T20Z ‘6T Afenuer uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Circulation: Cardiovascular Imaw

ORIGINAL ARTICLE

Impact of Clinical Characteristics and
Statins on Coronary Plaque Progression by
Serial Computed Tomography Angiography

BACKGROUND: Progression of coronary artery disease using serial
coronary computed tomography angiography (CTA) is of clinical interest.
Our primary aim was to prospectively assess the impact of clinical
characteristics and statin use on quantitatively assessed coronary plaque
progression in a low-risk study population during long-term follow-up.

METHODS: Patients who previously underwent coronary CTA for
suspected coronary artery disease were prospectively included to undergo
follow-up coronary CTA. The primary end point was coronary artery
disease progression, defined as the absolute annual increase in total,
calcified, and noncalcified plaque volume by quantitative CTA analysis.

RESULTS: In total, 202 patients underwent serial coronary CTA with a
mean interscan period of 6.2+1.4 years. On a per-plaque basis, increasing
age ($=0.070; P=0.058) and hypertension (f=1.380; P=0.075) were
nonsignificantly associated with annual total plaque progression. Male
sex (B=1.676; P=0.009), diabetes mellitus (p=1.725; P=0.012), and statin
use (=1.498; P=0.046) showed an independent association with annual
progression of calcified plaque. While hypertension ($=2.259; P=0.015)
was an independent determinant of noncalcified plague progression,
statin use (B=-2.178; P=0.050) was borderline significantly associated
with a reduced progression of noncalcified plaque.

CONCLUSIONS: Statin use was associated with an increased progression
of calcified coronary plaque and a reduced progression of noncalcified
coronary plaque, potentially reflecting calcification of the noncalcified
plague component. Whereas hypertension was the only modifiable risk
factor predictive of noncalcified plaque progression, diabetes mellitus
mainly led to an increase in calcified plaque. These findings could yield
the need for intensified preventive treatment of patients with diabetes
mellitus and hypertension to slow and stabilize coronary artery disease
progression and improve clinical outcome.
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CLINICAL PERSPECTIVE

Progression of coronary artery disease using serial
coronary computed tomography angiography is of
clinical interest. In the present study, we prospec-
tively assessed the impact of clinical characteristics
and statin use on quantitatively assessed coronary
plaque progression in a low-risk study popula-
tion during long-term follow-up. For this purpose,
patients who previously underwent coronary com-
puted tomography angiography for suspected coro-
nary artery disease were prospectively included to
undergo follow-up coronary computed tomogra-
phy angiography. We demonstrated that statin use
was associated with an increased progression of cal-
cified coronary plaque and a reduced progression
of noncalcified coronary plaque. Whereas hyperten-
sion was the only modifiable risk factor predictive
of noncalcified plaque progression, diabetes mel-
litus mainly led to an increase in calcified plague.
The present findings significantly add to our current
knowledge on the long-term effects of clinical char-
acteristics and statin use on coronary plaque pro-
gression. It could be hypothesized that the increase
in coronary calcification represents a healing mech-
anism of statins, whereby coronary plaques become
increasingly stabilized through calcification of the
necrotic core. In addition, our study findings could
yield the need for intensified preventive treatment
of patients with diabetes mellitus and hypertension
to slow and stabilize coronary artery disease pro-
gression and improve clinical outcome.

of mortality and disability-adjusted life-years lost

worldwide.” Multiple studies have evaluated the
natural history of CAD and its responsiveness to medi-
cal therapy using serial invasive coronary angiography
or intravascular ultrasound.?® Coronary computed to-
mography angiography (CTA) has rapidly emerged as
a tool to noninvasively evaluate coronary artery plaque
with high diagnostic certainty.” Therefore, it has be-
come of increased interest to study the progression of
CAD using serial coronary CTA. Although prior studies
have evaluated coronary plaque progression by serial
coronary CTA, most studies were limited by a short fol-
low-up duration, retrospective design, or qualitative ap-
proach.'®" Moreover, little is known about the impact
of clinical characteristics on coronary plaque progres-
sion in relation to statin use. Accordingly, our aim was
to prospectively assess the impact of clinical character-
istics and statin use on quantitatively assessed coronary
plaque progression in a low-risk study population dur-
ing long-term follow-up.

Coronary artery disease (CAD) is the leading cause

Circ Cardiovasc Imaging. 2020;13:e009750. DOI: 10.1161/CIRCIMAGING.119.009750

METHODS

Study Design

The Horizon 2020 funded SMARTool (Simulation Modeling of
coronary Artery disease: a tool for clinical decision support)
Project is a prospective, multicenter study in patients who
underwent serial coronary CTA."® White patients were included
by 7 centers from 5 European countries. The study protocol
was approved by all local ethical committees, all patients gave
their written informed consent to participate in the study and
the procedures followed were in accordance with institutional
guidelines. The authors declare that all supporting data are
available within the article and its files in the Data Supplement.

Patients

Patients who previously underwent coronary CTA for sus-
pected CAD, as part of the EVINCI (Evaluation of Integrated
Cardiac Imaging for the Detection and Characterization of
Ischemic Heart Disease; FP7-222915; n=152) or ARTreat (FP7-
224297; n=18) clinical studies, were prospectively included
to undergo follow-up coronary CTA. Additionally, patients
who underwent coronary CTA in the period 2009 to 2012
for clinical indications (n=32) and were not originally included
in the EVINCI and ARTreat studies were also prospectively
included. A full list of inclusion and exclusion criteria is pro-
vided in the Data Supplement. The baseline characteristics
of excluded patients without (visually assessed) atheroscle-
rosis development at follow-up are shown in Table | in the
Data Supplement. In total, 275 patients were enrolled in the
SMARTool Project, 263 patients underwent follow-up coro-
nary CTA, and 202 patients were included in the current study
(Figure 1). For all patients, clinical and blood data were col-
lected before the baseline and follow-up coronary CTA.

Coronary CTA Analysis

Coronary CTA was performed according to a predefined
standard operating procedure to ensure optimal image qual-
ity (see Data Supplement). All baseline and follow-up coro-
nary CTA images were analyzed blinded to clinical data by a
separate core laboratory (Leiden University Medical Center).
Coronary arteries were assessed according to the modified
17-segment American Heart Association classification.'” First,
a visual, side-by-side analysis of the baseline and follow-
up coronary CTAs was performed to assess the presence,
location, severity, and composition of coronary plaques.
Subsequently, quantitative CTA analysis was performed for
all visually determined plaques, using a dedicated software
package (QAngio CT Research Edition version 3.1.2.0).
Baseline and follow-up coronary lesions were matched using
fiduciary landmarks (eg, side branches, distance from the
ostium) and analyzed side-by-side. The complete workflow
of quantitative CTA analysis has been described in detail pre-
viously (see Data Supplement for a detailed description of the
guantitative CTA analysis).®

Clinical Characteristics and Study End
Points

Cardiovascular risk factors, including age, sex, family history
of CAD, smoking status, diabetes mellitus, dyslipidemia,
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Figure 1. Flow diagram of patients included in SMARTool (Simulation Modeling of coronary Artery disease: a tool for clinical decision support).
In total, 275 patients were enrolled in the SMARTool Project, and 263 patients underwent follow-up coronary computed tomography angiography (CCTA). Finally,
202 patients were included in the current analysis. CAD indicates coronary artery disease; and QCT, quantitative CTA analysis.

hypertension, obesity, medication use, and lipid profiles
were prospectively collected before the baseline and follow-
up coronary CTA (see Data Supplement for the definitions of
the clinical variables). Statin use was evaluated at baseline
and follow-up visits and patients were divided into 2 groups:
1. Statin users: if statins were used at baseline and/or fol-
low-up (ie, at baseline and follow-up, only at baseline,
only at follow-up).
2. Nonstatin users: if statins were not used at baseline nor
at follow-up.
The primary end point of this study was CAD progression,
defined as the absolute increase in plague volume by quan-
titative CTA analysis on a per-plaque as well as on a per-
patient basis. Per-patient plaque volume was calculated by
summation of the plaques volumes of individual coronary
plagues. Total, calcified, and noncalcified plague volume pro-
gression were assessed on a per-plaque and per-patient basis
and were adjusted for the time interval between the base-
line and follow-up coronary CTA (ie, the interscan period).
Accordingly, the annual plague volume difference was cal-
culated as follows: (plaque volume at follow-up—plaque
volume at baseline)/(interscan period). For the per-plaque
analysis, coronary arteries with a stent or bypass graft were
automatically excluded pairwise to obtain a similar number
of evaluated coronary arteries at baseline and follow-up. For
the per-patient analysis, the influence of missing segments
(due to interscan stenting, coronary bypass surgery, or failure
in image reconstruction) on the plaque progression rate was
evaluated and ruled out. This was performed by comparing
the median annual plaque progression rate between patients
with and without all coronary vessels analyzed. The annual
plague progression rate was calculated as follows: (annual
plaque volume difference/plaque volume at baseline)x100%.

Circ Cardiovasc Imaging. 2020;13:e009750. DOI: 10.1161/CIRCIMAGING.119.009750

Statistical Analysis

Distribution of continuous variables was determined using
histograms and Q-Q plots. For normal distributions, continu-
ous variables are presented as mean=SD and for non-normally
distributed variables as median and 25% to 75% interquartile
range (IQR), and depending on the distributions they were
compared with the independent Student t-test and Mann-
Whitney U test, respectively. Categorical variables are pre-
sented as number and percentages and were compared with
the 2 test or Fisher exact test if 5 or less observations were
included in a subclass. Plaque characteristics were compared
at baseline and follow-up using the Wilcoxon signed-rank
test. A univariable linear regression analysis was performed
to determine the association between clinical variables, statin
use, and annual increase in plaque volume (total, calcified,
and noncalcified). Multivariable analysis was performed to
adjust for clinical variables, baseline plaque volume, and LDL
(low-density lipoprotein) cholesterol response to statin ther-
apy. For the per-plaque analysis, a linear mixed model was
used to account for potential intrapatient correlation of coro-
nary plaques. All statistical analyses were performed with the
SPSS software package (IBM Corp Released 2017; IBM SPSS
Statistics for Windows, Version 25.0; Armonk, New York:
IBM Corp). Statistical tests were considered significant if the
2-sided P-value was <0.05.

RESULTS

Patients

In total, 202 white patients (80% statin users) who
underwent serial coronary CTA were included in the
study with a mean interscan period of 6.2+1.4 years.
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The patient characteristics are displayed in Table 1. In
addition, the change in lipid profile between baseline
and follow-up coronary CTA according to statin use is
shown in Table 2. In total, 40 (20%) patients at baseline
and 63 (31%) patients at follow-up were at therapeutic
goals (ie, had LDL cholesterol levels <70 mg/dL).

CAD Progression for Total Group

The median annual plaque progression rate between
patients with and without all coronary vessels ana-
lyzed was not significantly different for total, calcified,
and noncalcified plaque (P=0.16, P=0.84, and P=0.73,
respectively; Figure | in the Data Supplement). Per-
patient total plague volume change between the base-
line and follow-up coronary CTA was 74.8+100.8 mm?,
and the annual change in total plaque volume was
12.2+15.8 mm? (Figure 2). The annual change in calci-
fied and noncalcified plaque volume was 7.9+11.8 and
2.1+15.7 mm?3, respectively. A detailed overview of the
changes in plaque characteristics for the 558 detected
plaques is provided in Table 3. There was a significant
increase in mean plaque burden, maximal plaque thick-
ness, diameter stenosis, area stenosis, and lesion length
(all P<0.001), while minimal lumen diameter and mini-
mal lumen area significantly decreased from baseline
to follow-up (both P<0.001). The association between
baseline plaque volume and plague progression accord-
ing to plague composition is shown in Figure Il in the
Data Supplement.

CAD Progression According to Statin Use

The per-patient total plaque volume at baseline was
significantly higher in statin users compared with
nonstatin users (549 [IQR, 232-1027] mm?3 versus
298 [IQR, 124-769] mm?3; P=0.013). Also, statin users
showed a higher calcified and noncalcified plaque vol-
ume at baseline compared with nonstatin users (33
[IQR, 10=77] mm?3 versus 21 [IQR, 6-38] mm?3; P=0.051
and 479 [IQR, 212-896] mm? versus 284 [IQR, 108-
702] mm?3;, P=0.019, respectively). The per-patient
annual increase in total plaque volume was not sig-
nificantly different between statin and nonstatin users
(12.8+£16.2 versus 10.1+£13.9 mm?3; P=0.33). Although
the annual progression of noncalcified plaque was
significantly reduced in statin users compared with
nonstatin users (1.0£16.0 versus 6.4+13.9 mm3;
P=0.049), statin users showed a significant increase in
calcified plaque progression (9.0£12.2 versus 3.3+8.6
mm?; P=0.001). A detailed overview of the per-plaque
changes according to the use of statins is displayed
in Table 3. In Figure 3, an example of quantitative
CTA analysis is provided for a statin-taking patient.
Although initially no coronary calcification was pres-
ent at quantitative CTA analysis, extensive calcification

Circ Cardiovasc Imaging. 2020;13:e009750. DOI: 10.1161/CIRCIMAGING.119.009750

Table 1. Patient Characteristics

Statin Use
Total Yes No
(n=202) (n=161) (n=41) | P-Value
Age, y 61+9 61+9 62+8 0.80
Male 140 (69%) | 114 (71%) | 26 (63%) 0.36
Family history of CAD 94 (49%) | 77 (50%) | 17 (45%) 0.56
Current smoker 33 (17%) 29 (19%) 4 (11%) 0.34
Diabetes mellitus 41(21%) | 36(23%) 5(13%) 0.19
Dyslipidemia 134 (70%) | 119 (77%) | 15(40%) | <0.001
Hypertension 131 (68%) | 106 (69%) | 25 (66%) 0.72
Obesity 38(20%) | 32(21%) | 6(16%) 0.49
Symptoms
Typical 47 (26%) | 37 (26%) | 10 (26%) 0.92
Atypical 95 (52%) | 76(52%) | 19(50%) | 0.79
Nonanginal 1(1%) 1(1%) 0(0%) 1.00
Other 23 (13%) 18 (12%) 5(13%) 1.00
No symptoms 17 9%) 13 (9%) 4(10%) 0.76
Medication
f3-Blockers 86 (45%) 75(49%) | 11(29%) 0.028
ACE-inhibitors/ARBs | 95 (50%) 75 (49%) | 20(53%) 0.66
Diuretics 31 (16%) 26 (17%) 5(13%) 0.81
Aspirin 133 (69%) | 110 (71%) | 23 (61%) 0.19

Values are presented as mean+SD or n (%). ACE indicates angiotensin-
converting enzyme; ARB, angiotensin-Il-receptor blocker; and CAD, coronary
artery disease.

had occurred after 8 years of follow-up. The annual
change in calcified and noncalcified plague volume
according to the intensity of statin therapy at follow-
up is shown in Figure Ill in the Data Supplement.
Moreover, the change in percentage diameter stenosis
between patients with and without statin use at base-
line and/or follow-up is shown in Figure IV in the Data
Supplement.

Impact of Clinical Characteristics and
Statin Use on CAD Progression

On a per-plague basis, increasing age (f=0.070;
P=0.058) and hypertension (f=1.380; P=0.075)
were associated with annual total plaque progres-
sion, although no significant associations were found
(Table 4). In addition, male sex (f=1.676; P=0.009),
diabetes mellitus (p=1.725; P=0.012), and statin use
(p=1.498; P=0.046) showed an independent associa-
tion with annual progression of calcified plaque. While
hypertension ($=2.259; P=0.015) was an independent
determinant of noncalcified plaque progression, statin
use (f=-2.178; P=0.050) was borderline significantly
associated with a reduced progression of noncalcified
plaque. On a per-patient basis, similar results were
found (Table Il in the Data Supplement). Interestingly,

March 2020 4



T20Z ‘6T Afenuer uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Smit et al; The Prospective Multicenter SMARTool Study

Table 2. Change in Lipid Profile Between Baseline and Follow-Up Coronary CTA According to Statin Use

Statin Use*
At Baseline and Only at Baseline | Only at Follow-Up
Total (n=202) Follow-Up (n=91) (n=18) (n=52) No (n=41) P-Value

Lipid profile before baseline coronary CTA

Total cholesterol, mg/dL 186+48 168+44 172+46 202+44 211+48 <0.001

LDL, mg/dL 110+41 94+37 10141 124+37 131+40 <0.001

HDL, mg/dL 51+15 50+16 53+17 49+13 56+14 0.12

Triglycerides, mg/dL 122+63 120+60 90+47 143+73 11152 0.015
Lipid profile before follow-up coronary CTA

Total cholesterol, mg/dL 176+43 167+39 223+58 161+30 195+38 <0.001

LDL, mg/dL 94+40 84+36 13751 82+24 114438 <0.001

HDL, mg/dL 55+15 54+15 58+18 53+13 56+15 0.59

Triglycerides, mg/dL 147+95 161111 165+138 125+56 134+66 0.10
Change in lipid profile between baseline and follow-up coronary CTA

Total cholesterol, mg/dL -9+52 0+44 51+67 —-41+43 —15+42 <0.001

LDL, mg/dL -16+46 -11+40 35+58 -42+40 -18+36 <0.001

HDL, mg/dL 3+12 4+10 6+16 4+10 014 0.14

Triglycerides, mg/dL 24+94 42+99 89+144 —24+74 23+53 <0.001

Values are presented as mean+SD. CTA indicates computed tomography angiography; HDL, high-density lipoprotein; and LDL, low-density lipoprotein.

*Statin use at baseline and follow-up: statins were already used at the baseline coronary CTA and were continued during the interscan period. Statin use
only at baseline: statins were used at the baseline coronary CTA but were discontinued during the interscan period. Statin use only at follow-up: statins were
not used at the baseline coronary CTA but were initiated during the interscan period. No statin use: statins were not used at the baseline coronary CTA or

during the interscan period.

patients who experienced a cardiac event (n=12) dur-
ing the interscan period showed a trend toward a more
rapid progression of noncalcified plague compared
with patients without a cardiac event (n=190; P=0.35;
Figure V in the Data Supplement).

DISCUSSION

The impact of clinical characteristics and statin use on
coronary plague progression was investigated using
serial coronary CTA. Statin use was significantly associ-
ated with a more rapid progression of calcified plaque,
whereas noncalcified plaque progression was reduced.
While hypertension was the only clinical variable predic-
tive of noncalcified plaque progression, diabetes mel-
litus, and male sex were independent determinants of
calcified plaque progression.

Impact of Statin Use on CAD Progression

Statin use has frequently been shown to reduce the rate
of major adverse cardiac events and to improve over-
all survival in patients with CAD." The current study is
the first to provide an insight on the long-term impact
of statin use on coronary plague progression in a low-
risk patient population. To our knowledge, our study
represents the longest interscan period to date for a
serial coronary CTA study. In our study, statin use was
associated with a slowed progression of noncalcified
coronary plague, whereas the progression of calcified

Circ Cardiovasc Imaging. 2020;13:e009750. DOI: 10.1161/CIRCIMAGING.119.009750

coronary plague was increased with the use of statins.
Overall, this resulted in a similar overall progression of
coronary plague in statin and nonstatin users.

Multiple other studies have addressed the impact of
statin use on CAD progression. The PARADIGM (Pro-
gression of Atherosclerotic Plaque Determined by Com-
puted Tomographic Angiography Imaging) registry is
the largest study currently performed in patients who
underwent serial coronary CTA." In this study, the effect
of statins on individual coronary atherosclerotic plaques
was assessed during a mean interscan period of 3.8
years. In agreement with our results, the progression of
noncalcified plaque was significantly reduced in statin
users, whereas statin users demonstrated a more rapid
progression of calcified plague (both P<0.001). Interest-
ingly, statin use was also associated with a slower rate
of overall plague progression (P=0.002). These conflict-
ing results with regard to the effect of statins on overall
plaque progression could be explained by many factors,
including the enrollment of a patient population with
a different background and follow-up duration. Possi-
bly, the calcifying effect of statins on coronary plagues
becomes more significant over time (ie, comparable to
the reduction in noncalcified plaque), thereby resulting
in no net effect of statin use on overall plaque progres-
sion during long-term follow-up. Also after adjusting
for risk factors in multivariable analysis, statin use did
not impact overall plaque progression.

The procalcific effect of statins has also been dem-
onstrated in other studies that used either serial nonin-
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Figure 2. Per-patient annual changes in total, calcified, and noncalcified plaque volume.
On a per-patient basis, the mean annual change in total, calcified, and noncalcified plaque volume was 12.2£15.8, 7.9+£11.8, and 2.1£15.7 mm?, respectively. IQR

indicates interquartile range.

vasive or invasive imaging modalities to assess coronary
plaque progression. However, most serial imaging stud-
ies were hampered by a short follow-up duration or
retrospective design.’'* Most importantly, our study
differs from previous studies in that the majority of
statin-taking patients showed a negligible extent of cal-
cified plaque at the baseline coronary CTA.

It could be hypothesized that the increase in coro-
nary calcification represents a healing mechanism of
statins, whereby coronary plaques become increasingly
stabilized through calcification of the necrotic core.?®
Although conceptually attractive, it remains to be
determined whether this increased calcification is the
underlying cause for the improved clinical outcome in
statin-taking patients with confirmed CAD.

Clinical Predictors of CAD Progression

Increasing age, male sex, hypertension, and diabetes
mellitus were found to be nonsignificantly associated
with overall CAD progression. Whereas diabetes mel-
litus mainly led to coronary plague progression by an
increase in calcified plaque, hypertension induced pro-
gression of noncalcified plaque.

Our findings are in line with previous research on coro-
nary plaque progression and morphology in patients with
hypertension or diabetes mellitus. Bayturan et al*' evalu-
ated 951 patients with low LDL cholesterol levels (<70
mg/dL) who underwent serial intravascular ultrasound to
assess CAD progression. The authors found that despite
achieving low LDL cholesterol levels, the presence of dia-

Table 3. Change in Plaque Characteristics Between Baseline and Follow-Up Coronary CTA According to Statin Use
Statin Use at Baseline and/or Follow-Up
Total (n=558) Yes (n=464) No (n=94)

Baseline Follow-Up P-Value Baseline Follow-Up P-Value Baseline Follow-Up P-Value
Total plaque volume, 143.3 160.2 <0.001 144.2 164.0 <0.001 133.7 144.5 <0.001
mm? (68.4-308.4) (82.6-333.3) (69.5-307.3) (82.9-332.5) (57.7-309.1) (78.8-352.9)
Calcified plaque 7.7 19.3 <0.001 7.7 20.9 <0.001 8.6 12.2 <0.001
volume, mm? (1.7-22.6) (7.1-45.0) (1.8-23.4) (7.8-46.3) (1.3-21.0) (2.4-29.5)
Noncalcified plaque 127.2 132.3 0.001 132.0 129.2 0.061 118.9 135.1 <0.001
volume, mm3 (58.7-274.3) (66.2-278.3) (62.2-275.2) (66.2-279.7) (47.8-262.2) (70.5-268.3)
Mean plaque burden 58.0 60.7 <0.001 58.1 60.7 <0.001 57.3 60.2 0.002
(%)* (51.8-62.9) (54.0-65.9) (52.3-63.1) (54.1-66.0) (50.5-62.6) (53.3-65.5)
Maximal plaque 1.75 1.97 <0.001 1.77 1.99 <0.001 1.68 1.94 <0.001
thickness, mm (1.44-2.07) (1.73-2.27) (1.47-2.11) (1.73-2.30) (1.29-1.97) (1.68-2.17)
Diameter stenosis (%) 24.1 27.3 <0.001 24.3 27.5 <0.001 23.5 269 <0.001

(14.6-32.9) (19.4-37.3) (14.7-33.5) (19.4-37.7) (13.3-31.2) (17.7-33.1)
Area stenosis (%) 42.4 47.2 <0.001 42.7 47.4 <0.001 41.5 46.5 <0.001

(26.9-55.0) (34.9-60.7) (27.0-55.8) (35.0-61.2) (24.8-52.6) (32.2-55.3)
Minimal lumen 2.3 2.1 <0.001 2.2 2.1 <0.001 2.4 2.2 <0.001
diameter, mm (1.9-2.8) (1.7-2.5) (1.9-2.7) (1.7-2.5) (1.9-2.9) (1.8-2.7)
Minimal lumen area, 5.0 4.4 <0.001 4.8 4.3 <0.001 5.5 4.4 0.001
mm? (3.5-7.4) (2.9-6.4) (3.4-7.3) (2.9-6.3) (3.8-7.4) (3.1-7.2)
Lesion length, mm 13.6 14.4 <0.001 13.9 14.5 <0.001 11.8 14.1 <0.001

(6.6-30.6) (7.3-30.6) (6.6-30.8) (7.4-30.7) (6.3-30.6) (6.7-30.7)
Values are presented as median (interquartile range). CTA indicates computed tomography angiography.
*Mean plague burden was defined as follows: the sum of ([vessel wall area—lumen area)/vessel wall area) per slice/total number of slices.
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Figure 3. Example of quantitative computed tomography angiography (CTA) analysis for a statin-taking patient.
Representative case showing the impact of statin use on coronary artery disease progression. Although initially no coronary calcification was present at quantita-
tive CTA analysis, extensive calcification had occurred after 8 y of follow-up. Red indicates necrotic core tissue, light green indicates fibro-fatty tissue, dark green

indicates fibrous tissue, and white indicates dense calcium tissue.

betes mellitus (P=0.02) and an increase in systolic blood
pressure (P=0.001) were independently associated with
CAD progression. The relationship between hyperten-
sion and incident CAD was further investigated in the
CONFIRM registry (Coronary CT Angiography Evalua-
tion for Clinical Outcomes: An International Multicenter
Registry), a large multicenter registry including patients
without known CAD who underwent a single coro-
nary CTA.?2 In that study, it was found that noncalcified
plaques, as well as calcified plaques, were significantly
more prevalent in patients with hypertension compared
with a matched cohort of patients without hyperten-
sion. More recently, the impact of diabetes mellitus and
glycemic status on CAD progression was investigated
in 2 substudies of the PARADIGM registry.>%* In these
studies, it was demonstrated that patients with diabe-
tes mellitus experience greater overall CAD progres-
sion compared with patients without diabetes mellitus.
Although diabetes mellitus was significantly associated
with progression of all 4 coronary plaque subtypes (ie,
fibrous, fibro-fatty, necrotic core, and dense calcium), the
strongest association was found for progression of dense
calcium plaque. Finally, diabetes mellitus was shown to
be associated with an increased prevalence of total and
calcified coronary plague in multiple studies that includ-
ed patients who underwent a single coronary CTA or
coronary calcium score.?>-28

Our study findings could yield the need for intensified
preventive treatment of patients with diabetes mellitus
and hypertension to slow and stabilize CAD progression
and improve clinical outcome. Previous studies have dem-
onstrated that good glycemic and blood pressure control

Circ Cardiovasc Imaging. 2020;13:e009750. DOI: 10.1161/CIRCIMAGING.119.009750

could lead to lower CAD progression.?*=' Moreover, the
progression of different plaque types (ie, calcified versus
noncalcified) in patients with diabetes mellitus and hyper-
tension may suggest the presence of distinct pathophysi-
ological mechanisms of coronary plaque progression.

Limitations

The present study has several limitations. First, the num-
ber of patients included was relatively low. This could
be an important reason for the lack of statistical signifi-
cance in the relationship between clinical variables and
overall plaque progression after adjustment for poten-
tial confounders. Second, coronary CTA scanners from
different vendors were used to assess CAD progres-
sion which could affect plague volume measurements.
However, all coronary CTAs at follow-up were per-
formed according to a predefined standard operating
procedure to reduce the difference in Hounsfield units
between coronary CTAs from different vendors. Third,
statin use at baseline and follow-up visits was used to
define statin users, but no information was available
on possible changes in treatment and dosages in the
interscan period. Therefore, the effect of statin use on
overall CAD progression could be underestimated if
statin-taking patients at follow-up did not use statins
during the entire interscan period. Fourth, quantitative
CTA analysis was only performed for visually deter-
mined plaques at the baseline and follow-up coronary
CTA. Therefore, patients without coronary plaques at
the follow-up coronary CTA were excluded from the
current study. Fifth, information on nonstatin therapy
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Table 4. Association Between Clinical Variables, Statin Use, and Annual Increase in Total, Calcified, and Noncalcified Plaque Volume (Per-Plaque

Analysis)

Total

Calcified Noncalcified

Univariable Multivariable Univariable Multivariable Univariable Multivariable

Clinical Variables Estimate | P-Value | Estimate  P-Value Estimate

P-Value Estimate P-Value | Estimate P-Value Estimate P-Value

baseline, mm?*

Age, y 0.082 0.025 0.070 0.058 0.062 0.036 0.034 0.26 0.045 0.29 0.070 0.11
Male 1.221 0.12 1.089 0.17 1.642 0.009 1.676 0.009 -0.727 0.42 0.197 0.83
Family history of CAD | -0.460 0.52 0.141 0.84 -0.997 0.085 -0.416 0.46 1.045 0.21 1.182 0.16
Current smoker 0.316 0.74 0.981 0.29 -0.687 0.37 -0.626 0.40 0.642 0.56 1.006 0.36
Diabetes mellitus 1.746 0.036 1.198 0.15 1.964 0.003 1.725 0.012 -0.380 0.70 -0.023 0.98
Dyslipidemia -0.012 0.99 -0.361 0.66 0.004 0.99 0.007 0.99 0.126 0.89 0.422 0.67
Hypertension 1.319 0.094 1.380 0.075 | -0.288 0.66 -0.483 0.44 2.002 0.026 2.259 0.015
Obesity 0.497 0.58 -0.268 0.77 0.573 0.43 0.284 0.70 -0.363 0.73 -0.720 0.51
Statin use at baseline 0.105 0.91 -0.041 0.97 1.781 0.014 1.498 0.046 -2.402 0.021 -2.178 0.050
and/or follow-up

Absolute change in —-0.0150 0.052 -0.005 0.50 -0.011 0.071 -0.005 0.47 —-0.001 0.89 -0.007 0.45
LDL-C, mg/dL

Plague volume at 0.010 <0.001 0.010 <0.001 0.042 <0.001 0.039 <0.001 -0.004 0.001 -0.004 0.001

CAD indicates coronary artery disease; and LDL-C, low-density lipoprotein cholesterol.
*Total, calcified, or noncalcified plague volume was used for the analysis depending on the outcome parameter.

and dietary pattern was not available and therefore
its effect on coronary plaque progression could not be
assessed. Sixth, high-risk plague features (eg, napkin-
ring sign and spotty calcification) were not analyzed in
the current study and are therefore not available.

Conclusions

The current study demonstrated that statin use was
associated with an increased progression of calcified
coronary plague and a reduced progression of non-
calcified coronary plague. Whereas hypertension was
the only modifiable risk factor predictive of noncalci-
fied plaque progression, diabetes mellitus mainly led to
an increase in calcified plaque. Additional studies are
required to study the effect of statin use and intensive
control of cardiovascular risk factors on coronary plaque
progression and its relationship to clinical outcome.
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