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ABSTRACT　
 
BACKGROUND　  Lipoprotein(a) [Lp(a)] has been closely related to coronary atherosclerosis and might affect perivascular in-
flammation due to its proinflammatory properties. However, there are limited data about Lp(a) and related perivascular inflam-
mation on coronary atheroma progression. Therefore, this study aimed to investigate the associations between Lp(a) and the peri-
vascular  fat  attenuation  index  (FAI)  with  coronary  atheroma  progression  detected  by  coronary  computed  tomography  angio-
graphy (CCTA).
 
METHODS　 Patients who underwent serial CCTA examinations without a history of revascularization and with available data
for Lp(a) within one month before or after baseline and follow-up CCTA imaging scans were considered to be included. CCTA
quantitative analyses were performed to obtain the total plaque volume (TPV) and the perivascular FAI. Coronary plaque pro-
gression (PP) was defined as a ≥ 10% increase in the change of the TPV at the patient level or the presence of new-onset coronary
atheroma lesions. The associations between Lp(a) or the perivascular FAI with PP were examined by multivariate logistic regres-
sion.
 
RESULTS　 A total of 116 patients were ultimately enrolled in the present study with a mean CCTA interscan interval of 30.80 ±
13.50 months. Among the 116 patients (mean age: 53.49 ± 10.21 years, males: 83.6%), 32 patients presented PP during the follow-
up interval.  Lp(a) levels were significantly higher among PP patients than those among non-PP patients at both baseline [15.80
(9.09−33.60) mg/dL vs. 10.50 (4.75−19.71) mg/dL, P = 0.029] and follow-up [20.60 (10.45−34.55) mg/dL vs. 8.77 (5.00−18.78) mg/dL,
P = 0.004]. However, there were no differences in the perivascular FAI between PP group and non-PP group at either baseline or
follow-up. Multivariate logistic regression analysis showed that elevated baseline Lp(a) level (OR = 1.031, 95% CI: 1.005−1.058, P =
0.019) was an independent risk factor for PP after adjustment for other conventional variables.
 
CONCLUSIONS　  Lp(a)  was  independently  associated  with  coronary  atheroma  progression  beyond  low-density  lipoprotein
cholesterol and other conventional risk factors. Further studies are warranted to identify the inflammation effect exhibited as the
perivascular FAI on coronary atheroma progression.

  

A  considerable proportion of patients still
suffer from coronary atheroma progres-
sion although they have received stan-

dard of care (SOC) therapy.[1,2] Therefore, residual
risk factors rather than the conventional ones would
be associated with the likelihood of concerning altera-
tion. As a special kind of plasma lipoproteins, lipo-

protein(a) [Lp(a)] is considered a well-recognized
unconventional independent risk factor for athero-
sclerotic cardiovascular disease (ASCVD).

Lp(a) is a low-density lipoprotein particle with an
apolipoprotein(a) moiety covalently bound to its
apolipoprotein B component and exerts proathero-
genic, prothrombotic and proinflammatory effects.[3]

Journal of
Geriatric Cardiology

Journal of
Geriatric Cardiology

Journal of
Geriatric Cardiology

Journal of
Geriatric Cardiology

Journal of
Geriatric Cardiology

RESEARCH ARTICLE
J Geriatr Cardiol 2021; 18(12): 996–1007

 

© 2021 JGC All rights reserved; www.jgc301.com



In addition, Lp(a) also preferentially binds oxid-
ized phospholipids (OxPLs) in comparison with
other lipoproteins, leading to increased arterial infla-
mmation and promoting its own proatherogenic pro-
perties.[4,5] In view of Lp(a) contributing to ASCVD
via multiple mechanisms, its importance as a poten-
tial residual risk factor could not be ignored.

To monitor the disease evolution process of cor-
onary atheroma, coronary computed tomography
angiography (CCTA) allows comprehensive evalu-
ation in both qualitative and quantitative aspects as
a widely used noninvasive imaging modality. Fur-
thermore, the perivascular fat attenuation index
(FAI) has emerged as a novel imaging biomarker
quantified by CCTA one-stop evaluation for coron-
ary arterial inflammation in recent years.[6] However,
few previous studies have elucidated the effects of
Lp(a) and related arterial inflammation on coro-
nary atheroma progression detected by CCTA.

In this study, we hypothesized that elevated
Lp(a) would contribute to coronary atheroma pro-
gression independent of low-density lipoprotein
cholesterol (LDL-C) and attempted to investigate

whether the perivascular FAI might participate in
the corresponding process. 

METHODS
 

Study Population

Briefly, this study was a single-center, retrospective,
observational study performed at Chinese PLA
General Hospital, Beijing, China. We searched the
Picture Archiving and Communication System (CV-NET
System, Crealife, Beijing, China) for 3,689 subjects
who underwent serial CCTA scans from November
2011 to December 2019. In the case of patients who
underwent more than three CCTA scans, the first
and last examinations were selected. Notably, pa-
tients who experienced major adverse cardiovas-
cular events (MACEs) during the interscan interval
were not omitted. Finally, 116 patients with avail-
able data for demographics, clinical characteristics
and laboratory examination profiles [especially for
plasma Lp(a)] collected within one month before or
after baseline and follow-up CCTA imaging scans
were enrolled (Figure 1).

 

Figure 1    Study flow diagram. CCTA: coronary computed tomography angiography.
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For this analysis, the exclusion criteria were as
follows: (1) absence of clinical data at either baseline
or follow-up CCTA imaging scans; (2) a previous
history of percutaneous coronary intervention or
coronary artery bypass grafting surgery; (3) CCTA
scans performed for non-coronary artery disease
(CAD) reasons; (4) chronic total occlusion lesions
occurring at any segments of the main coronary ar-
teries; (5) inadequate CCTA image quality failed to
meet a Likert scale ≥ 3 or severe artifact leaded to
nonvaluable qualitative and quantitative analyses at
either baseline or follow-up CCTA imaging scans;
and (6) an interscan interval for serial CCTA scans <
9 months or ≥ 60 months.

The study was approved by the Ethics Commit-
tees of Chinese PLA General Hospital (No.S2020-
255-01) and was conducted according to the guide-
lines of the declaration of Helsinki Declaration. All
participants signed written informed consents prior
to their CCTA scans. 

Definition of ASCVD Risk Stratification and LDL-C
Treatment Goals for Lipid Lowering

To assess the ten-year overall ASCVD risk and
clarify LDL-C lowering treatment goals, we used a
proven risk estimation and stratification chart on
the basis of traditional ASCVD risk factors in ac-
cordance with the 2016 guidelines for the manage-
ment of dyslipidaemias in Chinese adults.[7] Pa-
tients once diagnosed with ASCVD were stratified
as very high risk directly. For other subjects, estima-
tions of their ten-year overall ASCVD risk were classified
as high risk (≥ 10%), moderate risk (5%−9%), and
low risk (< 5%) separately based on clinical disease
status, lipoprotein cholesterol levels and other tra-
ditional risk factors. Recommendations about LDL-C
treatment goals for lipid lowering varied from
ASCVD risk stratification.[7] For patients at very
high ASCVD risk, the goal was LDL-C levels < 1.8
mmol/L. For subjects at high ASCVD risk or mod-
erate/low ASCVD risk, the goals were LDL-C levels <
2.6 mmol/L or < 3.4 mmol/L, respectively. It should
be emphasized that a 50% LDL-C levels reduction
from baseline was also considered an alternative
goal. 

CCTA Imaging Scan Protocol

Baseline and follow-up CCTA imaging scans

were acquired applying the same dual-source CT
scanner (Definition Flash, Siemens Healthcare,
Forchheim, Germany) for every patient. Data ac-
quisition was performed with a detector collima-
tion of 2 mm × 64 mm × 0.6 mm, z-axis flying focus
technique and gantry rotation of 280 ms. Patients
with body mass index (BMI) ≥ 25 kg/m2 were ex-
amined with a tube voltage of 120 kVp, whereas
those with BMI < 25 kg/m2 were examined with a
tube voltage of 100 kVp. Based on heart rate, diffe-
rent scanning protocols, such as prospective electro-
cardiogram-triggered high-pitch spiral double
scans, step-on sequential scans, or retrospective
spiral scans, were allocated to different patients as
appropriate.[8] Subjective image quality was evalu-
ated using a five-point Likert scale: (1) nondiagno-
stic with intense noise and artifact; (2) limited dia-
gnostic value with noise and artifact; (3) diagnostic
with moderate image quality; (4) diagnostic with
good quality with minimal noise and artifact; and
(5) diagnostic with excellent image quality. 

Qualitative CCTA Analysis

Two cardiologists with at least three years of
CCTA assessment experience who were blinded to
the enrolled patients’ clinical information majored
in qualitative and quantitative CCTA analyses inde-
pendently. All datasets were sent to an associated
workstation (Syngo.via VB10B, Siemens Healthcare,
Forchheim, Germany) for generating regular inter-
pretation formats, such as transaxial images, multi-
planar reformation, maximum intensity projection,
curved multiplanar reformation and volume-rendering
technique.[9] Contrast enhanced images were recon-
structed with a B26f kernel, slice thickness of 0.75
mm, and an increment of 0.5 mm for visualization
of native arteries.[10]

According to the Coronary Artery Disease-Reporting
and Data System (CAD-RADS), classification de-
gree scales were defined as follows: (1) no visible
stenosis (0%); (2) minimal stenosis (1%−24%); (3) mild
stenosis (25%−49%); (4) moderate stenosis (50%−
69%); (5) severe stenosis (70%−99%); and (6) occ-
luded (100%).[11] All vessels > 1.5 mm in diameter
using a modified 17-segment American Heart Asso-
ciation model were graded for stenosis severity by
visual estimation, and CAD-RADS classifications
were applied at the patient level for the most clinic-
ally relevant stenosis.[9]
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Quantitative CCTA Analysis

Subsequently, all datasets were transferred to au-
thorized software (Syngo.via Frontier Coronary
Plaque Analysis, version 4.2.1, Siemens Healthcare,
Forchheim, Germany) for semi-automated plaque
quantification analysis. We have accumulated suffi-
cient quantitative analysis experience, as described
in our previous article.[12] An isolated coronary plaque
was defined as any tissue ≥ 1 mm3 within or adja-
cent to the lumen that could be discriminated from
the surrounding structures and identified in more
than two planes.[13] For tracing and comparing lon-
gitudinal CCTA images, baseline and follow-up
coronary lesions were matched with fiduciary land-
marks (e.g., side branches, distance from the ostium)
and analyzed side-by-side.[14] Through manual cor-
rection of the inner vessel wall and outer vessel
wall of definite coronary lesions from the curved
multiplanar reformation and cross-sectional view,
the main plaque component volumes were ac-
cessed accurately within the defined Hounsfield
unit (HU) range. The total plaque volume (TPV)
was calculated as the sum of all analyzed segments
to generate a patient level quantitative analysis
volume. Coronary plaque progression (PP) was
defined as the follow-up TPV that was increased ≥
10% compared to the baseline at the patient level or
the presence of new-onset coronary atheroma le-
sions.[15] A typical case for semi-automated coro-
nary plaque quantification analysis is depicted in
Figure 2. 

CCTA Perivascular FAI Analysis

Perivascular FAI analysis was performed utiliz-
ing dedicated domestic software (Anythink CT FAI
Analysis, version 2.0, Crealife, Beijing, China). The
perivascular FAI was distinguished by the weighted
mean attenuation of all adipose tissue-containing
voxels (−190 HU to −30 HU) located within a radial
distance from the outer vessel wall equal to the dia-
meter of the respective vessel.[6,16] We defined the
perivascular FAI measured around the right coro-
nary artery (RCA) as a representative metric of global
coronary inflammation, due to the absence of major
branches and abundance of perivascular fat in the
right atrioventricular groove.[16] To avoid any ef-
fects of the aortic wall, we analyzed 10 mm to 50

mm of the vessel by excluding the most proximal 10
mm of the RCA, as described previously.[6] A typical
case for perivascular FAI analysis is shown in Figure 3. 

Statistical Analysis

Continuous variables were presented as mean ±
SD or medians (interquartile range), while categor-
ical variables were presented as frequencies and
percentages. Differences between continuous vari-
ables were analyzed using the independent Student’s
t-test, the paired-samples t-test, the Mann-Whitney
U test or the Kruskal-Wallis H test, as appropriate.
Differences between categorical variables were ana-
lyzed using the Pearson’s chi-squared test or the
Fisher’s exact probability test, as appropriate. In-
traobserver and interobserver variability in CCTA
plaque quantification and perivascular FAI anal-
ysis were assessed by the intraclass correlation coeffi-
cient (Table 1). Relationships between continuous
variables were assessed using the Pearson’s r-test.
Lp(a) concentrations were converted to the logar-
ithmic scale for the Pearson’s r-test. Univariate lo-
gistic regression analysis was performed to evalu-
ate the associations between clinical variables and
coronary PP. Then, multivariate logistic regression
analysis was performed to identify the independ-
ent impact of such clinical variables with P-value <
0.10 in the univariate logistic regression analysis on
coronary PP. Two-sided P-value < 0.05 was con-

 

Figure 2    Example for semi-automated coronary plaque quan-
tification  analysis  on  coronary  computed  tomography  angio-
graphy. Above case demonstrates an example for plaque quanti-
fication  of  the  same  patient  in  April  2014  and  March  2016,  res-
pectively.  Cross-sectional  and  curved  multiplanar  reformation
views show a  representative  non-calcified plaque in  the  middle
left anterior descending artery. The total plaque volume increased
from 282.69 mm3 to 396.11 mm3 during interscan interval with an
increase of 40.12%.
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sidered statistically significant for all analyses. Sta-
tistical analysis was performed using SPSS 23.0
(SPSS Inc., IBM, Chicago, Illinois, USA).
 

RESULTS
 

Study Population and Baseline Characteristics

The baseline demographics and clinical character-
istics of all enrolled participants are described in
Table 2. The study population consisted of 116 pa-
tients (mean age: 53.49 ± 10.21 years, males: 83.6%)
with an average CCTA interscan interval of 30.80 ±
13.50 months. At the CCTA baseline examination,

ASCVD risk stratification identified patients at very
high risk (22.4%), high risk (25.9%) and low to mod-
erate risk (51.7%), respectively. According to definite
medical records, 25.9% of patients received concrete
statin therapy at baseline but 60.3% of patients
achieved LDL-C lowering treatment goals based on
different ASCVD risk stratification at follow-up.

Of the enrolled participants, 32 patients (27.6%)
and 84 patients (72.4%) were categorized into the
PP group and the non-PP group. The patients with
PP had a higher BMI (27.58 ± 3.21 kg/m2 vs. 26.03 ±
2.75 kg/m2, P = 0.013), but a similar sex ratio and
age. There were no differences observed in tradi-
tional clinical risk factors such as hypertension, dia-

 

Figure 3    Typical example for the perivascular FAI analysis on coronary computed tomography angiography. Perivascular adipose
tissue  and  the  corresponding  perivascular  FAI  analysis  around  the  proximal  10−50  mm  of  the  right  coronary  artery  are  shown  in
curved multiplanar reformation views. In the different two cases, perivascular FAI values were assessed at baseline and follow-up, re-
spectively. FAI values of stabilization situation ranged basically at  −90.47 HU and −88.42 HU. FAI values of alleviation situation de-
clined from −67.36 HU to −81.30 HU. FAI: fat attenuation index.
 

Table  1      Agreement  of  coronary  computed  tomography  angiography  plaque  quantification  and  the  perivascular  FAI  analyses
within intraobserver and interobserver.

Variables
Lesion level Patient level

ICC 95% CI ICC 95% CI
Intraobserver

　TPV 0.967 0.947−0.979 0.949 0.885−0.976

　FAI − − 0.994 0.987−0.997

Interobserver

　TPV 0.949 0.920−0.967 0.937 0.873−0.970

　FAI − − 0.992 0.982−0.996

ICC values were classified as excellent (> 0.90), good (0.75−0.90), moderate (0.50−0.75) and poor (< 0.50), respectively. The ICC of
intraobserver was executed in 70 lesions of 35 patients, while the ICC of interobserver was executed in 75 lesions of 30 patients. CI:
confidence interval; FAI: fat attenuation index; ICC: intraclass correlation coefficient; TPV: total plaque volume.
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betes mellitus, dyslipidaemias and current smoking,
producing comparable distributions of ASCVD risk
stratification. Regular qualitative CCTA analysis
showed similar CAD-RADS grades between the PP
group and the non-PP group. 

Comparison of Baseline and Follow-up Main
Laboratory Examination Profiles

The baseline and follow-up main laboratory ex-
amination profiles are summarized in Table 3.
Baseline fasting blood glucose levels were signific-
antly higher in the PP group than those in the non-
PP group (6.63 ± 2.56 mmol/L vs. 5.78 ± 1.40 mmol/L,
P = 0.024). Although follow-up LDL-C levels were
relatively lower in the PP group, the difference

between the PP group and the non-PP group was
not significant (2.73 ± 0.87 mmol/L vs. 2.41 ± 0.82
mmol/L, P = 0.068). Lp(a) levels were significantly
higher in the PP group at both baseline [15.80
(9.09−33.60) mg/dL vs. 10.50 (4.75−19.71) mg/dL, P =
0.029] and follow-up [20.60 (10.45−34.55) mg/dL vs.
8.77 (5.00−18.78) mg/dL, P = 0.004]. There were no
differences in total cholesterol, triglyceride, high-
density lipoprotein cholesterol (HDL-C), or non-
HDL-C at baseline or follow-up between the PP
group and the non-PP group. In the non-PP group,
the follow-up levels of total cholesterol (4.09 ± 0.99
mmol/L vs. 4.54 ± 1.03 mmol/L, P = 0.005), LDL-C
(2.41 ± 0.82 mmol/L vs. 2.81 ± 0.89 mmol/L, P =
0.003) and non-HDL-C (2.96 ± 0.98 mmol/L vs. 3.37 ±

 

Table 2    Baseline demographics and clinical characteristics.

Variables Overall (n = 116) PP (n = 32) Non-PP (n = 84) P−value

Male 97 (83.6%) 28 (87.5%) 69 (82.1%) 0.584

Age, yrs 53.49 ± 10.21 53.03 ± 9.63 53.67 ± 10.47 0.766

Body mass index, kg/m2 26.46 ± 2.95 27.58 ± 3.21 26.03 ± 2.75 < 0.05

Hypertension 72 (62.1%) 20 (62.5%) 52 (61.9%) 0.953

Diabetes mellitus 37 (31.9%) 14 (43.8%) 23 (27.4%) 0.091

Dyslipidaemias 45 (38.8%) 20 (62.5%) 51 (60.7%) 0.860

Current smoking 35 (30.2%) 9 (28.1%) 26 (31.0%) 0.767

CCTA interscan interval, months 30.80 ± 13.50 33.93 ± 15.37 29.60 ± 12.62 0.123

ASCVD risk stratification 0.942

　Very high risk 26 (22.4%) 7 (21.9%) 19 (22.6%)

　High risk 30 (25.9%) 9 (28.1%) 21 (25.0%)

　Low and moderate risk 60 (51.7%) 16 (50.0%) 44 (52.4%)

CAD-RADS grade 0.154

　0 (0%) 26 (22.4%) 4 (12.5%) 22 (26.2%)

　1 (1%−24%) 27 (23.3%) 9 (28.1%) 18 (21.4%)

　2 (25%−49%) 44 (37.9%) 14 (43.8%) 30 (35.7%)

　3 (50%−69%) 11 (9.5%) 1 (3.1%) 10 (11.9%)

　4 (70%−99%) 8 (6.9%) 4 (12.5%) 4 (4.8%)

Medication

　Aspirin 23 (19.8%) 5 (15.6%) 18 (21.4%) 0.483

　Statin 30 (25.9%) 7 (21.9%) 23 (27.4%) 0.545

　Ezetimibe 1 (0.9%) 0 1 (1.2%) 1.000

　Beta-blockers 20 (17.2%) 4 (12.5%) 16 (19.0%) 0.583

　ACEI or ARB 27 (23.3%) 6 (18.8%) 21 (25.0%) 0.476

　CCB 29 (25.0%) 4 (12.5%) 25 (29.8%) 0.060

Data are presented as means ± SD or n (%). ACEI: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers;
ASCVD: atherosclerotic cardiovascular disease; CAD-RADS: Coronary Artery Disease-Reporting and Data System; CCB: calcium
channel blockers; CCTA: coronary computed tomography angiography; PP: plaque progression.
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0.95 mmol/L, P = 0.007) demonstrated significant
declines compared with those at baseline. 

Comparison of Baseline and Follow-up Peri-
vascular FAI Analyses

We did not find any differences between the PP
group and the non-PP group in the perivascular
FAI at either baseline (−76.94 ± 8.55 HU vs. −74.83 ±
7.66 HU, P = 0.201) or follow-up (−77.42 ± 9.55 HU
vs. −75.66 ± 7.35 HU, P = 0.292). There were no cor-
relations between log-Lp(a) and the perivascular
FAI at either baseline (r = −0.045, P = 0.637) or
follow-up (r = −0.028, P = 0.763). 

Comparison of Baseline and Follow-up CCTA
Quantitative Analyses

Patients were assigned to three tertiles according
to Lp(a) levels, and the corresponding results are
exhibited in Figure 4. There were 38 patients, 39 pa-
tients, and 39 patients from tertile 1 to tertile 3, and

the proportions of PP patients were 15.8% (6 of 38
patients), 28.2% (11 of 39 patients), and 38.5% (15 of
39 patients), respectively. Among the different ter-
tiles, the TPV demonstrated a similar increasing
trend as the Lp(a) levels increased at both baseline
[149.71 (0.00–387.65) mm3 vs. 206.75 (108.98−406.31)
mm3 vs. 318.78 (122.33−648.60) mm3, P = 0.063] and
follow-up [150.38 (0.00−361.55) mm3 vs. 255.77
(113.85−509.22) mm3 vs. 369.82 (149.95−673.07) mm3,
P = 0.028].

We recalculated the TPV percent changes after
excluding 26 patients who were absolutely absent
of coronary atheroma at baseline for mathematical
reasons as the denominator is zero. A marginal rel-
ative progression trend was observed among the
tertiles of Lp(a) levels. The TPV percent changes
during the interscan interval were −0.64% (−14.20%−
8.15% ) ,  2 .27%  (−14.23%−7.86% ) ,  and 8 .72%
(−4.34%−25.10%), respectively. 

 

Table 3    Laboratory examination profiles at baseline and follow-up.

Variables PP (n = 32) Non-PP (n = 84) P−value
Fasting blood glucose, mmol/L

　Baseline 6.63 ± 2.56 5.78 ± 1.40 < 0.05

　Follow-up 6.31 ± 1.90 5.82 ± 1.47 0.146

Total cholesterol, mmol/L

　Baseline 4.74 ± 1.31 4.54 ± 1.03 0.389

　Follow-up 4.31 ± 0.95 4.09 ± 0.99# 0.285

Triglyceride, mmol/L

　Baseline 1.95 ± 1.18 1.92 ± 1.28 0.887

　Follow-up 2.01 ± 1.31 2.01 ± 1.82 0.979

Low-density lipoprotein cholesterol, mmol/L

　Baseline 2.96 ± 0.99 2.81 ± 0.89 0.433

　Follow-up 2.73 ± 0.87 2.41 ± 0.82# 0.068

High-density lipoprotein cholesterol, mmol/L

　Baseline 1.15 ± 0.35 1.16 ± 0.25 0.827

　Follow-up 1.11 ± 0.32 1.13 ± 0.29 0.691

Non-high-density lipoprotein cholesterol, mmol/L

　Baseline 3.58 ± 1.14 3.37 ± 0.95 0.313

　Follow-up 3.20 ± 0.87 2.96 ± 0.98# 0.223

Lipoprotein(a), mg/dL

　Baseline 15.80 (9.09−33.60)* 10.50 (4.75−19.71)* < 0.05

　Follow-up 20.60 (10.45−34.55)* 8.77 (5.00−18.78)* < 0.05

Data are presented as means ± SD. *Presented as median (interquartile range). #Presented as P < 0.05 (baseline vs. follow-up). PP:
plaque progression.
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Impact of Lp(a) on PP and Subgroup Analysis

Univariate and multivariate logistic regression
analyses to investigate the associations between a
series of clinical parameters and PP are shown in
Table 4. Elevated Lp(a) levels were significantly re-
lated to an increased risk of PP (OR = 1.031, 95% CI:
1.005−1.058, P = 0.019) after adjustment for other
confounding variables. In addition, BMI was also an
independent risk factor for PP (OR = 1.212, 95% CI:
1.026 1−1.433, P = 0.024). However, the perivascular
FAI levels were not identified as potential risk factor,
as the results for the perivascular FAI were nega-
tive in the univariate logistic regression analysis.

Subgroup analysis of the estimated ORs of Lp(a)
for PP is presented in Figure 5. Lp(a) was signific-
antly associated with an increased risk of PP in the
subgroup in which LDL-C levels were up to stan-
dard (OR = 1.053, 95% CI: 1.010−1.099, P = 0.016), while
Lp(a) did not present a significant association with
PP if the LDL-C levels were not up to standard (OR =
1.010, 95% CI: 0.986−1.036, P = 0.416). There was no
interaction between Lp(a) levels and LDL-C lower-
ing treatment goals (P = 0.503). Following adjust-
ment for hypertension, diabetes mellitus, and dys-
lipidaemias, Lp(a) remained significantly associ-
ated with an increased risk of PP (OR = 1.050, 95% CI:
1.005−1.097, P = 0.028). 

DISCUSSION

The present study investigated the effects of
Lp(a) and related arterial inflammation measured
by the perivascular FAI on coronary atheroma pro-

gression. The main finding demonstrated the asso-
ciation between elevated Lp(a) levels and coronary
PP. After adjustment for conventional risk factors,
Lp(a) was recognized as an independent risk factor
for PP, especially in the subgroup in which LDL-C
levels were up to standard according to ASCVD
risk stratification. However, further study should be
performed to assure whether the perivascular FAI
could be identified as a residual imaging inflam-
matory biomarker for PP or not.

Recent improvements in CCTA have permitted
the serial noninvasive quantitative assessment of
ASCVD atheroma changes with excellent intraob-
server and interobserver variability. Although aca-
demics have established a broad understanding of
ASCVD, rare serial visualization monitoring of ath-
eroma evolution in vivo limits our ability to track the
disease process over time. In contrast to invasive
imaging techniques such as intravascular ultra-
sound and optical coherence tomography, nonin-
vasive CCTA was emphasized as an alternative but
convenient and effective approach in the present
study on stable CAD patients.[1,2,14] The advantages
of CCTA with excellent sensitivity, specificity, and
positive and negative values are universally known,
and the accuracy of CCTA plaque quantitative as-
sessment is no less than that of intravascular ultra-
sound.[17,18] CCTA would contribute to monitoring
the natural history of coronary atheroma and un-
derstanding the SOC therapeutic effect because
CCTA has become a rather mature approach in the
one-stop evaluation of qualitative, quantitative,
hemodynamic and inflammatory analyses.

 

Figure 4    Proportions of PP and the changes/percent changes of the TPV grouped by Lp(a) level tertile. The enrolled 116 patients
were grouped by Lp(a) level tertile with 38 patients, 39 patients, and 39 patients, respectively. (A): The proportions of PP in each tertile;
(B):  the  absolute  changes  of  the  TPV at  baseline  and  follow-up  in  different  tertiles;  and  (C):  the  percent  changes  of  the  TPV during
coronary computed tomography angiography interscan interval in each tertile after excluding 26 patients who were absolutely absent
of coronary atheroma at baseline. Lp(a): lipoprotein(a); PP: plaque progression; TPV: total plaque volume.
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Plasma lipoproteins play crucial roles throughout
the complex process of atherosclerosis. Routine
guidelines suggested clinical practitioners to focus
on LDL-C as the primary lipid lowering target to
achieve ASCVD risk reduction strategy generally.[19,20]

According to definite medical records, we found in-
consistencies between proportion of patients with
concrete statin therapy at baseline and those achiev-
ing LDL-C lowering treatment goals at follow-up.
In which condition, it was not ruled out that more

patients might receive a strengthened primary or
secondary prevention strategy during the interval.
Sufficient statin doses to achieve the LDL-C lower-
ing treatment target has been suggested to have sig-
nificant effectiveness in coronary atheroma regres-
sion and plaque stabilization.[21] Nevertheless, a par-
tial study reported that despite receiving intensive
medical therapy and achieving very low LDL-C
levels, more than 20% of patients with ASCVD still
suffer from atheroma progression.[1] Similarly,

 

Table 4    Univariate and multivariate logistic analyses of CCTA derived parameters and clinical characteristics predicting coronary
plaque progression.

Variables
Univariate analysis Multivariate analysis

OR 95% CI P−value OR 95% CI P−value
Male 1.522 0.464−4.988 0.488

Age, yrs 0.994 0.954−1.035 0.764

Body mass index, kg/m2 1.199 1.035−1.389 < 0.05 1.212 1.026−1.433 < 0.05

Hypertension 1.026 0.443−2.376 0.953

Diabetes mellitus 2.063 0.884−4.813 0.094 1.463 0.456−4.697 0.522

Dyslipidaemias 0.927 0.401−2.146 0.860

CCTA interscan interval 1.024 0.994−1.055 0.125

Statin use 1.314 0.208−8.319 0.772

Calcium channel blockers use 2.841 0.638−12.654 0.171

Fasting blood glucose, mmol/L

　Baseline 1.271 1.011−1.597 < 0.05 1.150 0.862−1.535 0.343

　Follow-up 1.192 0.937−1.515 0.152

Low-density lipoprotein cholesterol, mmol/L

　Baseline 1.200 0.763−1.885 0.430

　Follow-up 1.569 0.962−2.560 0.071 1.553 0.882−2.733 0.127

Lipoprotein(a), mg/dL

　Baseline 1.027 1.004−1.051 < 0.05 1.031 1.005−1.058 < 0.05

Fat attenuation index, HU

　Baseline 0.967 0.918−1.018 0.201

　Follow-up 0.973 0.924−1.024 0.291

Total plaque volume, mm3

　Baseline 1.000 0.999−1.001 0.800

CCTA: coronary computed tomography angiography; CI: confidence interval; OR: odds ratio.

 

Figure 5    Subgroup analysis for the impact of lipoprotein(a) on coronary plaque progression. CI: confidence interval; LDL-C: low-
density lipoprotein cholesterol; OR: odds ratio.
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27.6% of patients in this study presented coronary
atheroma progression, indicating that novel risk
factors beyond the conventional ones need to be
taken into consideration.

We turned attention to persistent Lp(a) exposure,
as a result of that the Lp(a) levels are determined
almost entirely genetically and unaffected by SOC
therapy.[22] A series of observational and genetic
studies have proposed a causal relationship between
high plasma concentrations of Lp(a) and increased
risks of ASCVD and MACEs, hence the need for in-
cluding Lp(a) as a potential risk factor for coronary
atheroma progression as well.[3,23] We observed that
Lp(a) levels were significantly higher among pa-
tients with PP than those among non-PP at both
baseline and follow-up. Further multivariate logistic
regression and subgroup analyses supported that
Lp(a) acted as a residual risk factor independent of
LDL-C.

It is still controversial whether elevated Lp(a) is a
residual risk factor for coronary atheroma progre-
ssion when LDL-C is controlled. The SATURN study
demonstrated that CAD patients prescribed long-
term maximally intensive statin therapy achieved
low on-treatment LDL-C levels (average levels < 70
mg/dL) and that no significant associations were
observed between baseline or on-treatment Lp(a) lev-
els and coronary atheroma progression.[24] However,
analyses from the AIM-HIGH study and the JUPITER
trial demonstrated that patients with increased Lp(a)
concentrations presented a more than 70% higher
risk of MACEs even though their LDL-C levels were
controlled below 70 mg/dL.[25,26] Our study added
to the corresponding meaningful evidence indicat-
ing that elevated Lp(a) levels promote coronary ath-
eroma progression with noninvasive CCTA quantit-
ative assessments.

In addition to the proatherogenic mechanism of
Lp(a) in coronary atheroma progression, the proin-
flammatory mechanism associated with OxPLs
might play an important role because Lp(a) is the
major carrier of OxPLs in the plasma. Van der Valk,
et al.[27] reported that Lp(a) derived OxPLs were
crucial intermediates in coronary arterial inflamma-
tion with elevated Lp(a). With positron emission
tomography CT, researchers have proven that elev-
ated Lp(a) levels might contribute to persistent ar-
terial inflammation and that the process is medi-

ated by proinflammatory responses mediated by
OxPLs.[5] Therefore, Lp(a) derived coronary arterial
inflammation might make sense as a novel bio-
marker in ASCVD risk stratification or MACEs risk
lowering target. Due to the bidirectional proinflam-
matory mechanisms between perivascular adipose
tissue and coronary artery, the perivascular FAI
could describe the gradient through the dynamic
balance of lipid to aqueous phases detected by
CCTA perivascular adipose tissue imaging charac-
teristics and reflect the coronary arterial inflamma-
tion as a novel imaging biomarker.[6]

Few studies have discussed coronary arterial in-
flammation measured by the perivascular FAI in
detail since it has been recognized as a novel in-
flammatory cardiovascular risk factor detected by
CCTA imaging in recent years. To our knowledge,
this is the first report of the perivascular FAI and
serial coronary atheroma changes quantified by
CCTA analysis. According to the findings in this
study, we considered that chronic low degree in-
flammation in stable CAD patients was not in-
clined to promote coronary atheroma progression
over a period of time. Our study did not find any
correlations between log-Lp(a) and the perivasc-
ular FAI or any differences in the perivascular FAI
grouped by PP or not. We hypothesized that mul-
tiple proinflammatory cytokines together with cir-
culating immune cytokines and inflammatory com-
plexes were involved in a complex inflammatory
mechanism besides Lp(a) and related OxPLs.[27,28]

The latest update indicated that the extent of arterial
inflammation was at a less radical low degree in
stable CAD patients and arterial inflammation
would be stabilized by SOC therapy.[29,30] Low levels
of Lp(a) exposure affect arterial inflammation to a
minor extent, and an arterial environment with per-
sistent mild low degree inflammation would not
significantly promote PP. In addition, the perivas-
cular FAI might be more effective in enhancing
MACEs risk prediction and performing restratifi-
cation rather than predicting chronic coronary ath-
eroma progression.[16]
 

STRENGTHS AND LIMITATIONS

Our study investigated both a residual plasma
lipoprotein [Lp(a)] risk factor and a novel imaging
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inflammatory risk characteristic (perivascular FAI)
in coronary atheroma progression, relying on a one-
stop noninvasive quantitative CCTA assessment,
and simultaneously took into account ASCVD risk
stratification and LDL-C lowering treatment goals.
Briefly, we made a significant and productive att-
empt to identify the associations of novel residual
ASCVD risk factors and coronary atheroma pro-
gression.

Despite these promising strengths, our study still
had several mentionable limitations. Firstly, the cur-
rent study was a single center, retrospective, nonin-
terventional analysis with limited individuals. Suit-
able indications for CCTA examination meant that
patients presenting stable angina predominated
among the enrolled individuals. Secondly, our
study set the target LDL-C values as the only lower-
ing treatment goal, which was insufficient to com-
prehensively reflect the lipid control condition. Last
but not least, our study acquired the perivascular
FAI values only in the proximal segments of the
RCA and used these values to reflect global coro-
nary background inflammation at the patient level.
However, segment or plaque specific measure-
ments of the perivascular FAI are considered more
comprehensive local coronary inflammation mar-
kers. Therefore, future prospective studies with lar-
ger sample sizes and more detailed follow-up in-
formation on MACEs are warranted to facilitate fur-
ther investigation. 

CONCLUSIONS

The present study highlighted the value of serial
CCTA examinations for assessing the outcome of
coronary atheroma progression. Lp(a) was revealed
to be an independent residual risk factor for coro-
nary PP, especially in patients with LDL-C levels up
to the standard, beyond conventional risk factors.
Further study is warranted to identify the effect of
chronic low degree arterial wall inflammation
measured by the perivascular FAI on coronary ath-
eroma progression. 
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