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ABSTRACT
Objective: To find the prevalence of high risk levels of
lipoprotein(a) [Lp(a)] and the ratio between low-density
lipoprotein (LDL) and high-density lipoprotein (HDL) in
patients with type 2 diabetes mellitus (DM) as evidence has
been provided that Lp(a) and LDL can act additively in the
development of atherogenesis.
Methods: This cross sectional study was carried out at the
Department of Chemical Pathology, Armed Forces Institute of
Pathology, Rawalpindi, Pakistan, from February 2001 to May
2001. The patients participating in the study were diagnosed
cases of type 2 DM. Fasting blood samples were analyzed for
Lp(a), low-density lipoprotein cholesterol (LDL-C), highdensity lipoprotein cholesterol (HDL-C), glucose and
glycosylated hemoglobin. The data was analyzed by computer
software SPSS 10.

<30 mg/dl as desirable level and ≥30mg/dl as the high risk
level. It was found that in the control group 73.3% of
individuals had desirable levels of Lp(a) while 26.7% had high
risk levels. In diabetic patients with good glycemic control
56.6% of patients had desirable levels of Lp(a) while 43.4%
had high risk levels. The same data was also analyzed by
taking Lp(a) levels of <20 mg/dl as desirable levels and the
same pattern was observed.
Conclusion: Diabetic patients have elevated levels of serum
Lp(a) as compared to healthy subjects and the frequency of
high risk levels of Lp(a) is also higher in diabetics compared to
non-diabetic subjects. The increased prevalence of high risk
levels in patients with type 2 DM may be due to increased
prevalence of low molecular weight isoforms of apoprotein(a)
[apo(a)].

Results: The data was analyzed by considering Lp(a) levels
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large number of studies have shown that
A
cardiovascular disease (CVD) is the leading cause
of morbidity and mortality in patients suffering from

Diabetes mellitus is one of the most common causes of
secondary dyslipidemias.3 Atherogenic dyslipidemia in
diabetic patients is often called diabetic dyslipidemia. It
is characterized by elevated levels of low-density
lipoprotein (LDL), very LDL and lower levels of
high-density lipoprotein (HDL) often referred to as lipid
triad.4 An issue of considerable interest is the relative
contribution of each component of atherogenic
dyslipidemia to coronary artery disease (CAD) risk.
Growing evidence suggests that all the components of

type 2 diabetes mellitus (DM) as compared to normal
individuals. The complications of DM are both micro
and macroangiopathy. Microvascular complications of
DM include retinopathy, nephropathy, peripheral
neuropathy and autonomic neuropathy.
While
macrovascular complications of DM are myocardial
infarction, stroke and peripheral vascular disease.1,2

From the Department of Physiology (Habib) College of Medicine, King Saud University, Riyadh, Kingdom of Saudi Arabia and the Department of Physiology
(Aslam) Army Medical College, Rawalpindi, Pakistan.
Received 16th November 2002. Accepted for publication in final form 18th March 2003.
Address correspondence and reprint request to: Dr. Syed S. Habib, Registrar, Department of Physiology, College of Medicine, King Saud University, PO Box
2925, Riyadh 11461, Kingdom of Saudi Arabia. Tel. +966 (1) 4682080. E-mail: shahidhabib44@hotmail.com

647

Lipoprotein(a) in diabetes mellitus ... Habib & Aslam

lipid triad are independently atherogenic.5 Evidence has
been provided that lipoprotein(a) [Lp(a)] and LDL can act
additively in the development of atherogenesis. Within
population the plasma Lp(a) levels can vary from <0.5
mg/dl to >200 mg/dl.6 The cutoff Lp(a) value to classify
subjects as being at increased risk for CAD varies
greatly among studies and ranges from 20-40 mg/dl.
Given the uncertainty related to Lp(a) cutoff value, it has
been suggested that clinicians should use a conservative
Lp(a) value of 20 mg/dl, particularly in patients with
concomitantly elevated LDL cholesterol.7,8
A
meta-analysis of 27 prospective studies with information
on 5436 CAD cases observed during mean follow up of
10 years provided the most reliable assessment of the
association between plasma Lp(a) and CAD.9 The
relative risk of myocardial infarction has been reported
to be 1.75 fold higher when Lp(a) levels are >30 mg/dl.10
In another study, Lp(a) was suggested to be one of the
important risk factors for venous thromboembolism
during childhood.11 Lipoprotein(a) continue to emerge as
a potent CAD risk factor in whites and determination of
Lp(a) levels may provide an important contribution to the
clinical assessment of individuals at high risk for CAD
or of patients with existing CAD. 12 The aim of this study
was to find the prevalence of high risk levels of Lp(a) and
the ratio between LDL and HDL in patients with type 2
DM as evidence has been provided that Lp(a) and LDL
can act additively in the development of atherogenesis.
Methods. This study was carried out at the
Department of Chemical Pathology, Armed Forces
Institute of Pathology, Rawalpindi, Pakistan. Sixty-two
patients suffering from type 2 DM and 40 healthy
individuals were studied. The subjects were divided into
3 groups as following: 1) group A - control subjects, 2)
group B - patients with poor glycemic control (HbA1c
≥7.5%) and 3) group C - patients with good glycemic
control (glycosylated hemoglobin [HbA1c] <7.5%). The
patients participating in the study were diagnosed cases
of type 2 DM. Thirty-five patients were males and 27
were females. Their height was measured in centimeters
and weight in kilograms. Body mass index (BMI) was
calculated by the following formula: BMI = body weight
in kilograms / height (square meters). All the patients
were in a stable metabolic condition. History was taken
regarding any disease that could affect the metabolic
status of the body and the parameters studied such as
nephrotic syndrome, acute or chronic renal failure,
thyroid disorders, acute infections, diabetic ketoacidosis
and non-ketotic hyperosmolar diabetes. Patients having
any of the above mentioned disorders were excluded
from the study. Those patients giving history of familial
hypercholesterolemias, ischemic heart disease or
myocardial infarction were also excluded from the study.
The history of medication was recorded and the patients
taking lipid lowering agents, oral contraceptives and
steroids were also excluded. Finally 62 patients were
selected for this study. The subjects included in the
control group were healthy individuals. They were not
648
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suffering from any acute infection or any metabolic or
psychological disorder. They had no family history of
hypercholesterolemias or DM. Their lipid profile and
fasting blood glucose were estimated. They had normal
lipid profile and fasting blood glucose level <6.1 mmol/l
(110 mg/dl). All the tests were run in duplicate and the
average of the 2 readings was taken as the final result.
Glucose was estimated by glucose oxidase phenyl
ampyrone (GOD-PAP) method, an enzymatic
colorimetric method with the kit supplied by Linear
Chemicals (Cat No. GL-5083). The instrument used was
Selectra 2 autoanalyzer. Ion exchange resin separation
method was used for estimation of glycosylated
hemoglobin. The kit was supplied by Stanbio
Glycohemoglobin [Pre-Fil]. Serum HDL and LDL were
measured by cholesterol oxidase phenol ampyrone
method, an enzymatic colorimetric method, using kits of
Merck System. Lipoprotein(a) was estimated by
enzyme linked immunoabsorbant assay. The kits used
were supplied by Innogenetics Biotechnology for Health
Care, Belgium. The wells of polystyrene microplate
strips had been coated with a mouse monoclonal anti Lp
(a) [antibody to Lp(a), which constitutes the solid phase
antibody]. The test sample was incubated in such a well.
Lipoprotein(a) present in the sample, standards and
controls, was bound to the solid phase antibody.
Unbound substances were removed by washing the
plate. Subsequently a sheep anti-apo B polyclonal
antibody [antibody against apoprotein B-100], which
had been labelled with the enzyme horse-radish
peroxidase (HRP), was added. This labelled antibody
was bound to any solid phase antibody, Lp(a) complex
previously formed, since it could bind the apo B moiety
of the Lp(a) complex. Incubation with the enzyme
substrate produced a blue color in the test well, which
turned into yellow when the reaction was stopped with
sulphuric acid. The amount of color produced in the
wells was proportional to the concentration of Lp(a)
originally present in the sample or standard solution.
The data was analyzed by computer software program
SPSS 10. The test used for significance was Student’s t
test. The relative percentage distribution of individuals
in different groups with desirable and high risk levels of
Lp(a) was determined.
Results. Clinical characteristics and LDL/HDL
ratio is given in Table 1. The BMI was significantly
higher in diabetic patients irrespective of glycemic
control (p<0.001). It was also found that LDL/HDL
ratio was found to be significantly higher in diabetics as
compared to normal subjects. When this ratio was
compared between control subjects and diabetics with
good glycemic control the difference was non
significant. There was a significant difference in
LDL/HDL ratio when diabetics with good and poor
glycemic control were compared (p < 0.01). The relative
percentage distribution of subjects falling into desirable
and high risk level categories was calculated in various
groups and all diabetics as a whole group (Table 2). We
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analyzed the data by taking 30 mg/dl of Lp(a) as the
cutoff level for high risk cases. Any subject with
Lp(a) ≥30 mg/dl was taken as high risk level. It was
found that in the control group 73.3% of individuals had
desirable levels of Lp(a) while 26.7% had high risk
levels. In diabetic patients with good glycemic control
56.6% of patients had desirable levels of Lp(a) while
43.4% had high risk levels. Similarly, the percentages in
diabetics with poor glycemic control were 43.3% and
56.7%. When data was analyzed for all diabetics
together, it was found that 48.3% had high risk levels.
As some of the scientists are of the view that 20 mg/dl of
Lp(a) should be taken as the cutoff value for high risk
levels 13 therefore, we also compared the data
accordingly. The same trend was found with some
difference in percentage values (Table 3).
Discussion. The major clinical objective in the
management of DM is to control hyperglycemia and the
long term objective is to prevent microvascular and
macrovascular
complications.14 Glycemic
control
improves and may even normalize triglyceride and
HDL-C levels in type 1 DM patients.15 We also found a
significantly higher levels of LDL/HDL in diabetics as
compared to healthy subjects. An interesting finding was
the observation of a non-significant difference of lipid
profile between control subjects and diabetics with good
glycemic control. The positive improvement in lipid
profile with glycemic control is evident from many
studies. Epidemiologic analysis of the United Kingdom
Prospective Diabetes Study (UKPDS) data has shown
that a continuous relationship exists between the risk of
microvascular complications and degree of glycemic
control.16 Wide differences in Lp(a) values may be both
method and population dependant and constitute a
serious obstacle to clinicians in the interpretation of
patient values and in the correct assessment of risk. The
first report of Lp(a) concentrations in DM was given by
Scherthaner et al.17 These investigators suggested that
Lp(a) concentrations were similar in diabetics and
non-diabetic subjects. However, 14% of diabetic patients
had Lp(a) concentrations >20 mg/dl compared with only
5% of control subjects. In this study, no distinction was
made between type 1 and type 2 DM. Another cross
sectional study18 reported relatively increased Lp(a) levels
in type 1 and type 2 diabetics when compared to normal
glycemic control subjects. These investigators found no
relation between HbA1c and Lp(a) concentrations. To
determine the influence of improvement in glycemic
control with intensive insulin therapy on Lp(a)
concentrations in type 1 diabetic patients Perez et al19
studied 105 poorly controlled type 1 diabetic patients
without diabetic
complications. After 3 months of
intensive therapy, all patients exhibited improved
glycemic control. However, although a more favorable
lipoprotein profile was obtained, no significant changes
in Lp(a) concentrations were observed in the whole group
of patients or in patients with baseline Lp(a) levels of >30
mg/dl or <30 mg/dl. These data demonstrated that the

improvement of glycemic control does not influence
plasma Lp(a) concentrations in type 1 diabetic patients.19
In an interesting study by Takayama et al,20 it was found
that the concentration of Lp(a) in serum was dependent
on size of apoprotein(a) [apo(a)] isoforms in normal
subjects and has an inverse relationship with the
molecular weight of apo(a) isoforms. They found
significantly raised levels of Lp(a) in diabetics.
Takayama et al20 reported that high risk levels of Lp(a)
(>25 mg/dl ) in diabetics were 39% while 15% in control
subjects. Our study reveals similar results with different
percentages. Further supporting evidence in favor of the
present study is the finding of Ribault et al21 who found
that the frequency of apo(a) isoforms was significantly
different in type 1 and type 2 DM and a higher
prevalence of isoforms of low molecular weight was
observed in type 2 DM.21 So most probably our patients
have small size isoforms of apo(a), which result in higher
levels of Lp(a).
In another study, no difference in Lp(a) concentrations
was observed between diabetics and control subjects. 22
The prevalence of high risk cases in this study was 6% in
type 2 diabetics and 12% in control. These findings are
in contrast with our study. Racial and geographical
variation in the levels of Lp(a) may be one of the reasons
for their findings. The findings of Francis et al23 support
our data. They observed increased levels of Lp(a) in type
2 diabetics with raised prevalence of high risk levels of
Lp(a) (>25 mg/dl ) and the effect of glycemic control had
a positive trend on Lp(a) levels but it did not reach the
level of significance. Moreover, similar to our findings
they also observed positive correlation of Lp(a) with
total cholesterol and LDL-C but not with triglycerides
and HDL-C. The results of the present study are in
accordance to Ramirez et al24 who found elevated Lp(a)
levels in a combined group of type 1 and type 2 diabetic
subjects relative to non diabetic subjects. They found
that the levels of Lp(a) were similar in the control group
and the diabetics with good glycemic control (HbA1c <
8%). When the diabetics with poor glycemic control
(HbA1c) were compared with well controlled diabetics,
a significant rise was found in poorly controlled
diabetics. They noticed a proportionately higher
percentage of patients (61%) with high risk levels of
Lp(a) (>20mg/dl) in the poorly controlled diabetics while
there were only 30% in the well controlled diabetics and
31% in the control group. One possibility for increased
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 poured into the circulation, where LDL
moiety is attached to it.25 Thus, if higher number of LDL
molecules are present in the circulation, there would be
more union between LDL and apo(a) and thus higher
concentrations of Lp(a). Therefore, the results of the
present study are related accordingly. But this cannot be
the sole explanation for this association since the
metabolic pathways of LDL and Lp(a) are quite different.
Further studies are needed in this regard. Despite
www.smj.org.sa Saudi Med J 2003; Vol. 24 (6)
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Table 1 - Clinical characteristics and lipid profile of control, DM patients with good glycemic control (HbA1c <7.5%), poor glycemic
control (HbA1c ≥7.5%) and all diabetic patients.

Clinical profile

Control
N=40

DM patients with
HbA1c < 7.5%
N=32

DM patients with
HbA1c 7.5%
N=30

All DM patients
N=62

23/17

18/14

17/13

35/27

Age (years)

44.66 ± 1.12

49.53 ± 2.18

51.14 ± 1.71

50.38 ± 1.43

BMI (kg/ m2)

24.01 ± 0.38

27.46 ± 0.91*

26.29 ± 0.72 *

26.88 ± 0.58 *

Serum LDL/HDL ratio

2.26 ± 0.09

2.77 ± 0.27†

4.34 ± 0.35 *

3.56 ± 0.24 *

Gender (male/female)

Data is expressed as mean ± SEM, *p < 0.001 as compared to control, †p < 0.01 as compared to diabetics with poor glycemic control,
BMI - body mass index, LDL - low-density lipoprotein, HDL - high-density lipoprotein, DM - diabetes mellitus,
HbA1c - glycosylated hemoglobin

Table 2 - Relative percentage distribution of control, DM patients with good glycemic control, DM patients with poor glycemic
control and all DM patients into desirable [Lp(a) < 30 mg/dl] and high risk level categories [Lp(a) ≥30 mg/dl].

Risk categories

Normal control
subjects

DM patients with good
glycemic control

DM patients with poor
glycemic control

All DM patients

Lp(a) <30 mg/dl

73.3

56.6

43.3

48.3

Lp(a) ≥30mg/dl

26.7

43.4

56.7

51.7

Lp(a) - lipoprotein(a), DM - diabetes mellitus

Table 3 - Relative percentage distribution of control, DM patients with good glycemic control, DM patients with poor glycemic
control and all DM patients into desirable [Lp(a) < 20 mg/dl] and high risk level categories [Lp(a) ≥ 20 mg/dl].

Risk categories

Normal control
subjects

DM patients with good
glycemic control

DM patients with poor
glycemic control

All DM patients

Lp(a) <20 mg/dl

63.3

46.6

23.3

35

Lp(a) ≥20mg/dl

36.7

53.4

76.7

65

Lp(a) - lipoprotein(a), DM - diabetes mellitus
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intense research it does not seem to be cost-effective at
this point to add the determination of apo(a) isoforms to
CVD risk assessment. Clinicians should decide on an
individual basis whether the determination of apo(a)
isoforms is necessary to generate a more complete risk
profile. Lipoprotein(a) continues to be a focus of intense
research and new exciting data is continuously being
produced.
In conclusion, diabetic patients have elevated levels of
serum Lp(a) as compared to healthy subjects and the
frequency of high risk levels of Lp(a) is also higher in
diabetics than non diabetic subjects. The increased
prevalence of high risk levels in patients with type 2 DM
may be due to increased prevalence of low molecular
weight isoforms of apo(a) in these patients.
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