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Abstract

Objective: The aim of this study was to characterize the relationship between computed
tomography angiography imaging characteristics of coronary artery and atherosclerotic
cardiovascular disease (ASCVD) score.

Methods: We retrospectively identified all patients who underwent a coronary computed
tomography angiography at our institution from December 2013 to July 2016, then we calculated
the 10-year ASCVD score. We characterized the relationship between coronary artery imaging
findings and ASCVD risk score.

Results: One hundred fifty-one patients met our inclusion criteria. Patients with a 10-year
ASCVD score of 7.5% or greater had significantly more arterial segments showing stenosis
(46.4%, P=0.008) and significantly higher maximal plaque thickness (1.25 vs 0.53, = 0.001).
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However, among 56 patients with a 10-year ASCVD score of 7.5% or greater, 30 (53.6%) had no
arterial stenosis. Furthermore, among the patients with a 10-year ASCVD score of less than 7.5%,
24 (25.3%) had some arterial stenosis.

Conclusions: There is some concordance but not a perfect overlap between 10-year ASCVD

risk scores and coronary artery imaging findings.

Keywords
atherosclerotic cardiovascular disease score; computed tomography angiography; coronary artery

The guidelines for initiating statin treatment for the primary prevention of atherosclerotic
cardiovascular disease (ASCVD) released by the American College of Cardiology and the
American Heart Association (ACC/AHA) in November 2013 de-emphasize low-density
lipoprotein cholesterol thresholds and instead focus on total ASCVD risk, as defined by the
pooled cohort equations.! The Pooled Cohort Equations? formula estimates ASCVD risk,
based on age, sex, race, diabetes mellitus, cholesterol values, smoking status, and blood
pressure. According to the ACC/AHA guidelines, adults between 40 and 75 years old with a
10-year ASCVD risk score of 7.5% or higher should receive at least moderate-intensity
statins.

With the introduction of the new ACC/AHA guidelines, the number of adults eligible for
statin treatment went up to an estimated 28% to 48%,3-° as compared with 8% to 17% under
the previous set of recommendations.® This expansion of statin treatment eligibility under
the new ACC/AHA guidelines is supported by some studies that suggest statins are effective
for reducing risk regardless of low-density lipoprotein cholesterol or total risk levels.”?
However, the pooled cohort equations may overestimate ASCVD risk,10-12 and millions of
adults in the United States may be exposed to unnecessary statin treatment costs and risks
based on other analyses.>13 Although statins are usually well tolerated, they may have
adverse effects, including myalgias, especially in patients with multiple medical
comorbidities.14 Statins interact with drugs that affect the cytochrome P450 enzyme group.
15 statins are associated with a small but significantly increased risk of type 2 diabetes
mellitus.1416 Statins involve a gross domestic product—adjusted total cost of $17 billion per
year.17 Statin intolerance, particularly myalgias, is very common and is associated with high
rates of statin discontinuation.18.19

The 2013 ACC/AHA guidelines do not explicitly recommend including vascular imaging;
however, a coronary artery calcium (CAC) score of equal to or greater than 300 Agatston
units or equal to or greater than 75th percentile for age, sex, and ethnicity is referred to as a
specific risk factor in patients for whom risk assessment is uncertain.! In the Multi-Ethnic
Study of Atherosclerosis (MESA), addition of CAC score to a prediction model based on
traditional risk factors significantly improved the classification of risk, allowing both up-
classification and down-classification of risk based on CAC scores.2? However, CAC score
only reflects calcified atherosclerotic plaques and not fatty or other noncalcified plaques that
are as likely or even more likely to be associated with luminal stenosis.2! Indeed, while zero
CAC scores may have value as a prognostic marker of low risk, obstructive coronary artery
disease (CAD)—including total coronary occlusion—is not uncommon even in the absence
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of detectable calcification.22 Furthermore, some investigators assert that CAC does not
actually add incremental prognostic value to other coronary computed tomography
angiography (CTA) measurements.23

This study’s objective was to determine whether patients with a high 10-year ASCVD risk
score have more advanced vascular imaging features of coronary artery atherosclerosis,
including calcified and noncalcified plaques. For this purpose, we analyzed the relationship
between CTA imaging characteristics of coronary artery atherosclerosis and the 10-year risk
of ASCVD. Specifically, we wanted to examine how often the ASCVD risk score is
concordant or discordant with coronary artery imaging findings.

MATERIALS AND METHODS
Study Population

We retrospectively identified all patients who underwent a coronary CTA at our institution
from December 2013 to July 2016. Our study was approved by the institutional review
board. We used the medical records to gather the clinical information required to calculate
the 10-year ASCVD score using the pooled cohort equations from the 2013 ASA/AHA
guidelines. We excluded patients for whom the 10-year ASCVD score could not be
calculated (age outside the 40- to 79-year range, total cholesterol outside the 130- to 320-
mg/dL range, high-density lipoprotein cholesterol outside the 20- to 100-mg/dL range,
systolic blood pressure outside the 90- to 200-mm Hg range, no smoking status record). We
also excluded patients who had a coronary artery stent placed or received a coronary artery
bypass graft. We excluded patients for whom more than 6 months elapsed between the
clinical visit/blood draw to measure the clinical variables and the coronary imaging study.
Finally, if a patient underwent several coronary imaging studies, we selected the imaging
features for the study that corresponded to the closest to the clinical visit/ blood draw for our
analysis.

Coronary Artery Imaging Protocol

The CTA studies of the coronary arteries were obtained on 16- and 64-slice computed
tomography scanners (GE Healthcare, Milwaukee, IL or Siemens Healthcare, Erlangen,
Germany), spiral mode, 0.6- to 0.8-second gantry rotation acquisition parameters: 100
kVp/240 mA. Patient prepared with oral p-blocker or sublingual nitroglycerine to goal heart
rate (HR) approximately 60 + 5 beats/min (bpm). The image acquisition protocol was as
follows: The calcium scoring imaging was achieved from non-contrast high-resolution CT,
scan range: carina through the apex of the heart; slice thickness: 2.5 to 3 mm; imaging
phrase: for single source, end diastole HR less than 63 bpm, end diastole and end systole HR
greater than 64 bpm; for dual source, end diastole HR less than 79 bpm, end systole HR
greater than 80 bpm. For coronary CTA, contrast: Isovue 370, 1.1 mL/kg, maximum no
more than 200 mL, intravenous injection duration 25 seconds or less than 6 mL/s; scan
range: 2 cm above left anterior descending coronary artery through the apex of the heart;
slice thickness: 0.625 to 0.75 mm; imaging phrase: for single source, end diastole HR less
than 65 bpm, end diastole and end systole HR greater than 66 bpm; for dual source, end
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diastole HR <65 bpm, end diastole and end systole HR 66 to 75 bpm, end systole HR greater
than 86 bpm.

Coronary Artery Imaging Review

The left coronary artery and right coronary artery were assessed separately. The left
coronary artery was divided into 3 segments: left main coronary artery, left anterior
descending branch, and left circumflex branch. We formatted images perpendicular to the
lumen of each of these segments and visually assessed each segment for maximal degree of
stenosis, maximal atherosclerotic/calcium plaque thickness, and the presence or absence of
calcified plaque.

The Agatston CAC score was computed for each of the coronary arteries based on the size
and density of the regions identified to contain calcium?4: 0 means no identifiable
atherosclerotic plaque (a negative examination); 1 to 10 means minimal plaque burden; 11 to
100 means mild plagque burden; 101 to 400 means moderate plaque burden; and greater than
400 means extensive plaque burden.

Statistical Analysis

According to the guideline® and other studies’ result, our study patients were divided into 2
groups based on the 10-year ASCVD score: less than 7.5% and 7.5% or greater. We also
tested a more stringent cutoff value and repeated our analysis for patients with 10-year
ASCVD score of less than 10% and 10% or greater.

Demographics, medical history, and imaging characteristics of the cohort were summarized
by counts and percentages for categorical characteristics and by median and interquartile
range (IQR) for continuous characteristics. Associations between risk groups and imaging
characteristics were assessed by Fisher exact test for categorical variables and the Mann-
Whitney U'test or ttests for continuous variables, depending on whether the distribution was
symmetric. The associations between 151 characteristics and risk score were assessed. All
variables and their functional form (eg, chosen thresholds such as any stenosis and >50%
stenosis) were selected for consideration a priori. All tests were 2-sided and conducted at the
0.05 level of significance. As the goal of our study was to characterize the association
between clinical and imaging features, #values were not adjusted for multiple comparisons.
Rather, we utilize the Pvalues resulting from statistical testing as a descriptive statistic to
quantify how likely a particular observed association is if there were truly no associations
between risk score and the particular feature. Associations between ASCVD scores and
imaging features were assessed using « statistics.2 All analyses were conducted in the R
statistical computing framework, version 3.3.27

RESULTS
Study Population

We retrospectively identified 1079 patients who underwent a coronary artery imaging study
between December 2013 and June 2016. Of these, 151 patients met our inclusion criteria
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(Fig. 1). The median interval between the blood draw and the coronary artery imaging study
was —9.5 days (IQR, —48 to 5 days).

Patients with a 10-year ASCVD score of 7.5% or greater included significantly more males
(34 [58.1%], P=0.011), older patients (68 vs 51 years old, £< 0.001), patients with higher
systolic blood pressure (133 vs 119, £< 0.001), and more patients receiving cholesterol-
lowering medication (67.9% vs 42.1%, P = 0.002) and antihypertension agents (64.3% vs
42.1%, P=0.008) (Table 1). This is expected as these are the parameters used to calculate
the 10-year ASCVD score. Coronary artery calcium Agatston score was higher in 10-year
ASCVD score of 7.5% or greater than those less than 7.5% (37 vs 0, £< 0.001). Significant
differences in these characteristics were similarly observed for patients with a 10-year
ASCVD score of 10% or greater (see Table, Supplemental Digital Content 1, http://
links.lww.com/RCT/A74).

Imaging Findings

Patients with a 10-year ASCVD score of 7.5% or greater had significantly more arterial
segments showing stenosis (46.4% vs 25.3%, £= 0.008). Significant stenosis (>50%) was
rare in patients with a 10-year ASCVD score of less than 7.5% (4.2% vs 19.6%, £ = 0.002).
Maximal plaque thickness was significantly higher in patients with a 10-year ASCVD score
of 7.5% or greater (1.25 vs 0.53, £=0.001). Calcium plaques were less common in patients
with a 10-year ASCVD score of less than 7.5% (35.8% vs 75%, £ < 0.001) (Table 2).
Similar observations were made for patients with a 10-year ASCVD score of 10% or greater
(see Table, Supplemental Digital Content 2, http://links.lww.com/RCT/AT5).

Concordance Between 10-Year ASCVD Score and Imaging Findings

Among the 56 patients with a 10-year ASCVD score of 7.5% or greater, 30 (53.6%) had no
arterial stenosis, 29 (51.8%) had a maximal plaque thickness of less than 0.9 mm, 14
(25.0%) had no calcified plaque, and 33 (58.2%) had an Agatston score of less than 100
(Table 3). Among those patients, 14 (25%) had no any abnormal findings on CTAs. There
was a significant overlap between patients showing no arterial stenosis, a maximal plaque
thickness of less than 0.9 mm, and an Agatston score of less than 100 (26 [46.4%]). Only 14
(25%) (25%) of these patients showed, whereas most of them (42 patients, or 75%) had at
least 1 tiny speck of arterial calcium (Fig. 2A).

Among the 95 patients with a 10-year ASCVD score of less than 7.5%, 24 (25.3%) had
some arterial stenosis, 23 (24.2%) had a maximal plague thickness of more than 0.9 mm, 34
(35.8%) had at least 1 calcified plaque, and 33 (21.2%) had an Agatston score of more than
100 (Table 3). There was a significant overlap between the patients showing some arterial
stenosis, a maximal plaque thickness of more than 0.9 mm, at least 1 fatty plaque, and an
Agatston score of 100 or greater (8 patients [8.4%]). Calcified plaques could be observed
independently of the other features (14 patients [14.7%]) (Fig. 2B).

The imaging characteristics presented moderate or fair agreement with the ASCVD scores
based on the x statistics (Tables 3 and 4).
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Among the 47 patients with a 10-year ASCVD score of 10% or greater, 23 (48.9%) had no
arterial stenosis at all, 23 (48.9%) had a maximal plaque thickness of less than 0.9 mm, 11
(23.4%) had no calcified plaque, and 26 (55.3%) had an Agatston score of less than 100
(Table 4). Among those patients, 11 (23.4%) had no any abnormal findings on CTAs. There
was a significant overlap between patients showing no arterial stenosis, a maximal plaque
thickness of less than 0.9 mm, and an Agatston score of less than 100 (20 [42.5%]). Only 11
of these patients (23.4%) showed no calcium, whereas most of them (36 patients [76.6%])
had at least 1 tiny speck of arterial calcium (Fig. 2C).

Among the 104 patients with a 10-year ASCVD score of less than 10%, 27 (26.0%) had
some arterial stenosis, 26 (25.0%) had a maximal plaque thickness of more than 0.9 mm,
and 40 (38.5%) had at least 1 calcified plaque (Table 4). There was a significant overlap
between the patients showing some arterial stenosis, a maximal plaque thickness of more
than 0.9 mm, at least 1 fatty plaque, and an Agatston score of 100 or greater (10 patients
[9.6%]). Calcified plaques could be observed independently of the other features (17 patients
[16.3%]) (Fig. 2D).

An Agatston score of 0 was present in 14 (25%) of the patients with a 10-year ASCVD score
of 7.5% or greater and in 11 (23.4%) of the patients with a 10-year ASCVD score of 10% or
greater. An Agatston score of less than 10 was present in 20 (35.7%) of the patients with a
10-year ASCVD score of 7.5% or greater and in 17 (36.2%) of the patients with a 10-year
ASCVD score of 10% or greater.

DISCUSSION

The goal of our study was to assess the relationship between ASCVD risk score and vascular
imaging features of coronary artery atherosclerosis. Not surprisingly, we found that patients
with higher 10-year ASCVD risk score overall had more stenosis, increased wall thickness,
more fatty plaques, and a higher Agatston score. However, we found a significant fraction of
patients with high 10-year ASCVD risk scores who had minimal imaging abnormalities, as
well as a significant fraction of patients with low 10-year ASCVD risk scores who,
nonetheless, had significant imaging abnormalities; this discordance suggests that imaging
can improve risk individualization and add value to scoring systems that rely solely on
clinical information. Interestingly, we found that calcified plaques were the only imaging
feature that was frequently observed in patients with both low and high 10-year ASCVD risk
scores. Indeed, in the literature, the imaging biomarker that has been the most studied in
terms of its association with the risk of vascular events is the CAC score, typically
characterized using the Agatston methodology.24

The relationship between zero CAC scores and obstructive CAD has been studied
extensively; study populations have varied, with some investigators finding zero CAC scores
strongly associated with no obstructive CAD and others finding a relatively high prevalence
of obstructive CAD even in the absence of detectable calcium.22:23.28.29 A number of
observational studies have documented strong associations between coronary calcium scores
and the risk of incident cardiovascular events. A higher CAC score is associated with a
higher cardiovascular risk; the adjusted risk of a coronary event was increased by a factor of
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7.73 among participants with coronary calcium scores between 101 and 300 and by a factor
of 9.67 among participants with scores greater than 300.30

There is increasing evidence that coronary calcium scores improve risk classification,
particularly for intermediate-risk individuals.31:32 A study of 6809 individuals from the
MESA cohort found coronary calcium scores were strong predictors of vascular events both
in younger and older individuals. Comparing individuals with a CAC score of 0 with those
with a CAC score of greater than 100, there was an increased incidence of CHD events from
1 to 21 per 1000 person-years.33 In another 6698 individuals enrolled in MESA, coronary
calcium scores were stronger predictors of cardiovascular and coronary events than carotid
intima-media thickness; the areas under the curve to predict cardiovascular disease were
0.81 and 0.78, respectively.3# Calcium scores reclassified 36% of intermediate-risk
individuals, including 23% who were up-classified to high risk.2° The overall net
reclassification improvement was 14%, with an approximately equal proportion of correct
up-reclassifications and correct down-reclassifications in the intermediate-risk group.
Another study derived from MESA that focused on 4758 participants found that 77% of
these patients were eligible for statins based on the new AHA/ASA guidelines. Among
patients eligible for statins, 41% had a CAC score of 0 and developed only 5.2 ASCVD
events/1000 person-years. If reclassified by imaging, approximately half of the patients
would have been spared statin therapy.3® Similarly, in the 2028 asymptomatic individuals in
the Rotterdam Study, coronary calcium scores raised the C statistic for coronary events from
0.72 to 0.7636; 52% of intermediate-risk individuals were reclassified, 22% as high risk, and
the overall net reclassification improvement was 14%.3% Similar findings were obtained
from another large, population-based cohort, the Heinz Nixdorf Recall Study, with more
than 50% of intermediate-risk individuals reclassified.3” Adding CAC score, the area under
the curve of net reclassification improvement in that study was from 0.681 to 0.749.

However, there are several limitations to using a CAC score. Among these, the calcium score
does not necessarily correlate well with the amount of CAD as defined on coronary CTA.38

We acknowledge several limitations to our study. It is retrospective and cross-sectional in
nature. The blood work and the carotid imaging were not obtained at the exact same time but
within 6 months of each other. Patients who underwent a coronary CTA but did not have
data to calculate the risk score were not included in the study, potentially compromising
generalizability if these patients are systematically different from those included in the
study. We do not anticipate this to be the case, assuming the patients missing these variables
do not represent in any way more or less severe cases than those selected into our sample;
however, their ASCVD score distributed as similar as other studies. Computed tomography
angiograms of the coronary arteries of the patients enrolled in the study were ordered as part
of clinical standard of care, which suggests that their vascular risk might be higher than that
of the general population. This might result in the 10-year ASCVD risk scores observed in
our sample being higher than those in the general population; however, it should not affect
the comparison between 10-year ASCVD risk scores and imaging.

In conclusion, our study shows that there is some concordance but not a perfect overlap
between 10-year ASCVD risk scores and the imaging features of coronary atherosclerotic
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disease. Our next step will be to determine the incidence of vascular events in patients with
high 10-year ASCVD risk scores but normal or near-normal coronary arteries on computed
tomography.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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434 with no record of race/ethnicity

178 with aged <40 or >79

3 patients with no smoking history

264 with no blood lipid panel

28 with TC not in the 130-320 mg/dL
range or HDL not in the 20-100 mg/dL
range

10 with no calcium Agaston score

>
4
640 patients
>
h 4
462 patients
+
¥
459 patients
>
h 4
195 patients
>
167 patients
l -
4
157 patients
-
*

6 with coronary artery stent or coronary
artery bypass graft

151 patients

FIGURE 1.
Patient inclusion decision tree for our study.
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FIGURE 2.
Venn diagrams displaying (A) number of patients with no stenosis, no fatty plaque, and/or
no calcium among those with ASCVD risk of 7.5% or greater (n = 56); (B) number of
patients with any stenosis, maximum plaque thickness of 0.9 mm or greater, fatty plaque,
and/or calcium among those with ASCVD risk of less than 7.5% (n = 95); (C) number of
patients with no stenosis, no fatty plaque, and/or no calcium among those with ASCVD risk
of 10% or greater (n = 47); and (D) number of patients with any stenosis, maximum plaque
thickness of 0.9 mm or greater, fatty plaque, and/or calcium among those with ASCVD risk
of less than 10% (n = 104). Figure 2 can be viewed online in color at www.jcat.org.
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