Valvular heart disease
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ABSTRACT
Objectives To investigate the prevalence and quantity
of aortic valve calcium (AVC) in two large cohorts,
stratified according to age and lipoprotein(a) (Lp(a)), and
to assess the association between Lp(a) and AVC.
Methods We included 2412 participants from the
population-based Rotterdam Study (52% women,
mean age=69.6±6.3 years) and 859 apparently healthy
individuals from the Amsterdam University Medical
Centers (UMC) outpatient clinic (57% women, mean
age=45.9±11.6 years). All individuals underwent blood
sampling to determine Lp(a) concentration and non-
enhanced cardiac CT to assess AVC. Logistic and linear
regression analyses were performed to investigate the
associations of Lp(a) with the presence and amount of
AVC.
Results The prevalence of AVC was 33.1% in the
Rotterdam Study and 5.4% in the Amsterdam UMC
cohort. Higher Lp(a) concentrations were independently
associated with presence of AVC in both cohorts (OR per
50 mg/dL increase in Lp(a): 1.54 (95% CI 1.36 to 1.75)
in the Rotterdam Study cohort and 2.02 (95% CI 1.19 to
3.44) in the Amsterdam UMC cohort). In the Rotterdam
Study cohort, higher Lp(a) concentrations were also
associated with increase in aortic valve Agatston score (β
0.19, 95% CI 0.06 to 0.32 per 50 mg/dL increase).
Conclusions Lp(a) is robustly associated with presence
of AVC in a wide age range of individuals. These results
provide further rationale to assess the effect of Lp(a)
lowering interventions in individuals with early AVC to
prevent end-stage aortic valve stenosis.
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Aortic valve stenosis (AVS) is the most prevalent
form of valvular heart disease in developed countries.1 It is characterised by a long asymptomatic
period during which lipid accumulation followed
by inflammation and microcalcification of the valve
leaflets gradually progress. A second stage of accelerated macrocalcification may lead to clinically
overt AVS, which ultimately requires surgical or
transcatheter valve replacement.2
Evidence of a causal role of lipoprotein(a) (Lp(a))
in the pathogenesis of AVS has rapidly accumulated
over the past decade.3 4 This insight, combined with
the advent of therapeutic agents capable of reducing
the Lp(a) concentration up to 90%,5 opens avenues
for preventive strategies in individuals with elevated
Lp(a) and early-stage aortic valve disease.

enhanced CT is a sensitive technique to
Non-
detect early-stage aortic valve calcium (AVC), which
precedes the onset of symptomatic AVS by many
years.6–8 Previous data show robust associations
between Lp(a) and CT-assessed AVC.9 10 Here, we
expand on these findings by describing the prevalence of AVC stratified by age and Lp(a) concentration in two large Dutch cohorts. Furthermore, we
investigated whether age acted as an effect modifier
on the relationship between Lp(a) and AVC presence and quality.

METHODS
Study population

This study leverages two large cohorts in whom
information on Lp(a) and AVC was available. The
Rotterdam Study is a population-based cohort study
aimed at investigating determinants of age-related
diseases in 15 000 persons aged 40 years and over.11
Between 2003 and 2006, a random sample of
participants were invited to undergo a non-contrast
multidetector CT scan to visualise AVC, as part of
a larger project on vascular calcification. A total of
2524 participants were scanned. The Rotterdam
Study has been entered into the Netherlands
National Trial Register (
www.
trialregister.
nl) and
into the WHO International Clinical Trials Registry
Platform
(www.who.int/ictrp/network/primary/
en/) under shared catalogue number NTR6831. All
participants provided written informed consent to
participate in the study and have their information
obtained from treating physicians.
From the perspective of AVS prevention, we
extended our study towards younger individuals
by including a second cohort, consisting of 859
apparently healthy individuals who were screened
at the Amsterdam University Medical Centers
(UMC) outpatient clinic for familial premature
(non-valvular) cardiovascular disease between July
2009 and April 2016. Written informed consent
was obtained from each participant. During their
visit, a complete medical history was taken and clinical parameters were obtained for all individuals.
Full study procedures for both cohorts have been
described previously.12 13

Assessment and quantification of AVC

In the Rotterdam Study, non-
enhanced cardiac
CT was performed using a 16-
slice or 64-
slice
CT scanner (Somatom Sensation 16 or 64;
Siemens, Forchheim, Germany). Consecutive
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Lipoprotein(a) is robustly associated with aortic
valve calcium

Valvular heart disease

Lp(a) measurements

In the Rotterdam Study, fasting blood samples were collected
during the fourth study visit. Plasma was isolated and immediately put on ice and stored at −80°C. In the Amsterdam UMC
cohort, serum was collected in 5 mL BD Vacutainer SST II Plus
plastic serum tubes (Becton, Dickinson and Company, New
Jersey, USA). Blood was centrifuged for 5 min at 1900 g at 20°C
after clotting to obtain serum, which was stored in cryovials at
–80°C. In both cohorts, Lp(a) was measured on a Cobas 8000
analyser using the KIV-2 number independent Randox immunoassay (Randox Laboratories, UK) with an Lp(a) concentration
range of 0–187 mg/dL.15

Measurement of covariates

Information regarding relevant cardiovascular risk factors (body
mass index (BMI), smoking, blood pressure, lipid panel) was
assessed by interview, physical examination or blood sampling,
according to previously described methodology for both
cohorts.12 13

Statistical analysis

All results are primarily shown for the cohorts separately and
secondarily for the pooled cohort. Baseline characteristics are
depicted as mean±SD for normally distributed continuous variables, median (IQR) for non-normally distributed continuous
variables and number (percentage) for categorical variables. In
addition to analyses on Lp(a) as a continuous measure, we stratified Lp(a) into four groups: <50th percentile, between 50th and
79th percentile, between 80th and 94th percentile, and ≥95th
percentile, based on commonly used clinical cut-off values.16 We
determined the prevalence of AVC in different age groups, each
spanning a 5-year interval, between 45 and 80 years of age.
The primary objective was to study the relationship between
Lp(a) concentration (both as a continuous variable and according
to the abovementioned categories) and the presence of AVC. We
performed logistic regression, both uncorrected (model 1) and
corrected for age and sex (model 2), including BMI, smoking
status, non-
high-
density lipoprotein (non-
HDL) cholesterol
and use of antihypertensive medication (model 3), and finally
including CAC (model 4). ORs were computed per 50 mg/dL
increase in Lp(a) concentration for continuous analyses and per
Lp(a) group using Lp(a) <50th percentile as a reference for categorical analyses. Additionally, we determined the prevalence of
AVC in those with Lp(a) below and above the 80th percentile,
stratified by 10-year spanning intervals between ages 45 and 75.
2

The secondary study objective was to assess the relationship
between Lp(a) and the amount of AVC (Agatston score) in individuals with prevalent AVC, using linear regression, with similar
models to those mentioned above. To this end, we used a log-
transformed Agatston score (LN(agatston)). As exploratory
analyses, we determined whether age and sex acted as effect
modifiers on the relationship between Lp(a) and AVC. Missing
data percentages were 0.2% for BMI, 1.1% for use of antihypertensive medication and 2.0% for smoking. CAC score was
missing in 0.3% of cases due to previous stenting procedures
or pacemaker insertion. No data were missing for either Lp(a)
or presence of AVC. Little’s missing completely at random
test showed that BMI, use of antihypertensive medication and
smoking status were missing at random, which were imputed
using multiple imputation by chained equations. We created 25
imputed copies of the original data set, of which the estimates
from the regression analyses were pooled. All statistical analyses
were performed with R V.3.6.3 (R Foundation, Vienna, Austria).
Imputations were performed using the MICE package. Figures
were constructed using GraphPad Prism V.8.3.0 (GraphPad Software, San Diego, USA).

Patient and public involvement

Participants were not involved in determining the research question or outcome measures, nor were they involved in recruitment, design or implementation of the study. Participants were
not asked for advice on the interpretation of results.

RESULTS
Baseline characteristics and age-stratified prevalence of AVC

The baseline characteristics for the two separate cohorts are
listed in table 1. The Rotterdam Study cohort had a mean age of
69.6±6.7 years (range 60–98 years), and the Amsterdam UMC
cohort had a mean age of 45.9±11.6 years (range 24–75 years).
There were fewer current smokers in the Rotterdam Study
(15.1% vs 22.5%), but more participants using antihypertensive
medication (40% vs 17.3%). Other risk factors were equally
distributed between cohorts. Figure 1 portrays the pooled prevalence of AVC per 5-year increase in age, ranging from 1.0%
for individuals <45 years, up to 59.4% in those ≥80 years. As
expected, subjects with AVC were older, more often male, had
higher BMI, used antihypertensive medication more frequently
and had higher Lp(a) concentrations compared with subjects
without AVC (online supplemental table 1). The 80th Lp(a)

Table 1

Baseline characteristics
Rotterdam Study
cohort (n=2412)

Age (years)

69.6±6.7

Female (%)

1247 (51.7)

BMI (kg/m2)

Amsterdam UMC
cohort (n=859)
46.3±11.8
488 (56.8)

Combined cohort
(N=3271)
63.3±13.3
1735 (53.0)

27.6±3.9

26.5±4.4

27.4±4.1

Smoking (current)

365 (15.1)

193 (22.5)

558 (17.1)

Use of
antihypertensive
medication (%)

964 (40.0)

149 (17.3)

1113 (34.0)

4.2±1.0

3.9±1.1

4.1±1.0

Non-HDL cholesterol
(mmol/L)
Lipoprotein(a) (mg/
dL)
Presence of aortic
valve calcification (%)

12.5 (5.4–37.4)
798 (33.1)

12.6 (5.3–35.2)
46 (5.4)

12.5 (5.3–36.7)
844 (25.8)

Data are depicted as mean±SD, median (IQR) or number (percentage).
Data are original, non-imputed values.
BMI, body mass index; HDL, high-density lipoprotein; UMC, University Medical Centers.
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non-overlapping 3 mm thick slices were acquired within a single
breath hold and reconstructed with 12 mm × 1.5 mm collimation, 120 kVp, effective 30 mAs and prospective ECG triggering
at 50% of the cardiac cycle. Images were reconstructed with
3 mm effective slice width and 1.5 mm reconstruction interval.
Reconstructions were performed with 180 mm field-of-view and
medium sharp convolution kernel (B35f). In the Amsterdam
UMC cohort, coronary CT scans were acquired on a third-
generation dual-source CT scanner (Somatom Force, Siemens).
Image acquisition parameters were set at a voltage of 120 kV and
current of 80 mAs for coronary artery calcium (CAC) analysis.
Standard reconstructed slice thickness was 3 mm with a 1.5 mm
increment and using a Qr36 kernel in a mediastinal window/
level setting of 400/60. For both cohorts, valvular and coronary
artery calcium were quantified using Agatston methodology by
experienced readers blinded to clinical parameters.8 14 Presence
of AVC was defined as an aortic valve Agatston score >0.

Valvular heart disease

age, sex, BMI, smoking, use of antihypertensive medication and
non-HDL cholesterol: OR 1.54 (95% CI 1.36 to 1.75) per 50 mg/
dL increase in Lp(a). In the younger Amsterdam UMC cohort,
the effect size of Lp(a) was similar: OR 1.98 (95% CI 1.16 to
3.37) for every 50 mg/dL increase in Lp(a). When stratified to
Lp(a) percentile, individuals from the Rotterdam Study between
the 80th and 94th Lp(a) percentile and ≥95th Lp(a) percentile
had an OR of 1.85 (95% CI 1.43 to 2.40) and 2.93 (95% CI
1.94 to 4.43) for AVC, respectively. Those between the 50th and
79th Lp(a) percentile did not show increased AVC prevalence
(OR 0.99, 95% CI 0.80 to 1.23). These findings were similar in

percentile was 47.7 mg/dL and the 95th Lp(a) percentile was
88.7 mg/dL after combining the two cohorts. Out of the 844
participants with AVC, 244 (28.9%) had Lp(a) concentrations
≥80th percentile and 73 (8.7%) had Lp(a) concentrations
≥95th percentile.

Lp(a) and presence of AVC

The associations between Lp(a) and AVC in the Rotterdam Study
and Amsterdam UMC cohort are depicted separately in table 2.
In the Rotterdam Study, higher Lp(a) concentrations showed a
significant relationship with presence of AVC, independent of
Table 2

Association between lipoprotein(a) and presence of aortic valve calcium: separate cohorts

Rotterdam Study cohort
Presence of AVC
 

Model 1

Model 2

Model 3

Model 4

Lp(a), per 50 mg/dL increase

1.44 (1.28 to 1.61)

1.56 (1.38 to 1.76)

1.54 (1.36 to 1.75)

1.53 (1.34 to 1.73)

Lp(a) categories
 <50th percentile (<12.5 mg/dL)

1.00

1.00

1.00

1.00

 50th–79th percentile (12.5–51.4 mg/dL)

1.04 (0.85 to 1.27)

1.02 (0.83 to 1.26)

0.99 (0.80 to 1.23)

0.96 (0.77 to 1.19)

 80th–94th percentile (51.4–96.6 mg/dL)

1.78 (1.40 to 2.27)

1.85 (1.43 to 2.40)

1.85 (1.42 to 2.40)

1.81 (1.39 to 2.36)

 ≥95th percentile (>96.6 mg/dL)

2.39 (1.64 to 3.49)

3.04 (2.02 to 4.58)

2.92 (1.93 to 4.42)

2.93 (1.91 to 4.50)

2.17 (1.31 to 3.60)

2.12 (1.25 to 3.58)

2.02 (1.19 to 3.44)

2.09 (1.23 to 3.55)

Amsterdam UMC cohort
Presence of AVC
Lp(a), per 50 mg/dL increase
Lp(a) categories
 <50th percentile (<12.6 mg/dL)

1.00

1.00

1.00

1.00

 50th–79th percentile (12.6–42.4 mg/dL)

1.46 (0.69 to 3.13)

1.21 (0.55 to 2.65)

1.21 (0.55 to 2.65)

1.12 (0.50 to 2.49)

 80th–94th percentile (42.4–74.3 mg/dL)

2.83 (1.29 to 6.21)

3.15 (1.38 to 7.18)

3.15 (1.38 to 7.18)

3.24 (1.40 to 7.48)

 ≥95th percentile (>74.3 mg/dL)

4.48 (1.64 to 12.22)

3.66 (1.27 to 10.51)

3.66 (1.27 to 10.51)

3.46 (1.18 to 10.15)

Data are presented as OR with 95% CI.
Model 1 is unadjusted. Model 2 is adjusted for age and sex. Model 3 adds body mass index, use of antihypertensive medication, smoking and non-high-density lipoprotein
cholesterol. Model 4 adds coronary artery calcification.
AVC, aortic valve calcium; Lp(a), lipoprotein(a); UMC, University Medical Centers.
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Figure 1 Prevalence of aortic valve calcium stratified by age. Aortic valve calcium was defined as an aortic valve Agatston score >0. The prevalence
of aortic valve calcium was 4 of 406 (1.0%) for ages below 45, 6 of 124 (4.8%) for ages 45–49, 9 of 124 (7.3%) for ages 50–54, 7 of 83 (8.4%) for
ages 55–59, 132 of 772 (17.1%) for ages 60–64, 218 of 790 (27.6%) for ages 65–69, 193 of 462 (41.8%) for ages 70–74, 146 of 293 (49.8%) for
ages 75–79, and 129 of 217 (59.4%) for ages 80 and over. Error bars indicate 95% CIs.

Valvular heart disease
Table 3

Association between Lp(a) and aortic valve calcific burden: separate cohorts

 
Lp(a), per 50 mg/dL increase

Model 1
0.16 (0.03 to 0.29)

Model 2

Model 3

0.21 (0.08 to 0.34)

Model 4

0.19 (0.06 to 0.32)

0.19 (0.06 to 0.32)

Lp(a) categories
 <50th percentile (<12.5 mg/dL)

Reference

Reference

Reference

Reference

 50th–79th percentile (12.5–51.4 mg/dL)

−0.10 (−0.35 to 0.16)

−0.09 (−0.35 to 0.16)

−0.18 (−0.44 to 0.08)

−0.19 (−0.45 to 0.07)

 80th–94th percentile (51.4–96.6 mg/dL)

0.161 (−0.13 to 0.46)

0.20 (−0.09 to 0.16)

0.13 (−0.16 to 0.42)

0.13 (−0.16 to 0.42)

 ≥95th percentile (>96.6 mg/dL)

0.424 (−0.00 to 0.85)

0.60 (0.18 to 0.49)

0.57 (0.17 to 0.97)

0.54 (0.15 to 0.94)

−0.12 (−1.11 to 0.88)

−0.17 (−1.09 to 0.90)

0.01 (−1.05 to 1.07)

−0.02 (−1.09 to 1.05)

Reference

Reference

Amsterdam UMC cohort
Aortic valve Agatston score
Lp(a), per 50 mg/dL increase
Lp(a) categories
 <50th percentile (<12.6 mg/dL)

Reference

Reference

 50th–79th percentile (12.6–42.4 mg/dL)

0.74 (−0.75 to 2.23)

1.08 (−0.26 to 2.42)

1.00 (−0.42 to 2.41)

 80th–94th percentile (42.4–74.3 mg/dL)

0.93 (−0.59 to 2.45)

0.55 (−0.74 to 1.84)

0.78 (−0.62 to 2.18)

0.75 (−0.70 to 2.20)

−0.59 (−2.47 to 1.30)

−1.29 (−3.90 to 1.32)

−1.03 (−3.96 to 1.90)

−1.01 (−3.99 to 1.97)

 ≥95th percentile (>74.3 mg/dL)

0.96 (−0.51 to 2.42)

Data are presented as beta coefficients with 95% CI.
Model 1 is unadjusted. Model 2 is adjusted for age and sex. Model 3 adds body mass index, use of antihypertensive medication, smoking and non-high-density lipoprotein cholesterol. Model 4 adds coronary artery
calcification.
Lp(a), lipoprotein(a); UMC, University Medical Centers.

the Amsterdam UMC cohort, in which individuals between the
80th and 94th Lp(a) percentile more often had AVC (OR 3.36,
95% CI 1.43 to 7.89), as did those ≥95th Lp(a) percentile (OR
3.45, 95% CI 1.17 to 10.16). Adding CAC to the AVC model did
not alter the observed effect size of Lp(a) in either cohort.

Lp(a) and valvular calcific burden

In individuals with established calcification, Lp(a) as a continuous variable was not associated with valvular Agatston score
in the Amsterdam UMC cohort. In the Rotterdam Study, there
was a significant association between increasing Lp(a) levels and
the Agatston score of the aortic valve (β 0.19, 95% CI 0.06 to
0.32 for each 50 mg/dL increase in Lp(a)) (table 3). This effect
seemed to be driven by those with extremely high Lp(a) levels
(≥95th percentile), who had significantly higher valvular Agatston scores compared with participants below the 50th Lp(a)
percentile (β 0.57, 95% CI 0.17 to 0.97).

Lp(a) compared with other risk factors for AVC

After observing that the distribution and effect size of Lp(a) and
the prevalence of AVC were comparable between the Rotterdam
Study and the Amsterdam UMC cohort, we combined these
data at the individual participant level to assess how the effect
size of Lp(a) compares with that of other known risk factors for
AVC. Table 4 shows the results of the logistic regression analysis,
demonstrating that the OR for AVC in individuals with Lp(a)
≥95th percentile (OR 2.84, 95% CI 1.96 to 4.10) was comparable with a 10-year increase in age (OR 2.93, 95% CI 2.61 to
3.28), and much larger than for male sex (OR 2.04, 95% CI
1.70 to 2.45), BMI per kg/m2 increase (OR 1.03, 95% CI 1.01
to 1.06), active smoking (OR 1.45, 95% CI 1.14 to 1.86), use of
antihypertensive medication (OR 1.25, 95% CI 1.03 to 1.51) and
non-HDL cholesterol per mmol/L increase (OR 1.08, 95% CI
0.99 to 1.19). The OR for Lp(a) levels between the 80th and
94th percentile was 1.89 (95% CI 1.48 to 2.42). As a sensitivity
analysis, we added the cohort (Rotterdam Study or Amsterdam
UMC) as a variable to the logistic regression analysis to assess
whether the study centre was acting as a confounder, but this
was not significantly associated with the outcome (p=0.20) and
did not change the results of the analysis.
4

Age and sex do not modify the effect of Lp(a) on AVC

The prevalence of AVC stratified by age and Lp(a) is depicted
in figure 2. Strikingly, the prevalence of AVC in those above the
80th Lp(a) percentile was comparable with 10-year-older individuals below the 80th percentile for nearly all age groups. In individuals above and below the 80th Lp(a) percentile, respectively,
AVC prevalence was 1.5% vs 0.9% in those <45 years, 15.8% vs
4.3% between 45 and 54 years, 24.0% vs 14.2% between 55 and
64 years, 47.0% vs 29.4% between 65 and 74 years, and 63.4%
vs 50.9% in those ≥75 years of age. Age was not a significant
effect modifier on the association between Lp(a) and presence of
AVC (p=0.89), nor was sex (p=0.53).

DISCUSSION

Our study demonstrates that Lp(a) is robustly associated with
AVC, independent of age, sex and known risk factors for AVC.
Additional adjustment for CAC, reflecting the global atherosclerotic burden, did not alter the relation between Lp(a) and AVC
(figure 3).
CT imaging has previously been used in large cohort studies
to identify individuals with AVC. Here, we report a 33.1% prevalence of AVC in the population-based Rotterdam Study cohort
Table 4
cohorts

Logistic regression analysis for presence of AVC: combined

Variable

OR for AVC

P value

Lipoprotein(a) group
 <50th percentile (<12.5 mg/dL)

Reference

 50th–79th percentile (12.5–47.7 mg/dL)

0.98 (0.80 to 1.21)

0.853

 80th–94th percentile (47.7–88.7 mg/dL)

1.89 (1.48 to 2.42)

<0.001

 ≥95th percentile (>88.7 mg/dL)

2.84 (1.96 to 4.10)

<0.001

Age (per 10-year increase)

2.93 (2.61 to 3.28)

<0.001

Sex (male)

2.04 (1.70 to 2.45)

<0.001

BMI (per kg/m2 increase)

1.03 (1.01 to 1.06)

0.003

Smoking (active)

1.45 (1.14 to 1.86)

0.003

Use of antihypertensive medication

1.25 (1.03 to 1.51)

0.022

Non-HDL cholesterol (per mmol/L increase)

1.08 (0.99 to 1.19)

0.092

Data are presented as OR with 95% CI.
AVC, aortic valve calcium; BMI, body mass index; HDL, high-density lipoprotein.
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Rotterdam Study cohort
Aortic valve Agatston score (ln)

Valvular heart disease

with a mean age of 69.6 years. This is in line with population
cohorts of similar age, such as the Framingham Heart Study
(39%), the Age, Gene/Environment Susceptibility-
Reykjavik
Study (43%), and with a slightly younger cohort from the

Multi-
Ethnic Study of Atherosclerosis (16%), taking into
account the differences in age and ethnicity.9 17 By extending
the cohort with individuals from the Amsterdam UMC cohort,
we were able to add important insights into the prevalence of

Figure 3 Individuals with elevated lipoprotein(a) levels have a significantly increased prevalence of aortic valve calcium, independent from age, sex,
body mass index, smoking, use of antihypertensive medication, and non-high-density lipoprotein cholesterol. UMC, University Medical Centers; AU,
Agatston units.
Kaiser Y, et al. Heart 2021;0:1–7. doi:10.1136/heartjnl-2021-319044
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Figure 2 Prevalence of aortic valve calcium stratified by age and lipoprotein(a). Aortic valve calcium was defined as an aortic valve Agatston score
>0. The prevalence of aortic valve calcium for lipoprotein(a) above and below the 80th percentile (47.7 mg/dL), respectively, was 1 of 67 (1.5%) vs 3
of 339 (0.9%) for ages below 45, 6 of 38 (15.8%) vs 9 of 210 (4.3%) for ages 45–54, 43 of 179 (24.0%) vs 96 of 676 (14.2%) for ages 55–64, 116 of
247 (47.0%) vs 295 of 1005 (29.4%) for ages 65–74, and 78 of 123 (63.4%) vs 197 of 387 (50.9%) for ages 75 and over. Error bars indicate 95% CIs.

Valvular heart disease

6

cross-sectional study, we were unable to determine any causality
between Lp(a) and AVC.

CONCLUSION

This study demonstrates that Lp(a) is robustly associated with
AVC in two large Dutch cohorts of asymptomatic individuals.
Screening high-risk individuals above the 80th Lp(a) percentile (≥50 mg/dL) for AVC with CT imaging could be a fruitful
approach to select individuals for randomised trials, to assess
whether Lp(a) reduction can delay or prevent end-stage AVS.

Key messages
What is already known on this subject?

►► Aortic valve calcium (AVC) is the earliest discernible stage of

aortic valve disease.

►► Studies suggesting a causal role of lipoprotein(a) (Lp(a)) in

the aetiology of AVC are accumulating.

►► Large-scale data on age-stratified and Lp(a)-stratified

prevalence and quantity of AVC remain scarce.

What might this study add?

►► Lp(a) is strongly associated with the presence of AVC.
►► In those with AVC, Lp(a) correlates with increased calcific

burden.

►► AVC is already highly prevalent in younger individuals with

Lp(a) above the 80th percentile, emphasising the need for
early identification.

How might this impact on clinical practice?

►► CT imaging might be a fruitful method to detect early AVC in

high-risk individuals with elevated Lp(a), who might benefit
most from Lp(a) lowering therapies.
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AVC in younger age categories. In individuals between 45 and
54 years of age above the 80th Lp(a) percentile, the prevalence
of AVC was already 15.8%. Importantly, we observed an almost
identical association of Lp(a) with AVC in both cohorts included
in the current study. This implies that Lp(a) is equally important
in younger individuals, stressing both the importance and opportunities of early diagnosis.
Lp(a) is considered to play a role during both the initiation and
progression phase of AVS. However, as calcium begets calcium,
Lp(a) lowering is less likely to abrogate the accelerated calcification phase towards clinically overt AVS.18 This notion is in line
with previous trials which found low-density lipoprotein cholesterol (LDL-C) lowering with statins and/or ezetimibe to be an
unsuccessful strategy to attenuate AVS progression,19–21 despite
LDL-C being implicated in the development of AVS. Namely, a
recent post-hoc subanalysis of the Simvastatin and Ezetimibe in
Aortic Stenosis (SEAS) trial indicated that simvastatin/ezetimibe
seemed to impede aortic jet velocity progression in a subgroup
of patients with mild stenosis and high baseline LDL-C levels,
whereas those who already had moderate stenosis and low baseline LDL-C did not benefit.22 Similarly, we envision that those
with elevated Lp(a) would benefit most from Lp(a) lowering at
earlier stages of AVC.
We show that the individuals with Lp(a) concentrations above
the 80th percentile are characterised by a vastly increased prevalence of AVC from a young age. It may be hypothesised that
the prolonged presence of AVC in these individuals predisposes
to progression to end-stage AVS, supported by an association
between Lp(a) and AVC quantity in the current study. Moreover, previous imaging studies using sodium fluoride indeed
showed that asymptomatic patients with AVS with higher Lp(a)
are characterised by increased active valvular calcification, more
progression on follow-up echocardiography and CT, and more
valve-related events.23 24 With Lp(a) lowering therapies on the
horizon, timing of intervention in those who would benefit most
is crucial. CT imaging might be a promising method to screen
asymptomatic individuals with high Lp(a) for the presence of
AVC, the earliest discernible disease stage of AVS. Such a cohort
would provide an ideal testing ground to assess whether Lp(a)
lowering therapy can delay or prevent end-stage aortic valve
disease. As 28.9% of individuals with AVC are characterised by
elevated Lp(a) concentrations (≥80th percentile, corresponding
to approximately 50 mg/dL), more than one in four individuals
with AVC may benefit from Lp(a) lowering treatment.
The strengths of our study include the large sample size and the
CT-based assessment of AVC. Specifically, the fact that we were
able to include two cohorts and thereby present data over a wide
age range from 24 to 98 years is unique and important in light
of the development of preventive strategies for AVS. However,
this study also has some limitations that deserve consideration.
First, although the Amsterdam UMC cohort consists of apparently healthy individuals, they were selected based on a positive family history of premature atherosclerosis. However, the
gradual increase in AVC prevalence over age suggests no meaningful inconsistency between the included cohorts. Second,
three different CT scanners were used to assess the presence
of AVC. To address this issue, we used standardised protocols
for the acquisition of coronary calcium scans, which should
make the variance between different scanners negligible. Third,
participants did not undergo echocardiography, which made us
unable to account for valve morphology in our analysis. Fourth,
triglycerides were not measured, precluding the possibility to
calculate the LDL-C concentration. Accordingly, we corrected
for non-HDL cholesterol in our analyses. Finally, as this was a
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