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While aortic valve calcification (AVC) is a key component in aortic stenosis (AS), the
pathophysiology underlying of AVC remains incompletely understood. Lipoprotein (a)
[Lp(a)], an atherogenic and proinflammatory lipoprotein and high-sensitivity C-reactive
protein (hsCRP), a measure of inflammation, both contribute to AVC. Lp(a) and hsCRP have
a significant interaction in the context of atherosclerotic cardiovascular disease (ASCVD),
but whether these risk factors have an interaction with regard to AVC is unknown 1.2

6,676 participants aged 45-84 years without overt cardiovascular disease had cardiac CT
preformed at Visit 1 (2000-02) of the Multi-Ethnic Study of Atherosclerosis (MESA).
The MESA protocol was approved by the Institutional Review Boards at the participating
institutions and written informed consent was obtained from all participants.

Non-contrast cardiac compted tomography (CT) scans were used to measure AVC with
quantification using the Agatston method, which has a low intra-reader (4.4%) and inter-
scan (9.7%) variability.2 We examined 1) incident AVC among the 5,133 participants with
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AVC=0 at baseline and 2) progression of AVC among the 488 with baseline AVC >0 who
had a repeat CT scan, which was performed at Visit 2 (2002-04) among half of the cohort,
Visit 3 (2004-05) among the other half, or at Visit 5 (2010-12) where half were randomized
to repeat cardiac CT.

Since hsCRP and Lp(a) are not normally distributed variables, they were logarithmically
transformed when modeled as continuous variables. Multivariable adjusted logisitic
regression models were used to calculate prevalence ratios (PR) and adjusted Cox
Proportional were used to calculate hazard ratios (HR) for incident AVC. Adjusted linear
regression modeling was performed to examine annualized progression of AVC among
participants with baseline AVC >0. Statistical significance was defined as a p-value <0.05,
except for interaction testing where a more conservative value of 0.10 was used.

There were 6,676 participants (mean age 62.1 + 10.2 years, 53% women) and AVC was
present at baseline among 13.7% (n=893), while 423 participants developed incident AVC
over 10-years follow-up. The median hsCRP value was 1.91 (10th percentile 0.42, 90th
percentile 9.0) and for AVC was 0 (10% percentile 0, 90th percentile 21).

Higher Lp(a) levels were associated with a higher prevalence of AVC (unadjusted PR

1.17 [95% CI 1.09-1.26], asdjusted PR: 1.12 [95% CI: 1.05-1.20]). When assessed as a
categorical variable, both Lp(a) 50-99.9 mg/dL (unadjusted PR 1.46 [95% CI 1.25-1.70],
adjusted PR: 1.36 [95% ClI: 1.17-1.58]) and Lp(a) =100 mg/dL (unadjusted PR 1.85 [95%
Cl 1.49-2.29], adjusted PR: 1.59 [95% CI: 1.31-1.94]) were associated with a higher
prevalence of AVC. hsCRP was not associated with prevalent AVC either as a continuous
variable (unadjusted PR 1.05 [95% CI 1.00-1.20], asjusted PR 1.04 [95% CI 0.99-1.11]) or
as a categorical variable (unadjusted PR 1.11 [95% CI 0.98-1.25], adjusted PR 1.13 [95%
Cl1 0.99-1.28)).

When assessed as a continuous variable, Lp(a) was associated with a higher risk of incident
AVC (unadjusted HR 1.16 [95% CI 1.05-1.27], adjusted HR 1.17 [95% CI: 1.05-1.29])
and as a cateogorical variable, both Lp(a) 50-99.9 mg/dL (unadjusted HR 1.50 [95% CI
1.18-1.92], adjusted HR 1.54 [95% CI: 1.19-1.99]) and Lp(a) =100 mg/dL (unadjusted HR
1.59 [95% CI 1.06-2.37], adjusted HR 1.54 [95% CI: 1.01-2.33]) were associated with a
higher risk of incident AVC. hsCRP was not associated with an increased risk of incident
AVC when assessed as a continuous (unadjusted HR 1.05 [95% CI 0.97-1.14], adjusted HR
1.01 [95% CI 0.92-1.11]) or categorical variable (unadjusted HR 1.13 [95% CI 0.93-1.37),
adjusted HR 1.08 [95% CI 0.88-1.32]).

When assessed as a continuous variable, Lp(a) was associated with an increased risk of
incident AVC when hsCRP =2 mg/L (unadjusted HR 1.21 [95% CI 1.06-1.38, adjusted HR
1.24 [95% CI: 1.06-1.43]), but not when hsCRP <2 mg/L (unadjusted HR 1.10 [95% ClI
0.97-1.25), adjusted HR 1.12 [95% CI 0.97-1.29]). There was a stepwise increase in the
hazard of incident AVC with higher Lp(a) levels when hsCRP =2 mg/L, but not when hsCRP
<2 mg/L (Figure). Compared to participants with hsCRP <2 mg/dL and Lp(a) <50 mg/dL,
those with both elevated Lp(a) =50 mg/dL and elevated hsCRP =2 mg/L had a nearly two-
fold increased risk for incident AVC (unadjusted HR 1.74 [95% CI 1.43-2.10], adjusted HR
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1.83 [95% CI: 1.32-2.54]). The addition of Lp(a) to a model with tradition risk factors and
hsCRP resulted in a non-significant 0.0046 change in the ROC for predicting incident AVC
(p=0.15). Interaction testing between hsCRP and Lp(a) as continuous variables for incident
AVC was not significant (p=0.29), but categorical interaction testing between hsCRP and
Lp(a) (<100 mg/L or =100 mg/dL) was significant (p = 0.064). The overall results showed
similar findings when examined by race/ethnicity.

The B coefficient for annualized AVC progression was lowest for participants with hsCRP
<2 mg/dL and Lp(a) <50mg/dL and highest when hsCRP =2 mg/L and Lp(a) >50mg/dL, but
the results were not statistically significant for either group (p=0.60 and p=0.27).

Our finding that participants with both elevated hsCRP and elevated Lp(a) have a nearly
two-fold increased risk of developing AVC is in keeping with a prior MESA analysis
that found a significant interaction between eleavted Lp(a) and hsCRP with an associated
1.6-fold increased risk of incident ASCVD.!

While there is no specific screening or risk stratification algorithm to identify the individuals
most likely to develop AVC or AS, our findings may be helpful in identifying persons at
high risk for AS who may be of potential interest for future trials examining novel Lp(a)
reduction therapies to slow or prevent AS.

One limitation of this study is that we did not examine changes in hsCRP and Lp(a) levels
over time, although it has been reported that Lp(a) levels remain stable time 4.

In conclusion, there was no significant association of hsCRP with prevalent or incident
AVC. Higher Lp(a) levels were independently associated with AVC and participants with
both an elevated hsCRP and elevated Lp(a) had the greatest risk for incident AVC. Further
research is needed to determine whether this phenotype may be useful to identify persons at
increased risk of AVC who may benefit from novel treatments and/or early reduction of their
atherogenic lipid burden.
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Hazard Ratio for Incident Aortic valve Calcium Stratified by hsCRP and Lipoprotein(a)

Unadjusted Adjusted
hsCRP <2 mg/L

Lp(a) HR (95% Cl) HR (95% ClI) |

<50 mg/dL 1.00 (Reference) 1.00 (Reference) ’

50-99 mg/dL 1.55 (1.11-2.17) 1.45 (1.01-2.09) ———
>100 mg/dL 1.13 (0.58-2.21) 1.03 (0.52-2.06) : '

hsCRP 22 mg/L

Lp(a) HR (95% Cl) HR (95% ClI) :

<50 mg/dL 1.00 (Reference) 1.00 (Reference) .

50-99 mg/dL 1.43 (1.01-2.04) 1.58 (1.09-2.29) P
>100 mg/dL 2.01(1.22-3.33) 2.17 (1.27-3.70) :

0.5 1 2'.0
Hazard Ratio & 95% CI

4.0

hsCRP = high sensitivity C-reactive protein; Lp(a) = lipoprotein(a); HR = hazard ratio; CI = confidence interval

Adjusted for age, sex, race/ethnicity, systolic blood pressure, diastolic blood pressure, anti-hypertensive medication, LDL, HDL, triglycerides, lipid-lowering medication, diabetes, and current smoking.

Figure:
Hazard ratio for incident aortic valve calcium stratified by hsCRP and lipoprotein(a)
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