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Abstract

Background and aims: Calcific aortic valve disease is highly prevalent in patients with
significant smoking history and is a marker of atherosclerosis. The aim of this study was to define
the prognostic value of aortic valve calcification (AVC) derived from low dose, lung cancer
screening computed tomography (LCSCT) for all-cause mortality in this higher risk population.

Methods—This is a single site, retrospective analysis of 1529 moderate-to-high atherosclerotic
cardiovascular risk U.S. veterans (65 years [1QIl: 61, 68] years; 96% male), who underwent
clinically indicated LCSCT. CTs were scored for aortic valve calcification (AVC) and coronary
artery calcification (CAC). The primary endpoint was all-cause mortality and secondary endpoints
were nonfatal myocardial infarction (MI) and nonfatal cerebrovascular accident (CVA).

Results: Over 4-year follow-up, 227 patients (15%) died, 112 patients (7%) had nonfatal Ml, and
52 patients (3%) had nonfatal CVA. AVC was predictive of all-cause mortality (HR per 100: 1.041
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[1.030-1.052], p< 0.001), and this association remained significant after multivariate adjustment
for traditional atherosclerotic risk factors, including CAC (1.021 [1.007-1.036], p = 0.003). After
excluding patients with severe aortic stenosis (AS) or severe AVC (21274 AU in women and
>2065 AU in men), in a subset of 765 patients who had echocardiograms, this association
remained significant after multivariate analysis (HR per 100: 1.052 [1.010-1.095], p= 0.014).
Despite controlling for CAC in the models, AVC was still associated with MI (HR per 100: 1.021
[1.004-1.039], p=0.017) and with CVA (HR per 100: 1.027 [1.002-1.051], p = 0.032).

Conclusions: Scoring AVC derived from LCSCT is predictive of mortality, nonfatal MlI, and
nonfatal CVA in patients at known risk for cardiovascular disease, independent of coronary
calcification or severe aortic valve stenosis.

Keywords

Calcific aortic valve disease; Aortic valve calcification; Computed tomography; Smoking;
Atherosclerosis; Outcomes

1. Introduction

Calcific aortic valve disease (CAVD) is highly prevalent in the aging population and shares
many common risk factors with coronary artery disease (CAD), including tobacco cigarette
smoking [1,2]. Moreover, aortic valve sclerosis, a marker of atherosclerosis early in the
CAVD process, has been associated with increased risk of cardiovascular events, supporting
overlapping disease mechanisms [3]. However, there is also evidence of differing biology
between CAD and CAVD; HMG-CoA reductase inhibitors (statins), which impact outcomes
in CAD, do not appear to influence the natural progression of AS in patients with CAVD [4].

The presence of calcification on computed tomography (CT) imaging is a hallmark of both
CAVD and CAD. Coronary artery calcification (CAC) is predictive of total atherosclerotic
burden and risk of cardiovascular and all-cause mortality [5]. Aortic valve calcification
(AVC) has been associated with physiologic measures of aortic valve stenosis (AS), and
quantification of AVC in the range of severe AS has been predictive of worse prognosis in
patients [6,7]. Nonzero AVC has been studied in relatively low-risk populations and was
found to be predictive of worsening cardiovascular outcomes in a manner that appears
partially dependent on CAC [8], and of all-cause mortality in a manner that appears
incremental to CAC [9]. However, the independent prognostic value of AVC, as a continuous
variable, for all-cause mortality independent of both CAC or severe AS in moderate-to-high
atherosclerotic risk populations has not been evaluated.

Since smoking is a major risk factor for both CAVD and progressive CAD from
atherosclerosis and current guidelines recommend routine lung cancer screening with low
dose CT (LCSCT) in this population [10,11], we sought to determine the prognostic value of
reporting AVC from LCSCT for all-cause mortality, independent of traditional
cardiovascular risk factors including CAC, in this moderate-to-high risk cohort.
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Materials and methods

This study was approved by the Providence Veteran Affairs Medical Center Institutional
Review Board and complies with the Declaration of Helsinki, and all patient data were
handled in compliance with the Health Insurance Portability and Accountability Act
(HIPAA) regulations. All patient records were de-identified and analyzed anonymously.
Through the Providence VA Medical Center and the office of the Associate Chief of Staff for
Research at Providence VA Medical Center, all data, analytical methods, and study materials
are available upon request to other researchers, who meet the Institutional Review Board
criteria for access to VA confidential research data, for purposes of reproducing the results or
replicating the study.

This was a single-center, retrospective analysis of 1654 U S. veterans who underwent U.S.
Preventive Services Task Force guideline-recommended (/.e. 30-pack-year tobacco smoking
history, 55-80 years of age, active or quit < 15 years previously) lung cancer screening CT
between October 1, 2013, and July 31, 2014 [11]. One hundred twenty-five patients were
excluded from the study due diagnosis of lung cancer or prior aortic valve replacement,
resulting in 1529 patients for analyses.

CT examinations were not electrocardiographically (ECG)-gated and were performed with a
128-slice CT scanner (Siemens Healthcare, Erlangen, Germany); 128 x 0.6 mm collimation,
0.5-s rotation, pitch of 0.84, 380-mm field of view, 512x512 pixel matrix, tube voltage of
120 kV and tube current of 40 mA, image reconstruction thickness of 1.00-1.25 mm, and a
minimum area required to identify calcium was 0.55 mm?2. AVC and CAC scores were
quantified using the Agatston method via a semiautomated imaging workstation with readers
blinded to patient data [12,13]. The kappa for interobserver agreement was 0.91 (0.85-0.95)
and 0.92 (0.88-0.96) for AVC and CAC, respectively.

The U.S. Department of Veterans Affairs electronic medical record (EMR) was searched for
patient demographics and cardiovascular risk factors. CAD was defined as a history of
myocardial infarction (M), prior revascularization or abnormalities on cardiac testing
(exercise treadmill testing, echocardiography, myocardial perfusion, cardiac computed
tomography, or coronary angiography). Ml was defined as EMR-documented evidence of
elevated cardiac troponin values with at least one value above the 99th percentile upper
reference limit plus clinical evidence of acute myocardial ischemia, consistent with universal
definitions [14]. Cerebrovascular accident (CVA) included non-hemorrhagic, ischemic
stroke and transient ischemic attack. The primary outcome was EMR-documented all-cause
mortality. Secondary outcomes included nonfatal M1 and nonfatal CVA. Adjudicators of
clinical outcomes were blinded to AVC and CAC and vice versa.

Results are presented as mean (standard error) for continuous variables with normal
distribution, median (interquartile range) for continuous variables without normal
distribution, and number (percentage) for categorical data. The Shapiro-Wilk test for
normality was used to test for normal distribution. Pearson product-moment correlation
coefficient was carried out between AVC and CAC. A subset of 113 patients had both non-
ECG-gated CTs and ECG-gated cardiac CTs. The Pearson product-moment correlation
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coefficient between AVC derived from non-ECG-gated and the AVC derived from ECG-
gated studies was carried out, along with standard error of estimate, followed by a Bland-
Altman plot for bias and agreement.

The relationship between AVC as a continuous variable and primary or secondary outcomes
was determined using Cox regression analysis. The multivariate adjustments included age,
body mass index (BMI), hypertension, diabetes mellitus (DM), prior CVA, prior CAD,
chronic kidney disease (CKD) stage 3 or higher (GFR < 60 mL/min) and CAC, based on p
values < 0.20 in the univariate analyses for the outcomes. Patients with nonzero AVC were
divided categorically into quintiles by AVC, followed by Kaplan-Meier analysis and
multivariate Cox regression analysis for outcomes using AVC = 0 AU as the reference
group. Finally, we conducted a sensitivity analysis for the primary outcome on a subset of
patients who had echocardiograms, excluding the 48 patients who met criteria for either
severe AS by echocardiography or non-severe AS plus severe AVC (=1274 AU in women
and =2065 AU in men [6,7]) to exclude low flow, low gradient severe AS.

All statistical analyses were conducted with the use of Stata/SE (version 15.1; StataCorp
LLC, College Station, TX) or Prism (version 7; GraphPad Software Inc, La Jolla, CA). A 2-
sided p < 0.05 was considered statistically significant.

3. Results

We evaluated a total of 1529 patients who underwent clinically indicated low dose lung
cancer screening CT at Providence VA Medical between October 1, 2013 and July 31, 2014
(Table 1). Indicative of the northeast U.S. veteran population, the median age of this mostly
Caucasian (94%) male (96%) population was 65 years (interquartile interval [1QI]: 61, 68
years). The median atherosclerotic cardiovascular disease score was 19% (1QI: 13%, 28%).
Sixty-two percent of patients had hypertension, 75% had dyslipidemia, 29% had diabetes,
15% had CKD, 6% had prior CVA or TIA, and 24% had CAD. The overall median CAC
was 546 AU (IQI: 109, 1585). The overall median AVC was 66 AU (IQI: 0, 352). In the
whole population, the Pearson correlation between AVC and CAC was weak with an R =
0.277 (Cl: 0.230-0.322; p< 0.001). In the subset of patients who underwent both non-ECG-
gated LCSCT and ECG-gated cardiac CT, Pearson correlation between AVC from non-
ECG-gated (comparator) and ECG-gated (referent) was strong with an R = 0.9734 (Cl:
0.9615-0.9816; SEE = 67.8). Bland-Altman analysis revealed a mean bias of 49 (-179,
277.6).

Death occurred in 227 patients (15%) during the 48-month follow-up. By Cox regression,
AVC was associated with mortality (per 100; HR: 1.041; 95% CI: 1.030-1.052; p< 0.001),
and this association remained significant after multivariate adjustment (per 100; HR: 1.021;
95% CI: 1.007-1.036; o= 0.003; Table 2). Sensitivity analysis, excluding 538 patients with
AVC =0 AU, revealed AVC was still associated with mortality (per 100; HR: 1.034; 95%
Cl: 1.022-1.046; p < 0.001), and this association remained significant after the multivariate
adjustment (per 100; HR: 1.019; 95% CI: 1.004-1.034; p = 0.014). Categorical analysis
demonstrated AVC to be associated with mortality with increasing quintiles (Fig. 1A
andTable 3). After multivariate analysis, AVC continued to be associated with mortality at
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quintiles 4 and 5 (HR: 1.780; 95% ClI: 1.116-2.838; p=0.015 and HR: 2.139; 95% ClI:
1.352-3.385; p=0.001, respectively).

A subset of 765 (50%) patients had undergone echocardiograms. The median left ventricular
ejection fraction was 61% (IQI: 58, 63). Thirty-eight (5%) patients had a left ventricular
ejection fraction less than 40%. We next performed a sensitivity analysis excluding 48
patients who met echocardiography criteria for severe AS or non-severe AS with severe
AVC (low flow, low gradient). After exclusion, AVC was still associated with mortality (per
100; HR: 1.085; 95% CI: 1.047-1.125; p< 0.001) by Cox regression, and this association
remained significant after multivariate adjustment (per 100; HR: 1.052; 95% CI: 1.010-
1.095; p=0.014).

In order to assess potential mechanisms contributing to increased all-cause mortality, we
performed secondary time to event analysis on nonfatal M1 and nonfatal CVA (Table 2).
Nonfatal MI occurred in 112 patients (7%), and nonfatal CVA occurred in 52 patients (3%)
during the 48-month follow-up. By Cox regression, AVC was associated with M1 (per 100;
HR: 1.038; 95% ClI: 1.023-1.053; p < 0.001), and this association remained significant after
multivariate adjustment (per 100; HR: 1.021; 95% CI: 1.004-1.039; p= 0.017). Categorical
analysis demonstrated AVC to be associated with MI with increasing quintiles (Fig. 1B and
Table 3). After multivariate analysis, AVC continued to be associated with Ml at quintile 5
(HR: 1.875; 95% CI: 1.048-3.355; p=0.034). By Cox regression, AVC was associated with
CVA (per 100; HR: 1.039; 95% CI: 1.019-1.060; p < 0.001), and this association remained
significant after multivariate adjustment (per 100; HR: 1.027; 95% CI: 1.002-1.051; p=
0.032). Categorical analysis demonstrated AVC to be associated with CVA with increasing
quintiles (Fig. 1C and Table 3). After multivariate analysis, AVC was still associated with
CVA in quintile 5 (HR: 2.528; 95% CI: 1.070-5.977; p=0.035).

4. Discussion

CAVD may identify an inflammatory atherosclerotic process that impacts mortality
irrespective of severe physiologic valve stenosis or even calcific coronary artery disease.
Early echocardiography-based studies have supported an association between aortic
sclerosis and atherosclerosis by demonstrating associations with all-cause mortality and
increased cardiovascular events, though valve calcification was not formally quantified in
those studies [3]. Later, ECG-gated, dedicated cardiac CT studies demonstrated threshold
quantification of severe AVC to support a diagnosis of severe AS and to be predictive of
mortality [6,7]. Additionally, nonzero AVC, as a binary, has been studied in relatively low-
risk populations and was found to be predictive of worsening cardiovascular outcomes in a
manner that appeared partially dependent on CAC [8], and of all-cause mortality in a
manner that appeared incremental to CAC [9]. Here we found a weak association between
AVC and CAC. We further demonstrated in an at-risk patient population with smoking
history that AVC as a continuous variable is associated with all-cause mortality independent
of both CAC and severe AS. To better understand whether an atherosclerotic process may be
involved, we assessed the prognostic value of AVC for nonfatal MI and nonfatal CVA. After
adjustment for cardiovascular risk and CAC, AVC was also predictive of both nonfatal Ml
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and nonfatal CVA, suggestive of an independent value of AVC in prognosis of
atherosclerotic risk.

This study was limited by selection biases inherent to the study design. This particular
population of northeast U.S. veterans consisted mostly of older, white men with significant
smoking histories. Events may be underestimated because of limitations inherent in
extracting data or because care outside the Department of Veterans Affairs was not fully
captured. To address these limitations, further studies are needed, including larger
prospective multicenter studies in a more diverse patient population.

In conclusion, scoring AVC derived from LCSCT is helpful at predicting mortality, nonfatal
MI and nonfatal CVA in patients at known risk for CAVD independent of the degree of
coronary calcification or severe aortic valve stenosis. Analogous to what we and others have
found in previous studies regarding use of non-ECG-gated CTs to score CAC [15], AVC
derived from non-ECG-gated CTs shows strong agreement to AVC derived from ECG-gated
CTs. Reporting AVC from LCSCT may help physicians identify patients who would benefit
from more aggressive cardiovascular care. Additional prospective studies are required to
further assess the mechanistic relationship between atherosclerotic events and mortality in
patients with high AVC in order to determine whether this population would benefit from
primary and secondary strategies involving aggressive lipid/inflammation-based
cardiovascular treatment.
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HIGHLIGHTS

. Aortic valve calcification (AVC) is predictive of mortality after adjustment for
cardiovascular risk, aortic stenosis (AS), and coronary artery calcification
(CAC), in patients with history of smoking.

. AVC is also predictive of nonfatal myocardial infarction and nonfatal
cerebrovascular accident in this population.

. There is prognostic value in reporting AVC from low dose lung cancer
screening computed tomography.
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Fig. 1.

Increasing AVC is associated with increased mortality, myocardial infarction, and
cerebrovascular events.
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Kaplan-Meier curve for (A) survival (*p < 0.05; ***p < 0.001; log rank), (B) myocardial
infarction (**p = 0.004; ***p < 0.001; log rank), and (C) cerebrovascular accident (***p <

0.001; log rank).
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Baseline demographics and clinical characteristics of the overall population.

Table 1

Overall population (n = 1529)

Age, years, median (1QI)

BMI? median (1QI)
Male, n (%)

Caucasian, n (%)

DM% n (%)
Hypertension, n (%)
Hyperlipidemia, n (%)

Total cholesterol, median (IQI)

HDL? cholesterol, median (1QI)
Statin use, n (%)

Current smoker, n (%)
Family history of early CADa, n (%)
a
CAD? n (%)
. a
Prior MI7, n (%)
Prior CABG? n (%)
Prior CVA? n (%)
ckD? n (%)
GFR? median (1Q1)
AscvD? Risk Score, median (1Q1)
CACS? median (1QI)

AvC? median (1Q1)

All-cause mortality, n (%)
MI% n (%)

cVvA? n (%)

65 (61, 68)
28.6 (25.5, 32.5)

1475 (96.4)
1441 (94.4)

440 (28.8)

949 (62.0)
1147 (75.0)
176 (153, 204)

43 (36, 52)

914 (59.7)
819 (53.6)

192 (12.5)
366 (23.9)

158 (10.3)

67 (4.3)

98 (6.4)

221 (14.5)

79.9 (69.3, 92.4)
18.9 (12.6, 28.4)
546 (109, 1585)
66 (0, 352)

227 (14.8)

112 (7.3)

52 (3.4)

Page 10

a . . : . . .
AVC = aortic valve calcium score; ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; CABG = coronary artery bypass
graft surgery; CACS = coronary artery calcium score; CAD = coronary artery disease; CKD = chronic kidney disease; CVA = cerebrovascular

accident; DM = diabetes mellitus; HDL = high-density lipoprotein; GFR = glomerular filtration rate; Ml = myocardial infarction.
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