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Aortic Valve Sclerosis in High-Risk
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Background: Current knowledge regarding the relationship between aortic valve
sclerosis (AVSc), cardiovascular risk factors, and mortality in patients with known
coronary artery disease (CAD) is still unclear. The present study aimed at investigating
the prevalence of AVSc as well as its association with long-term all-cause mortality in
high-risk CAD patients that has never been explored in large cohorts thus far.
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Methods and Results: In this retrospective and observational cohort study we enrolled
high-risk CAD patients, hospitalized at Centro Cardiologico Monzino (CCM), Milan, Italy,
between January 2006 and December 2016. The morphology and function of the
aortic valve were assessed from the recorded echocardiographic images to evaluate
the presence of AVSc, defined as a non-uniform thickening of the aortic leaflets with no
consequences on hemodynamics. Data on 5-year all-cause mortality was retrieved from
a Regional database. Of the 5,489 patients initially screened, 4,938 (mean age 67 ±
11 years, 3,954 [80%] men) were enrolled in the study. In the overall population, AVSc
was detected in 2,138 (43%) patients. Multivariable LASSO regression revealed that age,
female gender, diabetes mellitus, previous MI, and left ventricular ejection fraction were
independently associated with AVSc. All-cause mortality (adjusted hazard ratio: 1.29,
95%CI: 1.05–1.58) was significantly higher in AVSc than in non-AVSc patients.
Conclusions: AVSc is frequently detected in high-risk CAD patients and is associated
with long-term mortality. Our findings corroborate the hypothesis that AVSc is an
underestimated marker of systemic cardiovascular risk. Thus, AVSc detection may be
used to improve long-term risk stratification of high-risk CAD patients.
Keywords: aortic valve sclerosis, high-risk coronary artery disease, acute myocardial infarction, all-cause
mortality, coronary artery bypass graft

INTRODUCTION
Aortic valve sclerosis (AVSc) is an echocardiography finding characterized by non-uniform
thickening of the aortic leaflets with no consequences on the left ventricular outflow tract (1). It
is particularly common in the elderly (2) with studies reporting an estimated prevalence of 25–30%
in patients over 65 years and up to 40% in those over 75 years (3–5). Epidemiological studies
suggest that AVSc is associated with both all-cause and cardiovascular mortality, independently
of age (5–7). AVSc shares many underlying mechanisms involved in atherosclerosis, including
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mortality of these patients was retrieved from the Lombardy
Regional registry. The first objective was to assess the prevalence
of AVSc and the associations with cardiovascular risk factors
in this specific high-risk clinical setting. The second purpose
of the study was to evaluate AVSc association with 5-year
all-cause mortality.

lipid deposition, oxidative stress, inflammation, and calcification
(8). Besides, the risk factors associated with coronary artery
disease (CAD), such as age, hypertension, dyslipidemia, and
diabetes mellitus have been also associated with AVSc (1). Thus, it
is not surprising that they often coexist in the same subject, with
CAD patients having a high prevalence of AVSc (5). Nevertheless,
AVSc has unique features, such as calcium predominance and
slower progression compared to atherosclerosis (9, 10).
It has been hypothesized that AVSc, being the consequence
of a spectrum of diseases, may have clinical importance and
serve as a cardiovascular risk marker in patients without overt
atherosclerosis (2). Indeed, it has been suggested that AVSc
presence could underline a worse clinical condition, and thus,
it might prompt clinicians toward more aggressive preventive
strategies (1, 11). However, the current knowledge regarding
the relationship between AVSc, cardiovascular risk factors,
and mortality in patients with known CAD is incomplete. In
particular, the prognostic relevance of AVSc in high-risk patients
with CAD, such as those with acute myocardial infarction
(AMI) or with multi-vessel CAD, has never been investigated in
large cohorts.
The present study aimed to investigate the prevalence of AVSc
and its association with cardiovascular risk factors, as well as
with long-term all-cause mortality in a large cohort of high-risk
patients with CAD.

Echocardiographic Evaluation
Experienced cardiologists of CCM performed the
echocardiographic scans according to guidelines (12–14).
The morphology and function of the aortic valve were assessed
from the recorded echocardiographic images to evaluate the
presence of AVSc, expressed as a dichotomous variable (yes or
no). In case that the echocardiographic analysis of the aortic
valve was not detailed, we evaluated the echocardiographic
images before patients’ discharge. The AVSc was identified
according to criteria described by Gharacholou et al. (1), i.e.,
irregular, non-uniform thickening of portions of the aortic valve
leaflets or commissures, or both; thickened portions of the aortic
valve with an appearance suggesting calcification (i.e., bright
echoes); non-restricted or minimally restricted opening of the
aortic cusps; and peak continuous wave Doppler velocity across
the valve <2 m/s. Moreover, we retrieved left ventricular ejection
fraction (LVEF) measured at baseline in all enrolled patients.

Statistical Analysis
Continuous variables are presented as mean ± SD. Categorical
data are reported as frequencies and percentages. Group
comparisons for continuous and categorical variables were
performed by Student t-test for independent samples and by
chi-square (χ2 ) test, respectively.
The association between the following variables and AVSc
was assessed: cardiovascular risk factors (i.e., age, sex, body
mass index [BMI], hypertension, dyslipidemia, diabetes mellitus,
smoking habit, and previous AMI), LVEF, and estimated
glomerular filtration rate (eGFR). To estimate the distribution
of each standardized beta regression coefficient and, therefore,
assess the strength of the association between the dependent
(AVSc) and the independent variables, we implemented a strategy
that combined the bootstrap resampling procedure and the
logistic or Cox Least Absolute Shrinkage and Selection Operator
(LASSO) regression (15), when appropriate. P-values were
computed counting the number of times a beta coefficient is
different from zero (which means no association) out of the total
number of bootstrap iterations (1,000).
Kaplan-Meier analysis was used to generate time-to-event
curves for 5-year mortality in patients with and without AVSc
and the log-rank test was used to compare strata. Multivariable
Cox regression analysis was implemented to take into account
confounding effects, according to the significant variables in the
LASSO regression analyses. The net reclassification improvement
(NRI) and the integrated discrimination improvement (IDI) were
performed, exploiting the “survIDINRI” R package (https://cran.
r-project.org/web/packages/survIDINRI/index.html).
Differences were deemed significant if the p-value was < 0.05.
Analyses were performed by R (v. 4.0.0) (https://www.R-project.
org/) and SPSS statistical software 26.

METHODS
Study Population
This is a retrospective, observational cohort study. We enrolled
consecutive patients, hospitalized at Centro Cardiologico
Monzino (CCM), Milan, Italy, between January 2006 and
December 2016. Patients with multi-vessel disease undergoing
coronary artery bypass graft (CABG) surgery and those with
AMI (both ST- and non-ST-elevation myocardial infarction)
were included in the study. Patients with significant valvular
pathologies (e.g., aortic stenosis, mitral regurgitation, or
rheumatic heart disease), major concomitant systemic
conditions, such as malignancies, or poor echocardiographic
images were excluded from the study. The study was approved
by the Institutional Review Board and by the Ethical Committee
of CCM (R553/17-CCM 591). It was possible to involve patients
or the public in the design and conduct of our research.
The investigation conformed to the principle outlined in the
Declaration of Helsinki (1964).

Study Protocol
All patients underwent a two-dimensional echocardiographic
evaluation during the index event and demographic and clinical
characteristics were collected at baseline. The 5-year all-cause
Abbreviations: AMI, acute myocardial infarction; AVSc, aortic valve sclerosis;
CABG, coronary artery bypass grafting; CAD, coronary artery disease; eGFR,
estimated glomerular filtration rate; HR, hazard ratio; LASSO, least absolute
shrinkage and selection operator; LVEF, left ventricular ejection fraction; OR,
odds ratio.
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RESULTS

vs. 7.4%; p < 0.0001). In the whole group, the multivariable
LASSO regression analysis showed that AVSc was positively
associated with all-cause mortality, along with age, diabetes,
and previous AMI, whereas LVEF and eGFR were negatively
associated. The strength of the association of AVSc with mortality
was at least equal to that of previous AMI, and eGFR, which are
well-established parameters associated with mortality (Figure 3).
The Kaplan-Meier curves for 5-year all-cause mortality in
patients with and without AVSc are shown in Figure 4A, while
the unadjusted and adjusted hazard ratio (HR) for all-cause
mortality associated with AVSc are shown in Figure 4B. The
unadjusted Cox regression analysis revealed that AVSc patients
had an increased risk of mortality at 5 years (HR 2.38, 95% CI
1.98–2.86; p < 0.001); this association withstood the adjustment
(HR 1.29, 95% CI 1.05–1.58; p = 0.014) for all the confounders
identified by the LASSO regression (i.e., age, diabetes mellitus,
previous MI, LVEF, and eGFR; Figure 4C). To test whether
AVSc could have an incremental predictive value over classical
risk factors, we calculated both NRI and IDI for multivariate
models predicting 5-years all-cause mortality with and without
AVSc as a predictor. NRI showed that 13% of the cohort was
better classified when AVSc was added to the prediction model
(NRI: 0.13 [0.04–0.18]; p = 0.018); moreover, IDI shows a
significant, albeit modest, improvement in prediction when AVSc
was added to the model (IDI: 0.01 [0.003 – 0.02]; p < 0.001).
Finally, we performed a subgroup analysis to evaluate whether
the association between AVSc and 5-year all-cause mortality was
similar between classes of age (below or above the median), sex,
diabetes mellitus, dyslipidemia, hypertension, smoking habits,
previous MI, LVEF, and eGFR (for both of the latter below or
above the median). We found no significant difference in any of
the subgroup comparisons (Supplementary Figure 1).

Of the 5,489 patients initially screened, 4,938 (mean age 67 ± 11
years, 3,954 [80%] men) were enrolled in the study (Figure 1).
The demographic and clinical characteristics of the final study
population, as well as of patients with and without AVSc are
shown in Table 1, while the characteristics of patients lost at
follow-up are shown in Supplementary Table 1.
In the overall population, AVSc was detected in 2,138 (43%)
patients. As expected, patients with AVSc were older and showed
a higher prevalence of cardiovascular risk factors and previous
AMI. Moreover, patients with AVSc had significantly lower LVEF
and eGFR compared to patients without AVSc.
Multivariable LASSO logistic regression showed that age,
diabetes, and previous AMI were positively associated, while
male sex and LVEF were negatively associated with AVSc.
The highest estimated odds ratios (OR) were related to age
(2.12) and previous AMI (1.29), while the other variables had
modest OR (Figure 2).
Over 5 years, we recorded 499 (11.5%) deaths. Patients with
AVSc had a higher mortality rate than those without AVSc (16.6

DISCUSSION
Our study shows that AVSc is detected in almost 50% of highrisk CAD patients and is associated with old age, female sex,
diabetes, previous AMI, and low LVEF. In addition, high-risk
CAD patients with signs of AVSc have about 30% increased risk of
long-term mortality compared to high-risk CAD without AVSc.
In the last years, clinicians and scientists have increasingly
studied AVSc, but it is still a matter of debate whether it is
only a stage in the process of valve degeneration or a marker of
systemic vascular disease (16). Aortic valve sclerosis, identified by
echocardiography, is an abnormal non-uniform thickening of the
aortic cusps (with or without calcium nodules) with preserved
hemodynamics (2). In the general population, AVSc presence
ranged between 9 and 42% of the subjects, depending on the
average age of the study participants (16) and it has been shown
that AVSc is strongly associated with CAD (5). However, no
large study has been performed to specifically evaluate, in highrisk CAD patients, (i) AVSc prevalence, (ii) which cardiovascular
risk factors are associated with AVSc, and (iii) whether AVSc is
associated with long-term mortality.
Several studies reported the AVSc prevalence in CAD patients,
showing a percentage ranging from 29 to 46% (6, 7, 17–19).

FIGURE 1 | Flow diagram of the study. CAD, coronary artery disease.
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TABLE 1 | Demographic and clinical characteristics of the high-risk coronary artery disease patients divided by the presence of aortic valve sclerosis.
Variables

All (n = 4,938)

AVSc (n = 2,138)

No AVSc (n = 2,800)

p-value

Age, years

66.8 ± 10.7

71.1 ± 9.6

63.6 ± 10.4

<0.0001

Male n, (%)

3,954 (80)

1,619 (76)

2,335 (83)

<0.0001

BMI, kg/m2

26.7 ± 4.0

26.4 ± 3.9

26.8 ± 4.0

0.001

Hypertension, i (%)

3,472 (70)

1,599 (75)

1,873 (67)

<0.0001

Dyslipidemia, n (%)

3,071 (62)

1,323 (62)

1,748 (63)

Diabetes mellitus, n (%)

1,310 (27)

640 (30)

670 (24)

0.697
<0.0001

Smokers, n (%)

1,193 (24)

445 (21)

748 (27)

<0.0001

Previous AMI, n (%)

1,671 (34)

819 (38)

852 (30)

<0.0001

LVEF, %

53.9 ± 11.5

52.5 ± 12.0

55.1 ± 10.9

<0.0001

eGFR, mL/min/1.73 m2

74.0 ± 24.8

69.8 ± 24.6

77.2 ± 24.4

<0.0001

2,167 (44)

1,038 (49)

1,129 (40)

<0.0001

AMI, n (%)

AMI, Acute myocardial infarction; AVSc, Aortic valve sclerosis; BMI, Body mass index; eGFR, Estimated glomerular filtration rate; LVEF, Left ventricular ejection fraction. p-value < 0.05
are reported in bold.

FIGURE 2 | AVSc associations in high-risk CAD patients. The plot shows the strength of the associations between cardiovascular risk factors and AVSc (odds
ratio–OR) and their dispersion. For each variable, the results obtained from multivariable logistic LASSO regressions after 1,000 bootstrap iterations are depicted and
the OR (median, 2.5th percentile, and 97.5th percentile) and significance level are reported. The y-axis represents the frequency of a specific OR, while the x-axis
represents the OR estimated values. AMI, acute myocardial infarction; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration
rate; LVEF, left ventricular ejection fraction.

However, only two studies (for a total of 540 enrolled patients)
were focused on high-risk CAD patients (i.e., AMI) with a mean
weighted AVSc prevalence of 44% (6, 17). In our cohort of
almost 5,000 high-risk CAD patients, we have found that AVSc
is present in 43% of cases. Thus, we confirmed that almost half
of the high-risk CAD patients have an abnormal aortic valve
with preserved hemodynamic. Regarding the cardiovascular
risk factors associated with AVSc, besides age, a recent study
performed on 368 AMI patients revealed that only previous
AMI was associated with AVSc (6). Another study focusing on
1,024 AMI patients showed that current smoking was associated
with AVSc (19). In contrast, in our cohort, we showed that
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also female sex, diabetes, and reduced cardiac function were
associated with AVSc presence. Thus, our study revealed new
and at least in part modifiable factors associated with AVSc in
high-risk CAD patients.
The association between AVSc and long-term mortality risk
has been investigated since 1999 with the first study performed
by Otto et al. (2) on more than 5,500 community-dwelling
adults with a mean age of 73 years. The authors highlighted that
AVSc presence was associated with a 35% increase in the risk
of all-cause mortality. In 2006, a second study on more than
3,500 community-dwelling adults with a mean age of 76 years,
found similar results with a 23% increase in the risk of all-cause
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FIGURE 3 | Variables associated with long-term all-cause mortality in high-risk CAD patients. The plot shows the strength of the associations between cardiovascular
risk factors or AVSc and 5-year all-cause mortality (hazard ratio–HR) and their distribution. For each variable, the results obtained from multivariable Cox LASSO
regressions after 1,000 bootstrap iterations are depicted and the HR (median, 2.5th percentile, and 97.5th percentile) and significance level are reported. The y- axis
represents the frequency of a specific HR, while the x-axis represents the HR estimated values. AMI, acute myocardial infarction; AVSc, aortic valve sclerosis; BMI,
body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.

mortality in AVSc patients (20). In contrast, a successive study,
evaluating more than 8,500 community-dwelling adults with a
mean age of 56 years, showed that there was no association
between AVSc presence and all-cause mortality (21). However,
the last study, even if performed on a larger cohort, had an overall
mortality of 3.5%, while in the two previous ones it was around
15%. This difference could be explained by the different ages
of participants and the number of recorded events could have
influenced the assessment in the multivariable-adjusted models.
On the other hand, when the authors of the previous two studies
focused their attention on CAD patients, they found that there
was no association between AVSc and all-cause mortality in
CAD subgroups (2, 20). Besides, a study focusing on patients
with known CAD (n = 814), with a mean age of 66 years,
reported no association between AVSc and all-cause mortality
(19). Thus, it has been proposed that AVSc may potentially
serve as a cardiovascular risk marker in patients without overt
atherosclerosis (1). However, all the above-mentioned studies
had a limited number of CAD patients and the true prognostic
relevance of AVSc in CAD patients was not fully elucidated,
especially in high-risk subjects. Our study, leveraging a large
(n = 4,351) high-risk CAD population with a mean age of 67
years, allowed us to unveil that AVSc is independently associated
with a 29% increased risk of all-cause mortality, even after
adjusting for major confounders.
The mechanisms underlying the association between AVSc
and adverse outcomes are still to be identified. Indeed,
epidemiologic studies provide no insight into the biological
processes of these associations. The progression of AVSc could
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lead to increased leaflet stiffness favoring calcium deposition
with subsequent outflow obstruction (i.e., aortic stenosis)
(22). Besides, several studies also support the hypothesis that
endothelial dysfunction could be a factor of adverse outcomes
in patients with AVSc since reduced brachial artery flowmediated dilation and impairment of the glutathione system
have been observed in these patients (23, 24). Chandra et al.
(18) suggested that AVSc and atherosclerosis are both the
result of increased systemic inflammation. However, it is not
unequivocally proven that inflammation is the cause of adverse
events in AVSc patients yet (25) and this issue warrants further
investigation. Hence, it is still unclear if the biological processes
linking AVSc to adverse clinical events are diffuse atherosclerosis,
altered calcium metabolism, endothelial dysfunction, lipid
accumulation and oxidation, genetic variants, or other unknown
factors (9, 25).
That being said, the detection of AVSc could help physicians
to early recognize, among high-risk CAD patients, those who
can derive the greatest benefit from a closer clinical followup, a more intensive therapy, and a more rigorous risk
factor control. Indeed, timely decision-making is especially
desirable for the prevention of further fatal and non-fatal
ischemic events, considering that the first years after AMI
or CABG surgery are those at the highest risk of recurrence
(26, 27). Moreover, the ability to early identify CAD patients
who are at high risk may be useful for testing novel
pharmacological and non-pharmacological preventive therapies.
Nevertheless, future studies are warranted to investigate
whether the implementation of stringent secondary prevention
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FIGURE 4 | Long-term all-cause mortality in high-risk CAD patients. (A) Kaplan-Meier curves showing the cumulative incidence of all-cause mortality in high-risk CAD
patients with AVSc vs. high-risk CAD patients without AVSc. (B) Cox-regression analyses showing the hazard ratios (HR) unadjusted and fully adjusted for age,
diabetes mellitus, previous MI, LVEF, and eGFR. Square brackets indicate the 95% confidence interval. (C) Table showing the HR associated with all covariates
considered in the fully adjusted model. AVSc, aortic valve sclerosis; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular
ejection fraction; MI, myocardial infarction.

on AVSc detection. However, there are important considerations
pertinent to the methods of this study. First, all the patients were
recruited retrospectively, acquiring demographic, clinical, and
only a few echocardiographic data, at a single center specialized
in cardiovascular disease. Nonetheless, the high volume of
echocardiography performed allows us an accurate reporting
of aortic valve appearance. Second, the outcome evaluated in

strategies to high-risk CAD patients with AVSc may improve
their outcome.

Limitations
The strengths of our study are represented by a large, wellcharacterized population of high-risk CAD patients, in whom
the prognosis is mainly driven by their CAD, and a special focus
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used to improve long-term risk stratification of high-risk
CAD patients.

FUNDING
This work was supported by the Fondazione Gigi e Pupa
Ferrari ONLUS (FPF-14) and by the Italian Ministry of Health
(RC2020-CA1A ID: 2757576 and Ricerca Finalizzata: GR-201812366423).

DATA AVAILABILITY STATEMENT

SUPPLEMENTARY MATERIAL

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.711899/full#supplementary-material

REFERENCES

7. Poggio P, Cavallotti L, Myasoedova VA, Bonomi A, Songia P, Gripari P,
et al. Aortic valve sclerosis adds to prediction of short-Term mortality
in patients with documented coronary atherosclerosis. J Clin Med. (2019)
8:1172. doi: 10.3390/jcm8081172
8. Lerman DA, Prasad S, Alotti N. Calcific aortic valve disease:
molecular mechanisms and therapeutic approaches. Eur Cardiol. (2015)
10:108–12. doi: 10.15420/ecr.2015.10.2.108
9. Milin AC, Vorobiof G, Aksoy O, Ardehali R. Insights into aortic sclerosis
and its relationship with coronary artery disease. J Am Heart Assoc. (2014)
3:e001111. doi: 10.1161/JAHA.114.001111
10. Rajamannan NM, Evans FJ, Aikawa E, Grande-Allen KJ, Demer LL,
Heistad DD, et al. Calcific aortic valve disease: not simply a degenerative
process: a review and agenda for research from the national heart
and lung and blood institute aortic stenosis working group. Executive
summary: Calcific aortic valve disease-2011 update. Circulation. (2011)
124:1783–91. doi: 10.1161/CIRCULATIONAHA.110.006767
11. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ,
et al. 2017 ESC/EACTS guidelines for the management of valvular
heart disease. Eur Heart J. (2017) 38:2739–91. doi: 10.1093/eurheartj/
ehx391
12. Flachskampf FA, Wouters PF, Edvardsen T, Evangelista A, Habib G,
Hoffman P, et al. Recommendations for transoesophageal echocardiography:
EACVI update 2014. Eur Heart J Cardiovasc Imaging. (2014)
15:353–65. doi: 10.1093/ehjci/jeu015

1. Gharacholou SM, Karon BL, Shub C, Pellikka PA. Aortic valve sclerosis and
clinical outcomes: moving toward a definition. Am J Med. (2011) 124:103–
10. doi: 10.1016/j.amjmed.2010.10.012
2. Otto CM, Lind BK, Kitzman DW, Gersh BJ, Siscovick DS. Association of
aortic-valve sclerosis with cardiovascular mortality and morbidity in the
elderly. N Engl J Med. (1999) 341:142–7. doi: 10.1056/NEJM199907153410302
3. Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener JS, Smith
VE, et al. Clinical factors associated with calcific aortic valve
disease. Cardiovascular health study. J Am Coll Cardiol. (1997)
29:630–4. doi: 10.1016/S0735-1097(96)00563-3
4. Lindroos M, Kupari M, Heikkila J, Tilvis R. Prevalence of aortic
valve abnormalities in the elderly: an echocardiographic study
of a random population sample. J Am Coll Cardiol. (1993)
21:1220–5. doi: 10.1016/0735-1097(93)90249-Z
5. Di Minno MND, Di Minno A, Ambrosino P, Songia P, Pepi M, Tremoli
E, et al. Cardiovascular morbidity and mortality in patients with aortic
valve sclerosis: a systematic review and meta-analysis. Int J Cardiol. (2018)
260:138–44. doi: 10.1016/j.ijcard.2018.01.054
6. Dursun I, Kul S, Bayraktar A, Erkan H, Turan T, Sayin MR,
et al. Association of aortic valve sclerosis and clinical factors in
patients with acute myocardial infarction. Am J Med Sci. (2019)
357:474–82. doi: 10.1016/j.amjms.2019.03.007

Frontiers in Cardiovascular Medicine | www.frontiersin.org

7

July 2021 | Volume 8 | Article 711899

Myasoedova et al.

AVSc and High-Risk CAD Patients

24. Valerio V, Myasoedova VA, Moschetta D, Porro B, Perrucci GL, Cavalca
V, et al. Impact of oxidative stress and protein s-glutathionylation in
aortic valve sclerosis patients with overt atherosclerosis. J Clin Med. (2019)
8:552. doi: 10.3390/jcm8040552
25. Otto CM. Why is aortic sclerosis associated with adverse clinical outcomes? J
Am Coll Cardiol. (2004) 43:176–8. doi: 10.1016/j.jacc.2003.10.027
26. Fox KA, Carruthers KF, Dunbar DR, Graham C, Manning JR, De Raedt
H, et al. Underestimated and under-recognized: the late consequences of
acute coronary syndrome (GRACE UK-Belgian study). Eur Heart J. (2010)
31:2755–64. doi: 10.1093/eurheartj/ehq326
27. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M, Janzon M.
Cardiovascular risk in post-myocardial infarction patients: nationwide real
world data demonstrate the importance of a long-term perspective. Eur Heart
J. (2015) 36:1163–70. doi: 10.1093/eurheartj/ehu505
28. Taneja AK, Collinson J, Flather MD, Bakhai A, de Arenaza DP,
Wang D, et al. Mortality following non-ST elevation acute coronary
syndrome: 4 years follow-up of the PRAIS UK registry (prospective
registry of acute ischaemic syndromes in the UK). Eur Heart J. (2004)
25:2013–8. doi: 10.1016/j.ehj.2004.08.009
29. Faggiano P, Antonini-Canterin F, Erlicher A, Romeo C, Cervesato
E, Pavan D, et al. Progression of aortic valve sclerosis to aortic
stenosis. Am J Cardiol. (2003) 91:99–101. doi: 10.1016/S0002-9149(02)03
011-4
30. Nazarzadeh M, Pinho-Gomes AC, Bidel Z, Dehghan A, Canoy
D, Hassaine A, et al. Plasma lipids and risk of aortic valve
stenosis: a mendelian randomization study. Eur Heart J. (2020)
41:3913–20. doi: 10.1093/eurheartj/ehaa070

13. Hahn RT, Abraham T, Adams MS, Bruce CJ, Glas KE, Lang RM,
et al. Guidelines for performing a comprehensive transesophageal
echocardiographic
examination:
recommendations
from
the
American society of echocardiography and the society of
cardiovascular anesthesiologists. J Am Soc Echocardiogr. (2013)
26:921–64. doi: 10.1016/j.echo.2013.07.009
14. Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA, Bierman FZ, Davis
JL, et al. Acc, Aha, and Ase, ACC/AHA/ASE 2003 guideline update for the
clinical application of echocardiography: summary article. A report of the
American College of Cardiology/American heart association task force on
practice guidelines (ACC/AHA/ASE committee to update the 1997 guidelines
for the clinical application of echocardiography). J Am Soc Echocardiogr.
(2003) 16:1091–10. doi: 10.1016/S0894-7317(03)00685-0
15. Tibshirani R. Regression shrinkage and selection via the
lasso.
J
R
Stat
Soc
Series
B
(Methodological).
(1996)
58:267–88. doi: 10.1111/j.2517-6161.1996.tb02080.x
16. Coffey S, Cox B, Williams MJ. The prevalence, incidence, progression, and
risks of aortic valve sclerosis: a systematic review and meta-analysis. J Am Coll
Cardiol. (2014) 63:2852–61. doi: 10.1016/j.jacc.2014.04.018
17. Losi MA, Brevetti G, Schiano V, Barbati G, Parisi V, Contaldi C, et al.
Aortic valve sclerosis in patients with peripheral and/or coronary arterial
disease. Echocardiography. (2010) 27:608–12. doi: 10.1111/j.1540-8175.2009.
01109.x
18. Chandra HR, Goldstein JA, Choudhary N, O’Neill CS, George PB,
Gangasani SR, et al. Adverse outcome in aortic sclerosis is associated
with coronary artery disease and inflammation. J Am Coll Cardiol. (2004)
43:169–75. doi: 10.1016/j.jacc.2003.08.036
19. Shah SJ, Ristow B, Ali S, Na BY, Schiller NB, Whooley MA. Acute myocardial
infarction in patients with versus without aortic valve sclerosis and effect
of statin therapy (from the heart and soul study). Am J Cardiol. (2007)
99:1128–33. doi: 10.1016/j.amjcard.2006.11.057
20. Barasch E, Gottdiener JS, Marino Larsen EK, Chaves PH, Newman AB.
Cardiovascular morbidity and mortality in community-dwelling elderly
individuals with calcification of the fibrous skeleton of the base of the heart
and aortosclerosis (The cardiovascular health study). Am J Cardiol. (2006)
97:1281–6. doi: 10.1016/j.amjcard.2005.11.065
21. da Rosa EM, Sant’anna JR, Oppermann LP, Castro I. Prognosis of
aortic valve sclerosis in cardiovascular mortality of patients seen at
the cardiology institute of rio grande do sul. Arq Bras Cardiol. (2007)
88:234–9. doi: 10.1590/S0066-782X2007000200016
22. Cosmi JE, Kort S, Tunick PA, Rosenzweig BP, Freedberg RS, Katz
ES, et al. The risk of the development of aortic stenosis in patients
with “benign” aortic valve thickening. Arch Intern Med. (2002)
162:2345–7. doi: 10.1001/archinte.162.20.2345
23. Poggianti E, Venneri L, Chubuchny V, Jambrik Z, Baroncini LA, Picano E.
Aortic valve sclerosis is associated with systemic endothelial dysfunction.
J Am Coll Cardiol. (2003) 41:136–41. doi: 10.1016/S0735-1097(02)0
2622-0

Frontiers in Cardiovascular Medicine | www.frontiersin.org

Conflict of Interest: The authors declare that the research
was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2021
Myasoedova, Genovese, Cavallotti, Bonomi, Chiesa,
Campodonico, Rondinelli, Cosentino, Baldassarre, Veglia, Pepi, Alamanni,
Colombo, Marenzi and Poggio. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

8

July 2021 | Volume 8 | Article 711899

