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Abstract

Type 2 diabetes mellitus is associated with a marked increase of coronary heart disease (CHD). We aimed to assess the impact of
elevated serum lipoprotein (a) (Lp[a]) concentrations on the risk of CHD in patients with type 2 diabetes mellitus. A consecutive series of
352 outpatients was investigated. We determined the serum lipid profile and checked the patients for a history of CHD and of its traditional risk
factors. Furthermore, the patients were divided into 3 groups according to the degree of elevation of the serum Lp(a) concentration: serum
Lp(a) concentrations greater than 50 mg/dL, between 30 and 50 mg/dL, and less than 30 mg/dL, a presumed high normal value; and the
prevalence of CHD was compared among the 3 groups. The serum Lp(a) concentrations in the subjects varied widely from 0.4 to 163.6 mg/dL.
Patients with CHD had significantly higher serum Lp(a) concentrations than those without CHD (P = .0045). Logistic regression analysis to
identify factors associated with the presence of CHD revealed that elevated serum Lp(a) is a significant risk factor (P = .0246). The prevalence
of CHD increased with increasing serum Lp(a) concentrations (P = .048). Patients with serum Lp(a) concentrations greater than 50 mg/dL had
a significantly higher prevalence of CHD than those with serum Lp(a) concentrations less than 30 mg/dL: the odds ratio of an elevated serum
Lp(a) concentration was 3.346 (P = .039). In conclusion, elevated serum Lp(a) is a significant risk factor; and the risk of CHD appears to
increase with increasing serum Lp(a) concentrations. Serum Lp(a) concentration of 50 mg/dL might represent a threshold level in relation to

the risk of CHD in patients with type 2 diabetes mellitus.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Type 2 diabetes mellitus is associated with a marked
increase in the risk of cardiovascular diseases, in particular,
of coronary heart disease (CHD) [1,2]. The traditional risk
factors for CHD, namely, hypertension, elevated serum
cholesterol, and smoking habit, do not explain the excessive
prevalence of CHD among diabetic patients. We considered
that one possible factor that may increase the risk of CHD
in diabetic patients might be elevated serum lipoprotein (a)
(Lp[a]) concentrations.

Lipoprotein (a) is a low-density lipoprotein—like particle
linked by a disulfide bond to the glycoprotein apolipoprotein
(a) [3-5]. Since the discovery of the Lp(a) system by Berg [3]
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in 1963, this lipoprotein has attracted much attention as a
potential risk factor for atherosclerotic cardiovascular
diseases. A number of case-control studies [5-8] and
prospective studies [9] have indicated that elevated serum
Lp(a) concentrations are a risk factor for CHD in the general
population. However, the situation may be different in
patients with diabetes mellitus. Studies of the serum Lp(a)
concentrations in patients with type 2 diabetes mellitus are
limited, and the significance of elevated serum Lp(a)
concentrations in patients with type 2 diabetes mellitus
remains inconclusive: some studies have indicated a direct
association between elevated serum concentrations of Lp(a)
and the risk of CHD in these patients [10], whereas others
have shown discrepant results [11]. The results of prospec-
tive studies are also conflicting [12-14]. Although the exact
reasons for the conflicting reports are not clear, special
attention must be paid to the fact that the distribution of the
serum Lp(a) concentrations in the population differs greatly
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from those of other lipids: it is broad, with an extremely wide
range of variations from less than 0.2 mg/dL to more than
200 mg/dL [5], and shows striking skewing toward lower
concentrations, with 90% of the population having concen-
trations less than 30 mg/dL [5], which may sometimes
complicate data analysis.

Previously, we reported a positive association between
high serum Lp(a) concentrations and the risk of car-
diovascular events in diabetic patients, based on the
results of a prospective study [12]. Very recently, we
demonstrated that markedly elevated serum Lp(a) con-
centrations (=100 mg/dL) are associated with a 5-fold or
greater increase in the CHD risk in patients with type 2
diabetes mellitus, as well as in patients with familial and
nonfamilial hypercholesterolemia [15]. The aim of the
present study was to demonstrate the impact of elevated
serum Lp(a) concentrations on the risk of CHD in patients
with type 2 diabetes mellitus.

2. Subjects and methods
2.1. Study subjects

A consecutive series of 352 patients (236 men and 116
women, 33-85 years of age) with type 2 diabetes mellitus
who visited our Diabetes and Lipid Outpatient Clinic was
enrolled in the present study. The duration of diabetes in the
study subjects was 15 + 9 years. About half of the patients,
that is, 173 of the 352 patients, were receiving medications
for diabetes (insulin in 46 and oral hypoglycemic agents in
127); and 62 patients (17.6%) were receiving lipid-lowering
agents. Patients with end-stage renal disease and nephrotic
syndrome, both of which have been reported to be associated
with significant increase of the serum Lp(a) levels and
increased risk of CHD [5,15], were not included.

2.2. Determination of the serum Lp(a) and
lipid concentrations

Blood samples were collected for measurement of fasting
blood glucose; glycosylated hemoglobin (HbA,.); and the
serum cholesterol, triglyceride, high-density lipoprotein
cholesterol (HDL-C), and Lp(a) concentrations. The serum
Lp(a) concentrations were measured by the latex immuno-
sorbent assay method described previously [16], and the
other parameters mentioned were determined by routine
laboratory methods.

2.3. CHD and its traditional risk factors

We obtained a careful history of CHD and of its
traditional risk factors, including dyslipidemia, hypertension,
and history of smoking, from the subjects.

2.3.1. Coronary heart disease
Subjects with a previous history of myocardial infarction
and/or of having undergone coronary bypass grafting or

percutaneous transluminal coronary angioplasty were con-
sidered to have definite CHD.

2.3.2. Dyslipidemia

Serum cholesterol, triglyceride, and HDL-C concentra-
tions of >220, >150, and <40 mg/dL, respectively, were
considered to represent dyslipidemia. Subjects who were
taking lipid-lowering agents were also counted as having
dyslipidemia.

2.3.3. Hypertension

Subjects with blood pressure values greater than 140/
90 mm Hg and also those who were taking antihypertensive
medication were considered to have hypertension.

2.3.4. Smoking habit

Subjects who smoked more than 10 cigarettes per day
were designated as smokers. Both past and current smokers
were included.

2.4. Risk factor analysis

The risk factors for CHD were scored as follows: sex: 1
for male and 0 for female; age: 1 for male subjects >45 years
old and female subjects >55 years old, and 0 for male
subjects <45 years old and female subjects <55 years old;
dyslipidemia, hypertension, and smoking habit: 1 for “+” and
0 for “-.”

In the analysis conducted to identify independent factors,
3 lipid parameters (ie, HDL-C, non—HDL-C, and triglycerides)
were entered in place of dyslipidemia. Because Lp(a) contains
about 45% cholesterol [17,18], Lp(a)-cholesterol ([Lp[a]-C)
values may reach considerably high values at concentrations
greater than 50 mg/dL; and the contribution of Lp(a) to the
total cholesterol level should be taken into account. Therefore,
non-HDL, non-Lp(a) cholesterol values were obtained by
calculating Lp(a)-C (Lp[a] mass x 0.45) and then subtracting
HDL-C and Lp(a)-C from the total cholesterol level; and this
was designated as the “corrected” non—HDL-C values.

2.5. Statistical analysis

Results were expressed as the frequency or mean &+ SD.
Comparisons between groups were performed using
Student ¢ test for continuous variables, whereas for the
serum Lp(a) concentrations, the comparisons were con-
ducted using Mann-Whitney U test. Category comparison
was performed by the % test. The odds ratios and 95%
confidence intervals were calculated using StatView,
version 5.0, for Macintosh computer (SAS, Cary, NC).
Logistic regression analysis was conducted to estimate the
association of CHD with potential risk factors, including the
age, sex, HbA ., serum Lp(a), serum lipid levels (HDL-C,
corrected non—HDL-C, and triglycerides), hypertension,
and smoking habit. The serum Lp(a) concentrations were
log-transformed before the logistic regression analysis. In
all the analyses, P values less than 0.05 were considered to
represent significance.
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Table 1
Characteristics of the study patients with and without CHD
CHD (+) CHD (-) P value

n 25 327
Age (y) 65+9 62+ 10 NS
Sex (M/F) 18:7 218:109 NS
Duration of diabetes (y) 19+9 15+9 .0381
HbA,. (%) 7.7+ 1.7 73+1.5 NS
Lp(a) (mg/dL) 21.9 (5.4-163.6)  13.9 (0.4-140.3) .0045
Cholesterol (mg/dL) 221 + 34 215+ 38 NS
HDL-C (mg/dL) 46 + 12 54 +£17 .0124
Corrected non-HDL-C 161 + 32 152 +38 NS

(mg/dL)?
Triglycerides (mg/dL) 117 £ 42 124 £ 97 NS
Hypertension (%) 72 63.9 NS
Smoking habit (%) 80 41 .0002

Data are means + SD. For Lp(a), the data represent the median (range); and
the statistical test used is Mann-Whitney U test. The Lp(a)-C was obtained
by calculating Lp(a) x 0.45. NS indicates not significant.

* Corrected non-HDL-C = total cholesterol — HDL-C — Lp(a)-C.

The study was conducted with the approval of the
institutional review board.

3. Results
3.1. Baseline characteristics of the study patients

The study patients were mostly nonobese, with a body
mass index of 21.7 £ 2.6. The fasting blood glucose and
HbA . values were 138 + 38 mg/dL and 7.4% + 1.5%,
respectively. The median serum Lp(a) concentration was
14.5 mg/dL (range, 0.4-163.6 mg/dL). The serum concen-
trations of total cholesterol, triglycerides, and HDL-C were
216 £+ 38, 123 £ 95, and 53 + 17 mg/dL, respectively,
although many patients (62/352, 19.6%) were taking lipid-
lowering agents, including statins and fibrates.

3.2. Comparison of the characteristics of patients with and
without CHD

The overall prevalence of CHD in the study subjects was
7.8% (25/352). The baseline characteristics of the patients
who did and did not have CHD are shown in Table 1. The
mean age was similar in the subject groups with and without
CHD. There was no sex-related difference in the prevalence
of CHD (18/236 and 7/116 in men and women, respectively).

Table 2

Baseline characteristics of the 3 groups of patients with type 2 diabetes mellitus

The duration of diabetes was longer in the subject group
with CHD as compared with that in the subject group
without CHD. Glycemic control, as evaluated by the HbA .
values, was similar between the 2 groups of patients. The
proportion of subjects receiving insulin or oral hypogly-
cemic agents was similar in the subject groups with and
without CHD. The proportion of subjects taking lipid-
lowering agents was significantly higher in the subject
group with CHD than in the subject group without CHD
(12/25 vs 50/327, P <.0001). Serum Lp(a) concentrations
are also known to be elevated in patients with end-stage renal
disease and nephrotic syndrome [5,15]. In the 25 patients
with CHD in the present study, the serum creatinine
and blood urea nitrogen concentrations were in the range
of 0.7 to 1.3 mg/dL (0.9 + 0.2 mg/dL) and 12 to 34 mg/dL
(18 £5 mg/dL), respectively. Urinary albumin excretion was
negligible (<30 mg/g creatinine) and minimal (microalbu-
minuria, <300 mg/g creatinine) in 11 and 10 patients, res-
pectively, with the remaining 4 patients showing clinical
proteinuria (84-168 mg/dL).

Patients with a history of CHD had significantly higher
serum concentrations of Lp(a) than those without a history of
CHD. The serum corrected non—HDL-C and triglyceride
concentrations were similar in the 2 groups, whereas the
serum HDL-C concentrations were significantly lower in the
patients with CHD than in those without CHD.

3.3. Risk factor analysis

Logistic regression analysis to identify factors associated
with the presence of CHD revealed that elevated serum Lp(a)
concentrations as well as smoking habit and reduced serum
HDL-C concentrations were statistically significant indepen-
dent risk factors (age, P = .8418; sex P =.6168; HbA,., P =
.5375; Lp[a], P =.0246; HDL-C, P = .0424; corrected non—
HDL-C, P = .0911; triglycerides, 0.0867; hypertension, P =
4129; smoking, P = .0033).

3.4. Prevalence of CHD in relation to the degree of
elevation of the serum Lp(a) levels

The subjects of the study were then divided into 3 groups
according to the degree of elevation of the serum Lp(a)
concentrations: group A, Lp(a) >50 mg/dL; group B, 30 to
<50 mg/dL; and group C, <30 mg/dL. Because 30 mg/dL is
the presumed high normal value [4], group C was assumed
as a disease control. The baseline characteristics of these

Lp(a) (mg/dL) n M/F

Age (y) HbA,. (%) Triglycerides (mg/dL) Corrected non—HDL-C (mg/dL)* HDL-C (mg/dL) Risk Factors (n)®

Group A (=50) 31 16:15 65+11 7.6+13 121 +48
Group B (30-<50) 45 25:20 65+11 7.7+14 101 + 48
Group C (<30) 276 19581 62+10 73 +1.6 127 £ 104

147 + 37 52+ 14 34+0.8
153 +30 55+ 16 34+ 1.1
154 + 39 53+17 33+ 1.1

* Corrected non—HDL-C = total cholesterol — HDL-C — Lp(a)-C. Lipoprotein(a) cholesterol was obtained by calculating Lp(a) x 0.45.
® Risk factors: sex, 1 for male and 0 for female; age, 1 for male subjects >45 years old and female subjects >55 years old, and 0 for male subjects <45 years
old and female subjects <55 years old; hypertension and smoking habit, 1 for “+” and 0 for “—.”
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Table 3
Prevalence of CHD in relation to the degree of elevation of the serum
Lp(a) concentration

Lp(a) (mg/dL) n

CHD (+) Odds ratio 95% CI P value

Group A (>50) 31 5 3.346 1.126-9.947 039
Group B (30-<50) 45 5 2.175 0.749-6.312 175
Group C (<30) 276 15 1

CI indicates confidence interval.

3 groups of patients are shown in Table 2. There were no
significant differences between the 3 groups in regard to the
age, sex ratio, HbA ., serum lipid profile (corrected non—
HDL-C, HDL-C, and triglycerides) or the number of risk
factors for CHD.

A comparison of the prevalence of CHD in the 3 groups is
shown in Table 3; the prevalence increased steadily with
increase in the serum Lp(a) concentration (group C to group
A) (P = .048). As compared with that in the control group
(group C), a trend toward an increase in the prevalence of
CHD among the subjects with slight elevation of the serum
Lp(a) concentrations (group B), and a significant increase in
the prevalence of CHD among the subjects with more
marked elevation (=50 mg/dL) of the serum Lp(a)
concentrations were observed (group A).

4. Discussion

The present study showed that diabetic patients with CHD
had significantly higher serum Lp(a) concentrations than
those without CHD. Logistic regression analysis to identify
factors associated with the presence of CHD revealed that the
serum Lp(a) concentration is a risk factor for CHD. Results
of the prevalence of CHD in relation to the degree of
elevation of the serum Lp(a) concentration revealed a steady
increase in the prevalence of CHD with an increase in the
serum Lp(a) concentration, and serum concentrations greater
than 50 mg/dL were associated with a 3.3-fold increase in the
risk of CHD. The results of the present study strongly
indicate that elevated serum Lp(a) concentrations represent a
significant risk factor for CHD, and the concentration of 50
mg/dL may represent an apparent threshold value in relation
to the risk of CHD in patients with diabetes.

Although the clinical significance of the serum Lp(a)
concentration is well recognized in the general population
[5-9], information about its significance in diabetic patients
is still limited; and the results are conflicting: some studies
have indicated an association between elevated serum Lp(a)
concentrations and the risk of CHD [10,12,13], whereas
others have demonstrated the absence of any such associa-
tion [11,14]. The precise reason for this discrepancy is not
certain; however, this may arise, at least in part, from the fact
that the distribution of serum Lp(a) concentrations is broad,
with an extremely wide range of variations from less than
0.2 mg/dL to more than 200 mg/dL, and shows striking
skewing toward lower values [5]. A review of the literature

indicates that sometimes subjects with markedly elevated
serum Lp(a) concentrations have been excluded from studies
because of the extreme deviations of the Lp(a) values [5]. A
recent report addressing the role of Lp(a) in patients with
type 2 diabetes mellitus studied only patients with serum Lp
(a) concentrations less than 30 mg/dL [14]. In addition, we
must recognize that because Lp(a) particles contain about
45% cholesterol [17,18], the Lp(a)-C values should reach
considerably high values at high serum Lp(a) concentrations.
Thus, when serum Lp(a) concentrations are elevated,
conventional “calculated low-density lipoprotein cholesterol
(LDL-C)” values might be overestimated; and this may
obscure the significance of elevated serum Lp(a). Almost
none of the previous cardiovascular complication studies
appear to have taken the contribution of Lp(a)-C to total
cholesterol into account.

The results of our logistic regression analysis indicated
that elevated serum Lp(a) concentrations as well as reduced
serum HDL-C concentrations and smoking habit were
independent risk factors for CHD. There was no difference
in the corrected non—HDL-C value, corresponding to the
serum LDL-C, between the subject groups with and
without CHD. However, the proportion of subjects taking
lipid-lowering agents was significantly higher in the
subject group with CHD than in the subject group without
CHD; and this could be the reason why the serum “LDL-
C” was not significantly different between the 2 subject
groups. In the present study, no sex-related difference was
observed in the prevalence of CHD. This suggests that the
normal sex-related difference in the prevalence of cardio-
vascular diseases is eliminated in the presence of diabetes
mellitus [19,20].

Kostner et al [21] reported that serum Lp(a) concentra-
tions greater than 30 mg/dL represent a relative risk of 1.75
for myocardial infarction in normolipidemic men and that
those with serum Lp(a) concentrations greater than 50 mg/dL
show a 2.3-fold relative risk. From these results, they
concluded that elevated serum Lp(a) concentrations repre-
sent an independent risk factor for myocardial infarction and
that the concentration of 30 mg/dL represents a possible
threshold for an increase in the risk in the normolipidemic
population [21]. In our study, the prevalence of CHD
increased with increasing serum concentrations of Lp(a); and
serum concentrations greater than 50 mg/dL were associated
with a significant increase in the risk of CHD. We suggest
that the serum concentration of 50 mg/dL represents a
threshold in relation to the risk of CHD in diabetic subjects.

Thirty-one of the 352 subjects, that is, 8.8%, exhibited
serum Lp(a) concentrations greater than 50 mg/dL. From the
results of the present study, we do think that these subjects
need to be treated. It is known, however, that the serum Lp(a)
concentration is mostly under genetic control and that major
lipid-lowering agents, including statins and fibrates, are
ineffective at lowering the serum Lp(a) concentrations
Nicotinic acid is known to decrease the serum Lp(a)
concentration; however, this agent may worsen glycemic
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control and should not be given to patients with diabetes
[22]. A number of publications, including ours [23], have
shown that a large dose of estrogen caused a marked
reduction of the serum Lp(a) concentrations; and we hope
that some derivatives without hormonal action may become
available in the future.

In conclusion, the present study results showed that
elevated serum Lp(a) is a significant risk factor for CHD in
patients with diabetic subjects and that serum Lp(a)
concentrations greater than 50 mg/dL were associated with
a 3.3-fold increase in the risk of CHD, representing an
apparent threshold for an increase in the risk of CHD in
patients with type 2 diabetes mellitus.
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