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ABSTRACT

Objective The study aims to explore the association
between serum proprotein convertase subtilisin/kexin type
9 (PCSK9) level and saphenous vein grafts disease (SVGD)
after coronary artery bypass grafting (CABG).

Design A cross-sectional study.

Setting A secondary hospital in Tianjin City, China.
Participants A total of 231 participants were included in
the study. Inclusion criteria were as follows: age >18 years,
previous CABG surgery at least 12 months ago, at least
one SVG for bypass during CABG, abnormal non-invasive
test results or recurrent stable angina pectoris by coronary
angiography indications, and willing to participate and sign
informed consent. Participants with any of the following
were excluded from the study: congenital valvular disease,
decompensated heart failure, anaemia defined as a
haemoglobin level of <12 g/dL in women or <13g/dL in
men, malignant neoplasms, renal failure, severe hepatic
disease, thyroid disease, acute or chronic inflammatory
disease and chronic obstructive lung disease.

Primary outcome measure SVGD was defined as at
least one SVG with significant stenosis (>50%). Circulating
PCSK9 levels were measured using commercial ELISA kits
according to the manufacturer’s instructions.

Results The mean PCSK9 level in the SVGD group

was significantly higher than that in the patent group
(275.2+38.6 vs 249.3+37.7, p<0.01). The multivariate
logistic regression model revealed a significant association
between serum PCSK9 and SVGD (OR 2.08, 95% CI 1.46—
2.95) per 1 SD increase in serum PCSK9.

Conclusions The present study is the first to identify

an independent association between PCSK9 and late
SVGD after adjustment for established cardiovascular risk
factors. A multicentre prospective cohort study with large
sample size should be conducted in the future to further
research this relationship.

INTRODUCTION

Coronary artery disease (CAD) is the leading
cause of mortality worldwide." Coronary
artery bypass grafting (CABG) can prolong
life in patients with severe CAD and is a

Strengths and limitations of this study

» The present study is the first to identify an inde-
pendent association between proprotein convertase
subtilisin/kexin type 9 (PCSK9) level and late saphe-
nous vein grafts disease in Chinese patients.

» The participants who had coronary artery bypass
grafting surgery at least 12 months ago were en-
rolled to minimise the impact of graft failure factors.

» The relationships between PCSK9 and blood-lipid
levels were extensively explored in this study.

» This was a cross-sectional study in a single
centre which could not confirm temporality or
generalisability.

common treatment for CAD.* Both arte-
rial and saphenous vein grafts (SVGs) are
currently used in CABG surgery. SVGs are still
frequently used, although arterial grafts have
a high long-term patency rate.” SVG disease
(SVGD) is a frequent problem and limits the
benefits of CABG, with graft patency 89% at
1 year, dropping to 61% after 10 years.” SVGD
development can be classified into three
phases: thrombosis (first month), intimal
hyperplasia (1-12 months) and atheroscle-
rosis (>12 months).! In the latter stages,
atherosclerosis becomes the most important
cause of late graft failure after the first year.”
The pathogenesis of atherosclerosis is
multifactorial and hyperlipidaemia is associ-
ated with long-term outcome after CABG.’
An aggressive lipid-lowering therapy has been
shown to significantly delay the progression
of atherosclerosis in vein grafts after CABG.”
Patients treated with aggressive lipid-lowering
therapy had significant lower risk of substan-
tial lesion progression (20.4mm reduction in
lumen diameter at the site of the lesion) in
the left main coronary artery compared with
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moderate therapy (13.8% vs24.1%, p=0.008).” Another
study showed that an aggressive lowering of low-density
lipoprotein cholesterol (LDL-C) levels to <100mg/dL
delayed the progression of atherosclerosis in grafts.” The
aggressive lipid-lowering strategy was also recommended
in European Society of Cardiology/American Heart
Association guidelines.’Proprotein convertase subtilisin/
kexin type 9 (PCSK9) is a circulating serine protease that
has received considerable attention as a promising target
for lipid-lowering therapy.'” "' PCSK9 can efficiently bind
to LDL receptors and promotes intracellular degradation
of the LDL receptor, resulting in increased serum LDL-C
concentration by reducing the uptake of LDL-C."* * A
study found that a loss-offunction mutation in PCSK9
was associated with low LDL-C levels and protective
against CAD."* Several randomised controlled trials have
shown that PCSK9 inhibitors can decrease LDL-C levels,
resulting in reduction of cardiovascular events without
major adverse effects.’” '® Some studies that have inves-
tigated the association of serum PCSK9 with cardio-
vascular risk have indicated that serum PCSK9 could
independently predict cardiovascular events in patients
with stable CAD.""*’

As CAD and SVGD have similar pathophysiological
mechanisms, we hypothesised that serum PCSK9 levels
might be associated with the development of SVGD. The
relationship between serum PCSK9 and SVGD has not
been previously explored. Thus, we aimed to assess the
association between serum PCSK9 levels and the risk of
SVGD occurrence.

METHODS

Study population

In this cross-sectional study, we enrolled 231 patients that
had undergone CABG surgery 212 months ago between
October 2015 and December 2016 at the Cardiology
Department of Tianjin Chest Hospital.

Inclusion criteria were as follows: age =18 vyears,
previous CABG surgery at least 12 months ago, at least
one SVG for bypass during CABG, abnormal non-invasive
test results or recurrent stable angina pectoris by coronary
angiography indications, willing to participate and sign
informed consent. Participants with any of the following
were excluded from the study: congenital valvular
disease, decompensated heart failure, anaemia defined as
a haemoglobin level of <12g/dL in women or <13g/dL
in men according to WHO, malignant neoplasms, renal
failure, severe hepatic disease, thyroid disease, acute or
chronic inflammatory disease and chronic obstructive
lung disease. Patients who underwent CABG<12 months
before enrolment were also excluded.

DATA COLLECTION

After receiving written informed consent, demographic
and clinical characteristics and fasting blood samples were
collected from all participants. Clinical staff reviewed

medical records and extracted participants’ clinical infor-
mation. Cardiac function class was determined according
to the New York Heart Association (NYHA) functional
classification. Mean systolic blood pressure (SBP) and
diastolic blood pressure (DBP) in sitting state was
measured by one physician. Participants were asked to
fast from midnight the night before. Blood samples were
collected from antecubital veins before coronary angi-
ography. Venous blood samples were drawn into EDTA-
coated tubes, promptly centrifuged and stored at -80°C
until analysis. Circulating PCSK9 levels were measured
using commercial ELISA kits (R&D Systems, Minne-
sota, USA) according to the manufacturer’s instructions.
Total cholesterol, triglyceride, high-density lipoprotein
cholesterol (HDL-C), LDL-C, very low-density lipopro-
tein (VLDL), lipoprotein (a), apolipoprotein A, apolipo-
protein B, fasting glucose and homocysteinaemia were
measured enzymatically using an autoanalyzer (Hitachi
911 autoanalyzer; Hitachi, Tokyo, Japan). A haematology
analyzer (Sysmex XE-2001, Sysmex, Kobe, Japan) was
used to determine the blood count, including the platelet
count and haemoglobin levels.

Hypertension was defined as SBP 2140mm Hg and/
or DBP >90mm Hg, or use of antihypertensive drugs.
Diabetes mellitus was diagnosed as a fasting serum glucose
level 27.0mmol/L, a selfreported history of diabetes
mellitus or active use of any hypoglycaemic drugs. Hyper-
cholesterolaemia was considered present if at least one
of three of the following criteria was met: fasting total
cholesterol >26.45 mmol/L, self-reported hyperlipidaemia
and self-reported use of lipid-lowering drugs. Participants
who reported that they smoked regularly were classified
as current smokers.

Coronary angiography was performed using the
Judkins technique according to standard clinical practice.
The SVGs were displayed in multiple plane images and
the degree of stenosis was determined in the plane image
showing the most severe narrowing. All angiograms were
evaluated by at least two interventional cardiologists
who were blinded to patients’ characteristics. The SVGD
was defined as at least one SVG with significant stenosis
(250%) by both cardiologists, and the participants were
divided into two groups according to SVGD status.

STATISTICAL ANALYSIS

Statistical tests were performed using SAS V.9.3 software
(Cary, North Carolina, USA). Results were presented as
mean +SD or median + IQR for continuous variables, and
frequency (percentage) for categorical variables. The
differences of clinical characteristics and biochemical
parameters between the two groups were compared using
Student’s ttest (or Mann-Whitney U-test) and XQ test/
Fisher’s exact test as appropriate. The crude and adjusted
associations between PCSK9 and SVGD were evaluated
using univariate and multivariate logistic regression
models and are presented as ORs and 95% Cls. Variables
found to be significantin univariate analysis (p<0.20) were
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considered for inclusion in the final multivariate model;
stepwise selection was used to determine the final model
with entry criteria of p=0.20and stay criteria of p=0.05.
To increase statistical power, we estimated the effect of
continuous PSCK9 on SVGD risk per 1 SD increase. The
correlations between PCSK9 and other clinical charac-
teristics of participants were evaluated using the Pearson
correlation coefficient. All tests were two-sided and
p value<0.05 was considered statistically significant for all
analysis.

Patient and public involvement

Patients were not involved in the development of the
research questions, design, recruitment or implementa-
tion of the study. Major findings from the study will be
disseminated through national conference posters and
social media. In addition, with the contact information
collected during study, the participants will be notified of
the study results through telephone or by post.

RESULTS

The 231 consecutively enrolled participants were divided
into two groups: 124 (53.7%) patients with SVGD and 107
(46.3%) patients with patent SVGs (patent group). The
demographic and clinical characteristics of the partici-
pants by SVGD status are listed in table 1. These partici-
pants were predominantly male (80.9%) with a mean age
of 65.6+8.2 years old. There were no significant differ-
ences between the two groups regarding demographical
characteristics. The mean time from CABG surgery to the
last coronary angiogram was significantly longer in the
SVGD group (8.1+3.8 vs 6.1+3.7 years, p<0.01). Compared
with participants without SVGD, the participants in the
SVGD group were younger at the time of their CABG
operation and were more likely to have a family history of
cardiovascular disease. The SVGD participants were also
more likely to report smoking, had higher left ventricular
end-diastolic diameter (LVEDD) and more likely to have
acute coronary syndrome.

The laboratory results of participants by SVGD status
are presented in table 2. The participants in the SVGD
group had higher levels of triglycerides, VLDL, lipopro-
tein (a) and PCSK9 (figure 1). There were no statistically
significant differences for other laboratory variables. The
mean value of PCSK9 was 263.2+40.2ng/mL among all
participants, and the mean PCSK9 value in the SVGD
group was significantly higher than that in patent group
(275.2+38.6 vs 249.3+37.7, p<0.01). There was also a
linear trend between serum PCSK9 quartiles and SVGD
(p for trend <0.001).

The univariate logistic regression model revealed a
significant association between serum PCSK9 and SVGD
(OR 2.10,95% CI 1.53 to 2.87) per 1 SD increase in serum
PCSK9. Serum PCSK9 concentration was additionally
categorised by quartiles to investigate the consistency of
its association with SVGD across quartiles. With quartile
1 serum PCSK9 as reference, the ORs for quartiles 2—4

were 1.25 (95% CI 0.59 to 2.66), 4.87 (95% CI 2.21 to
10.75) and 4.22 (95% CI 1.94 to 9.18). The association
was attenuated, but remained significant after adjustment
for other established cardiovascular risk factors (table 3),
and the OR for 1 SD increase of serum PCSK9 was 1.83
(95% CI1.29 to 2.59). In addition to serum PCSK9 level,
the following variables remained statistically significant
in the multivariate logistic regression model: time from
CABG surgery, family history of cardiovascular disease,
ischaemia type, native lesion vessel number and VLDL.

Non-lipid cardiovascular risk factors did not have
significant impact on serum PCSK9 levels. The Pearson
correlation coefficients between PCSK9 and age (r=-0.09,
p=0.19), time from CABG surgery (r=0.04, p=0.52), SBP
(r=-0.01, p=0.90) and DBP (r=0.06, p=0.33) were all quite
small (table 4). In contrast, serum PCSK9 levels correlated
modestly with white blood cell counts (r=0.25, p<0.01)
and VLDL (r=0.18, p<0.01). There were no statistically
significant correlations between serum PCSK9 levels and
other lipid parameters.

DISCUSSION

To the best of our knowledge, this was the first study to
determine the association between serum PSCK9 and late
SVGD after CABG. The mean PCSK9 value was signifi-
cantly higher in patients with SVGD than in patients with
patent SVG (275.2+38.6 vs 249.3+37.7, p<0.01). More-
over, multivariate logistic regression analysis showed that
serum PSCKO9 level was independently associated with late
SVGD.

CABG is a widely performed surgical procedure for
CAD and confers both quality of life and survival benefits
to patients.”*' However, the effectiveness of CABG is weak-
ened by SVGD after CABG, with graft patency dropping to
61% after 10 years.” Thrombosis, intimal hyperplasia and
atherosclerosis are the main causes of SVGD according
to the time period after CABG surgery.* Atherosclerosis
is one of the main pathogenic mechanisms for late SVGD
12 months after surgery.”” We included participants who
had CABG surgery at least 12 months ago in our study to
minimise the graft failure factors related to the surgery
itself. Accordingly, the mean time from surgery was
8.1+3.8 years in the SVGD group and 6.1+3.7 years in the
patent group.

The relationship between PCSK9 function and CAD
development and prognosis has been comprehensively
investigated over the past decades."” In a prospective
cohort study, 4232 participants were enrolled to inves-
tigate the relationship between PCSK9 and incident
cardiovascular events.'” During the 15 years of follow-up,
baseline PCSK9 concentration predicted incident cardio-
vascular events. Concentration in quartile 4 compared
with quartile 1 was independently associated with an HR
of 1.48 (95% CI 1.12 to 1.95) after adjustment for estab-
lished cardiovascular risk factors.'” Due to discrepant
results in evaluating PCSK9 as a biomarker of cardiovas-
cular risk, a systematic review was performed, showing that
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Participants with SVGD Participants without SVGD
Variable (n=124) (n=107) P values

Male, n (%) 100 (81.3) 86 (80.4) 0.86

CABG age (years) 56.9+9.1 60.2+8.0 <0.01

Family history of cardiovascular disease, 37 (29.8) 13 (12.2) <0.01
n (%)

Diabetes mellitus, n (%) 52 (41.9) 53 (49.5) 0.25

History of stroke, n (%) 22 (17.7) 13 (12.1) 0.24

Current alcohol drinking, n (%) 38 (30.7) 29 (27.1) 0.55

-1 102 (82.3) 82 (76.6) 0.29
-V 22 (17.7) 25 (23.4)
Stable angina 18 (14.5) 31 (29.0) <0.01
Acute coronary syndrome 106 (85.5) 76 (71.0)
! 1(0.8) 6 (5.6) 0.04
2 29 (23.6) 33 (30.8)
3 93 (75.6) 68 (63.6)

Number of SVG (mean) 2.7+£0.7 2.6+0.7 0.08

SVG-LAD, n (%) 35 (34.0) 35 (58.3) <0.01

SVG-LCX, n (%) 25 (23.8) 16 (30.2) 0.39

LAD-PDA, n (%) 70 (59.8) 66 (77.7) <0.01

Stenosis degree of SVG

SVG-RCA 78.4+39.5 7.5+3.1 <0.01

SVG-Diag 66.4+47.1 13.2+3.5 <0.01

SVG-OM 74.5+38.0 17.5+4.2 <0.01

LVEDD (mm) 53.1+£5.7 50.9+7.3 0.01

Aspirin, n (%) 118 (95.2) 102 (95.3) 0.85

Continued
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Table 1 Continued

Participants with SVGD Participants without SVGD
Variable (n=124) (n=107) P values
Statin, n (%) 94 (75.8) 78 (72.9) 0.73
ACE/ARB, n (%) 84 (67.7) 71 (66.4) 0.70
Clopidogrel, n (%) 62 (50.0) 65 (60.7) 0.10

BMI, body mass index; CABG, coronary artery bypass grafting; LAD, left anterior descend; LCX, left circumflex artery; LVEDD, left ventricular
end-diastolic diameter; NYHA, New York Heart Association; OM, obtuse marginal branch; PDA, posterior descend artery; RCA, right coronary

artery; UA, uric acid.

PCSK9 levels were modestly, but significantly correlated
with risk of cardiovascular events.”> An intervention trial
showed that PCSK9 levels increased with improvements
in fitness and visceral fat mobilisation after the interven-
tion (improving dietary quality and increasing physical
activity) among patients undergoing CABG surgery.™*
PCSK9 impacts atherosclerosis through both lipid and
non-lipid pathways. Chan et al found an independent

association between PCSK9 and carotid intimamedia wall
thickness after adjustment for traditional cardiovascular
risk factors.”” Comprehensive reviews have described
the key role of PCSK9 in LDL-C metabolism by direct
interaction with LDL receptors and ultimately plasm
LDL-C.??% Gain-of-function mutations in PCSK9 resulted
in higher levels of LDL-C, whereas loss-of-function PCSK9
sequence variations were found to be associated with

Table 2 Laboratory testing results of participants and association with saphenous vein graft disease (SVGD)

Participants with SVGD Participants without SVGD

Variable (n=124) (n=107) P values
White blood cell count (10%/L) 6.9+£2.0 6.6+1.5 0.29
Red blood cell count (10'%/L) 4.6+0.6 5.8+11.9 0.31
Haemoglobin (g/L) 137.7+£19.2 138.3+19.8 0.80
Platelet count (10%/L) 204.7+58.8 201.4+43.1 0.63
Red cell distribution width (%) 12.5+£1.0 13.8+1.1 0.24
Mean platelet volume 12.9+12.4 10.2+10.3 0.35
Plateletcrit 0.4+1.5 0.2+0.1 0.15
Platelet distribution width 15.2+2.8 15.2+2.7 0.82
Neutrophil-to-lymphocyte ratio 3.3+2.1 3.0+1.2 0.20
Platelet-to-lymphocyte ratio 140.4+61.9 135.1+47.3 0.46
Total cholesterol (mmol/L) 4.5+1.2 4.3+1.2 0.10
Triglycerides (mmol/L) 1.9+1.1 1.6+0.8 0.04
HDL-C (mmol/L) 1.0£0.4 1.0£0.3 0.63
LDL-C (mmol/L) 2.9+11 2.8+1.0 0.41
VLDL (mmol/L) 0.6+0.3 0.5+0.2 <0.01
Lipoprotein (a) (mmol/L) 83.9+103.0 59.6+74.1 0.04
Apolipoprotein A (mmol/L) 1.1+0.2 1.1+0.2 0.86
Apolipoprotein B (mmol/L) 1.0+£0.3 1.0+0.3 0.14
Fasting glucose (mmol/L) 7.0+5.4 6.4+2.8 0.30
Homocysteinaemia (umol/L) 16.2+8.4 15.4+6.7 0.41
UA (umol/L) 338.6+91.8 344.4+97.5 0.65
PCSK9 (ng/mL) 275.2+38.6 249.3+37.7 <0.01
Quartile 1, <235.51 ng/mL 20 (16.1) 38 (35.5) <0.01
Quartile 2, >235.51 to <254.89 ng/mL 23 (18.5) 35 (32.7)

Quartile 3, >254.89 to <290.13ng/mL 41 (33.1) 16 (15.0)

Quartile 4, >290.13ng/mL 40 (32.3) 18 (16.8)

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCSK9, proprotein convertase subtilisin/kexin type
9; SVGD indicated saphenous vein graft disease; VLDL, very low-density lipoprotein.
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Figure 1 Comparison of proprotein convertase subtilisin/

kexin type 9 (PCSKO9) levels between patent group and
saphenous vein graft disease (SVGD) group. The mean
PCSKO9 level in the SVGD group was significantly higher than
that in the patent group (p<0.01).

reductions in both LDL-C and cardiovascular risk.'* *
However, there was no significant difference in LDL-C
levels between subjects with or without SVGD, although
an independent association between serum PSCK9 levels
and late SVGD has been established. It is speculated that
two causes may contribute to the contrary findings. First,
lipid-lowering therapy was widely used to control lipid
level among patients who underwent CABG surgery, as
shown in our study, about 75% of participants routinely
take statins. Second, in addition to induced degradation
of LDL receptors and hypercholesterolaemia, PCSK9 may
promote atherosclerosis development independent of its
impact on lipids. The association between elevated PCSK9

Table 3 Multivariate logistic regression analysis of factors
associated with saphenous vein graft disease among
patients with coronary artery bypass grafting (CABG)

Risk factors OR (95%Cl) P values
Time from CABG surgery 1.18 (1.08 to 1.29) <0.01
(years)

Family history of 2.38 (1.08 to 5.26) 0.03
cardiovascular disease

Ischaemia type (acute 3.07 (1.43 t0 6.57) <0.01
coronary syndrome vs

stable angina)

Native lesion vessel 2.49 (1.37 to 4.51) <0.01
number

VLDL 5.50 (1.50 to 20.14) 0.01

Lipoprotein (a)
PCSK9 1 SD increase

1.005 (1.001 to 1.009) 0.04
1.83 (1.29 to 2.59) <0.01

PCSKO, proprotein convertase subtilisin/kexin type 9; VLDL, very
low-density lipoprotein.

Table 4 Correlations between proprotein convertase
subtilisin/kexin type 9 (PCSK9) and other clinical
characteristics of participants

PCSK9
Correlation
Variables coefficient P values
Age (years) -0.0870 0.19
Time from CABG surgery 0.0430 0.52
SBP (mm Hg) 0.0085 0.90
DBP (mm Hg) 0.0639 0.33
White blood cell count (10%L) 0.2533 <0.01
Platelet count (10%L) 0.1235 0.06
Red cell distribution width (%) 0.0430 0.52
Mean platelet volume 0.0805 0.23
Plateletcrit 0.0850 0.20
Platelet distribution width —-0.0283 0.67
Total cholesterol (mmol/L) 0.0461 0.49
Triglycerides (mmol/L) 0.1215 0.07
HDL-C (mmol/L) —0.0324 0.63
LDL-C (mmol/L) 0.0178 0.79
VLDL (mmol/L) 0.1772 <0.01
Lipoprotein (a) (mmol/L) -0.0284 0.67
Apolipoprotein A (mmol/L) —-0.0201 0.76
Apolipoprotein B (mmol/L) 0.0763 0.26
Fasting glucose (mmol/L) 0.0177 0.79
Homocysteinaemia (umol/L) 0.0399 0.55

DBP, diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
indicated systolic blood pressure; VLDL, very low-density
lipoprotein.

and cardiovascular risk existed in the absence of elevated
LDL, demonstrating the effects of PCSK9 by non-lipid
pathways. It has been shown that an inflammatory mech-
anism plays an important role in atherosclerosis progres-
sion.” * Inflammatory biomarkers such as C-reactive
protein, interleukin-6 and fibrinogen have been shown
to be predictors of cardiovascular events.” > LOX-1 is an
important receptor for oxidized-LDL and its expression
is upregulated in the inflammatory state. The interac-
tion between LOX-1 activation and PCSK9 may facilitate
atherogenesis, particularly in an inflammatory state.”
Serum PCSK9 was found to be positively correlated with
VLDL. In a double-blind randomised-controlled trial, it
was speculated that PCSK9 played a role in regulating
VLDL metabolism as the study found that serum PCSK9
reduction correlated with decreases in VLDL concen-
tration among patients with type 2 diabetes who receive
fenofibrate treatment.”® LDL receptors can promote
intracellular degradation of apolipoprotein B as they
bind to nascent apolipoprotein B during the course of
VLDL assembly.** VLDL secretion might be stimulated
by PCSK9 through degradation of LDL receptors.” * It
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has been postulated that PCSK9 binding to LDL recep-
tors can limit apolipoprotein B from intracellular catabo-
lism induced by LDL receptors.”” In addition to exerting
effects from LDL receptors, PCSK9 also interferes with
intracellular transport and degradation of VLDL recep-
tors.”™ The absence of circulating PCSK9 has been shown
to lead to increased levels of surface VLDL receptors in
the perigonadal tissue.”

Our data showed that serum PCSK9 levels correlated
modestly with white blood cell counts. Another study
also found that PCSK9 levels were independently asso-
ciated with white blood cell counts among patients with
stable CAD." The correlation between PCSK9 levels and
white blood cell counts suggests a potential link between
PCSK9 and chronic inflammation. The absence of
PCSK9 has been found to protect against septic shock in
mice.*' The effect of PCSK9 on inflammatory responses is
further supported by another study, which reported that
PCSK9 knock-down decreased cytokine expression and
suppressed the inflammatory response through inhibi-
tion of nuclear factor-kB activation in macrophages.*™**

The current study found that lipoprotein (a) was an
independent risk factor for SVGD. Many studies have
shown that elevated plasma levels of lipoprotein (a) are
associated with increased risk of cardiovascular disease.* *°
Lipoprotein (a) is one of the atherogenous lipoproteins
and plays a crucial role in atherogenesis. The mechanism
of lipoprotein (a) on atherogenesis is multifactorial and
includes formation of atherosclerotic plaque, interfer-
ence with plasminogen activation, disrupting endothelial
function and promoting phospholipid oxidation.’

Several limitations should be considered in the inter-
pretation of the results from the current study. First,
this was a cross-sectional study, so temporality cannot
be confirmed. It is impossible to determine whether the
PCSK9 serum levels are influenced by late SVGD or if
SVGD risk is affected by PCSK9 levels. Second, the risk
factors were significantly different between participants
with SVGD and those without SVGD, including time from
CABG surgery, smoking, age at CABG operation and
family history. To mitigate the potentially negative influ-
ence of these confounding factors, a multivariate logistic
regression model was used to adjust for these risk factors.
Last, the number of participants enrolled was relatively
small and the participants with abnormal non-invasive
test results or recurrent stable angina pectoris were
enrolled in a single centre. Although the participants
in the present study may not represent all patients oper-
ated with CABG, we expect that the relationship between
PCSK9 serum levels and SVDG should persist in other
populations, but with varying magnitudes of association.
Thus, a larger multicentre prospective study is necessary
to validate our results.

CONCLUSIONS
Our study is the first to identify the association between
PCSK9 serum levels and late SVGD and the association

persisted after adjustment for established cardiovascular
risk factors. A multicentre prospective cohort study with
large sample size should be conducted in the future to
further research this relationship.
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