are present in the
circulation, there would be more union between LDL and apo(a) and thus higher
concentrations of Lp(a). But this cannot be the sole explanation for this association
because the metabolic pathways of LDL and Lp(a) are quite different.

Some studies observed a negative correlation between Lp(a) and triacylglycerols
(AlBahrani et al., 2007, Ogbera and Azenabor, 2010), and explained this relation by
the fact that, apo(a) is present in triacylglycerol-rich particles (TRPs). Apo(a)-
containing TRPs, in parale with chylomicron remnants, would be rapidly
endocytosed by the liver through the remnant-receptor pathway. Thus, the lower levels
of Lp(a) in patients with hypertriacylglycerolemia could be the result of the rapid
catabolism of TRP apo(a) compared with the slower apo(a) catabolism in the LDL
density range (Hernandez et a., 2001). Supportive evidence to this finding was
reported by Ko et a. study, in which improving insulin resistance in T2DM subjects
by Rosiglitazone (insulin sensitizing agent) was associated with decreasing of
triacylglycerols and increasing of Lp(a) concentration (Ko et al., 2003).

Other studies reveaded a negative relationship between Lp(a) and serum insulin, and
speculated that higher Lp(a) levels among patients with a longer duration of type 2

diabetes may be related to lower plasmainsulin levelsin such individuals, and because
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the direct relationship of vascular risk to the duration of diabetes (Habib et al., 20009,
Carantoni et al., 1999). A report based on an in vitro study showed that insulin
suppresses apoA production in primary cynomolgus monkey hepatocytes (Neele et al.,
1999).This finding is inconsistent with the present studies, which showed a non-
significant association between Lp(a) and serum insulin.

These results are in line with other studies that reported that CVD risk may be
dependent on additional lipid risk factors and indicate that LDL-c may not be an
independent risk factor for the development and progression of atherogenesisin type 2
DM. Lp(a) may to be a new member of metabolic syndrome and it may be useful in
routine clinical practice in future as a cardiovascular risk marker.

The association of Lp(a) levelsin DM has been a matter of some controversies. The
major reasons for the inconsistent results of the prospective studies have been
attributed to the variation in study design, collection and storage of samples, analytical
techniques used, methods used for statistical analysis and population differences that
reflect the known ethnic variability in the Apo(a) sizeisoforms and distribution of

plasmalLp(a) levels.
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(Questionnaire)

File NO. Patient Name:
Age ... Gender: M( ) F( ) Initial diagnoss: .......... .
Height: ......... m. Weight: ............ Kg. BMI: ooovnneee. Kg/m?

Waist Cir: ......... cm. Hip Cir: ......... cm. Waist/Hip ratio: .......... .

Nick Cir: ........ cm. sysBP: ...... mmHg. DiasBP: ...... mmHg.

Physical activity: low ( ) moderate( ) vigorous( )

Smoker: Yes( ) No( ) Exsmoker: Yes( ) No( ) For Years.
Passivesmoker: Yes( ) No( )

Follow diabeticdiet: Yes( ) No( )

Do/ Did You Have:
Hypertenson( ) CvD( ) PVD( ) CVD( ) Heartdisease( )
Heart failure( ) Arterial fibrillation ( ) Retinopathy ( ) Liver disease( )

Acuteor chronicrenal failure( ) Nephroticsyndrome( ) Hypothyroidism ( )
Hyperthyroidism ( ) Gout ( ) Diabetic ketoacidosis( ) Acuteinfection ( )
Nonketotic hyperosmolar syndrome( ) Familial hypercholesterolemia ( )

Familial dydipidemia( ) Proteinuria( ) Steroid sex hormonesdisorders( )

(@11 a1 Qe [15 =2 1S =S

Do you take:

Metformin( ) Insulin( ) Statins( ) fibrates( ) Niacin( ) Ezetimibe( )
Neomycin ( ) aspirin( ) L-carnitine( ) Vit Cwithl-lysin( )

Calcium antagonist ( ) A C Einhibitor ( ) Estrogen and itsreplacements( )
Androgens( ) Antiestrogens( ) Thyroxinereplacement ( ) Diuretics( )
B- blockers( ) Oral contraceptive( )

Other drugS OF SUM QBN Y. cu it ve et e a e ens

FBS. ...... mg/dl. HBAlc: ........ %. Insulin: ....... uu/ml. TC: ....... mg/dl
HDL: ....... mg/dl. LDL: ....... mg/dl. TG: ........ mg/dl. Lp(a)
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Summary

Among the most common chronic disorders of modern time is diabetes mellitus (DM),
which remains unique because of its multisystem ramifications. Type 2 diabetes
mellitus is a well-known risk factor for the development of cardiovascular disease,
cerebrovascular disease, and peripheral vascular disease. In addition to the established
major risk factors, atherosclerosisin type 2 diabetesis related to diabetic dyslipidemia,
which is characterized by high triglyceride, and LDL levels, and low HDL levels.
Lipoprotein A Lp(a) is an independent risk factor for premature CAD and other
thromboembolic disorders, and many studies have reported that Lp(a) is elevated in
type 2 DM. The detrimental effect of the excess of Lp(a) in atherosclerosis is
probably related to the observation that Lp(a) could promote the inhibition of the the
conversion of plasminogen to plasmin, thus helps thrombus formation. Lp(a) plays
another role in atherosclerosis development by recruiting monocytes to the vessel wall
and promoting their binding, could lead to foam cell formation. The present study
designed to evaluate the association of the Lp(a) levels with type 2 diabetes mellitusin
addition to its association with the degree of glycemic control, insulin, and lipid
profile.

In the present study, atotal of 100 type 2 Libyan diabetic patients were recruited from
the Benghazi Center for Diagnosis and Treatment of Diabetes, and Alhaia Clinic in
Benghazi. Thirty apparently healthy age and sex- matched individuals were selected
from the high institute of medica professions, Benghazi to serve as controls. Clinical
information and medical history were obtained through the review of patient medical
files and patients' interviews. Venous blood samples were drawn from al the
participants after at least 10 hours fasting, and analyzed for blood glucose, HbAlc,
total cholesterol, triacyglycerol, and HDL-c using an autoanalyzer with enzymatic
techniques. LDL cholesterol was calculated according to Friedewald equation. Serum
insulin was determined by electrochemiluminescence based instrument, and Lp(a)

concentration was measured by ELISA using a monoclona antibody against Lp(a).
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The data were analyzed using SPSS version 17, P values < 0.05 were considered to be
statistically significant.

In the present study, diabetic patients had significntly higher lipoprotein (a), fasting
blood glucose, insulin, total cholesterol, triacyglycerol, and LDL-c, and lower HDL-c
than control patients group. Pearson’s correation anaysis reveded a significant
positive association between Lp(a) and total cholesterol, and LDL-c. No significant
correlation were found between Lp(a@) and glycemic control parameters (HbA1c, and
FBS), insulin, TAG, and HDL-c.

The effect of hyperglycemia on the rate of synthesis, transcription, and trandation of
apo(a) is still not fully understood. The concentration of glycosylated Lp(a) is
increased in the blood stream of diabetic patients. It is evident from many studies that
glycosylation prolongs the half-life of lipoproteins and this may be applicable for
Lp(a), which may result in higher levels of Lp(a) in diabetic patients. Plasma Lp(a)
concentrations are primarily regulated at the gene level , and an inverse correlation has
been found between plasma Lp(a) concentration and the size of Apo(a).

The association of Lp(a) levels with DM has been a matter of some controversies. The
major reasons for the inconsistent results of the prospective studies have been
attributed to the variation in study design, collection and storage of samples, methods
used for statistical analysis and population differences that reflect the known ethnic

variability in the Apo(a) size isoforms and distribution of plasmalLp(a) levels.
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