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Abstract
Type 2 diabetes mellitus (T2DM) has high morbidity and results in increased risk of mortality
mainly due to cardiovascular diseases. Different factors have been found to be responsible for
the increased prevalence of coronary artery disease (CAD) in T2DM. One of these factors
includes raised serum levels of lipoprotein(a) (Lp(a)). The present study was designed to
evaluate the association of Lp(a) levels with T2DM in Libyan patients and find the degree of
association between Lp(a), glycemic control, insulin, and lipid profile. The study included 100
T2DM patients, recruited from the Benghazi Center for Diagnosis and Treatment of Diabetes,
and 30 apparently healthy age and sex-matched individuals, to serve as controls. All
participants completed a questionnaire to obtain clinical information and medical history.
Blood samples were collected and analyzed for Lp(a), fasting blood glucose (FBS), HbA1c,
insulin, total cholesterol (TC), triglycerides (TAG), low-density lipoprotein c (LDL-c), and high-
density lipoprotein c (HDL-c). The results from the comparison between the control and
experimental groups showed that Lp(a) was significantly higher in diabetic patients. It showed
the positive correlation with TC and LDL-c. On the contrary, it showed no significant
correlations with glycemic control parameters nor insulin, TAG, HDL-c, body mass index (BMI),
and blood pressor (BP). Cardiovascular disease (CVD) risk in type 2 diabetic patients could be
dependent on risk factors other than LDL-c, which may not be an independent risk factor for the
development and progression of atherogenesis in T2DM. Lp(a) may be a new metabolic
syndrome risk factor, and it may be useful as a cardiovascular risk biomarker in future clinical
practice.

Categories: Cardiology, Internal Medicine, Pathology
Keywords: lipoprotein(a), type 2 diabetes mellitus, cardiovascular disease, hyperglycemia, diabetic
dyslipidemia

Introduction
Type 2 diabetes mellitus (T2DM) is a well-recognized risk factor for cardiovascular disease
(CVD), cerebrovascular disease, and peripheral vascular disease, aggravating the effects of
other common risk factors, such as smoking, hypertension, and hypercholesterolemia [1,2]. The
mortality associated with cardiovascular diseases in people with diabetes mellitus is
significantly higher than the mortality in nondiabetic individuals [3]. The increased risk of
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atherosclerosis in diabetics consists of multiple factors. Diabetic dyslipidemia, which is
characterized by high plasma triacylglycerol concentration, low high-density lipoprotein (HDL)
cholesterol concentration, and increased concentration of small, dense low-density lipoprotein
(LDL) particles, are among the key factors that increase the risk of CVD in diabetics [4].

Lipoprotein(a) (Lp(a)) was described nearly 50 years ago by Kare Berg [5] and has been
considered to be a genetic variant of low-density lipoprotein. Later, it was recognized as a
distinct class of lipoproteins [6]. In many studies elevated plasma Lp(a) levels have been shown
to contribute significantly to the incidence of CVD [7].

Lp(a) consists of an LDL-like core lipoprotein covalently linked to glycoprotein
apolipoprotein(a) (Apo(a)) [8]. The protease domain of Apo(a) contains 88% amino acid identity
to the protease domain of plasminogen but is not an active protease able to degrade fibrin [9].
This homology prevents the activation of plasminogen by tissue plasminogen activator (t-PA)
[10], partly by competing with plasminogen for binding to the fibrin or endothelial cell surface
[11], and also by stimulating endothelial cell synthesis of plasminogen activator inhibitor (PAI-
1) possibly hindering fibrinolysis [12]. Moreover, 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 [13].

The association of lipoprotein(a) with T2DM is controversial. A study conducted by Ramirez et
al. [14], found a raised mean Lp(a) level in type 2 diabetic patients but found no association of
glycosylated hemoglobin with Lp(a) in diabetics. On the contrary, a cross-sectional analysis of
plasma Lp(a) concentrations from 36 studies reported that Lp(a) levels were 11% lower in
diabetic patients than in normal subjects [15]. Furthermore, another study showed no
differences in serum Lp(a) levels between diabetic patients and controls [16]. Our present study
was undertaken to estimate serum Lp(a) levels in Libyan patients with type 2 diabetes, and find
out its association with glycemic control, lipid profile, and serum insulin.

Materials And Methods
The present case-control study was conducted during the period of September 2013 to March
2014 and included 100 type 2 diabetic patients recruited from the Benghazi Center for Diagnosis
and Treatment of Diabetes and 30 apparently healthy, age, and sex-matched individuals
selected from the Higher Institute of Medical Professions-Benghazi to serve as controls. Before
the study, informed consent was obtained from all participants, and the study design was
approved by the Ethics Review Board of the University of Benghazi. The patient’s diagnoses
were based on the American Diabetes Association criteria 2006 (i.e., A1c ≥ 6.5%, or fasting
blood glucose (FBS) level ≥ 126 mg/dL or 2-h plasma glucose ≥ 200 mg/dl during an oral glucose
tolerance test). All participants completed a survey to obtain relevant information such as age,
sex, diet, activity level, history of smoking, chronic medical conditions, and medications. Each
participant’s height and weight were measured, and body mass index (BMI) was calculated by
dividing the weight in kilograms by height in meters squared. Blood pressure (BP) was
measured using mercury sphygmomanometer.

At the onset of the study, all patients presented with stable metabolic conditions. Patients
excluded from the study were those suffering from any disease that could affect their metabolic
status and the parameters studied, including nephrotic syndrome, acute or chronic renal
failure, liver disease, thyroid disorders, acute infections, stroke, gout, diabetic ketoacidosis, and
non-ketotic hyperosmolar syndrome, as well as those with a history of familial
hypercholesterolemia or acute myocardial infarction. Patients who recorded taking insulin,
lipid-lowering agents, oral contraceptives, calcium antagonist, beta blockers, and steroids were
also excluded from the study. The control group consisted of healthy subjects who were not
suffering from an acute infection or metabolic or psychological disorder. They were non-
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smoker, non-overweight, and had no history of familial hypercholesterolemia or diabetes
mellitus (DM).

Venous blood samples were drawn from all the participants after at least 10 hours of fasting.
Blood was collected in ethylenediaminetetraacetic acid (EDTA) and plain tubes, and serum was
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 hemoglobin A1c (HbA1c) within a week. The
measurements of glucose, HbA1c, total cholesterol (TC), triglycerides (TAG), HDL, and LDL
were conducted using the standard procedures and available commercial kits in a fully
automated system COBAS INTEGRA 400 plus (ROCH, Germany). Serum insulin was measured
by electrochemiluminescence using a fully automated COBAS e 411 (ROCH, Germany). Serum
Lp(a) was estimated by Sandwich ELISA using kits supplied by Abcam, USA. The diabetic
patients were divided into good and poor glycemic control groups based on a cut-off HbA1c
value of 7.5%.

The data were analyzed using SPSS version 17 (SPSS IBM, Inc., Chicago, IL). Descriptive
characteristics of the study participants were calculated as the mean ± standard deviation (SD).
Differences in various parameters between subject groups and degree of association between
Lp(a) and some clinical and biochemical parameters were found using Analysis of Variance
(ANOVA) and Pearson’s correlation with the p-value less than 0.05 considered as statistically
significant.

Results
Clinical characteristics and glycemic status of diabetic patients and healthy control subjects are
shown in Table 1. BMI was significantly higher in both groups of diabetics compared to the
normal control group (p < 0.05). There was a significant difference in BMI between diabetics
with good glycemic control and those with poor glycemic control (p = 0.009). Additionally,
systolic and diastolic blood pressure measurements showed significant differences between
diabetic patients and the control group (p < 0.05). Non-significant differences in systolic and
diastolic blood pressure measurements were found when diabetics with good glycemic control
compared to diabetics with poor glycemic control (p = 0.87 and p = 0.88, respectively). Diabetic
patients had significantly higher blood glucose, HbA1c, and insulin than non-diabetic control
subjects (p < 0.05). Likewise, diabetics with poor glycemic control had significantly higher levels
of blood glucose when compared to diabetics with good glycemic control (p = 0.00). On the
other hand, the difference in serum insulin between diabetics with good and poor glycemic
control was statistically insignificant (p = 0.19).
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Groups Diabetes Mellitus patients with
HbA1c > 7.5%; (N = 54)

Diabetes Mellitus patients with
HbA1c ≤ 7.5%; (N = 46)

Control
(N = 30)

p-
Value

Age (years) 49.39 ± 4.81* 51.21 ± 5.48 47.33 ±
6.18 -

Gender M/F 26/31 19/24 14/16 -

Body Mass Index (BMI)
(Kg/m2)

26.8 ± 0.88 26.34 ± 1.03 24.48 ±
0.32 0.00

Diastolic Blood
Pressure (BP) (mm Hg) 84.65 ± 4.75 84.78 ± 4.48 76.09 ±

3.7 0.00

Systolic Blood
Pressure (BP) (mm Hg) 132.72 ± 8.36 132.98 ± 8.1 114.1 ±

6.83 0.00

Fasting Blood Glucose
(FBS) (mg/dl) 185.1 ± 62.7 129.93 ± 38 89.4 ±

5.56 0.00

Hemoglobin A1c
(HbA1c) (%) 9.48 ± 1.3 6.41 ± 0.73 4.88 ±

0.27 0.00

Insulin (µIU/ml) 16.11 ± 11 13.54 ± 10.3 8.32 ±
4.2 0.003

TABLE 1: Clinical characteristics and glycemic status of type 2 diabetes mellitus
(T2DM) patients with poor glycemic control (HbA1c > 7.5%), and good glycemic
control (HbA1c ≤ 7.5%), and control subjects.
N: Number of subjects

*: Data are expressed as mean ± Standard Deviation (SD)

Lipid profile and Lp(a) levels of diabetic and control subjects are shown in Table 2. The mean
levels of serum TC, TAG, low-density lipoprotein-c (LDL-c), and LDL-c/high-density
lipoprotein-c (HDL-c) ratio were significantly higher in both groups of diabetic patients
compared to control subjects (p < 0.05). Dissimilarly, comparing serum TC, LDL-c, and LDL-
c/HDL-c ratio of diabetics with good glycemic control to those of diabetics with poor glycemic
control showed no significant differences (p = 0.64, p = 0.42, and p = 0.56, respectively). There
was a significant difference in TAGs when diabetics with good glycemic control and poor
glycemic control were compared (p = 0.003). On the contrary, the HDL-c concentration was
significantly lower in diabetics with good and poor glycemic control than the concentrations of
control subjects (p < 0.05). The comparison showed a non-significant difference in HDL-c
between diabetic groups with poor glycemic control and good glycemic control (p = 0.28).

As shown in Table 2, the mean concentration of Lp(a) in both groups of type 2 diabetic patients
is significantly higher than that of the normal control group (p < 0.05). Lp(a) levels are
insignificantly lower in diabetic patients with poor glycemic control when compared to the
patients with good glycemic control (p = 0.30). The mean Lp(a) levels in both male and female
diabetics 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) levels in relation to age or duration of disease.
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Groups Diabetes Mellitus patients
with HbA1c > 7.5%; (N = 54)

Diabetes Mellitus patients
with HbA1c ≤ 7.5%; (N = 46)

Control
(N = 30)

p-
Value

Total Cholesterol (TC) (mg/dl) 225.61 ± 44* 222.39 ± 31.34 163 ±
17.56 0.00

Triglycerides (TAG) (mg/dl) 205.62 ± 83.53 159.21 ± 78.24 109.5 ±
31.4 0.00

Low-density lipoprotein-c (LDL-c)
(mg/dl) 139.53 ± 43.67 142.97 ± 33.88 91.51 ±

14.25 0.00

High-density lipoprotein-c (HDL-c)
(mg/dl) 44.69 ± 11.37 46.83 ± 9.86 70.18 ±

6.77 0.00

Low-density lipoprotein
(LDL)/High-density lipoprotein
(HDL) Ratio

3.29 ± 1.27 3.17 ± 0.98 1.31 ±
0.26 0.00

Lipoprotein(a) (Lp(a)) (mg/dl) 11.4 ± 4.2 12.25 ± 4.9 8.13 ± 2 0.00

TABLE 2: Lipid profile and lipoprotein(a) levels in diabetic and control subjects.
N: Number of subjects

*: Data are expressed as mean ± Standard Deviation (SD)

A summary of the correlations among LP(a) and some clinical and biochemical parameters in
diabetic patients is demonstrated in Table 3. In diabetic patients, Lp(a) was positively correlated
with TC and LDL-c, and the correlation was statistically significant (Figures 1, 2). However, no
significant correlations were seen between Lp(a) and, age, BMI, BP, TAG, HDL-c, LDL-c/HDL-c
ratio, insulin and glycemic control parameters (FBS and HbA1c).
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Variable Pearson correlation (r) p-Value

Age 0.154 0.127

Body Mass Index (BMI) -0.044 0.663

Systolic Blood Pressure (BP) 0.051 0.613

Diastolic Blood Pressure (BP) 0.103 0.306

Fasting Blood Glucose (FBS) 0.025 0.802

Hemoglobin A1c (HbA1c) -0.001 0.990

Total Cholesterol (TC) 0.309** 0.002

High-density lipoprotein-c (HDL-c) 0.042 0.680

Low-density lipoprotein-c (LDL-c) 0.236* 0.018

Triglycerides (TAG) -0.013 0.900

Insulin 0.040 0.694

Low-density lipoprotein-c (LDL-c)/High-density lipoprotein-c (HDL-c) 0.163 0.105

TABLE 3: Pearson correlation (r) between lipoprotein(a) and some clinical and
biochemical parameters in type 2 diabetic patients.
**: Correlation is significant at the 0.01 level.

*: Correlation is significant at the 0.05 level.
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FIGURE 1: Correlation between lipoprotein(a) and total
cholesterol in diabetic group.
TC: Total cholesterol; Lp(a): Lipoprotein(a).

FIGURE 2: Correlation between lipoprotein(a) and low-density
lipoprotein in diabetic group.
Lp(a): Lipoprotein(a); LDL: Low-density lipoprotein.
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Discussion
The major finding of the present study was a significantly higher level of Lp(a) in diabetic
patients when compared with control subjects. This significant finding is consistent with
results reported by several studies [17-20]. The effect of hyperglycemia on the rate of Apo(a)
synthesis is still not exactly known. It is evident from many studies that glycosylation prolongs
the half-life of lipoproteins. This may be applicable for Lp(a) where many studies have shown
diabetic patients have an increased concentration of glycosylated hemoglobin, which may
contribute to their higher level of Lp(a) [21-22].

Plasma Lp(a) concentrations are primarily regulated at the level of the Apo(a) gene, and an
inverse relationship was found between plasma Lp(a) concentration and Apo(a) size which may
result from an inefficient secretion of larger Apo(a) isoforms from the hepatocytes [23]. A study
of Ribault et al. [24], found that type 2 diabetic patients have a higher expression of low
molecular weight isoforms of Apo(a), raising the possibility of which diabetic patients in the
present study may have small size isoforms of Apo(a), resulting in higher levels of Lp(a).

Studies of Chang et al. and Chico et al. reported no differences in serum Lp(a) levels between
diabetic patients and controls [16,25]. Rainwater et al. and Hernandez et al. demonstrated lower
serum Lp(a) levels in diabetic patients when compared to control subjects. Rainwater et al.
attributed their findings to the presumption, nonenzymatic glycosylation of Apo(a) in type 2
diabetic patients increases the size of the molecule, which may be responsible for lower plasma
Lp(a) levels in type 2 diabetics as there is inverse relationship between Apo(a) size and plasma
Lp(a) [26,27].

No significant correlation has been shown between either fasting glucose or HbA1c and plasma
Lp(a). Changes in Lp(a) concentrations relative to glycemic control remain controversial;
however, most studies have failed to show any correlation between Lp(a) levels and glycemic
control in patients with T2DM [14,28].

In observations, Lp(a) was positively correlated with LDL-c and total cholesterol but
insignificantly correlated to TAG, HDL-c, BMI, or BP. These findings are in agreement with the
results of many studies [18,29]. Apo(a) is predominantly synthesized in the liver and enters the
circulation, where the LDL moiety is attached [30]. Thus, in diabetic dyslipidemia, there is a
higher number of LDL particles present in the circulation, and there would be more union
between LDL and Apo(a) and therefore, higher concentrations of Lp(a). Reasons for exclusion
were myocardial infarction in the previous year, current angina or heart failure, accelerated
hypertension, proliferative or pre-proliferative retinopathy, renal failure with a plasma
creatinine concentration >175 μmol/l, other life-threatening disease such as cancer, an illness
requiring systemic steroids, an occupation which precluded insulin treatment, language
difficulties, or ketonuria >3 mmol/l suggestive of insulin dependent diabetes mellitus [18,28].

A study of Ogbera and Azenabor observed a negative correlation between Lp(a) and TAGs [28],
explaining this relation by stating that Apo(a) is present in triacylglycerol-rich particles (TRPs).
These Apo(a)-containing TRPs, in parallel 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) [27]. Supportive evidence in favor of this finding was reported by which improving
insulin sensitivity in T2DM subjects by rosiglitazone (insulin-sensitizing agent) was associated
with decreasing of triacylglycerols and increasing of Lp(a) concentration [29,30].

Some studies revealed a negative relationship between Lp(a) and serum insulin; studies
speculated that higher Lp(a) levels among patients with a longer duration of type 2 diabetes
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may be attributed to lower plasma insulin levels in individuals. An in vitro study showed that
insulin suppresses Apo(a) production in primary cynomolgus monkey hepatocytes [19]. This
finding is inconsistent with our study, which showed a non-significant association between
Lp(a) and serum insulin.

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

Conclusions
CVD risk in type 2 diabetic patients could be dependent on additional lipid risk factors and LDL-
c. This may not be an independent risk factor for the development and progression of
atherogenesis in type 2 diabetes mellitus. This study concluded that Lp(a) values may be an
independent predictive risk factor in type 2 diabetes mellitus patients for the development of
cardiovascular disease. Using Lp(a) levels as a screening tool could prove to be a useful
biomarker for detecting those patients who are at high risk of CVD. Lp(a) may be a new member
of metabolic syndrome and it may be useful in routine clinical practice in the future as a
biomarker for determining cardiovascular risk.
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