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Aims Coronary artery calcium score (CACS) is a strong predictor of major adverse cardiac events (MACE). Conversely,
statins, which markedly reduce MACE risk, increase CACS. We explored whether CACS progression represents
compositional plaque volume (PV) progression differently according to statin use.
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Methods
and results

From a prospective multinational registry of consecutive patients (n = 2252) who underwent serial coronary com-
puted tomography angiography (CCTA) at a >_ 2-year interval, 654 patients (61 ± 10 years, 56% men, inter-scan
interval 3.9 ± 1.5 years) with information regarding the use of statins and having a serial CACS were included.
Patients were divided into non-statin (n = 246) and statin-taking (n = 408) groups. Coronary PVs (total, calcified,
and non-calcified; sum of fibrous, fibro-fatty, and lipid-rich) were quantitatively analysed, and CACS was measured
from both CCTAs. Multivariate linear regression models were constructed for both statin-taking and non-statin
group to assess the association between compositional PV change and change in CACS. In multivariate linear re-
gression analysis, in the non-statin group, CACS increase was positively associated with both non-calcified
(b = 0.369, P = 0.004) and calcified PV increase (b = 1.579, P < 0.001). However, in the statin-taking group, CACS in-
crease was positively associated with calcified PV change (b = 0.756, P < 0.001) but was negatively associated with
non-calcified PV change (b = -0.194, P = 0.026).

...................................................................................................................................................................................................
Conclusion In the non-statin group, CACS progression indicates the progression of both non-calcified and calcified PV progres-

sion. However, under the effect of statins, CACS progression indicates only calcified PV progression, but not non-
calcified PV progression. Thus, the result of serial CACS should be differently interpreted according to the use of
statins.
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Introduction

Coronary artery calcification (CAC) is one of the strongest predic-
tors of major adverse cardiac events (MACE).1 Consequently, it has
been hypothesized that a rapid increase in CAC indicates increased
MACE risk, and attempts have been made to implement the monitor-
ing of coronary artery calcium score (CACS) progression into a risk
stratification tool to improve the identification of patients at higher
risk.2–6 However, these attempts have yielded conflicting results, es-
pecially in patients who use statins.2–5

Statins, which markedly reduce MACE as proven in previous
randomized clinical trials,7,8 are also able to alter coronary plaque
characteristics.9,10 Importantly, emerging evidence suggests that sta-
tins induce the calcification of coronary artery plaques and, therefore,
increase CAC.10,11 Thus, increase in CAC may not indicate an
increased total burden of coronary artery disease (CAD) in patients
treated with statins.12

To explain this discrepancy between CAC progression and statins,
a direct comparison of the changes in CACS with changes in total
coronary atherosclerotic burden, as assessed by plaque volume (PV),
is required. However, the association between CACS progression
and quantitative, compositional PV changes has only recently been
evaluated,13 and the independent impact of statins on this association
has not been directly explored. This is mainly because most CAC
scan studies have been conducted in low-risk screening populations,
whereas studies that analysed PV changes with respect to statin use
employ invasive imaging techniques, allowing a focus on high-risk
patients who have not undergone CAC scans.

Therefore, we explored whether the association between CAC
progression and compositional PV progression differed between
non-statin and statin-taking individuals, in a subset of patients who
underwent serial coronary computed tomography angiography
(CCTA).

Methods

Study design and population
The Progression of AtheRosclerotic PlAque DetermIned by
Computed TomoGraphic Angiography Imaging (PARADIGM) study is
a dynamic multinational observational registry that prospectively col-
lected clinical, procedural, and follow-up data on patients who under-
went clinically indicated serial CCTAs at an inter-scan interval of
>_2 years between 2003 and 2015.14 Clinical and laboratory results
were collected within 1 month from both baseline and follow-up
CCTA scans and clinical outcomes were followed. Hyperlipidaemia
was defined using clinical guidelines at the time of enrolment of each
patient.15,16 The study protocol complies with the Declaration of
Helsinki and was approved by the institutional review boards of all
participating centres.

For the current analysis, patients who (i) had >_1 CCTA uninterpret-
able for quantitative analysis (n = 492), (ii) had >_1 CCTA not containing
non-contrast images for CACS measurement (n = 943), (iii) underwent
received coronary revascularization (either surgical or percutaneous) be-
fore follow-up CCTA (n = 97), and (iv) had no information on statins
(n = 66) were excluded from the total PARADIGM population
(n = 2252), leaving 654 patients (Figure 1).10 Patients were divided into
non-statin and statin-taking groups.

CACS and quantitative CCTA analysis

protocol
All acquisition and analysis of CCTAs were performed in direct accord-
ance with guidelines.17,18 Datasets from each participating site were
transferred to a core laboratory for blinded image analysis by level-III
experienced readers.

Agatston CACS at both baseline (CCTA-1) and follow-up CCTAs
(CCTA-2) were calculated on non-contrast images from each CCTA
using a dedicated workstation (Vitrea v7.6; Vital Images, Inc., Minnetonka,
MN, USA).19,20

1308 S.-E. Lee et al.
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For quantitative CCTA analysis to determine the total and compos-
itional PVs, coronary atherosclerosis was evaluated on multiplanar and
cross-sectional CCTA images using semi-automated plaque analysis soft-
ware (QAngio CT Research Edition v2.1.9.1; Medis Medical Imaging
Systems, Leiden, the Netherlands) with manual correction
(Supplementary material Part III).21 Briefly, all coronary segments with a
diameter of >_2 mm were evaluated for every coronary artery and its
branches using a modified 17-segment American Heart Association
model.18,22 A coronary atherosclerotic plaque was defined as any tissue
>_1 mm3 within or adjacent to the lumen that could be discriminated
from the surrounding structures and identified in >_2 planes.18,22 Total
PVs (mm3) of all analysed segments were added up to generate a per-
patient level PV.23

PV was further sub-classified by composition using pre-defined
Hounsfield unit (HU) cut-off values: (i) non-calcified (-30 to 350 HU) PV
encompassing lipid-rich (-30 to 30 HU), fibro-fatty (30 to 130 HU), and fi-
brous (131 to 350 HU) PV; and (ii) calcified PV (>_351 HU).24,25 For longi-
tudinal comparisons of CCTAs, coronary segments were co-registered
between the CCTA-1 and CCTA-2 evaluations using branches and the
distance from the ostium as landmarks.

Statistical analysis
Categorical variables are presented as absolute counts and percentages,
and continuous variables are expressed as means±SD. Differences
between continuous variables were analysed using Student’s t-test, and
chi-square test or Fisher’s exact test was employed, as appropriate, for
categorical variables.

To account for the difference in the analysed vessel length between
patients and to provide equal weighting of each patient in the calculation
of PV, normalized PVs were calculated as [(absolute PV/the total length
of analysed coronary arteries) multiplied by the mean total analysed ves-
sel length of the study population].13,23,26,27 CACS and PV progressions
were defined as the difference of each value between CCTA-1 and
CCTA-2 annualized by dividing with the inter-scan interval.13

We first confirmed whether statins have an impact on the progression
of CAC in the whole study population by multivariate linear regression
analysis. The correlation of annual CACS change with annual PV change
in both statin-taking and non-statin groups was then analysed using
Spearman’s correlation test.

To explore whether the association between CACS change and PV
change differs based on statin treatment, multivariate linear regression
models adjusted for age, male sex, ethnicity, hypertension, diabetes melli-
tus, hyperlipidaemia, family history of CAD, smoking history, body mass
index, PV and CACS at baseline, changes in low-density lipoprotein level,
and difference in vendors and tube voltages between the baseline and
follow-up CCTA scans were constructed for both the non-statin and
statin-taking groups. The differences between the beta coefficients (b) of
models for each group were tested.

A two-tailed P-value of <0.05 was considered statistically significant.
All analyses were performed using SAS version 9.4 (SAS Institute, Inc.,
Cary, NC, USA).

Results

Study population and baseline
characteristics
In the 654 patients included in the study, there were 246 in the non-
statin and 408 in the statin-taking group (61 ± 10 years old, 55.8%
male, inter-scan interval 3.9± 1.5 years, Table 1). In the statin-taking
group, the information about statin therapy intensity was available in
398 patients (97.5%). Most of the patients were treated with
moderate-intensity statins (n = 323, 81.2%), and others were treated
with either high-intensity (n = 36, 9.0%) or low-intensity statins
(n = 39, 9.8%) according to the current guidelines.15

The referral reason for CCTA for both CCTA was cardiac symp-
toms in 98.8% and 84.2% of patients in non-statin and statin-taking
groups, respectively; however, the difference was not statistically sig-
nificant (all P > 0.05). There were no differences in age and male sex,
but statin-taking patients possessed more clinical risk factors for
CAD including hypertension, diabetes mellitus, and hyperlipidaemia
(all P < 0.05). The total cholesterol and low-density lipoprotein levels
were all higher in statin-taking patients than in non-statin patients at
baseline (all P < 0.05) but became lower in statin-taking patients at
follow-up (all P > 0.05). During the mean 4.1 ± 2.0 years of follow-up
after CCTA-2, 67 patients (10.3%) experienced MACE, mostly revas-
cularization (n = 56, 8.6%), which more frequently occurred in the
statin-taking group than in the non-statin group (13.3% vs. 5.3%,
P = 0.001).

In the multivariate linear regression analysis, adjusted for age, male
sex, ethnicity, hypertension, diabetes mellitus, hyperlipidaemia, family
history of CAD, smoking history, body mass index, and changes in
low-density lipoprotein levels, statins were positively associated with
the progression of CACS {b [95% confidence interval (CI)]: 8.891
[1.039–16.743], P < 0.05}.

CCTA and CAC scan findings at baseline
and follow-up according to statin use
At baseline, CACS was greater in the statin-taking group than in the
non-statin group (146.2± 381.7 vs. 58.8 ± 231.4, P < 0.001; Table 2).
In qualitative CCTA analysis, the total number of lesions per patient
and stenosis involvement score were all greater in the statin-taking
than in the non-statin group at both baseline and follow-up (all
P < 0.001, see Supplementary data online, Table S3), and most
patients had non-obstructive CAD in both groups.

Figure 1 Flow chart of the study. CACS, coronary artery calcium
score; CCTA, coronary computed tomography angiography.
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..In quantitative CCTA analysis, total PV and PVs by compositions
were all greater in the statin-taking than in the non-statin group at
baseline (all P < 0.001, Table 2, see Supplementary data online, Table
S3). When annualized, the increase in CACS was greater in the
statin-taking group than in the non-statin group (see Supplementary
data online, Figure S5). The annualized change in total PV was also
greater in the statin-taking than in the non-statin group, driven by the
faster increase in calcified PV progression. However, there was no
difference in the progression of non-calcified PV and all its compo-
nents between both groups.

Spearman correlation analysis between
CAC and PV progression
In the Spearman correlation analysis, annual calcified PV change was
significantly associated with CACS change in both non-statin and
statin-taking patients (R = 0.813 and 0.823, respectively, all P < 0.001,
see Supplementary data online, Figure S6). Non-calcified PV progres-
sion had no correlation with CACS changes in both groups (all
P > 0.05).

Impact of statins on the association
between CAC and compositional PV
changes
In multivariate linear regression analysis, the increase in CACS was
associated with total PV increase in both the non-statin group

[b (95% CI) 0.802 (0.576–1.028), P < 0.001] and statin-taking group
[b (95% CI): 0.259 (0.091–0.426), P = 0.003] groups (Table 3 and
Figure 2).

When stratified by plaque compositions, the increase in CACS
was positively associated with both calcified PV increase and non-
calcified PV increase in the non-statin group [b (95% CI): 1.579
(1.150–2.009) and 0.369 (0.123–0.614), respectively, all P < 0.05].
Among the non-calcified PV constituents, only fibro-fatty and lipid-
rich PV increases were independently associated with the increase in
CACS [b (95% CI): 0.697 (0.238–1.156) and 2.754 (0.601–4.907), re-
spectively, all P < 0.05], but not fibrous PV change (P > 0.05).

In the statin-taking group, although the increase in CACS was posi-
tively associated with increased calcified PV [b (95% CI): 0.756
(0.552–0.961), P < 0.001], non-calcified PV change showed a negative
association [b (95% CI): -0.194 (-0.364 to -0.023), P = 0.026). Fibrous
PV change was also independently and negatively associated with the
increase in CACS [b (95% CI): -0.304 (-0.535 to -0.073), P = 0.010].
Although the b values for both fibro-fatty and lipid-rich PV were
negative, they were not statistically significant.

Discussion

In the analysis of this large prospective observational CCTA registry,
the association between CACS progression and compositional PV
changes differed according to statin use. In non-statin patients, CACS

....................................................................................................................................................................................................................

Table 1 Baseline clinical characteristics and lipid profiles

Total

(n 5 654)

Non-statin group

(n 5 246)

Statin-taking group

(n 5 408)

P between

groups

CCTA inter-scan interval, years 3.9 ± 1.5 3.8 ± 1.4 3.9 ± 1.5 0.557

Age, years 61.0 ± 9.9 60.2 ± 10.4 61.4 ± 9.4 0.150

Male gender, n (%) 365 (55.8) 147 (59.8) 218 (53.4) 0.115

Body mass index, kg/m2 24.8 ± 3.1 24.8 ± 3.2 24.8 ± 3.1 0.919

Hypertension, n (%) 371 (56.9) 124 (50.4) 247 (60.8) 0.009

Diabetes mellitus, n (%) 157 (24.0) 47 (19.1) 110 (27.0) 0.022

Hyperlipidaemia, n (%) 157 (24.0) 24 (9.8) 133 (32.6) <0.001

Family history of CAD, n (%) 162 (24.8) 62 (25.2) 100 (24.5) 0.842

Smoking history, n (%) 238 (36.4) 94 (38.2) 144 (35.3) 0.467

Typical chest pain, n (%) 23 (3.5) 5 (2.0) 18 (4.4) 0.128

Atypical chest pain, n (%) 527 (80.6) 192 (78.0) 335 (82.1) 0.221

Asymptomatic, n (%) 8 (1.2) 3 (1.2) 5 (1.2) >0.999

Lipid profile at baseline (mg/dL)

Total cholesterol 183.9 ± 37.3 177.7 ± 30.2 187.7 ± 40.6 <0.001

Low-density lipoprotein 114.7 ± 34.5 111.2 ± 27.5 116.8 ± 38.0 0.033

High-density lipoprotein 48.4 ± 13.4 48.6 ± 14.4 48.2 ± 12.7 0.716

Triglycerides 143.7 ± 82.2 136.3 ± 90.2 148.1 ± 76.8 0.093

Lipid profile at follow-up (mg/dL)

Total cholesterol 168.3 ± 35.8 178.2 ± 30.3 162.3 ± 37.6 <0.001

Low-density lipoprotein 94.5 ± 30.2 104.0 ± 25.7 88.8 ± 31.3 <0.001

High-density lipoprotein 48.0 ± 11.7 47.9 ± 11.2 48.1 ± 12.1 0.799

Triglycerides 128.8 ± 73.1 133.2 ± 80.6 126.2 ± 68.2 0.246

CAD, coronary artery disease; CCTA, coronary computed tomography angiography; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 2 Coronary computed tomography angiography findings at baseline and follow-up

Non-statin group (n 5 246) Statin-taking group (n 5 408) P between groups

Baseline FU Baseline FU Baseline FU

Coronary artery calcium scan

Total Agatston CACS 58.8 ± 231.4 115.2 ± 426.2 146.2 ± 381.7 252.1 ± 530.5 <0.001 <0.001

0 (0, 30) 6 (0, 72) 29 (0, 128) 62 (0, 254)

Agatston CACS category, n (%)

0 132 (53.7) 106 (43.1) 138 (33.8) 104 (25.5) <0.001 <0.001

1–99 82 (33.3) 92 (37.4) 153 (37.5) 122 (29.9)

100–399 26 (10.6) 33 (13.4) 79 (19.4) 111 (27.2)

>_400 6 (2.4) 15 (6.1) 38 (9.3) 71 (17.4)

Quantitative CCTA analysis—normalized PVs (mm3)

Total PV 70.0 ± 141.6 115.4 ± 206.4 142.3 ± 237.1 218.2 ± 319.2 <0.001 <0.001

Calcified PV 20.2 ± 68.6 42.5 ± 109.4 51.0 ± 131.6 103.7 ± 210.5 <0.001 <0.001

Non-calcified PV 49.8 ± 89.2 73.0 ± 122.7 91.3 ± 139.4 114.6 ± 157.0 <0.001 <0.001

Fibrous PV 31.7 ± 61.9 50.1 ± 84.6 62.5 ± 105.3 85.6 ± 118.9 <0.001 <0.001

Fibrous-fatty PV 16.2 ± 32.2 20.3 ± 42.8 25.3 ± 40.8 25.8 ± 44.9 0.002 0.122

Lipid-rich PV 1.9 ± 4.9 2.6 ± 7.5 3.6 ± 8.3 3.2 ± 8.8 0.001 0.324

Annualized change in coronary artery calcium scan

Agatston CACS, /year 14.6 ± 44.0 27.5 ± 50.8 <0.001

Annualized change in normalized PVs (mm3/year)

Total PV 13.0 ± 21.7 20.2 ± 29.1 <0.001

Calcified PV 6.0 ± 12.9 13.8 ± 25.7 <0.001

Non-calcified PV 7.0 ± 17.3 6.4 ± 22.8 0.702

Fibrous PV 5.5 ± 11.9 6.2 ± 16.6 0.558

Fibrous-fatty PV 1.3 ± 8.4 0.3 ± 9.5 0.168

Lipid-rich PV 0.2 ± 1.8 -0.06 ± 2.06 0.073

CACS, coronary artery calcium score; CCTA, coronary computed tomography angiography; FU, follow-up; PV, plaque volume.

............................................................... ...................................................................

....................................................................................................................................................................................................................

Table 3 Multivariate linear regression analysis of the association between annual changes in CACS and annual PV
changes according to statin treatment

Non-statin group (n 5 246) Statin-taking group (n 5 408) P vs. groups

b (95% CI) SE P b (95% CI) SE P

Association with annual change in Agatston CACSa

Total PV 0.802 0.115 <0.001 0.259 0.085 0.003 <0.001

(0.576, 1.028) (0.091, 0.426)

Calcified PV 1.579 0.219 <0.001 0.756 0.104 <0.001 <0.001

(1.150, 2.009) (0.552, 0.961)

Non-calcified PV 0.369 0.125 0.004 -0.194 0.087 0.026 <0.001

(0.123, 0.614) (-0.364, -0.023)

Fibrous PV 0.315 0.195 0.108 -0.304 0.118 0.010 0.001

(-0.067, 0.696) (-0.535, -0.073)

Fibro-fatty PV 0.697 0.234 0.003 -0.131 0.203 0.520 0.010

(0.238, 1.156) (-0.530, 0.268)

Lipid-rich PV 2.754 1.098 0.013 -0.546 0.948 0.565 0.013

(0.601, 4.907) (-2.405, 1.313)

PV progression was normalized and annualized. Adjusted for age, male sex, ethnicity, hypertension, diabetes mellitus, hyperlipidaemia, family history of CAD, smoking history,
body mass index, PV and CACS at baseline, changes in low-density lipoprotein level, and difference in vendors and tube voltages between the baseline and follow-up CCTAs.
aChanges in CACS were annualized.
CACS, coronary artery calcium score; CI, confidence interval; PV, plaque volume; SE, standard error.

Differential association between CACS and coronary PV progressions 1311



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
progression reflected the progression of the overall coronary athero-
sclerotic burden, as observed in the multivariate analysis where
CACS progression was associated with both calcified and non-
calcified PV progression. In contrast, in statin-taking patients, CACS
progression was associated only with calcified PV progression.
Accordingly, the interpretation of CACS progression should differ
according to statin use, as CAC progression in statin-taking patients
does not entirely reflect the overall progression of the coronary ath-
erosclerotic burden.

CACS has been employed for the risk stratification of the primary
preventive population as a screening modality because of its relative
simplicity, both in acquisition and interpretation, and the relatively
low exposure to radiation.16 Elevated CACS portends a worse prog-
nosis and has been widely used as an effective tool for the prognosti-
cation of future MACE.1 Accumulating evidences for CACS
supporting its use in cardiovascular risk assessment also suggest that
monitoring the increase in CACS would improve the prognostic
power as rapid CACS progression has been shown to indicate
increased risk of MACE.3,5,28,29

However, statins, one of the cornerstones in both the primary and
secondary prevention of cardiovascular diseases based on its effect
on reducing future MACE,7,8 have failed to attenuate the increase in
CACS in previous studies.2,30 This discrepancy might be explained by
recent observations where the pro-calcific effect of statins on coron-
ary atherosclerotic plaques has been demonstrated in both invasive
and non-invasive studies.31,32

A plausible hypothesis would be that the increase in CACS repre-
sents changes in coronary atherosclerotic plaques differently, de-
pending on the presence of statins. The progression of CACS in
patients undergoing statin treatment, at least in part, may reflect the
stabilization or even the attenuation of CAD, rather than the pro-
gression of the atherosclerotic burden.12 To prove this hypothesis,

evaluating the direct correlation between the changes in CACS and
the PV of whole coronary arteries, instead of a specific target lesion,
is mandatory as the first step, as the CAC scan reflects the global cor-
onary atherosclerotic burden on a per-patient basis. In this regard,
CCTA, which enables the concurrent determination of CACS and
PV of the entire coronary vasculature, would be the most suitable
imaging modality. This attempt was made only recently in a study that
demonstrated a strong correlation between increases in CACS and
PV.13 Although a significant increase in total and calcified PV was
observed in statin users in this study,13 an independent impact of sta-
tins on the association between CACS and compositional PV changes
was not explored and remained uncertain whether the correlation
between the changes in CACS and plaque compositions would differ
according to statin use.

In this study, we have expanded the observation by demonstrat-
ing that the correlation between CACS progression and the com-
positional changes in PV progression differs according to the use
of statins. In the absence of statins, CACS elevation was associated
with both annual calcified and non-calcified PV progression and its
constituents including fibrous and lipid-rich PV. In contrast, in the
presence of statins, CACS progression was associated only with
calcified PV progression, but not with non-calcified PV progres-
sion. In the statin-taking group, non-calcified and fibro-fatty PV
progression was negatively associated with increase in CACS.
These results suggest that CACS progression in statin-taking
patients does not necessarily imply the pure progression of the
coronary atherosclerotic burden, especially the progression of the
lipid component of a plaque—the determinants of plaque instabil-
ity.9 These results are also in line with previous observations
where statins were significantly associated only with increased
total and calcified PV progression,13 and where statins failed to at-
tenuate the increase in CACS.2,33

Figure 2 Progression in CACS represented coronary atherosclerotic PV progression differently depending on statin use in multivariate linear re-
gression analysis adjusted for age, sex, race, hypertension, diabetes mellitus, dyslipidaemia, smoking history, family history of CAD, body mass index
at baseline, PV and CACS at baseline, changes in low-density lipoprotein level, and difference in vendors and tube voltages between the baseline and
follow-up CCTAs. CACS, coronary artery calcium score; CI, confidence interval; PV, plaque volume; Statin (-), non-statin group; Statin (þ), statin-tak-
ing group.

1312 S.-E. Lee et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..In all, these results suggest that the presence of statins during each
CAC scan should be considered when interpreting changes in CACS.
Whether this differential association between CACS progression
and compositional PV progression according to statin use will also
have a different impact on clinical outcomes and whether the cut-off
values for defining clinically meaningful CACS progression should dif-
fer according to the use of statins are beyond the scope of the cur-
rent analysis and remain to be proven. Based on current
observations, future large-scale event-driven trials concurrently eval-
uating the impact of statins on changes in both CACS and coronary
atherosclerotic characteristics now seem warranted to answer the
above-mentioned questions.

The present study is not without limitations. First, because of the
observational design of the study, selection bias seems unavoidable
with respect to the enrolment of patients who underwent serial
CCTAs. This resulted in the inclusion of only 654 patients of the total
2252 patients enrolled in the registry. As described above, the
PARADIGM registry was specifically designed to describe the natural
course of CAD in a low-risk population using non-invasive imaging.
Based on the study design, it is plausible to assume that either high-
risk patients subjected to invasive studies or revascularizations or
patients with normal coronaries were omitted from the registry. The
study population of PARADIGM generally represents low-risk
patients as reflected by the low incidence of hard events and the high
percentage of cardiac symptoms for referral reasons. There were
also marked differences in comorbidities, baseline CACS, and PVs in
the statin-taking and non-statin groups. Further, the difference in ven-
dors and scan parameters used in baseline and follow-up CCTA
scans (see Supplementary data online, Table S2) may have influenced
the result.34,35 However, we adjusted the baseline CACS and PV and
the difference in vendors and tube voltages between two CCTA
scans in the multivariate analysis and tested the consistency of CCTA
in quantitative compositional PV assessment to ensure the reliability
and reproducibility of CCTA parameters (see Supplementary data
online, Figures S2 and S3).36 Moreover, because no consensus on the
use of serial CCTA for CAD monitoring currently exists,6 an obser-
vational study such as the PARADIGM study provides a unique op-
portunity to evaluate the correlation between CACS progression
assessed by CAC scans and the change in plaque burden. Second, we
could not stratify the association between CACS and PV according
to the intensity of statin treatment. However, most patients (81.2%
patients in the statin-taking group) were treated with moderate-
intensity statins; we also adjusted the changes in low-density lipopro-
tein levels in the multivariate analysis to compensate for this limita-
tion. Further, the impact of statins on the calcification of coronary
atherosclerotic plaques is in line with that reported in previous stud-
ies and the coherence with prior observations supports the validity
of our findings.9,11,31

In conclusion, an increase in CACS indicates changes in the coron-
ary plaque burden and its composition differently in patients with sta-
tin treatment and those without. While CACS progression is
associated with an increase in both calcified and non-calcified PV in
non-statin patients, it is associated only with calcified PV progression,
but not with non-calcified PV progression, in statin-taking patients.
This result suggests that the presence of statins needs to be consid-
ered when interpreting the results of serial CACS and highlights the

necessity of future prospective studies evaluating the effect of statins
on CACS progression and its impact on clinical outcomes.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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