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Background: High lipoprotein (a) [Lp(a)] levels are an independent factor for worse prognosis in patients with
coronary artery disease (CAD). However, the association between serum Lp(a) level and coronary plaque vulner-
ability remains to be determined.

Methods: A total of 255 consecutive patients with CAD who underwent optical coherence tomography imaging of
culprit lesions were included. Patients were divided into 2 groups according to their Lp(a) levels (the higher Lp
(a) group [>25 mg/dL], n = 87; or the lower Lp(a) group [<25 mg/dL], n = 168).

Results: The prevalence of thin-cap fibroatheroma (TCFA) was significantly higher in the higher Lp(a) group than
in the lower Lp(a) group (23% [n = 20] vs. 11% [n = 19], p = 0.014). Although the prevalence of TCFA was com-
parable between the 2 groups among patients with a lower LDL cholesterol (LDL-C) level (<100 mg/dL), TCFA
was significantly more prevalent in the higher Lp(a) group than in the lower Lp(a) group (39% [14/36] vs. 10%
[5/50], p = 0.001) among patients with a higher LDL-C level (2100 mg/dL).

Conclusions: A higher Lp(a) level was associated with a higher frequency of TCFA, particularly in patients with a

higher LDL-C level.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

High lipoprotein (a) [Lp(a)] levels are associated with the incidence
of cardiovascular disease. Previous studies, including meta-analyses [1],
Mendelian randomization [2], and genome-wide association studies [3],
demonstrated its impact on the increased risk of cardiovascular disease,
particularly acute coronary syndrome [4]. The worse clinical outcome in
patients with elevated Lp(a) is often explained by the atherogenic na-
ture of Lp(a) particles, which comprise an apolipoprotein (apo) B-
containing low-density lipoprotein (LDL)-like segment and the
plasminogen-like glycoprotein apo(a) segment. Both segments are con-
sidered to contribute to promoting proatherogenic and antifibrinolytic
reactions in the arterial wall, leading to the progression or rupture of
coronary plaques, in combination with other atherogenic particles that
include LDL-cholesterol (LDL-C). In fact, a recent meta-analysis demon-
strated that patients with the combination of elevated Lp(a) and LDL-C
had worse clinical outcomes than other patients [5]. However, to date,
the association between Lp(a) and detailed coronary plaque vulnerabil-
ity remains unclear, although an association with the severity of coro-
nary plaques has been demonstrated in several studies using
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angiography and computed tomography [6,7]. Thus, in the present
study, we aimed to clarify: 1) the association between Lp(a) levels
and plaque vulnerability of coronary lesions using intra coronary optical
coherence tomography (OCT); and 2) the additive effect of LDL-C levels
on plaque vulnerability.

2. Methods
2.1. Study population

This was a retrospective observational study conducted between
June 2016 and March 2018 at a single center. From a total of 765 consec-
utive patients who underwent percutaneous coronary intervention
(PCI), we identified 338 patients who were assessed for culprit lesions
using OCT. After excluding patients without serum Lp(a) values (n =
83), we finally included 255 patients in the present study (Supplemen-
tary Fig. 1). The comparisons in clinical characteristics and OCT analysis
of culprit lesions between patients with Lp(a) measurement and those
without Lp(a) measurement are shown in Supplementary Tables 1
and 2. The distribution of Lp(a) values in the present cohort is shown
in Supplementary Fig. 2. Patients were divided into 2 groups according
to their Lp(a) levels (the higher Lp(a) group [>25 mg/dL], n = 87; or
the lower Lp(a) group [<25 mg/dL], n = 168). Serum Lp(a) values
were examined within one month before or after PCL The Lp(a) cutoff
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value of 25 mg/dL was based on the Receiver-operating characteristic
(ROC) analysis to identify the presence of thin-cap fibroatheroma on
OCT images (OCT-TCFA) (Fig. 1). Other blood samples were obtained
within 1 month before PCI. The study protocol was approved by the
Human Research Committee of Kitasato University School of Medicine,
and all patients provided written informed consent before the
procedure.

2.2. OCT image acquisition and assessment

Culprit lesions were assessed using a frequency domain OCT system
(C7-XR OCT Intravascular Imaging System; St. Jude Medical, St. Paul,
MN, USA) after intracoronary administration of 100-200 pg of nitroglyc-
erin before balloon dilation or stenting. All images were analyzed using
offline proprietary software (St. Jude Medical). Qualitative and quantita-
tive analyses were performed at 0.2-mm intervals. The morphologies of
all plaques on OCT were analyzed using previously established criteria
[8,9]. When lipid was present at >90° in any of the cross sectional OCT
images within the plaque, it was considered as a lipid-rich plaque
[10]. Fibrous cap thickness was measured at the thinnest part 3 times,
and the average value was calculated [11]. OCT-TCFA was defined as a
lipid plaque with a lipid arc >90° and a fibrous cap thickness <65 pm.
Macrophage accumulation was characterized by signal-rich, distinct,
or confluent punctate regions that exceed the intensity of background
speckle noise [9]. Microchannels were defined as small black holes or
tubular structures of 50-100 um diameter that were present within a
plaque in at least 3 consecutive cross-sectional frames [12]. Calcifica-
tions were defined as signal-poor or heterogeneous areas delimited by
sharp borders. Calcified lesions subtending an arc <90° and extending
in length for 1-4 mm were classified as spotty calcium [13]. Thrombus
was defined as a mass >250 um attached to the luminal surface or float-
ing within the lumen [14].

2.3. Definitions

Acute coronary syndrome (ACS) consisted of ST-segment elevation
myocardial infarction (STEMI), non-STEMI, and unstable angina
pectoris. Hypertension was defined as arterial blood pressure >140/
90 mm Hg or the use of antihypertensive medication. Dyslipidemia
was defined as high-density lipoprotein cholesterol <40 mg/dL, LDL-C
>140 mg/dL, or triglycerides >150 mg/dL, or the use of dyslipidemia
medication. The diagnosis of familial hypercholesterolemia (FH) was
based on a modified form of the Dutch Lipid Clinic Network criteria
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(Supplementary methods), in which the diagnosis of Achilles tendon
xanthoma is based on radiographic criteria rather than physical exam
[15]. In the present analysis, both ‘definite FH’ and ‘probable FH’ were
included as the FH. Diabetes mellitus was defined as symptoms of dia-
betes plus casual plasma glucose concentration >200 mg/dL, fasting
plasma glucose concentration >126 mg/dL, 2-h plasma glucose concen-
tration >200 mg/dL during a 75-g oral glucose tolerance test, or the use
of diabetes medication. Chronic kidney disease was defined as an esti-
mated glomerular filtration rate of <60 mL/min per 1.73 m?.

2.4. Statistical analysis

Continuous variables with a normal distribution are expressed as
mean =+ standard deviation, whereas the median (25-75th percentile)
was reported when data were not normally distributed. Continuous
variables were analyzed using a t-test or Mann-Whitney U test. Cate-
gorical outcome data were summarized as counts (percentages), and
between-group comparisons were performed using Fisher's exact test
or the chi-squared test, as appropriate, depending on the expected fre-
quency distribution under the null hypothesis. ROC curves were con-
structed using the Lp(a) values. The area under the curve (AUC),
sensitivity, and specificity were calculated to identify OCT-TCFA. The
best cut-off value of Lp(a) was identified by maximizing the sum of sen-
sitivity and specificity. Multivariate logistic regression analysis was per-
formed to determine the independent factors for the presence of OCT-
TCFA, including factors that suggested an association with the presence
of TCFA [16,17]. Statistical significance was defined as p < 0.05. All statis-
tical analyses were performed using JMP 13.0 version (SAS Institute,
Cary, NC, USA).

3. Results
3.1. ROC analysis for the presence of OCT-TCFA

AROC curve was constructed to assess the ability of Lp(a) to identify
OCT-TCFA among all patients (Fig. 1-A) and patients with LDL-C
>100 mg/dL (Fig. 1-B). The AUC for the identification of OCT-TCFA was
0.613 (95% ClI: 0.516-0.710; p = 0.005) in all patients and 0.740 (95%
CI: 0.620-0.859; p = 0.013) in patients with a higher LDL-C value. The
best cut-off for the Lp(a) value to detect OCT-TCFA was 25.0 mg/dL in
all patients (sensitivity 70%, specificity 51%) and 25.0 mg/dL in patients
with a higher LDL-C value (sensitivity 74%, specificity 67%), respectively.
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Fig. 1. ROC analysis for the presence of OCT-TCFA. A, All patients; B, patients with LDL-C 2100 mg/dL. AUC, area under the curve; LDL-C, low-density lipoprotein cholesterol; ROC, receiver

operator characteristics; OCT-TCFA, thin-cap fibroatheroma on OCT images.
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3.2. Clinical characteristics

There was no significant difference in clinical characteristics other
than the mean value of LDL-C, renal function and the prevalence of an-
giotensin converting enzyme inhibitor or angiotensin Il receptor blocker
and statin intake between the higher Lp(a) group and the lower Lp
(a) group (Table 1).

3.3. OCT analysis of culprit lesion

Comparisons of the results of qualitative and quantitative OCT anal-
yses of culprit lesions are shown in Table 2. The prevalence of OCT-TCFA
was significantly higher in the higher Lp(a) group than in the lower Lp
(a) group (23% [n = 20] vs. 11% [n = 19], p = 0.014). The fibrous cap
was significantly thinner in the higher Lp(a) group than in the lower
Lp(a) group (0.08 4 0.04 vs. 0.10 4 0.04 mm, p = 0.026) (Fig. 2). Al-
though the difference was not statistically significant, trends toward
higher prevalence of lipid-rich plaque and smaller minimum lumen

Table 1
Clinical characteristics.

Variables Lp(a) 225 Lp(a) <25 p value
N =187 N =168
Age, year 68 +£ 10 68 £ 10 0.941
Male, n (%) 72 (83) 132 (79) 0.428
Body mass index, kg/m? 235+ 3.8 244 4+ 36 0.026
Acute coronary syndrome, n (%) 14 (16) 21 (13) 0.429
Risk factors, n (%)
Hypertension 67 (77) 127 (76) 0.802
Dyslipidemia 70 (81) 125 (74) 0.280
Diabetes mellitus 41 (47) 79 (47) 0.988
Current smoker 18 (21) 32(19) 0.771
Family history of IHD 22 (26) 44 (27) 0.853
Chronic kidney disease 48 (55) 72 (43) 0.062
Hemodialysis 12 (14) 11(7) 0.056
Familial hypercholesterolemia 20 (23) 23 (14) 0.060
Definite 5(5.8) 1(0.6) 0.046
Probable 15 (17.2) 22 (13.1)
Past history, n (%)
Myocardial infarction 22 (25) 60 (36) 0.091
PCI 37 (43) 82 (49) 0.341
CABG 0(0) 6 (4) 0.075
Medication at PCI, n (%)
ARB/ACEI 54 (62) 129 (77) 0.013
Beta-blocker 48 (55) 101 (60) 0.447
CCB 36 (41) 79 (47) 0.390
DPP4l 25(29) 42 (25) 0.521
Insulin 5(6) 14 (8) 0.449
SGLT2I 3(4) 8 (5) 0.625
Statin 68 (78) 149 (89) 0.025
Ezetimibe 7 (8) 15(9) 0.812
Warfarin 7(8) 6(4) 0.124
iPCSK9 0(0) 0(0) -
NOAC 4(5) 15(9) 0.212
Aspirin 66 (76) 144 (86) 0.050
Thienopyridine 63 (72) 135 (80) 0.149
Laboratory findings
Lp(a), mg/dL 43 [32, 58] 116, 16] <0.001
HbAlc, % 6.4+ 0.9 6.5+ 1.0 0.468
LDL-C, mg/dL 98 + 34 90 + 32 0.019
HDL-C, mg/dL 51416 50 4+ 13 0.951
Triglyceride, mg/dL 144 + 97 162 + 104 0.230
Creatinine, mg/dL 1.00[0.81,1.22] 0.93[0.77,1.09] 0.022
eGFR, mL/min/1.73 m? 52 +£25 59 + 21 0.019
BNP, pg/mL 88 [31, 261] 72 (36, 153] 0371
EPA/AA 0.37 £ 0.29 0.40 £+ 0.30 0373

AA, arachidonic acid; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; BNP, brain natriuretic peptide; CABG, coronary artery bypass graft;
CCB, calcium channel blocker; DPP4], dipeptidyl peptidase-4 inhibitor; eGFR, estimated
glomerular filtration rate; EPA, eicosapentaenoic acid; HbAlc, hemoglobin Alc; HDL-C,
high density lipoprotein cholesterol; IHD, ischemic heart disease; LDL-C, low-density lipo-
protein cholesterol; NOAC, non-vitamin K antagonist oral anticoagulant; PCI, percutane-
ous coronary intervention; iPCSK9, proprotein convertase subtilisin/kexin type 9
inhibitor; SGLT2I, sodium glucose cotransporter 2 inhibitor.

Table 2
OCT analysis of culprit lesion.
Variables Lp(a) 225 Lp(a) <25 p
N =87 N = 168 value

Culprit vessel

LAD/LCX/RCA/LMT, n 47 (54)/15 (17)/25 96 (57)/23 (14)/44

®) (29)/0 (0) @53 %
Qualitative assessment,
n (%)
Lipid-rich plaque 36 (41) 50 (30) 0.063
OCT-TCFA 20(23) 19 (11) 0.014
Macrophages 31 (38) 63 (38) 0.769
Microchannels 22 (25) 45 (27) 0.797
Calcification 55 (63) 122 (73) 0.122
Spotty calcification 69 (79) 133 (79) 0.978
Thrombus 3(4) 5(3) 0.838
Quantitative assessment
FCT, mm 0.08 + 0.04 0.10 + 0.04 0.026
Max lipid arc, ° 2672 £ 794 2705 + 774 0.799
MLA, mm? 1.44 £+ 0.71 1.52 + 0.84 0.131
Proximal RVA, mm? 7.07 & 2.85 6.92 4 2.79 0.650
Distal RVA, mm? 4.99 + 3.95 4.56 + 2.26 0.549
l/:erce“t area stenosis, 742+ 94 723+ 118 0374
Lesion length, mm 31.1 + 144 3344+ 133 0.101

FCT, fibrous cap thickness; eGFR, estimated glomerular filtration rate; LAD, left ascending
coronary artery; LCX, left circumflex coronary artery; LMT, left main trunk; MLA, mini-
mum lumen area; OCT, optical coherence tomography; OCT-TCFA, thin-cap fibroatheroma
on OCT images; RCA, right coronary artery; RVA, reference vessel area.

P values with statistical significance (P < 0.05) are shown as bold.

area in the higher Lp(a) group were observed. The incremental preva-
lence of OCT-TCFA according to Lp(a) levels was observed (Fig. 3, Sup-
plementary Table 3).

3.4. Independent factors for the presence of OCT-TCFA

A multivariate model demonstrated that higher Lp(a) was indepen-
dently associated with the presence of OCT-TCFA (Table 3, Supplemen-
tary Table 4).

3.5. Prevalence of OCT-TCFA according to LDL-C levels

The significance of higher Lp(a) on the presence of OCT-TCFA ac-
cording to the LDL-C level was further evaluated. Although the preva-
lence of OCT-TCFA was comparable between the 2 groups among
patients with a lower LDL-C level (<100 mg/dL), it was significantly
higher in the higher Lp(a) group than in the lower Lp(a) group (39%
vs. 10%, p = 0.001) among patients with a higher LDL-C level
(2100 mg/dL) (Fig.4). The combination of higher Lp(a) and higher
LDL-C levels had a greater odds for the prevalence of OCT-TCFA (4.938
[95% confidence interval (CI): 2.219-10.87], p < 0.001) than the higher
Lp(a) level (2.341 [95% CI: 1.1713-4.701], p = 0.016) or higher LDL-C
level (2.113 [95% CI: 1.054-4.230], p = 0.035).

4. Discussion

The main findings of this study were as follows: 1) The prevalence of
OCT-TCFA was significantly higher in the higher Lp(a) group than in the
lower Lp(a) group, particularly in patients with high LDL-C levels.
2) Higher Lp(a) was independently associated with a higher prevalence
of OCT-TCFA.

4.1. Lp(a) and coronary plaque morphologies

Several previous studies have demonstrated the association be-
tween a higher Lp(a) value and the severity of coronary atherosclerosis.
Dahren et al. investigated the correlation between the Lp(a) level and
the presence and severity of coronary disease in Caucasian patients
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Fig. 2. Representative images of lipid-rich plaque. A, OCT-TCFA in patients with Lp(a) >25 mg/dL; B, lipid-rich plaque without OCT-TCFA in patients with Lp(a) <25 mg/dL. Asterisks

represent the presence of lipid. Arrowheads represent the thin fibrous cap overlying lipid.

who underwent coronary angiography [6]. The authors reported that Lp
(a) values were independently associated with the presence of coronary
artery disease and tended to correlate with lesion scores, which
consisted of the number and degree of coronary stenosis. Kral et al. ex-
amined the correlation between the serum Lp(a) value and findings on
coronary computed tomography angiography in healthy African-
Americans. The authors demonstrated that subjects with Lp(a)
> 40 mg/dL were 4-fold more likely to have stenosis >50% [7]. Hartmann
et al. reported a positive correlation between Lp(a) values and changes
in the plaque-plus-media area in a study using serial intravascular ultra-
sound observation [18]. In accordance with these previous reports, in
the present study, we demonstrated an association between higher Lp
(a) values and smaller lumen area with higher prevalence of lipid-rich
plaques. This correlation between higher Lp(a) values and vulnerable
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Fig. 3. Prevalence of OCT-TCFA according to Lp(a) values. OCT-TCFA, thin-cap
fibroatheroma on OCT images.

plaque features is explained by the LDL-like proatherogenic nature of
Lp(a) particles. Serum Lp(a) is taken up by macrophages, leading to
foam cell formation, which promotes the formation and progression of
atherosclerotic plaques [19]. Lp(a) may further stimulate macrophage
transition to foam cells mediated by Lp(a) internalization via a very
low-density lipoprotein receptor and an apo(a) receptor [20]. The
greater affinity of Lp(a) to proteoglycans and the extracellular matrix
compared with that of LDL also contributes to the formation and pro-
gression of coronary plaques [21]. In contrast, the significance of the
prothrombogenic nature of Lp(a) particles on the process of plaque for-
mation and progression remains unknown. In the present study, the
prevalence of thrombus in the culprit lesions was comparable between
both Lp(a) groups. However, the significance of a higher Lp(a) value on
the prevalence of coronary thrombus was not sufficiently evaluated be-
cause the number of patients with ACS was limited in the present study.
Further studies with a larger number of patients with ACS may clarify
the significance of a higher Lp(a) value on the formation of coronary
plaques mixed with thrombus.

4.2. Association of the combination of Lp(a) and LDL-C with plaque
morphologies

With regard to the prevalence of TCFA, Niccoli et al. demonstrated a
higher prevalence in patients with Lp(a) 230 mg/dL compared with
those with Lp(a) <30 mg/dL (38 vs. 10%, p = 0.04) in a small OCT cohort
(n = 51) [22]. In the present study, we further demonstrated the

Table 3
Multivariate logistic regression analysis for independent factors affecting the presence of
OCT-TCFA.

Variables Multivariate analysis

0dds ratio 95% CI p value
Statin 0.765 0.291-2.171 0.601
eGFR, mL/min/1.73 m? 0.998 0.982-1.014 0.799
LDL-C, mg/dL 1.008 0.996-1.019 0.195
Lp(a), mg/dL 1.016 1.003-1.029 0.014

OCT-TCFA, thin-cap fibroatheroma on OCT images; CI, confidence interval; LDL-C, low-
density lipoprotein cholesterol.
P values with statistical significance (P < 0.05) are shown as bold.
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Fig. 4. Prevalence of OCT-TCFA according to Lp(a) and LDL-C levels. LDL-C, low-density
lipoprotein cholesterol; OCT-TCFA, thin-cap fibroatheroma on OCT images; NS, not
significant.

independent association between a higher Lp(a) value and the higher
prevalence of OCT-TCFA in a larger cohort. In addition, we found that pa-
tients with the combination of higher Lp(a) and higher LDL-C values
had the highest prevalence of OCT-TCFA in patients requiring PCI. The
association of this combined elevation of Lp(a) and cholesterol levels
with the incidence of cardiovascular disease was demonstrated in sev-
eral previous studies. A large-sized (n = 25,558) retrospective analysis
that included patients from 3 studies reported that Lp(a) was associated
with the incidence of cardiovascular disease only among those with
high total cholesterol levels [23]. Alonso et al. showed that patients
with life-long elevated LDL-C with cardiovascular disease had signifi-
cantly higher Lp(a) levels compared with patients who did not have car-
diovascular disease in a cohort of FH, as well as non-FH affected relatives
[24]. Although the exact mechanisms of the higher incidence of cardio-
vascular disease in patients with elevated Lp(a) and cholesterol levels
remain unclear, a previous study suggested a higher prevalence of pa-
tients with severe coronary artery disease among those patients. Chieng
et al. demonstrated that patients with both elevated Lp(a) and elevated
LDL-C constituted most of the patients in the highest SYNTAX (the SYN-
ergy between percutaneous coronary intervention with TAXUS and Car-
diac Surgery) tertile, while patients with non-elevated Lp(a) and non-
elevated LDL-C were predominant in the lowest SYNTAX tertile [25].
Our results may further explain the underlying morphological mecha-
nisms of the higher incidence of cardiovascular disease in those pa-
tients. In contrast, the significant association between the Lp(a) levels
and the presence of OCT-TCFA was not observed in patients with LDL-
C <100 mg/dL in the present study. This may suggest that Lp(a) is not
a major driver to promote the formation of TCFA but a modifier or en-
hancer to deteriorate the integrity of fibrous cap in combination with el-
evated LDL-C. Further studies are still needed to clarify the role of Lp
(a) for the development of vulnerable plaque, particularly in the condi-
tion of low LDL-C levels.

4.3. Potential of Lp(a) measurement for risk stratification of secondary
event

In the present study, higher LDL-C values were not independently
associated with higher prevalence of OCT-TCFA. This might be due to
the high percentage of statin prescription in the present cohort, which
could influence both LDL-C values and plaque morphologies and blur
the correlation between them [17]. In contrast, Lp(a) is known not to
be largely influenced by pharmacological intervention other than the

prescription of proprotein convertase subtilisin/kexin type 9 inhibitor
(iPCSK9) [4]. Thus, the serum Lp(a) level could be a reliable indicator
for the presence of vulnerable plaques and subsequent cardiovascular
events in patients with established CAD treated by statin. In fact, a re-
cent meta-analysis demonstrated a linear correlation between elevated
Lp(a) and the risk of cardiovascular disease in patients with established
CAD treated by statin [5]. Although more studies are still needed to con-
firm the efficacy of Lp(a) reduction by iPCSK9 on the reduction of sec-
ondary cardiovascular events [26], on-statin CAD patients with
elevated Lp(a) may be primary candidates for iPCSK9 prescription.

44. Limitations

The present study has some limitations. First, this study was a small-
sized retrospective study performed in a single center. In particular, the
present study exclusively included patients with plaque assessment by
OCT. Thus, the findings of the present study cannot be generalized. Sec-
ond, we enrolled patients with known coronary artery disease undergo-
ing PCI using OCT, which might be a potential selection bias. Third, we
applied Lp(a) 225 mg/dL as a cutoff based on the ROC analysis to identify
OCT-TCFA. However, its potential as a discriminator for OCT-TCFA in
overall cohort might be limited because the AUC was only 0.613. In ad-
dition, the use of a different cutoff might yield different results. Fourth,
we could not discriminate the effect of pharmacological therapy before
OCT assessment on the prevalence of vulnerable plaque features includ-
ing OCT-TCFA. In particular, the high percentage of statin and anti-
platelet drugs prescription may blur the difference in the presence of
TCFA and other vulnerable plaque features among the groups. Future
studies including larger cohort with statin (and/or anti-platelet drugs)
naive may further clarify the impact of higher Lp(a) on the presence
of vulnerable plaque features. Finally, the clinical impact of the present
findings was not investigated. Further studies may clarify the signifi-
cance of Lp(a) measurement, in addition to the conventional assess-
ment of cholesterols, on the risk stratification of cardiovascular disease
in daily clinical practice.
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