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Aims Aortic valve calcium (AVC) is strongly associated with the risk for severe aortic stenosis (AS). The prevalence of AVC in-
creases with age, but the impact of age on the progression of AVC and its association with moderate-severe AS is unknown.

Methods Our study included 6810 participants (52.9% women) without overt cardiovascular disease between ages 45 and 84 from
and results the Multi-Ethnic Study of Atherosclerosis. AVC was measured using non-contrast cardiac CT at Visit 1. Progression was
calculated as the change in AVC divided by years between CT scans (2—10 years). Incident moderate-severe AS was adju-
dicated using medical chart review and echocardiogram data from Visit 6 (median follow-up of 16 years). The association
between AVC and moderate-severe AS was assessed using multivariable adjusted Cox proportional hazards ratios. There
were 5899 participants with AVC = 0 and 911 with AVC >0. There were 3834 participants age <65 years and 2979 age >65
years. The median AVC was 34.1 AU (IQR 13-1113) for participants <65 vs. 69.0 AU (IQR 23-2453) for participants >65.
Participants <65 and >65 years had no significant difference in median annualized AVC progression within the baseline AVC
categories of 1-99 (10 vs. 12 AU/year, P=0.303) and AVC >100 (50 vs. 47 AU/year, P = 0.846). AVC >0 was associated
with a similar significantly higher risk of incident moderate-severe AS for both younger (HR 13.37; 95% Cl 5.67—-31.52) and
older participants (HR 10.59, 95% Cl 6.77-16.56).

Conclusion AVC progression was significantly associated with baseline AVC burden and was similar for younger vs. older persons after
accounting for baseline AVC. The presence of AVC was significantly associated with a higher long-term risk for moderate-
severe AS among both younger and older participants.
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Graphical Abstract
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Introduction

Calcific aortic valve disease (CAVD) is the most common valvular dis-
ease in the United States’ with a prevalence that is expected to increase
by up to three-fold over the next 25 years.? Currently, the only available
treatment is aortic valve replacement (AVR), which has very high
costs.>* However, without AVR, patients face a poor prognosis with
a 15% S5-year survival® and even with AVR, most patients already
have irreversible myocardial damage, which has been associated with
worse survival®’ The poor prognosis associated with advanced
CAVD emphasizes the need for better risk stratification and early de-
tection to identify persons at higher long-term risk, who may be more
likely to benefit from novel treatment approaches.

The prevalence of CAVD is higher among older personssf14 duetoa
higher prevalence of CAVD risk factors and longer exposure time to
these risk factors.'%1>16 CAVD, which is fundamentally characterized
by aortic valve calcification (AVC), has a prevalence as high as 55%
among participants >80 years.® AVC can be easily measured using car-
diac computed tomography (CT), which is commonly used to measure
coronary artery calcification (CAC). Greater AVC values are associated
with a higher long-term incidence of severe aortic stenosis (AS), with

age ® aortic valve calcium e aortic stenosis ® incidence e cardiac computed tomography

AVC >300 associated with an over than 300-fold increase in the long-
term risk for severe AS."*

While previous research has highlighted a higher prevalence of AVC
>0 among older populations and a very strong association between
AVC >0 and AS, limited data exists on (i) whether there is a difference
in the rate of AVC progression for younger vs. older persons or (i) if
the association between AVC and moderate-severe AS differs by age.
Therefore, in this study we examined the progression of AVC and the as-
sociation of AVC with long-term risk of moderate-severe AS for younger
vs. older persons in the Multi-Ethnic Study of Atherosclerosis (MESA).

Methods

Study population

A total of 6810 MESA participants between 45 and 84 years old who were
free of known CVD were included. Participants were from six different sites
throughout the United States (Baltimore, New York, Chicago, Los Angeles,
Forsyth County, and St. Paul). The MESA design has been previously de-
scribed.’”” The Institutional Review Board reviewed and approved the
MESA protocol at each institution, and written consent was obtained
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from all participants. For this study, participants were excluded if they were
missing a baseline AVC score (n = 2) or had severe AS at baseline (n = 2).

At MESA Visit 1 (2000-2002), data regarding age, sex, race/ethnicity, in-
come, education, current smoking status, medical history, and current med-
ications were self-reported by participants. Diabetes was defined as use of
current anti-glycemic medication, fasting glucose >126 mg/dL, or self-
report. Seated blood pressure was recorded a total of three times, and
the average of the final two readings was used for analysis. LDL-C was cal-
culated using the Friedewald equation.

Assessment of aortic valve calcification and
aortic valve calcification progression

AVC was measured using non-contrast cardiac CT at MESA Visit 1 (2000—
2002). ECG-gated cardiac CT scanners were used in the Chicago, Los
Angeles, and New York Field Centers while a four-slice multidetector CT sys-
tem was used in the Baltimore, Forsyth County, and St. Paul Field Centers.
AVC was scored for calcified lesions in the aortic valve leaflets including those
that extended into the aortic root, but not for those that were isolated to the
aortic ring."”"® AVC was quantified using the Agatston method.'® All scans
were read centrally at the Harbor-UCLA Research and Education Institute
core reading lab. AVC measured using cardiac CT has low intrareader and
interscan variability, 4.4% and 9.7% respectively.'®

A total of 911 participants at AVC >0 at MESA Visit 1. Follow-up CT
scans were performed among participants with baseline AVC > 0 as fol-
lows: 25% of MESA participants were randomly selected to have follow-up
CT scans conducted at MESA Visit 2 (2002—2004) and Visit 3 (2004-2005),
and 50% of the participants were randomly selected to have a follow-up CT
scan conducted at MESA Visit 5 (2010-2011). A total of 499 participants
with AVC >0 at Visit 1 had a follow-up CT scan to measure AVC progres-
sion and were included in the AVC progression analysis. The same protocol
for measuring and quantifying AVC was utilized for baseline and all follow-
up scans.

Assessment of incident moderate-severe AS

Participants and/or families were contacted every 9 to 12 months and re-
ported all hospital admissions, outpatient CVD diagnoses, or deaths.
Incident moderate-severe AS was adjudicated as has previously been de-
scribed.™?%2" |n brief, medical records were then obtained for correspond-
ing admission, outpatient diagnoses, or death. ICD codes were used to
identify candidate moderate-severe AS events, and if present, complete med-
ical records were obtained. Two Cardiologists from the MESA CVD Events
Adjudication Committee independently reviewed the medical records, and
any disagreements on event classification were discussed until a consensus
was obtained. This was supplemented by MESA Visit 6 echocardiography
data. Echocardiography was performed for 3032 of 3303 (91.8%) of partici-
pants attending exam 6 (2016—2018). A diagnosis of moderate-severe AS was
based on standard clinical criteria: echocardiography (e.g. aortic valve area
<15 cm?, peak velocity >3.0 m/s, and mean gradient >30 mmHg), AVR
for severe AS or moderate AS in patients undergoing coronary artery bypass
graft surgery, or a documented diagnosis of moderate or severe AS.
Moderate-Severe AS was identified in a total of 142 participants.

Statistical analysis
Participant demographic data was analyzed using descriptive statistics and
stratified by AVC (AVC =0 vs. AVC > 0) and age (age < 65 years vs. age
>65 years). AVC score is 0 inflated and right skewed but normalizes with
logarithmic transformation [In (AVC + 1)]. Therefore, for continuous ana-
lyses AVC was analyzed as a logarithmically transformed variable. AVC
was also examined as a categorical variable (AVC 0, 1-99, >100 AU).
AVC progression was calculated as the change in AVC divided by the
number of years between CT scans (2-10 years). Linear regression was
used to examine the association between age (per 10 years older and age
>65 years) and AVC progression. The age threshold of 65-years as the

prevalence of AVC increases with age, particularly above the age range of
65 to 70 years old.”"" We also conducted the analysis per 10 years older
based on prior retrospective analyses showing two-fold increased risk of
aortic valve disease per 10-year increase in age.'® An analysis for the asso-
ciation between age and AVC progression was also conducted after adjust-
ing for baseline AVC. Linear regression models were adjusted for the
following adjustment variables that were selected based on variables
most likely to impact the association of AVC with AS: age, sex, field centre,
systolic blood pressure, diastolic blood pressure, hypertension medication,
total cholesterol, HDL-C, lipid-lowering medication, fasting glucose, dia-
betes, body mass index, pack-years smoking, lipoprotein(a), education,
and income." Incident moderate-severe AS was selected as the primary
outcome variable given strong association between AVC and long-term
risk of severe AS. We also conducted linear regression analyses per one
standard deviation higher annualized AVC progression. Cases of moderate
AS were also included to maximize the power of the study and growing
interest in earlier valve replacement strategies for patients with moderate
AS, such as the ongoing PROGRESS trial.* Incident moderate-severe AS
was assessed using event rate per 1000 person-years and Kaplan-Meier sur-
vival curves, both stratified by age (age < 65 years vs. age>65 years) and
AVC categories. The association between AVC with incident moderate-
severe AS was assessed using multivariable adjusted Cox proportional ha-
zards ratios as follows: model 1: unadjusted, model 2: adjusted for age,
race/ethnicity, systolic blood pressure, LDL-C, diabetes, lipoprotein(a)
with fewer variables included compared with linear regression analyses to
avoid overfitting given the relatively small number of events. We also per-
formed sensitivity analyses to examine the progression of AVC (i) stratified
by gender and (ii) for participants with AVC = 0 at baseline. We also exam-
ined the association of AVC with (i) moderate-severe AS excluding partici-
pants with bicuspid aortic valve and (i) with the outcome of all-cause
mortality.

Results

Among both participants with AVC = 0 and AVC > 0, those who were
age >65 years generally had a higher atherosclerotic burden (Table 7).
However, older persons had lower low-density lipoprotein cholesterol
and triglyceride levels and a higher proportion of lipid-lowering
medication.

AVC progression

Participants <65 years and >65 years had no significant difference in
median annualized AVC progression within the baseline AVC categor-
ies of 1-99 (10 vs. 12 AU/year, P=0.846) and AVC > 100 (50 vs.
47 AUl/year, P =0.303) (Central lllustration). We observed similar find-
ings when stratified by sex (see Supplementary data online, Figure S7). In
multivariable adjusted regression modeling, there was a greater annual-
ized AVC progression per every 10 years of older age (B coefficient
1.43, P=0.006) and for participants >65 years compared with younger
participants (B coefficient 26.37, P =0.001). (Table 2). However, after
adjusting for baseline AVC, the associations were attenuated. The re-
sults remained significant within specific AVC groups, but the overall re-
sults showed no significant difference in AVC progression per 10-years
older (B coefficient 0.32, P=0.511) or for older participants ( coeffi-
cient 9.67, P=0.134).

In sensitivity analysis examining participants with AVC =0, 433 de-
veloped incident AVC >0. Among these participants, we found no sig-
nificant difference in AVC progression based on age <65 vs. >65 (8
coefficient 8.97, P=0.079) or per every 10 years older age (8 coeffi-
cient 0.716, P=0.176). We also found no significant difference in an-
nualized AVC progression per every 10 years older age or for
participants >65 years compared with younger participants for either
women or men (see Supplementary data online, Table S7). There was
no significant difference in AVC progression between older and
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Table 1

Participant demographics stratified by age and absence or presence of AVC

AVC =0 (n = 5899)

Age, years 543 (5.7) 714 (4.9)
Women 54.3% 55.8%
Race
White 37.3% 37.6%
Black 27.7& 28.9%
Chinese 23.1% 20.2%
Hispanic 12.0% 13.3%
Systolic blood pressure, mm Hg 1204 (18.7) 133.1 (22.3)
Diastolic blood pressure, mm Hg 724 (10.2) 71.0 (10.4)
Hypertension 46.7% 73%
Antihypertensive medication 23.4% 47.4%
LDL-C, mg/dL 118.0 (31.6) 115.3 (29.9)
HDL-C, mg/dL 50.3 (14.6) 52.8 (15.2)
Triglycerides, mg/dL* 112 (77, 164) 107 (76 155)
Lipoprotein(a), mg/dL* 16.5 (7, 39) 17.5 (8, 38)
Hyperlipidemia 43.5% 47.8%
Lipid-lowering medication 11.0% 20.7%
Glucose, mg/dL 95.3 (30.8) 98.6 (25.9)
Diabetes 9.8% 14.1%
Body mass index, kg/m? 28.7 (5.7) 27.7 (5.2)
Current smoking 17.0% 7.6%
10-year ASCVD risk score, % 6.0 (6.1) 21.1 (12.9)
Coronary artery calcium ? 0 (0, 9.6) 25 (0, 173)
Aortic valve calcium? 0 0

P-value AVC >0 (n=911) P-value
Age <65 (n=189) Age >65 (n=722)
<0.001 584 (4.3) 737 (5.3)
0.261 32.8% 41.8% 0.024
0.783 42.3% 46.1% 0.783
0.287 24.4% 25.7% 0.287
0.008 28.0% 20.3% 0.008
0.144 5.3% 7.9% 0.144
<0.001 130.1 (20.7) 136.3 (22.3) <0.001
<0.001 754 (10.4) 714 (9.8) <0.001
<0.001 68.8% 80.9% <0.001
<0.001 45.5% 58% <0.001
0.001 129.2 (39.2) 115.9 (32.5) <0.001
<0.001 470 (13.2) 49.5 (14.4) 0.036
0.007 133 (92 186) 118 (82, 166) 0.017
0.296 254 (9, 67) 19 (8, 52) 0.027
<0.001 63.0% 53.6% 0.001
0.001 22.0% 27.2% <0.001
<0.001 103.5 (40.4) 102.5 (35.7) 0.739
<0.001 212% 19.5% <0.001
<0.001 30.0 (54) 281 (47) <0.001
<0.001 20.1% 8.0% <0.001
<0.001 12.0 (8.9) 28.0 (15.1) <0.001
<0.001 33 (0, 223) 155 (21, 536) <0.001
n/a 34.1 (13, 113) 69.0 (23, 2453) <0.001

?Median and interquartile range.

younger participants, after exclusion of those with bicuspid valves (see
Supplementary data online, Table S2).

Incident moderate-severe AS

Over a median follow-up of 16.7 years, 142 participants developed
moderate-severe AS. Higher unadjusted event rates per 1000 person-
years for moderate-severe AS were observed among those age >65
years compared with those age <65 years within each AVC subgroup.
However, the difference in moderate-severe AS event rate between
older and young persons was only significant for those with AVC =0
and both age groups with AVC =0 had a very low event rate
(Figure 1). In unadjusted Kaplan-Meier survival analysis, both partici-
pants age <65 years and age >65 years, had a significant reduction in
survival free from moderate-severe AS for participants with AVC
>100 compared with those with AVC = 0. Participants aged >65 years
had a slightly lower survival free from moderate-severe AS with AVC
>100 at ~65% compared with ~75% among age <65 (Figure 2).
Multivariable adjusted analysis demonstrated that AVC >0 was asso-
ciated with a higher risk of long-term incident moderate-severe AS
among younger HR 13.37 (95% CI 5.67-31.52) and older HR 10.59
(95% Cl 6.77-16.56) participants. VWhen analyzed as a categorical vari-
able, higher AVC scores were significantly associated with an increased
risk for moderate-severe AS among both younger and older partici-
pants, except for participants <65 years old with AVC 1-99 in

whom there were only 2 moderate-severe AS events HR 2.68 (95%
Cl1 0.54-12.52) (Figure 3).

There was a significant association between AVC and all-cause mor-
tality for older patients and for younger patients in unadjusted, but not
adjusted results (see Supplementary data online, Table S3).

Discussion

In this study, we demonstrate similar progression of AVC for younger
vs. older persons and that the burden of AVC is the primary driver of
AVC progression. Additionally, our results show that AVCis predictive
of incident long-term moderate-severe AS for both younger and older
persons. Accordingly, these results provide insight into the similar
underlying pathophysiology for CAVD in both younger and older per-
sons and further highlights the prognostic utility of AVC to identify per-
sons at increased risk for moderate-severe AS regardless of age.

The prognostic role of CAVD severity has been reinforced using
echocardiographic data as baseline haemodynamic severity of AS has
been shown to predict faster progression to severe AS.27% Older
age has also been associated with incident AS using echocardiographic
data. However, given age’s association with a higher burden of CAVD’
and the lack of adjustment for baseline CAVD disease severity in these
studies, it is likely that the baseline severe CAVD of the older sample
accounts for the observed association of age with incident AS.2" 2’
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Table 2 Linear regression (B-coefficient) of annualized AVC progression stratified by age and AVC group

Overall

Baseline AVC 1-99 Baseline AVC >100

Per 10 years old
Unadjusted for baseline AVC
Adjusted for baseline AVC
Per 1 SD higher, adjusted for
baseline AVC

1.43 (P=0.006)
032 (P=0511)
0.003 (P=0511)

Age >65 years old
Unadjusted for baseline AVC
Adjusted for baseline AVC
Per 1 SD higher, adjusted for baseline AVC

26.37 (P=0.001)
9.67 (P=0.134)
0.10 (P=0.134)

035 (P=0.002)
031 (P=0.006)
0.04 (P = 0.006)

551 (P=0.015)
476 (P=0.034)
0.05 (P=0.034)

124 (P=0.474)
0.44 (P=0.735)
001 (P=0.735)

49.65 (P=0.053)
46.18 (P=0.038)
048 (P=0.038)

All models adjusted for: sex, race/ethnicity, field centre, systolic blood pressure, diastolic blood pressure, hypertension medication, total cholesterol, HDL-C, LDL-C, lipid-lowering
medication, lipoprotein(a), fasting glucose, diabetes, body mass index, pack-years smoking, education, and income.

25

20

15

10

p=0.001

o —

Incidence of moderate-severe aortic stenosis
per 1,000 person-years

W <65 Years

p=0.570

265 Years

p=0.083

— 1

1-99 2100

AVC category

Figure 1 Age-specific incidence of moderate-to-severe AS by AVC categories per 1000 person-years follow-up. Participants aged > 65 years had a
significantly greater incidence of moderate-to-severe AS compared with those aged < 65 years among individuals with AVC =0 (P = 0.001) with both
age groups having a very low event rate. There was no significant difference in the incidence of moderate-to-severe AS between the two age groups
among participants with AVC 1-99 (P =0.083) or AVC > 100 (P =0.057). AVC, aortic valve calcium.

Echocardiography has demonstrated that greater baseline AVC pre-
dicts faster progression to severe AS and a higher mortality risk among
patients with mild or moderate disease.> Our study, using CT mea-
sured AVC, further supports this finding by demonstrating that AVC
burden is the predominant factor associated with rate of AVC progres-
sion regardless of age.

Our findings of no difference in AVC progression between age
groups after adjusting for baseline AVC are consistent with other stud-
ies that have reported baseline AVC to predict AVC progression, not
age’" and extends these prior reports of 5-year progression data to
10-years. There are some studies that do report an association be-
tween age and disease progression,?”*° but these studies used echocar-
diogram evaluation of patients with AS, which has several potential
limitations, particularly among patients with low flow, low-gradient
phenotypes, which can make the diagnosis of AS challenging.

In contrast, CT-quantified AVC is not subject to discordant hemo-
dynamics and the use of sex-specific AVC thresholds (1200 AU in

women and 2000 AU in men) has been recommended as a tie breaker
for the diagnosis of severe AS 3132 Additionally, our study sample in-
cluded a wider age range of 45 to 84 years and adjusted for cardiovas-
cular risk factors and baseline AVC. Our findings replicate a similar
phenomenon observed for coronary heart disease where CAC scores
have been found to be the predominant predictor of CAC progression
beyond age.33*36

We found a significant association between AVC and all-cause mor-
tality for older patients, but only in unadjusted results for younger pa-
tients. However, the hazard ratio point estimates were similar for
younger and older participants in the unadjusted results. The lack of
a significant association among younger participants is likely due to low-
er power as among participants with AVC >0 there were only 37
deaths during follow-up for younger participants compared with 379
for older participants. These results are consistent other studies that
have similarly shown a significant association of AVC with all-cause
mortality.”
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Survival free from moderate-severe aortic stenosis
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Figure 2 Kaplan—Meier curves demonstrating survival free from moderate-to-severe AS, stratified by age and AVC category. Top: Among partici-
pants aged < 65 years, there was a significant reduction in survival free from moderate-severe AS for participants with AVC > 100 compared with those
with AVC = 0. Similarly, among participants aged > 65 years, there was a significant reduction in survival free from moderate-severe AS for participants
with AVC >100 compared with those with AVC = 0. AS, aortic stenosis; AVC, aortic valve calcium.

In addition to age, several prospective analyses have examined the
impact of sex on disease progression. The COFRASA-GENERAC study
found faster disease progression in females compared with males after
adjusting for baseline AVC.*® In contrast, in the PROGRESSA study,
AVC progression was reported to be two-fold slower among females
compared with males.>” The discordance in findings between these
studies and our study which showed no difference in AVC progression

between sexes can be explained by several differences in the partici-
pants and methodology.?****° The participants included in the
COFRASA-GENERAC study had higher baseline median AVC scores
(median AVC 1168 AU) compared with our study, and even included
participants with severe AS. The faster progression reported may be
secondary to the higher baseline AVC scores. The participants of the
PROGRESSA study had mild AS or low-gradient AS and the

920z Aenuga 60 uo 1sanb Aq zg5z9z8/L/1L/.z/a1o1e/buibewiolys/woo dno-oiwapeoe//:sdyy wouy papeojumoq



Aortic valve calcium and long-term incident aortic stenosis

AVCOvs. >0

<65 Years Old
Unadjsted

Adjusted
265 Years Old
Unadjsted
Adjusted
AVC=0, 1-99, 2100

<65 Years Old

Unadjusted AVC 1-99 L

Adjusted AVC 1-99
265 Years Old
Unadjusted AVC 1-99

Adjusted AVC 1-99
<65 Years Old
Unadjusted AVC =100

Adjusted AVC 2100
265 Years Old
Unadjusted AVC 2100

Adjusted AVC 2100

0.4 1

™ —

Hazard Ratio

Adjusted models include: age, race/ethnicity, systolic blood pressure,
LDL-C, diabetes, and lipoprotein(a)

5 10 50 100 160

Figure 3 Association of AVC with incident moderate-to-severe AS, stratified by age. In both unadjusted and adjusted models, AVC > 0 was asso-
ciated with higher risk of incident moderate-severe AS among younger and older participants. VWhen analyzed as a categorical variable, higher AVC
scores were significantly associated with increased risk for moderate-severe AS among both older and younger participants, except for participants
<65 years with AVC 1-99. For this multivariable adjusted Cox proportional hazards ratios, the model adjusted for age, race/ethnicity, systolic blood
pressure, LDL-C, diabetes, and lipoprotein(a). LDL-C, low-density lipoprotein cholesterol.

researchers examined AVC progression thresholds to identify moder-
ate haemodynamic progression, which poses diagnostic limitations
among those patients with low-gradient AS. Additionally, our study
had a longer follow-up period of a median of 16.7 years, while the
follow-up period in the COFRASA-GENERAC study was 3.2 years
and in the PROGRESSA study was 2 years.

While there are currently no approved therapies for slowing AVC or
preventing AS, our study provides AVC progression reference ranges
that may be clinically helpful for estimating disease progression and tim-
ing of follow-up surveillance imaging. This framework may be useful for
clinicians particularly when evaluating patients who are earlier in the dis-
ease process and asymptomatic. Our data suggests that AVC 1-99 is
associated with ~10 AU/year AVC progression, while AVC >100 is as-
sociated with ~50 AU/year AVC progression. Therefore, it may be rea-
sonable to consider follow-up echocardiogram imaging in 5-10 years
among those with AVC 1-99, and 3-5 years among those with AVC
>100 or even shorter for those with very high AVC scores.
Combining our findings with prospective analyses on the impact of
sex on AVC progression, it may be reasonable to consider even

more frequent surveillance if the patient is female. Additionally, given
the up to 75-fold increased risk of AS, the presence of AVC >100
may warrant consideration of echocardiography if not previously
performed.

Study limitations

Limitations of this study include that not all participants had a follow-up
CT scan and the relatively small number of participants who developed
moderate-severe AS, particularly for those age <65 years old, which re-
duces the precision of our event rate, hazard ratio estimates, and con-
fidence intervals. However, the lower limits of our 95% CI still
demonstrate a significant association between AVC and moderate-
severe AS. We acknowledge that use of another age cutoff could be jus-
tified. The small sample size also limits our ability to conduct further
subgroup analysis, such as finer delineation of age categories. Lastly,
our Cox model did not adjust for bicuspid aortic valves, however, sen-
sitivity analysis found similar results after excluding patients with
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bicuspid AS (n=10) (see Supplementary data online, Table S2).
Strengths of the study include the use of non-contrast CT for the meas-
urement of AVC and the adjudication of severe AS,*' as well as the long
follow-up period for AVC progression analyses of 10 years and severe
AS analyses of 16.7 years.

Conclusion

Our study found a similar rate of progression of AVC among younger
and older age persons, which was predominantly based on baseline
AVC burden. Additionally, our results demonstrate that AVC >0 is as-
sociated with a higher risk of long-term incident moderate-severe AS
among both older and younger populations. These findings emphasize
the prognostic importance of AVC in moderate-severe AS among indi-
viduals of all ages. Therefore, CT measured AVC is an important tool
that should be more frequently utilized for risk stratification and con-
sidered for use in patient selection for novel clinical trials and therapeu-
tics aiming to slow down disease progression and prevent
moderate-severe AS.

Supplementary data

Supplementary data are available at European Heart Journal -
Cardiovascular Imaging online.

Acknowledgements

The authors thank the other investigators, the staff, and the participants
of MESA for their valuable contributions. A full list of the participating
MESA investigators and institutions can be found at https://www.mesa-
nhibi.org

Author contributions

Natalie Marrero (Conceptualization [equal]; Writing—original draft
[equal]; Writing—review & editing [equal]), Kunal Jha (Data curation
[equal]; Writing—review & editing [equal]), Jelani Grant [Writing—re-
view & editing (equal)], Alexander C Razavi [Writing—review & editing
(equal)], Matthew | Budoff (Data curation [equal]; Writing—review &
editing [equal]), Sanjiv ] Shah (Data curation [equal]; Writing—review
& editing [equal]), Jerome | Rotter [Writing—review & editing (equal)],
Roger S Blumenthal [Writing—review & editing (equal)], Wendy S Post
(Data curation [equal]; Writing—review & editing [equal]), Leslee |
Shaw [Writing—review & editing (equal)], George Thanassoulis
[Writing—review & editing (equal)], Michael | Blaha (Data curation
[equal]; Writing—review & editing [equal]), and Seamus P Whelton
(Conceptualization [equal]; Data curation [equal]; Writing—original
draft [equal]; Writing—review & editing [equal])

Funding

This research was supported by ROTHL071739, ROTHL146666 and MESA
was supported by contracts 75N92020D00001, HHSN268201500003I,
NO1-HC-95159, 75N92020D00005, NO1-HC-95160, 75N92020D00002,
NO1-HC-95161, 75N92020D00003, NO1-HC-95162, 75N92020D00006,
NO1-HC-95163, 75N92020D00004, NO1-HC-95164, 75N92020D00007,
NO1-HC-95165, NO1-HC-95166, NO1-HC-95167, NO1-HC-95168 and
NO1-HC-95169 from the National Heart, Lung, and Blood Institute, and
by grants UL1-TR-000040, UL1-TR-001079, and UL1-TR-001420 from
the National Center for Advancing Translational Sciences (NCATS).

Conflict of interest: None declared.

Data availability

The data underlying this article are available via the Multi-Ethnic Study of
Atherosclerosis.

References
1. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS et al. Heart

disease and stroke statistics-2022 update: a report from the American Heart

Association. Circulation 2022;145:e153-639.

Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW et al.

American Heart Association council on epidemiology and prevention statistics commit-

tee and stroke statistics subcommittee. Heart disease and stroke statistics-2021 update:

a report from the American Heart Association. Circulation 2021;143:254-743.

. Goldsweig AM, Tak HJ, Chen L, Aronow HD, Shah B, Kolte D et al. Relative costs of

surgical and transcatheter aortic valve replacement and medical therapy. Circ

Cardiovasc Interv 2020;13:¢008681.

Généreux P, Head S), Van Mieghem NM, Kodali S, Kirtane A}, Xu K et al. Clinical out-

comes after transcatheter aortic valve replacement using valve academic research con-

sortium definitions: a weighted meta-analysis of 3,519 patients from 16 studies. | Am Coll

Cardiol 2012;59:2317-26.

. Osnabrugge RLJ, Mylotte D, Head SJ, Van Mieghem NM, Nkomo VT, LeReun CM et al.
Aortic stenosis in the elderly: disease prevalence and number of candidates for trans-
catheter aortic valve replacement: a meta-analysis and modeling study. | Am Coll
Cardiol 2013;62:1002-12.

. Thornton GD, Vassiliou VS, Musa TA, Aziminia N, Craig N, Dattani A et al. Myocardial

scar and remodelling predict long-term mortality in severe aortic stenosis beyond 10

years. Eur Heart | 2024;45:2019-22.

Treibel TA, Lépez B, Gonzélez A, Menacho K, Schofield RS, Ravassa S et al. Reappraising

myocardial fibrosis in severe aortic stenosis: an invasive and non-invasive study in 133

patients. Eur Heart | 2018;39:699-709.

. Boakye E, Dardari Z, Obisesan OH, Osei AD, Wang FM, Honda Y et al. Sex-and race-
specific burden of aortic valve calcification among older adults without overt coronary
heart disease: the atherosclerosis risk in communities study. Atherosclerosis 2022;355:
68-75.

. Coffey S, Cox B, Williams MJA. The prevalence, incidence, progression, and risks of aor-
tic valve sclerosis: a systematic review and meta-analysis. | Am Coll Cardiol 2014;63:
2852-61.

10. Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener JS, Smith VE et al. Clinical fac-
tors associated with calcific aortic valve disease. Cardiovascular health study. | Am Coll
Cardiol 1997;29:630—4.

11. Owens DS, Katz R, Takasu J, Kronmal R, Budoff M), O’Brien KD. Incidence and progres-
sion of aortic valve calcium in the multi-ethnic study of atherosclerosis (MESA). Am J
Cardiol 2010;105:701-8.

12. Messika-Zeitoun D, Bielak LF, Peyser PA, Sheedy PF, Turner ST, Nkomo VT et al. Aortic
valve calcification. Arterioscler Thromb Vasc Biol 2007;27:642-8.

13. Novaro Gian M, Ronit K, Aviles Ronnier J, Gottdiener John S, Mary C, Psaty Bruce M
et al. Clinical factors, but not C-reactive protein, predict progression of calcific aortic-
valve disease. | Am Coll Cardiol 2007;50:1992-8.

14. Whelton SP, Jha K, Dardari Z, Razavi AC, Boakye E, Dzaye O et al. Prevalence of aortic
valve calcium and the long-term risk of incident severe aortic stenosis. JACC Cardiovasc
Imaging 2024;17:31-42.

15. Aronow WS, Schwartz KS, Koenigsberg M. Correlation of serum lipids, calcium, and
phosphorus, diabetes mellitus and history of systemic hypertension with presence or
absence of calcified or thickened aortic cusps or root in elderly patients. Am J Cardiol
1987,59:998-9.

16. Katz R, Budoff MJ, Takasu J, Shavelle DM, Bertoni A, Blumenthal RS et al. Relationship of
metabolic syndrome with incident aortic valve calcium and aortic valve calcium progres-
sion: the multi-ethnic study of atherosclerosis (MESA). Diabetes 2009;58:813-9.

17. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR et al. Multi-
ethnic study of atherosclerosis: objectives and design. Am | Epidemiol 2002;156:871-81.

18. Budoff M), McClelland RL, Chung H, Wong ND, Carr JJ, McNitt-Gray M et al.
Reproducibility of coronary artery calcified plaque with cardiac 64-MDCT: the multi-
ethnic study of atherosclerosis. AR Am | Roentgenol 2009;192:613—7.

19. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano R.
Quantification of coronary artery calcium using ultrafast computed tomography. | Am
Coll Cardiol 1990;15:827-32.

20. Marrero N, Razavi AC, Boakye E, Anchouche K, Dardari Z, Dzaye O et al. Association of
inflammation and lipoprotein(a) with aortic valve calcification. JACC Cardiovasc Imaging
2023;16:1230-2.

21. Marrero N, Jha K, Razavi AC, Boakye E, Anchouche K, Dzaye O et al. Identifying people
at high risk for severe aortic stenosis: aortic valve calcium versus lipoprotein(a) and low-
density lipoprotein cholesterol. Circ Cardiovasc Imaging 2024;,17:¢016372.

22. The PROGRESS Trial: A Prospective, Randomized, Controlled Trial to Assess the
Management of Moderate Aortic Stenosis by Clinical Surveillance or Transcatheter
Aortic Valve Replacement 2021. https://www.clinicaltrials.gov/study/NCT04889872

N

w

>

v

o

~

[oc]

Ned

920z Aenuga 60 uo 1sanb Aq zg5z9z8/L/1L/.z/a1o1e/buibewiolys/woo dno-oiwapeoe//:sdyy wouy papeojumoq


http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeaf279#supplementary-data
http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeaf279#supplementary-data
http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeaf279#supplementary-data
https://www.clinicaltrials.gov/study/NCT04889872

Aortic valve calcium and long-term incident aortic stenosis

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Willner N, Prosperi-Porta G, Lau L, Nam Fu AY, Boczar K, Poulin A et al. Aortic stenosis
progression: a systematic review and meta-analysis. JACC Cardiovasc Imaging 2023;16:
314-28.

Nguyen V, Cimadevilla C, Estellat C, Codogno |, Huart V, Benessiano | et al.
Haemodynamic and anatomic progression of aortic stenosis. Heart 2015;101:943-7.
Rosenhek R, Klaar U, Schemper M, Scholten C, Heger M, Gabriel H et al. Mild and mod-
erate aortic stenosis: natural history and risk stratification by echocardiography. Eur
Heart | 2004;25:199-205.

Otto CM, Burwash IG, Legget ME, Munt BI, Fujioka M, Healy NL et al. Prospective study
of asymptomatic valvular aortic stenosis. Circulation 1997;95:2262-70.

Novaro GM, Katz R, Aviles RJ, Gottdiener ]S, Cushman M, Psaty BM et al. Clinical fac-
tors, but not C-reactive protein, predict progression of calcific aortic-valve disease: the
cardiovascular health study. ] Am Coll Cardiol 2007;50:1992-8.

Venema CS, van Bergeijk KH, Hadjicharalambous D, Andreou T, Tromp J, Staal L et al.
Prediction of the individual aortic stenosis progression rate and its association with clin-
ical outcomes. JACC Adv 2024;3:100879.

Capoulade R, Clavel M, Dumesnil JG, Chan KL, Teo KK, Tam JW et al. Impact of meta-
bolic syndrome on progression of aortic stenosis: influence of age and statin therapy.
J Am Coll Cardiol 2012;60:216-23.

Peter M, Hoffmann A, Parker C, Lischer T, Burckhardt D. Progression of aortic sten-
osis. Role of age and concomitant coronary artery disease. Chest 1993;103:1715-9.
Pawade T, Clavel M, Tribouilloy C, Dreyfus |, Mathieu T, Tastet L et al. Computed tom-
ography aortic valve calcium scoring in patients with aortic stenosis. Circ Cardiovasc
Imaging 2018;11:007146.

Clavel MA, Pibarot P, Messika-Zeitoun D, Capoulade R, Malouf ], Aggarwal SR et al.
Impact of aortic valve calcification, as measured by MDCT, on survival in patients
with aortic stenosis. | Am Coll Cardiol 2014;64:1202-13.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wexler L, Brundage B, Crouse |, Detrano R, Fuster V, Maddahi ] et al. Coronary artery
calcification: pathophysiology, epidemiology, imaging methods, and clinical implications.
Circulation 1996;,94:1175-92.

Gopal A, Nasir K, Liu ST, Flores FR, Chen L, Budoff M. Coronary calcium progression
rates with a zero initial score by electron beam tomography. Int | Cardiol 2007;117:
227-31.

Min JK, Lin FY, Gidseg DS, Weinsaft W, Berman DS, Shaw L] et al. Determinants
of coronary calcium conversion among patients with a normal coronary calcium scan:
what is the “warranty period” for remaining normal? | Am Coll Cardiol 2010;55:1110-7.
Yoon H, Emerick AM, Hill JA, Gjertson DW, Goldin JG. Calcium begets calcium: progres-
sion of coronary artery calcification in asymptomatic subjects. Radiology 2002;224:236—41.
Christensen JL, Tan S, Chung HE, Ghosalkar DS, Qureshi R, Chu A et al. Aortic valve
calcification predicts all-cause mortality independent of coronary calcification and se-
vere stenosis. Atherosclerosis 2020;307:16-20.

Nguyen V, Mathieu T, Melissopoulou M, Cimadevilla C, Codogno |, Huart V et al. Sex
differences in the progression of aortic stenosis and prognostic implication: the
COFRASA-GENERAC study. JACC Cardiovasc Imaging 2016;9:499-501.

Tastet L, Shen M, Capoulade R, Arsenault M, Bédard E Ternacle | et al. Sex differences in
the progression of aortic valve calcification and clinical outcomes: the PROGRESSA
study. JACC Cardiovasc Imaging 2022;15:1349-51.

Aggarwal SR, Clavel M, Messika-Zeitoun D, Cueff C, Malouf ], Araoz PA et al. Sex dif-
ferences in aortic valve calcification measured by multidetector computed tomography
in aortic stenosis. Circ Cardiovasc Imaging 2013;6:40-7.

Budoff M), Takasu J, Katz R, Mao S, Shavelle DM, O’Brien KD et al. Reproducibility of
CT measurements of aortic valve calcification, mitral annulus calcification, and aortic
wall calcification in the multi-ethnic study of atherosclerosis. Acad Radiol 2006;13:
166-72.

920z Aenuga 60 uo 1sanb Aq zg5z9z8/L/1L/.z/a1o1e/buibewiolys/woo dno-oiwapeoe//:sdyy wouy papeojumoq



	Impact of age on aortic valve calcium progression and risk for aortic stenosis: multi-ethnic study of atherosclerosis
	Introduction
	Methods
	Study population
	Assessment of aortic valve calcification and aortic valve calcification progression
	Assessment of incident moderate-severe AS
	Statistical analysis

	Results
	AVC progression
	Incident moderate-severe AS

	Discussion
	Study limitations
	Conclusion
	Supplementary data
	Acknowledgements
	Author contributions
	Funding
	Data availability
	References 


