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A B S T R A C T

Background: Aortic valve calcification (AVC) is an active process that involves inflammation, disorganization of
matrix disposition, lipid accumulation and lamellar bone formation. AVC without hemodynamic changes has
been associated with cardiovascular (CV) risk factors and increased risk of coronary and CV events. Nowadays,
echocardiography is the standard imaging technique to evaluate aortic valve pathologies. However, cardiac
computed tomography (CT) allows high accuracy and reproducible measurement of AVC, without exposing the
patients to excessive radiation or contrast administration.
Aims: To better understand if AVC assessment may improve CV risk-prediction, we performed a systematic
search and meta-analysis of literature studies, evaluating the relationship among AVC, coronary artery disease
(CAD), and overall mortality.
Methods and results: A detailed search, according to PRISMA guidelines, was performed to identify all available
studies investigating AVC, measured by CT scan, and CV events. Thirteen studies on 3,782 AVC patients and
32,890 controls were included in the final analysis. Patients with AVC have a higher risk of CAD (OR 1.7, 95%CI:
1.04–2.87; p=0.04) when compared to controls. We also found an association between AVC and coronary
artery calcification (OR 3.8; 95%CI: 2.4–6.0; p < 0.001.) Finally, AVC had 93.2% specificity for overall mor-
tality (95%CI: 92.8–93.6) with a negative predictive value of 98.8% (95%CI: 98.7–98.8).
Conclusion: AVC is associated with coronary artery calcification and overall mortality. The present data cannot
support the use of cardiac CT over echocardiography for AVC assessment in all patients, but when cardiac CT is
performed for suspected CAD, AVC evaluation may contribute to risk stratification and patient management. Ad
hoc designed studies should address this issue in the next future.

1. Introduction

Calcification of the aortic valve is an active process that involves
inflammation, disorganization of matrix disposition, lipid accumulation
and lamellar bone formation.1 Indeed, it has been shown that the initial
degenerative process occurring in the aortic valve shares several fea-
tures with atherogenesis.2 Aortic valve calcification (AVC) without
hemodynamic changes has been associated with cardiovascular (CV)

risk factors, such as age, male gender, body mass index, current
smoking, and the use of both antihypertensive and lipid-lowering
medications.3,4 In addition, increased risk of coronary and CV events
has been seen in patients with AVC compared to healthy subjects.5–8

Other conditions strongly correlated with AVC are represented by
coronary artery calcification (CAC) and the presence, extent, and vul-
nerable characteristics of coronary plaque (CP).9,10 However, the
prognostic value of AVC is still controversial.
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Nowadays, echocardiography is the standard imaging technique to
evaluate aortic valve pathologies.11 However, cardiac computed to-
mography (CT) allows high accuracy and reproducible measurement of
AVC, without exposing the patients to excessive radiation or contrast
administration.10,12-14 Indeed, the AVC may be assessed with the same
scan dedicated to CAC measurement, without the need for additional
radiation.

To better understand if the AVC may improve cardiovascular risk
prediction, we performed a systematic search and meta-analysis of lit-
erature studies, evaluating the relationship among AVC, coronary ar-
tery disease (CAD), CAC, CPs and overall mortality.

2. Methods

2.1. Search strategy

A detailed search, according to Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines,15 was
performed to identify all available studies investigating AVC and CV
events. A systematic search was performed in the electronic databases
(PubMed, Web of Science, Scopus, EMBASE), using the following search
string: (aortic valve calcification OR aortic valve calcium) AND (car-
diovascular risk OR cardiovascular events OR cardiovascular mortality
OR overall mortality OR acute coronary syndrome OR coronary artery
disease OR coronary artery calcification OR coronary artery plaques)
AND (cardiac computed tomography OR cardiac CT scan) NOT
(transcatheter) NOT (stenosis). The last search was performed in De-
cember 2018.

Three independent authors (VM, LC, and DM) analyzed each article
and performed the data extraction independently. In case of disagree-
ment, a fourth investigator was consulted (PP). Discrepancies were
resolved by consensus.

2.2. Data extraction and quality assessment

According to the pre-specified protocol, all studies evaluating fatal
and non-fatal CV and cerebrovascular events in patients with AVC and
in controls were included. Case-reports, case-series without a control
group, reviews and animal studies were excluded. Only studies in which
CT was used to identify AVC were considered. In almost all of the
studies, the presence of aortic valve calcification (AVC) was defined as a
structure with a density of more than 130 HU. Then, using the Agatston
methodology, single-lesion calcium contents were summed to give a
total AVC score. Only in the study by Alder et al.16 AVC was defined as
any visually detected calcified deposit in the region of the aortic valve
and calcified elements were defined as a structure with a density of
more than 90 HU. All studies included in the analysis excluded patients
with overt and known aortic valve stenosis. To be included in the
analysis, a study had to provide the number (raw data, percentages or
adjusted Odds Ratio/Hazard Ratio) of at least one variable among the
following: CAD, CAC, CP or overall mortality. In each study, data re-
garding sample size, major clinical and demographic variables, and the
prevalence of the outcome of interest in patients with AVC and controls
were extracted.

Formal quality score adjudication was not used since previous in-
vestigations failed to demonstrate its usefulness.17

2.3. Risk of bias assessment

Publication bias was assessed by the Egger's test and represented
graphically by funnel plots of the log-odds ratio versus the standard
error. Visual inspection of funnel plot asymmetry was performed to
address for possible small-study effect, and Egger's test was used to
assess publication bias, over and above any subjective evaluation. A
p < 0.10 was considered statistically significant.18 In case of sig-
nificant publication bias, the Duval and Tweedie's trim and fill method

was used to allow for the estimation of an adjusted effect size.19 In
order to be as conservative as possible, the random-effect method was
used for all analyses to take into account the variability among included
studies.

In the frame of a sensitivity analysis, we have repeated analyses
dividing, where possible, AVC identified by CT or electron beam to-
mography (EBCT). In addition, we have repeated the analysis excluding
one study at a time.

2.4. Meta-regression analyses

We hypothesized that differences among included studies may be
affected by demographic variables (mean age, male gender) and coex-
istence of traditional CV risk factors (hypertension, diabetes, dyslipi-
demia, obesity and smoking habit). To assess the possible effect of such
variables in explaining different results observed across studies, we
performed meta-regression analyses after implementing a regression
model with CAD, CAC, CP and overall mortality as dependent variables
(y) and the above-mentioned covariates as independent variables (x).
This analysis was performed with Comprehensive Meta-analysis
[Version 2, Biostat, Englewood NJ (2005)].

2.5. Statistical analysis

Statistical analysis was carried out using Comprehensive Meta-
analysis [Version 2, Biostat, Englewood NJ (2005)]. Differences among
cases and controls were expressed as Odds Ratio (OR) or relative risk
(RR) with pertinent 95% Confidence Intervals (CI). The overall effect
was tested using Z scores and significance was set at p < 0.05.
Statistical heterogeneity between studies was assessed with chi-square
Cochran's Q test and with an I2 statistic, which measures the incon-
sistency across study results and describes the proportion of total var-
iation in study estimates that is due to heterogeneity rather than sam-
pling error. The absolute risk of CAD, CAC, CPs and overall mortality in
AVC patients and controls were calculated as (number of subjects ex-
periencing event)/(total number of subjects) in each group. The attri-
butable risk was defined as (risk of an event in AVC patients - the risk of
an event in controls)/(risk of an event in AVC patients).

3. Results

After excluding duplicate results, the search retrieved 134 articles.
Of these, 71 were excluded because they were off the topic after
scanning the title and/or the abstract or because they were reviews,
comments, case reports. Forty-nine studies were excluded after full-
length paper evaluation because they lacked data of interest or used
imaging techniques different from CT scan to identify AVC. One study
was removed since the sample population was already present in an-
other study. Thus, 13 studies on 3,782 AVC patients and 32,890 con-
trols were included in the final analysis (Supplemental Fig. S1).

The analysis was split into primary and secondary outcomes.
Primary outcomes were the association of AVC with CAC and overall
mortality. Secondary outcomes analyzed the association of AVC with
CAD and calcific CPs.

3.1. Study characteristics

Major characteristics of the included studies are shown in Table 1.
Six4,7,20-23 had a prospective design, two5,24 had a cross-sectional de-
sign, three6,16,25 were case-control study, and two26,27 retrospectively
evaluated the outcomes.

3.2. Coronary artery calcification (CAC)

In seven studies,4,7,16,21,24,25,27 the prevalence of CAC was higher in
1,804 AVC patients compared to 11,300 controls with an OR of 3.8
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(95%CI: 2.4–6.0; p < 0.001; Fig. 1A). The heterogeneity among stu-
dies was significant (I2: 95.0%; p < 0.001) and it was not reduced by
the exclusion of one study at a time. The absolute risk of CAC in AVC
patients was 86.9% (95%CI: 79.1–94.6), whereas in controls was 63.0%
(95%CI: 50.2–75.7) with an attributable risk of 27.1% (95%CI:
6.1–48.0).

The analysis was repeated after stratifying data according to study

design. Results were confirmed in the three prospective studies4,7,21 on
1,357 AVC patients and 9,459 controls (OR: 5.3, 95%CI: 4.6–6.0;
p < 0.001; Supplemental Fig. S2A) without heterogeneity (I2: 0%;
p=0.61). They were confirmed also in the four studies16,24,25,27 with a
cross-sectional, case-control or retrospective design on 447 AVC pa-
tients and 1,841 controls (OR: 2.9, 95%CI: 1.6–5.4; p < 0.001; I2:
93.7%; p < 0.001; Supplemental Fig. S2B).

Table 1
Demographic and clinical data of included controls and patients with aortic valve calcification.

1st Author
and year

Design Technology Subject Patients (n) Males (%) Age (years) HT (%) Diabetes (%) Dyslipidemia (%) BMI
(kg/
m2)

Smoking (%) Follow-
up
(years)

Acuña-Valerio
201724

Cross-sectional CT AVC 252 59.9 59.5 - 22.5 - - 15.4 -
Controls 1015 43.5 52.2 - 10.9 - - 20.5

Adler 200216 Case-control CT AVC 70 51.4 66 100 33 37 - 16 -
Controls 306 52.6 67 100 29 40 - 15

Ann 201326 Retrospective CT AVC 80 61.3 70.3 71.3 31.3 47.5 24.8 16.9 -
Controls 120 59.2 61.5 65.8 32.5 51.7 25 7.8

Blaha 201020 Prospective EBCT AVC 517 70 61 45 10 35 - 11 5
Controls 7884 69 52 27 6 25 - 9

Faustino
20156

Case-control CT AVC 100 44 - - 26.5 70.4 - 12.2 -
Controls 54 40.7 - - 18.9 84.9 - 20.8

Kalsh 2014*4 Prospective EBCT AVC 423 63.4 65 - 20.1 - - 19.1 -
Controls 3521 45 58.6 - 11.3 - - 23.5

Kamperidis
201427

Retrospective CT AVC 39 59 66 56 36 46 26 21 2.8
Controls 330 60 54 38 29 34 26 16

Mahabadi
20095

Cross-sectional CT AVC 37 75.7 65.8 64.9 21.6 54.1 28.4 53.9 -
Controls 320 59.1 51.5 35.9 8.8 34.7 28.9 48.8

Nasir 20107 Prospective CT/EBCT AVC 911 60 71 64 22 - 28 11 -
Controls 5898 45 61 42 13 - 28 13

Piers 200921 Prospective EBCT AVC 23 70 66 78 26 52 - 57 -
Controls 40 53 51 58 8 83 - 50

Shalev 201222 Prospective CT AVC 762 - - - - - - - 6.5
Controls 7642 - - - - - - -

Smith 201023 Prospective CT AVC 482 - - - - - - - 5.4
Controls 5570 - - - - - - -

ten Kate
201525

Case-control CT AVC 86 - - - - - - - -
Controls 190 - - - - - - -

AVC: aortic valve calcification; HT: hypertension; BMI: body mass index; CT: computed tomography; EBCT: electron beam computed tomography. * Random
population.

Fig. 1. Forest plot of coronary artery calcification
(CAC) in aortic valve calcification (AVC) patients and
controls. (A) Positive calcification was evaluated with an
Agatston score higher than 130 HU (dichotomous vari-
able). (B) Calcification was evaluated as a continuous
variable (Agatston score). The diamond represents the
estimated overall effect, while the squares represent each
study with 95%CI.
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Three studies6,16,26 evaluated CAC score as a continuous variable
(Agatston score). We found significantly higher CAC levels in 250 AVC
patients compared to 480 controls (mean difference: +227.9 HU,
95%CI: 140.1–315.6; p < 0.001; Fig. 1B) without heterogeneity
among studies (I2: 0%; p=0.94).

3.3. Overall mortality

Four studies20,22,23,27 showed higher overall mortality in the 1,038
AVC patients than in the 13,784 controls with an absolute risk of 5.7%
(95%CI: 1.0–10.5) vs. 1.1% (95%CI: 0.6–1.7), respectively. The AVC
patients had overall mortality OR of 4.2 (95%CI: 3.3–5.3; p < 0.001;
Fig. 2) with an attributable risk of 77.8% (95%CI: 50.9–104.6). Inter-
estingly all the included studies revealed no heterogeneity (I2: 0%;
p=0.42). Indeed, even after removing the only retrospective study,27

results were entirely confirmed. In particular, the 3 prospective stu-
dies20,22,23 showed that 1761 AVC patients had an OR of 4.1 (95%CI:
3.2–5.2; p < 0.001) as compared to 21096 controls.

3.4. Coronary artery disease (CAD)

The six studies included in the analysis5,6,16,26-28 showed a higher
prevalence of CAD in the 1,220 AVC patients than in the 6,921 controls
with an odd ration (OR) of 1.7 (95%CI: 1.0–2.9; p= 0.035;
Supplemental Fig. S3A). The heterogeneity among studies was sig-
nificant (I2: 74.2%; p=0.002), however, it was reduced to 0%
(p=0.46) after the exclusion of Ann 2013 et al.26 (OR: 2.1, 95%CI:
1.6–2.8; p < 0.001).

The analysis was repeated considering only prospective stu-
dies5,16,27,28 and the results were confirmed on 1,040 AVC patients and
6,747 controls (OR: 2.1, 95%CI: 1.6–2.7; p < 0.001) with a hetero-
geneity of 0% (p=0.56).

3.5. Coronary plaques (CP)

Three studies5,6,26 took into consideration the presence of calcific
plaques in AVC. A calcific CP was considered when the calcific portion
was greater than 50% of the plaque area (density > 130HU in native
scans). Calcific CP presence was significantly higher on 217 AVC pa-
tients than 494 controls with an OR of 4.2 (95%CI: 1.6–11.1; p= 0.004;
Supplemental Fig. S3B) and a heterogeneity among studies of 80.7%
(p=0.006). The AVC patients had a relative risk (RR) of 1.9 (95%CI:
1.5–2.5; p < 0.001) to have CPs compared to controls.

3.6. Publication bias

Funnel plots of effect size versus standard error for all the performed

analysis were rather symmetrical and the Egger's test showed the ab-
sence of publication bias (CAD analysis: p= 0.98, Supplemental Fig.
S4; CAC analysis: p= 0.87, Supplemental Fig. S5; CAC continuous
variable analysis: p= 0.56, Supplemental Fig. S6; CPs analysis:
p= 0.10, Supplemental Fig. S7; overall mortality analysis: p= 0.58,
Supplemental Fig. S8).

3.7. Meta-regression analyses

Regression models showed that male gender (Z-score: -2.0;
p= 0.04) and diabetes (Z-score: -2.9; p= 0.004) inversely impacted on
the difference in the prevalence of CAD between AVC patients and
controls (Supplemental Fig. S9). In CAC analysis, only diabetes (Z-
score: -3.3; p= 0.001) inversely impacted in AVC patients and controls
(Supplemental Fig. S10). In contrast, when analyzing CAC as a con-
tinuous variable, no variable affected differences in CAC score between
AVC patients and controls (Supplemental Fig. S11). Similarly, meta-
regression models showed that neither CP presence nor overall mor-
tality were significantly influenced by any considered variable
(Supplemental Fig. S12 and Supplemental Fig. S13).

3.8. Aortic valve calcification predictivity

Sensitivity and specificity analyses (Supplemental Table S1) re-
vealed that AVC had 95.2% specificity for CAC (95% CI: 94.6–95.8) and
93.2% specificity for overall mortality (95% CI: 92.8–93.6). In addition,
AVC showed a positive predictive value of 84.5% (95% CI: 82.6–86.2)
for CAC and a negative predictive value of 98.8% (95% CI: 98.7–98.8)
for overall mortality. Finally, receiving operator characteristic (ROC)
curve analyses showed an area under the curve of 0.70 ± 0.16 for AVC
and CAC (Fig. 3A) and 0.90 ± 0.07 for AVC and overall mortality
(Fig. 3B).

4. Discussion

In this meta-analysis, we evaluated the relationship between AVC,
coronary atherosclerosis and overall mortality. One of the main findings
of the study was the association between AVC and CAC (OR 3.8; 95%CI:
2.4–6.0; p < 0.001) that was significant even when only prospective
studies were considered (OR: 5.3, 95%CI: 4.6–6.0; p < 0.001). The
extent of CAC score, in AVC patients, ranged from 300 to 550, con-
sistent with high coronary calcification, thus indicating high cardio-
vascular risk. While CAC score, in controls, ranges from 100 to 350,
consistent with moderate coronary calcification and thus indicating
moderate cardiovascular risk. Moreover, beyond CAC, patients with
AVC have a higher risk of CAD (OR 1.7, 95%CI: 1.0–2.9; p= 0.035) and
calcific CP presence (OR: 4.1, 95%CI: 1.6–11.1; p= 0.004). Our results

Fig. 2. Forest plot of overall mortality in aortic valve calcification (AVC) patients and controls. Patients with aortic valve calcium load higher than 130 HU
were considered AVC positive. The diamond represents the estimated overall effect, while the squares represent each study with 95%CI.
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suggest that, in both coronary arteries and aortic valve, the local en-
dothelial damage occurs because of insults from mechanical, genetic,
and inflammatory cell-mediated factors, in agreement with a common
pathobiological mechanism. This common pathophysiological back-
ground leads the normal endothelium progression to aortic stenosis and
CAD through lipid deposition, inflammatory cell infiltration, cytokine
release, and calcification.29

Even more important, our meta-analysis shows the association be-
tween AVC and overall mortality, with an attributable risk to AVC of
77.8% (95%CI: 50.9–104.6). These data confirm previously echo-
cardiographic findings, suggesting that aortic valve sclerosis alone is
associated with a 50% increased risk of myocardial infarction or death
from cardiovascular causes30,31. Interestingly, the four studies eval-
uated, taking into account the mortality, had a prospective design with
no heterogeneity among them (I2: 0%; p= 0.42).

The meta-regression analyses are useful to understand the hetero-
geneity among the studies. However, when we took into account only
prospective studies for CAC in AVC patients and controls, the hetero-
geneity was 0.0%. Moreover, the meta-regression analyses evidenced
that, in AVC patients and controls, neither CP presence, nor CAC
(considered as a continuous variable), nor overall mortality were sig-
nificantly influenced by any analyzed variable. These findings support
the direct association of AVC with CPs and mortality independently
from other well-known risk factors like diabetes, male gender, or age.

These data could be clinically relevant and need to be put in the
contest of the well-known prognostic value of calcium score and cor-
onary CT angiography,32,33 on top of which aortic calcium evaluation
could be added. Although, due to the intrinsic nature of the current
meta-analysis (pooled-data assessment) it was not possible to demon-
strate incremental prognostic value of AVC over CAC. However, the
aortic calcium evaluation is free from additional costs since it is in-
cluded in the non-contrast scan for calcium score and this analysis is not
time demanding at post-processing level, as it takes less than 1min to
be completed.

4.1. Clinical impact of AVC evaluation

The clinical relevance of cardiac CT as an important prognostic tool,
that is confirmed by data on aortic calcium prognostic value presented

in this study, is concordant with the growing role of cardiac CT in the
clinical field as both diagnostic and prognostic tool in the assessment of
patients with stable chest pain.34 Indeed, the last ESC guidelines on
stable angina suggested that CT may be indicated as a first-line test in
the setting low-to-intermediate probability of CAD.35 More recently,
NICE guidelines suggested cardiac CT as the first step in all patients
with chest pain in whom stable angina could not be excluded by clinical
evaluation alone.36 Furthermore, the recent introduction in the clinical
arena of new generation scanners, enabling a further reduction of ra-
diation dose exposure, leaded some authors to suggest cardiac CT as
non-invasive diagnostic and prognostic tool in the primary prevention
setting, especially in selected subset of high-risk patients, such as dia-
betics37–39 and subjects with family history of CAD.40,41 The present
data cannot support the use of cardiac CT over echocardiography for
AVC assessment in all patients, but when cardiac CT is performed for
suspected CAD, AVC evaluation may contribute to risk stratification
and patient management. Indeed, AVC measurement could have a
significant impact when aortic valve hemodynamic falls within the
normal range (i.e. aortic valve sclerosis)”.

4.2. Study limitations

As in any meta-analysis, our study reflects the limitations of the
studies that have been included. Six studies, among the 13 included,
had a prospective design and only four collected data on patient mor-
tality. Moreover, clinical data on cardiovascular risk factors are avail-
able in the majority, but not in all included studies; this may limit the
assessment of possible interaction among traditional cardiovascular risk
factors and the independent prognostic values of aortic valve calcium.
Finally, the impact of AVC on coronary atherosclerosis might vary de-
pending on “pre-test probability” of the study population. Indeed, only
one study included a general population, while the others enrolled the
patients attending the clinics/hospital where the studies were per-
formed. Thus, our results cannot be generalized. Based on available
data, it is not possible to evaluate if adding AVC assessment may lead to
an increase in the prediction of CV events as compared to CAC eva-
luation alone. In the present meta-analysis, we evaluated pooled data
and individual-patient-level data were not available. Ad hoc designed
studies should address this issue in the next future.

Fig. 3. Summary Receiver Operating Characteristic (sROC) curves. (A) Association between aortic valve calcification (AVC) and coronary artery calcification
(CAC). (B) Association between aortic valve calcification (AVC) and overall mortality. Red circles represent the included studies, while the breadth represents the
dimension of the studied population. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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4.3. Conclusions

In conclusion, in this meta-analysis, including 13 studies, on 3,782
AVC patients and 32,890 controls, aortic valve calcium evaluated by CT
is associated with coronary calcification prevalence and, importantly,
with high-risk of all-cause mortality. In the future, this non-invasive
assessment could be added to the more traditional prognostic tool,
taking into consideration the growing diagnostic and prognostic role of
low-dose cardiac CT as first step-test in the clinical setting of suspected
CAD and primary prevention.
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