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Background/Aims: Elevated lipoprotein(a) (Lp[a]) level is known to be a risk factor
for cardiovascular disease (CVD). However, the data that has been reported on the
association between the Lp(a) level and CVD in type 2 diabetes has been limited
and incoherent. The aim of this study was to investigate the relationship between
the Lp(a) concentration and new onset CVD in type 2 diabetes.

Methods: From March 2003 to December 2004, patients with type 2 diabetes
without a prior history of CVD were consecutively enrolled. CVD was defined as
the occurrence of coronary artery disease or ischemic stroke. Cox proportional
hazards models were used to identify the associations between the Lp(a) and CVD
after adjusting for confounding variables.

Results: Of the 1,183 patients who were enrolled, 833 participants were evaluated
with a median follow-up time of 11.1 years. A total of 202 participants were diag-
nosed with CVD (24.2%). The median Lp(a) level for 1st and 4th quartile group was
5.4 (3.5 to 7.1) and 55.7 mg/dL (43.1 to 75.3). Compared with patients without CVD,
those with CVD were older, had a longer duration of diabetes and hypertension,
and used more insulin and angiotensin converting enzyme inhibitors/angioten-
sin receptor blockers at baseline. A Cox hazard regression analysis revealed that
the development of CVD was significantly associated with serum Lp(a) level (haz-
ard ratio, 1.92; 95% confidence interval [CI], 1.26 to 2.92; p < 0.001, comparing the
4th vs. 1st quartile of Lp[a]).

Conclusions: Elevated Lp(a) level was an independent predictable risk factor for
CVD in type 2 diabetes. Other cardiovascular risk factors should be treated more
intensively in type 2 diabetic patients with high Lp(a) levels.
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INTRODUCTION

Cardiovascular disease (CVD) is a major cause of death
worldwide and is the second leading cause of death in
Korea. In type 2 diabetes, the prevalence of CVD is 2- to
4-fold higher than in the general population [1-3]. Be-
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cause of the clinical importance of CVD and the related
morbidity and mortality in type 2 diabetes, predictable
risk engines based on large epidemiologic studies have
been suggested to identify the risk factors [4,5]. Never-
theless, most of the previous studies were performed
using only conventional risk factors (hypertension, lipid
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abnormalities, smoking, and obesity) for explaining the
higher incidence of CVD in patients with type 2 diabe-
tes [1-3]. Therefore, beyond the known modifiable risk
factors, identification of another biomarker might be
helpful for early detection and prediction of the future
development of CVD in patients with type 2 diabetes.
Moreover, a new biomarker may help to attenuate the
health burden related to morbidity and mortality of
CVD in patients with type 2 diabetes.

Lipoprotein(a) (Lp[a]) is a low density lipoprotein (LD-
L)-like substance composed of a cholesterol-laden LDL
particle covalently bound to a plasminogen-like glyco-
protein known as apolipoprotein(a) (apo[a]) [6]. Because
apo(a) shows a strong sequence homology with plasmin-
ogen, Lp(a) has been considered a link between athero-
sclerosis and thrombosis [7]. Although its physiologic
function remains elusive, recent large prospective stud-
ies and meta-analyses have documented the association
of Lp(a) with an increased risk of CVD in the general
population [8-10]. In the prospective meta-analysis stud-
ies of Emerging Risk Factors Collaboration et al. [8], the
risk ratio for CVD per 3.5-fold higher Lp(a) levels was
1.16 (95% confidence interval [CI], 1.11 to 1.22). Recently,
Kamstrup and Nordestgaard [11] revealed that Lp(a) was
inversely associated with the new onset of type 2 diabe-
tes. However, several studies reviewing the association
between Lp(a) concentration and CVD in type 2 diabe-
tes reported inconsistent findings [12-17]. Moreover, the
clinical implication of Lp(a) in CVD and the relationship
between Lp(a) level and future development of CVD is
unknown in patients with type 2 diabetes.

Therefore, the purpose of this long-term prospective
observational cohort study was to investigate the asso-
ciation between Lp(a) level and CVD in type 2 diabetes.

METHODS

Study population

From January 2003 to December 2004, 1,183 patients
with type 2 diabetes aged 25 to 75 years were consecu-
tively enrolled and received follow-up care from January
2013 to December 2014 at the University-Affiliated Di-
abetes Center of St. Vincent’s Hospital in South Korea
(Fig. 1). Eligible participants were free from a history of
CVD, type 1 diabetes, gestational diabetes, or hormone
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replacement therapy, such as with estrogens or proges-
terone; drugs interfering with Lp(a) metabolism such as
niacin and chronic use of steroid; or any severe illness,
such as heart failure, liver cirrhosis, alcoholism, thyroid
disease, severe infection, acute illness, or malignancy.
The study was approved by the Catholic Medical Center
Ethics Committee and conducted in accordance with
the Declaration of Helsinki. Written informed consents
were obtained from all participants.

Study method

A detailed questionnaire was obtained for participant
information, including the medical history, current
cigarette smoking status, diabetes duration [18] and use
of medications. Hypertension was defined as a systolic
blood pressure = 140 mmHg or diastolic blood pressure
= 9o mmHg or use of antihypertensive medications
[19]- Blood samples were collected after fasting for 8 to
12 hours. The glycated hemoglobin (HbAxc) levels were
measured by high-performance liquid chromatography
every 6 months. The estimated glomerular filtration
rate (eGFR) was used to determine the chronic kidney
disease classification using the 4-component Modifi-
cation of Diet in Renal Disease equation [20]. Diabetic
nephropathy was diagnosed if'a patient showed micro-
albuminuria (30 to 300 mg/day) or macroalbuminuria (=
300 mg/day). The urinary albumin excretion (UAE) rate
was measured from a 24-hour urine collection using
immunoturbidimetry (Eiken, Tokyo, Japan). The serum
Lp(a) concentration was identified by a one-step sand-
wich enzyme-linked immunoassay (TintElize Lp[a] kit,
Biopool AB, Umea, Sweden). The intra- and interassay

1,418 Patients

I 235 Exclusion

1,183 Patients
qualified for follow-up
I 350 Follow-up loss and
[ noncardiac vascular

833 Patients (70.5%) death
completed for follow up

VD (+) VD ()
(n =202, 24.2%) (n=631,75.8%)

Figure 1. Study design summarizing and follow-up. CVD,
cardiovascular disease.
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coefficients of variation were 4.5% and 6.7%, respective-
ly. Total cholesterol and LDL-cholesterol (LDL-C) levels
were adjusted for the Lp(a) concentration according to
the modified version of the formula which was pub-
lished previously [21]. The modified formula is as fol-
lows: Lp(a)-corrected LDL-C = total cholesterol - high
density lipoprotein cholesterol (HDL-C) - (triglycerides

[ 5) = [Lp(a) x 0.45].

Definition of CVD

CVD was defined as a diagnosis of coronary artery dis-
ease (CAD) or stroke [2,8]. CAD was defined as either a
diagnosis of angina pectoris, myocardial infarction, or
coronary revascularization (coronary bypass surgery or
coronary angioplasty). Stroke manifestation included
transient ischemic attack (TIA) or cerebral infarction.
Follow-up visits were performed every 3 to 4 months,
and we verified the onset of CVD by hospital records.
Diagnosis of CVD was confirmed by specialists includ-
ing a cardiologist, a neurologist, and a neurosurgeon.
Cause and time of death were obtained from the hospi-
tal record or by telephone call when they did not appear
for follow-up.

Statistical analysis

All data are reported as the mean + SD, median (inter-
quartile range [IQR]) or number (percentage). The cate-
gorical variables were tested using chi-square tests, and
the continuous variables were tested using the indepen-
dent Student t tests. As the Lp(a) concentration showed a
highly skewed distribution, the Wilcoxon rank sum test
was performed. Univariable and multivariable Cox pro-
portional hazards models were used to identify the as-
sociations between the Lp(a) and CVD after adjusting for
clinical characteristics (gender, age, duration of diabetes,
hypertension, smoking, body mass index [BMI], diabetic
nephropathy, mean HbAu1c level, fasting plasma glucose
[FPG], eGFR, Lp|a] corrected LDL-C, insulin treatment,
the use of angiotensin converting enzyme inhibitor/an-
giotensin receptor blockers [ACEi/ARBs], acetylsalicylic
acid, or statins). The proportional hazards assumption
was confirmed using log-minus log-survival plots. Haz-
ard ratios (HRs) were calculated and the results were re-
ported as HRs and 95% CIL. SAS version 9.3 (SAS Institute
Inc., Cary, NC, USA) was used for statistical analyses. A p
< 0.05 was considered significant.
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RESULTS

During 11.1 years of follow-up, 833 participants (70.5%)
were evaluated (Fig. 1) and 79 participants (9.5%) died (12
patients died due to CVD event) in 1,183 participants. A
total of 503 participants (60.4%) were women, and the
mean age and diabetes duration was 55.2 + 9.9 and 7.8 +
6.3 years, respectively. During the follow-up period, 202
participants (24.2%) were newly diagnosed with CVD;
114 cases (13.7%) were CAD event, 97 cases (11.6%) were
stroke (including TIA), and nine participants (1%) were
diagnosed with both CAD and stroke.

Compared with patients without CVD, those with CVD
were older, more likely to be female, had a longer dura-
tion of diabetes, had a higher frequency of hypertension
and diabetic nephropathy, and used more insulin and
ACFi/ARBs at baseline (Table 1). The group with CVD
had a higher mean HbAic during the follow-up than
those without CVD (8.18% + 1.21% vs. 8.60% + 1.38%, p <
0.001). Of the 115 patients who had a mean HbA1c <7.0%
during the observation period, 17 patients (14.8%) devel-
oped CVD at the end of the study. However, of the 717
patients who had mean HbA1c > 9.0% during the study
period, 184 patients (25.7%) developed CVD (p = 0.011).

In laboratory findings at baseline, HbAxc level, total
cholesterol, and LDL-C levels were significantly higher
in the CVD group. In particular, Lp(a) levels were differ-
ent between subjects with CVD and without CVD (25.6
mg/dL vs. 15.2 mg/dL, p < 0.001) (Table 1). The median
baseline Lp(a) level of this cohort was 16.7 mg/dL, and
the distribution of Lp(a) levels was skewed, ranging from
035 to 261.0 mg/dL. The median Lp(a) level in females
was higher than that in males (20.3 mg/dL [IQR, 105 to
37.6] vs. 13.1 mg/dL [IQR, 7.2 to 29.5], p < 0.001).

The median Lp(a) level for each quartile group was 5.4
mg/dL (IQR, 3.5 to 7.1), 12.1 mg/dL (IQR, 103 to 14.7), 24.0
mg/dL (IQR, 20.5 to 29.3), and 55.7 mg/dL (IQR, 43.1 to 75.3)
(Table 2). The patients with elevated Lp(a) levels tended
to be older and have a longer diabetes duration. In ad-
dition, FPG, HbAu1c, total cholesterol, LDL-C, and UAE
levels were higher in the patients with elevated Lp(a)
concentrations (Table 2). Triglycerides, Lp(a) corrected
total cholesterol, Lp(a) corrected-LDL-C, and eGFR were
inversely associated with Lp(a) concentrations. Other
baseline characteristics such as hypertension, diabetic
nephropathy, BMI, smoking, HDL-C, and use of ACEi/
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Table 1. Baseline characteristics in type 2 diabetes patients who developed CVD events compared with those who did not

Characteristic Total CVD () CVD (+) pvalue
Number 833 631 202
Lp(a), mg/dL 16.7 (8:3-35.1) 15.2 (7.8-31.6) 25.6 (5.9-35.3) < 0.001
Female sex 503 (60.4) 365 (57.8) 138 (68.3) 0.008
Age, yr 55.2 £ 9.9 53.8 9.8 59.7+ 8.8 <0.001
Diabetes duration, yr 7.8+623 7.1+ 6.0 103 6.9 < 0.001
Hypertension 384 (46.1) 264 (41.8) 120 (59.4) < 0.001
Body mass index, kg/m? 247+3.4 24.6 £33 25.1£3.5 0.064
Smoking 191 (22.9) 144 (22.8) 47(23.3) 0.895
Insulin 211 (25.3) 129 (20.4) 82(40.6) <0.001
ACEi/ARBs 248 (29.8) 174 (27.6) 74 (36.6) 0.014
Statin 97 (11.6) 71 (11.3) 26 (12.9) 0.532
Acetylsalicylic acid 58 (7.0) 32(5.2) 26 (12.9) <0.001
Diabetic nephropathy 182 (21.8) 127 (20.1) 55 (27.2) 0.034
Laboratory finding at baseline
FPG, mg/dL 176.3 £ 64.9 1743 + 63.4 182.7 £ 69.2 0.109
eGFR, mL/min/1.73 m* 03.2 £16.7 04.8 £16.1 88.2+17.3 <0.001
Baseline HbA1c, % 8.9t21 8.8+2.0 9.2+2.1 0.016
Total cholesterol, mg/dL 183.6 £36.7 181.5 +36.1 189.8 £38.0 0.005
Triglyceride, mg/dL 160.4 +104.7 159.2 +106.0 164.3 £100.8 0.547
HDL-C, mg/dL 43.3+105 43.3+£10.1 43.3+11.9 0.989
LDL-C, mg/dL 108.2+32.7 106.6 £32.3 113.2 £33.7 0.013
Lp(a) corrected TC 172.1 £37.5 170.9 £37.1 175.6 +38.8 0.128
Lp(a) corrected LDL-C 96.7£32.6 95.8 £32.1 99.4+34.1 0.171
UAE, mg/day 10.0 (5.6—28.0) 10.0 (5.4—25.1) 10.0 (5.9-35.3) 0361

Values are presented as median (interquartile range), number (%), or mean + SD.

CVD, cardiovascular disease; Lp(a), lipoprotein(a); ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; FPG, fasting plasma glucose; eGFR, estimated glomerular filtration rate; HbAuc, glycated hemoglobin; HDL-C, high den-
sity lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; UAE, urinary albumin excretion.

ARBs, insulin, statins, and acetylsalicylic acid showed no
significant differences among each tertile group (Table 2).

In univariable Cox regression analysis, female gender,
old age, diabetes duration, hypertension, Lp(a) corrected
LDL-C level, mean HbAic, diabetic nephropathy, and
use of insulin, ACEi/ARB, and acetylsalicylic acid were
significant variables in patients with CVD. The HR of
CVD development was 2.37 (95% CI, 1.59 to 3.55; p < 0.001)
for the top versus bottom quartile of Lp(a) (Table 3). In
the Cox hazard logistic regression analysis, after adjust-
ing for multiple variable factors (age, gender, diabetes
duration, hypertension, smoking history, BMI, mean
HbA1c, diabetic nephropathy, eGFR, Lp[a] corrected

https://doi.org/10.3904/kjim.2016.030

LDL-C, and use of insulin, ACEi/ARBEs, statins, and ace-
tylsalicylic acid), the highest quartile of Lp(a) level tend-
ed to increase the risk of CVD (HR, 1.92; 95% CI, 1.26 to
2.92; p < 0.001) (Table 4). The result from an analysis of
log-transformed Lp(a) level showed similar association
between Lp(a) and CVD (HR, 2.10; 95% CI, 1.42 to 3.11; p
< o0.001 per log increment in Lp[a] concentration). We
showed multivariable Cox proportional hazards model
for heart disease and stroke (Supplementary Table 1),
and the figure of Kaplan-Meier curve of CVD events ac-
cording to the quartiles of LP(a) (Supplementary Fig. 1)
in supplementary information.
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Table 2. Descriptive characteristics by lipoprotein(a) level at baseline examination

Characteristic : : Lp@ : : p for trend
1st Quartile and Quartile 3rd Quartile 4th Quartile
Number 207 209 209 208
Lp(a), mg/dL 5.4 (3.5—7.1) 12.1 (10.3-14.7) 24.0(205-293)  55.7(43.1-75.3) < 0.001
Female sex 100 (48.3) 124 (59.3) 139 (66.5) 140 (67.3) <0.001
Age, yr 53.5+ 9.6 56.0+9.8 55.8 £10.1 55.7 £ 10.1 0.038
Diabetes duration, yr 6.5+5.2 8.0+06.4 8.4+6.8 8.4+6.8 0.002
Hypertension 89 (43.0) 102 (48.8) 99 (47.4) 94 (45.2) 0.741
Body mass index, kg/m? 24.7+3.4 24733 24733 24.8+3.4 0.794
Smoking 60 (29.0) 43 (20.6) 41(19.6) 47 (22.6) 0.124
Insulin 47 (22.7) 47 (22.5) 57 (27.3) 60 (28.8) 0.08;5
ACEi/ARBs 58 (28.0) 58 (27.8) 62 (29.7) 70 (33.7) 0.185
Statin 20(9.7) 27 (12.9) 16 (7.7) 34(16.3) 0.138
Acetylsalicylic acid 14 (6.8) 15 (7.2) 12 (5.7) 17(8.2) 0.724
Diabetic nephropathy 50 (24.2) 50 (23.9) 35 (16.7) 47 (22.6) 0.355
Laboratory finding at baseline
FPG, mg/dL 174.3 = 66.5 167.6 £59.0 175.7 £ 61.4 187.7 £ 71.0 0.016
eGFR, mL/min/1.73 m* 96.1 +15.7 92.2 +15.8 02.4 +17.0 92.1+17.8 0.020
Baseline HbA1c, % 8.5+1.9 87+1.9 8.8+2.0 9.5+2.3 < 0.001
Total cholesterol, mg/dL 178.2 £36.3 185.3 +35.8 180.7 £ 35.2 190.0 +38.6 0.007
Triglyceride, mg/dL 171.2 £119.4 162.4 +101.8 157.7 £110.4 157.7 £110.4 0.039
HDL-C, mg/dL 43.6 £10.7 43.2+9.7 43.2 £10.6 433 £11.2 0.720
LDL-C, mg/dL 99.9 £31.4 109.6 £313 106.6 £31.4 116.7 £34.9 <o0.001
Lp(a) corrected TC 175.5 £36.4 179.8 £35.8 170.7 £37.2 162.3 £38.7 < 0.001
Lp(a) corrected LDL-C 97.7 £31.8 104.1£31.3 96.0+31.4 89.0+34.2 0.001
UAE, mg/day 10.0 (5.2-30.0)  10.1(6.2—30.0) 10.0 (5.0-21.8)  10.9 (5.9-29.1) 0.004

Values are presented as median (interquartile range), number (%), or mean + SD.
Lp(a), lipoprotein(a); ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; FPG, fasting plasma
glucose; eGFR, estimated glomerular filtration rate; HbAuc, glycated hemoglobin; HDL-C, high density lipoprotein cholester-

ol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; UAE, urinary albumin excretion.

DISCUSSION

In this long-term prospective cohort study in type 2 di-
abetes patients without a prior CVD history, we found a
significant association between Lp(a) level and develop-
ment of CVD. Our findings suggested that the elevated
Lp(a) concentration (highest quartile) was an indepen-
dent risk factor for CVD in type 2 diabetes.

Many prospective studies and meta-analyses have in-
dicated that Lp(a) is an independent predictor of CVD
after adjustment for causal risk factors in the general
population [8-10], as follows. A meta-analysis from 36

1114 www.kjim.org

long-term prospective studies including 126,634 sub-
jects found that there were continuous, independent,
and modest associations between Lp(a) levels and risk
of CAD and stroke (adjusted risk ratio for CAD was 1.16
[95% CI, 1.11 to 1.22] per one SD increase) [8]. Kamstrup et
al. [g] published data from the Copenhagen Heart Study
comprising approximately 40,000 individuals in the
general population. They showed consistent findings
with a causal association between elevated Lp(a) levels,
KIV-2 genotype, and increased risk of myocardial in-
farction. In patients with a previous CAD history, elevat-
ed Lp(a) was associated with worse outcomes (both CAD
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Variable Hazard ratio (95% CI) pvalue
Female sex 1.46 (1.08-1.96) 0.013
Age (per 10 years) 1.80 (1.55-2.10) <0.001
Diabetes duration, yr <0.001

<5 1.00

s5to<10 1.25(0.83-1.88) 0.280

=10 2.65 (1.91-3.68) <0.001
Hypertension (yes vs. no) 1.91 (1.44~2.53) <0.001
Smoking (yes vs. no) 1.05 (0.76-1.45) 0.788
Insulin use (yes vs. no) 2.23 (1.68-2.95) <o0.001
ACEi/ARB:s (yes vs. no) 1.44 (1.08-1.92) 0.012
Statin (yes vs. no) 1.17 (0.77-1.76) 0.464
Acetylsalicylic acid (yes vs. no) 2.54 (1.68-3.83) <0.001
Fasting plasma glucose, per 10 mg/dL 1.02 (0.99-1.04) 0.115
Lp(a) corrected LDL-C, per mg/dL 1.01 (1.00-1.01) 0.009
eGFR, mL/min/1.73 m? 0.98(0.97-0.99) <0.001
Mean HbAuc (per 1% increment) 1.24 (1.12-1.36) <0.001
Diabetic nephropathy (yes vs. no) 1.49 (1.09-2.03) 0.013
Lp(a)

1st Quartile 1.00

2nd Quartile 0.97 (0.61-1.56) 0.910

3rd Quartile 1.75 (1.15-2.65) 0.009

4th Quartile 2.37 (1.59-3.55) < 0.001

CI, confidence interval; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; Lp(a), lipopro-

tein(a); LDL-C, low density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; HbAu1c, glycated hemoglobin.

Table 4. Multivariable Cox proportional hazards model for cardiovascular disease by levels of Lp(a)

i Hazard ratio (95% CI)
Variable
Model 1 Model 2 Model 3 Model 4

Lp(a)

1st Quartile 1.00 1.00 1.00 1.00

2nd Quartile 0.81 (0.51-1.31) 0.77 (0.48-1.25) 0.77 (0.48-1.25) 0.81(0.50-1.32)

3rd Quartile 1.50 (0.98-2.29) 1.40 (0.91~2.15) 1.38 (0.90—2.13) 1.46 (0.95—2.25)

4th Quartile 2.00 (1.33-3.01) 1.85 (1.22—2.80) 1.74 (1.15-2.65) 1.92 (1.26-2.92)
p for trend < 0.001 < 0.001 0.001 < 0.001

Multivariable Cox proportional hazards models were adjusted for the following covariates: model 1 (sex, age); model 2 (model 1

+ diabetes duration, hypertension, smoking, body mass index, mean glycated hemoglobin, and diabetic nephropathy); model 3

(model 2 + estimated glomerular filtration rate, Lp(a) corrected low density lipoprotein cholesterol); model 4 (model 3 + insulin,

angiotensin converting enzyme inhibitor/angiotensin receptor blockers, statin, and acetylsalicylic acid).
Lp(a), lipoprotein(a); CI, confidence interval.
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death and CAD event) as well as the extent of CAD [22].
Kwon et al. [22] reported that Lp(a) was a significant pre-
dictor of major adverse cardiovascular events in patients
with symptomatic CAD (HR, 1.773; 95% CI, 1.194 to 2.634;
p = 0.005). However, few prospective studies have been
conducted to determine the association between Lp(a)
and CVD in type 2 diabetes.

In addition, several studies have shown inconsistent
findings in the association between Lp(a) concentration
and the development of CVD in type 2 diabetes [12-17].
Lp(a) was inversely associated with the new onset of type
2 diabetes after adjusting for established CAD risk fac-
tors and HbAuc [11]. A meta-analysis of two prospective
studies showed that type 2 diabetes may attenuate the
association of Lp(a) with CVD [12]. On the contrary, a
long-term prospective study showed that an increased
Lp(a) level was associated with an increased risk of CVD
in women with diabetes [13]. A 10-year follow-up study
reported a positive relationship between Lp(a) concen-
tration and CVD in type 2 diabetes [14]. The different
results of these studies might probably be due to differ-
ent confounding variables in study design (prospective
or cross-sectional, follow-up duration, and sample size),
population characteristics (age, sex, drug use, and eth-
nicity), disease status (duration of diabetes, comorbidity),
confounding variables (lipid abnormalities, thrombosis
risk factors), or the Lp(a) assay method [12-17]. For ex-
ample, Nurses’ Health Study was conducted only in the
women [13] or small number numbers of participants (n
=100) and were not controlled for treatments that could
influence cardiovascular risk [14]. A study by Hiraga et
al. [16] was conducted for only 2.2 to 3.1 years, and Lp(a)
was semi-quantified by an electrophoretic method that
distinguished high from low serum Lp(a) at the level of
20 mg/dL. In the study by Qi et al. [12], they did not ex-
clude non-fasting samples, and the proportion of post-
menopausal hormone users was 24.6%. However, there
were no studies in which mean HbA1c was adjusted for
fasting Lp(a) level as a confounding variable.

In addition, long-term glycemic control status is an
important risk factor for the development of diabetic
macrovascular complications. We followed our patients
for more than 11 years and measured the HbA1c level
regularly. In an univariable analysis, the RR of a mean
HbA1c (per 1% increment) for a future CVD was 1.24
(95% CI, 1.12 to 1.36; p < 0.001). However, in a multivari-
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able analysis that was adjusted for a mean HbA1c as a
covariate, Lp(a) level (4th quartile) was still an indepen-
dent risk factor for CVD development. Our hypothesis
is that having Lp(a) levels in the highest quartile is an
important biomarker for the prediction of CVD in pa-
tients with type 2 diabetes, independent of the patient’s
glycemic control status.

Previous meta-analyses and cohort studies consistent-
ly showed that significant increases in CVD risk were
seen if Lp(a) levels exceeded the threshold of 30 to 50
mg/dL or in the highest tertile or quintile in the general
population [10,13,23-26]. In this long-term prospective
cohort study, we suggested that an elevated Lp(a) lev-
el was an independent predictive risk factor for future
development of CVD in type 2 diabetes. After adjusting
for multiple confounding variables, we found a substan-
tially higher HR of 1.92 (95% CI, 1.26 to 2.92; p < 0.001)
for the top quartile compared with the bottom quartile.
Similarly, Shai et al. [13] reported that diabetic women in
the 5th quintile of Lp(a) had a relative risk for CAD of1.95
(95% CI, 1.07 to 3.56; p for trend = 0.035) compared with
those in the 1st quintile Lp(a).

There are significant differences in Lp(a) levels among
different ethnic groups [27-31]. Recently, Guan at el. [25]
reported a different cutoff of Lp(a) for CVD in other eth-
nic groups. The Lp(a) HR by the 50 mg/dL cut point was
1.69 (95% CI, 1.03 to 2.76; p = 0.037) in blacks, 1.82 (95%
CI, 1.15 to 2.88; p = 0.010) in whites, and 2.3y in Hispanics
(95% CI, 1.17 to 4.78; p = 0.017). The lower Lp(a) cut point
of 30 mg/dL was significant only in blacks (HR, 1.87; 95%
CL, 1.08 to 3.21; p = 0.024). Chinese Americans showed
no significant cut off for Lp(a) [25]. Prospective studies
reported that there were no significant gender-related
differences in Lp(a) concentrations [30-31]. However in
other studies, Lp(a) levels in females were higher than
that in males [8,29,32]. A cohort study from Taiwan re-
ported that geometric means of Lp(a) level were higher
in females, and the difference was significant for the 45
to 54 years age group [32]. When considering the above
results, we suggest that quartile or quintile range of
Lp(a) levels might be more useful as a prognostic pre-
dictor for CVD compared with the previously reported
cutoff value of 30 or 50 mg/dL.

The pathogenic mechanism between Lp(a) and CVD
remains unknown. Lp(a) is present in the arterial wall at
the sites of atherosclerosis in humans and is implicated
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in the process of atherogenesis [33-35]. In addition, Lp(a)
carries oxidized phospholipids associated with vascular
inflammation and progression of atherosclerosis [35,36].

Despite its evident role as a risk factor for CVD, there
are some limitations for the clinical application of Lp(a).
The Lp(a) assay has an extremely wide range of plasma
levels from 0.1 to 300 mg/dL with a skewed deviation,
and there are differences in levels among different eth-
nic populations [27-31]. In addition, Lp(a) levels are not
influenced by lifestyle modification [6], and there is no
proper treatment for lowering Lp(a) level [37]. Therefore,
Lp(a) measurement could not be strongly recommended
as a routine clinical practice in the general population.
However, Lp(a) screening should be considered in sub-
jects with higher CVD risk such as patients with type 2
diabetes.

There are some limitations in this study. First, this
study was performed at single center in one ethnic
group. As described above, Lp(a) concentrations vary
significantly among different ethnic groups [27-31]. Gen-
erally, independent of isoform variations, Chinese and
Asian populations are known to have lower plasma Lp(a)
levels than those of Caucasians [28]. Second, we could not
measure the apo(a) isoform and LPA genotypes at base-
line. However, according to the results of the Bruneck
Study, apo(a) isoforms and LPA genotype did not im-
prove the prognostic value of the Lp(a) concentration
[38]. Therefore, a well-standardized quantitative Lp(a) as-
say without measuring the isoform size may be enough
to predict the risk of CVD in routine clinical practice
[39]. Third, because of a lack of consensus regarding the
standard assay method for Lp(a) measurement, we ana-
lyzed Lp(a) level as a quartile range, rather than as cutoff’
values. The expression of Lp(a) level as a quartile range is
not a standardized approach, therefore, it is difficult to
generalize and is subject to certain biases.

In spite of some limitations, our study still has strengths,
compared to the previous studies as followings. (1) All of
the blood samples were collected from fasting patients
and the serum Lp(a) level was measured on a daily basis
without freezing. (2) This is a long term prospective cohort
study. (3) The available clinical parameters related to CVD
risk factors were adjusted as various confunding factors,
including mean HbAic during the study follow-up.

In conclusion, we demonstrated that an elevated Lp(a)
level was an independent predictive risk factor for CVD
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in type 2 diabetes. Lp(a) screening could be a useful bio-
marker for detecting individuals with a high CVD risk
in type 2 diabetes. Quartile or quintile range of Lp(a)
levels rather than cutoff values may be more useful as
a prognostic risk factor for CVD. At the same time, oth-
er cardiovascular risk factors should be treated more
intensively in type 2 diabetes patients with high Lp(a)
levels. Additionally, the pathogenic mechanism of the
causal relationship between Lp(a) and CVD requires fur-
ther clarification.

KEY MESSAGE

1. Lipoprotein(a) (Lp[a]) level was an independent
predictive risk factor for cardiovascular disease
(CVD)in type 2 diabetes.

2. Quartile or quintile range of Lp(a) levels may be
useful as a prognostic risk factor for CVD.

3. As there is no proper treatment for lowering
Lp(a) level, other cardiovascular risk factors
should be treated more intensively in type 2 dia-
betic patients with high Lp(a) levels.
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Supplementary Table 1. Multivariable Cox proportional hazards model for heart disease and stroke by levels of Lp(a)

) Hazard ratio (95% CI)
Variable
Model 1 Model 2 Model 3 Model 4
Stroke (n = 97/833, 11.6%)
Lp(a)
1st Quartile 1.00 1.00 1.00 1.00
2nd Quartile 0.80 (0.41-1.58) 0.78 (0.39-1.54) 0.76 (0.38-1.51) 0.81 (0.41-1.62)
3rd Quartile 1.08 (0.57-2.04) 0.98 (0.51-1.88) 0.98 (0.51-1.88) 1.03 (0.54-1.98)
4th Quartile 2.11 (1.19-3.75) 1.01 (1.22-3.27) 1.86 (1.03-3.36) 2.10 (1.16-3.80)
p for trend <0.001
Heart disease (n = 114/833, 13.7%)
Lp(a)
1st Quartile 1.00 1.00 1.00 1.00

2nd Quartile

3rd Quartile

4th Quartile
p for trend

0.77 (0.40-1.48)
1.96 (1.13-3.41)
2.01 (1.15-3.52)

0.74 (038-1.43)
1.85 (1.06-3.25)
1.70 (0.96-3.00)

0.73 (0.38-1.42)
1.84 (1.04-3.23)
1.72 (0.97-3.06)

0.78 (0.40-1.53)
1.96 (1.11-3.46)
1.85 (1.04-3.30)

< 0.001

Lp(a), lipoprotein(a); CI, confidence interval.
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Supplementary Figure 2. Kaplan-Meier curve of cardiovas-
cular disease events according to the quartiles of lipopro-
tein(a).
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