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Abstract

Background There was a causal relationship between elevated lipoprotein(a) [Lp(a)] levels and increased risk of calcific aortic valve
stenosis (CAVS) in whites and blacks. The present study aimed to investigate whether Lp(a) levels were associated with aortic stenosis (AS)
severity and clinical events in Chinese patients. Methods Levels of serum Lp(a) were measured in 652 patients with CAVS, whom all
underwent baseline echocardiographic examination. The clinical endpoint was defined as a composite of aortic valve replacement (AVR) and
cardiac death. Results Patients in the tertile 3 of Lp(a) had a higher percentage of severe AS compared with those in the tertile 1 and 2 of
Lp(a) (46.2% vs. 33.9%, P = 0.005). Moreover, the top tertile of Lp(a) was an independent predictor of severe AS (OR = 1.78, 95% CI:
1.18-2.66, P = 0.006). However, there was no significant association between tertile 3 of Lp(a) and clinical events (hazard ratio: 0.73; 95%
CIL: 0.43-1.24; P = 0.239) in the multivariate Cox regression analysis during a mean follow-up time of 3.16 + 2.74 years. Conclusions
Elevated Lp(a) level was an independent predictor of severe AS by echocardiography in the Chinese population, but was not associated with
the increased risk of AVR and cardiac death, suggesting that Lp(a) levels might be helpful in the risk stratification of patients with CAVS.
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1 Introduction composed of a low-density lipoprotein cholesterol (LDL-C)
and an apolipoprotein B100 (apoB100) molecule, cova-
lently connected to apolipoprotein(a), a novel glycoprotein
homologous with plasminogen.”’ In a body of studies, it
was found that Lp(a), the major lipoprotein carrier of oxi-
dized phospholipids (OxPLs),"'™""! acting as a causal risk
factor for CAVS characterized by progressive calcification

and remodeling.!'? A genome-wide association study had

scatheter aortic valve replacement (AVR) remained to be demonstrated that a ger.letlc var1at.1on in the Lp(a) (LPA)
. . locus (rs10455872) which determined plasma Lp(a) con-
the only optimal choice for the treatment of severe sympto- . . i 3]
matic stenosis ¥ centration, to be associated with the presence of CAVS.
Lipoprotein(a) [Lp(a)] is a lipoprotein subclass, which Subseql.lent large-scale Menflehar% randomlzatlon studies
had validated the causal relationship of raised Lp(a) levels
and a higher risk of aortic stenosis.'"*"*! However, more
prospective studies should be needed to understand the as-
sociation of Lp(a) and AS progression rate for the purpose

Currently, calcific aortic valve stenosis (CAVS) pre-
sented the third commonest cardiovascular disease in west-
ern countries, which affected 0.4% of the general popula-
tion.!" ! With the coming of an aging society, CAVS would
become a major disease burden in China. As statins therapy
failed to show any beneficial effect on the development or
progression of aortic stenosis (AS),*” Surgical or tran-
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of finding a new therapeutic target and pushing a new fron-
tier in the battle against CAVS. Recently studies indicated
that increased Lp(a) levels were significantly related to the
faster progression rate of AS evaluated by echocardiography
and increased the progression of valvular calcification by
CT."*'") Nevertheless, the majority of studies at present
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were performed in whites and blacks, whether that relation-
ship still existed in the Chinese population had not been
validated considering the genetic differences among diverse
ethnic groups.

The present study prospectively analyzed a cohort of
Chinese patients with CAVS to explore whether Lp(a) levels
were associated with the severity and prognosis of CAVS.

2 Methods

2.1 Study design and population

The present study was a prospective, observational co-
hort study. Between June 2013 and July 2014, a total of 652
patients (age > 18 years) with CAVS were consecutively
recruited in Fuwai hospital (Beijing, China). Inclusion crite-
ria was defined as following: peak aortic valve velocity
(Vpeak) > 2.5 m/s and thickening of the aortic valve, limita-
tion of valve mobility, and localized hyperechoic calcifica-
tion of aortic valve confirmed by echocardiography. Exclu-
sion criteria included severe aortic regurgitation, planned

Consecutive CAVS patients with

Ve > 2.5 m/s by echocardiogaphy

between June 2013 and July 2014
(n=1652)

e ————————— e

aortic valve replacement, the use of lipid-lowing medica-
tions, symptomatic or severe coronary heart disease, con-
gestive heart failure, significant liver and kidney dysfunc-
tion, apparent hematological abnormalities, malignant tu-
mors, thyroid dysfunction, gout, congenital heart and val-
vular disease, and infective endocarditis (Figure 1). This
study was performed based on the Declaration of Helsinki
and was permitted by the hospital’s ethical review board (Fu
Wai Hospital & National Center for Cardiovascular Dis-
eases, Beijing, China). All participants gave written informed
consent.

For each patient, medical history was collected, and co-
morbidities and the cardiovascular risk profile were as-
sessed. The morphology and structure of the aortic valve
and the degree of aortic stenosis were observed by transtho-
racic two-dimensional echocardiography.

Hypertension was diagnosed by systolic blood pressure
(SBP) > 140 mmHg and/or diastolic blood pressure (DBP)
> 90 mmHg at least three times consecutively or receiving
antihypertensive drugs therapy.

Exclusion criteria
Severe aortic regurgitation
Planned aortic valve replacement
The use of lipid-lowing medications
Symptomatic or severe coronary heart disease
Congestive heart failure
Significant liver and kidney dysfunction
Apparent hematological abnormalities
Malignant tumors, thyroid dysfunction, gout
Congenital heart and valvular disease
Infective endocarditis

Y

Collect baseline characteristic and
echocardiography examination results

Excluded those patients
with severe AS (Ve > 4 m/s)

Mild to moderate AS with
Viear > 2.5 m/s — < 4 m/s followed-
up for the composite endpoint of
unplanned AVR and death (n = 359)

Figure 1.

L (n=293)

The flow chart of the current study. AS: aortic stenosis; AVR: aortic valve replacement; CAVS: calcific aortic valve stenosis.
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2.2 Echocardiography examination

The severity of AS was confirmed by an appointed
echocardiographer on dedicated equipment (Phillips Epic7C,
Netherlands) based on a formal protocol. 2-dimensional,
M-mode and continuous wave Doppler examinations were
performed with the use of an S5-1 pure wave probe. Con-
tinuous wave Doppler velocities were measured from the
right sternal edge, apex, and suprasternal notch with the use
of a D2 probe. V. serves as a significant indicator for
evaluating the severity of AS according to American Heart
Association and American College of Cardiology criteria.!'®!
Peak and mean aortic valve pressure gradients were as-
sessed by the modified Bernoulli equation. According to the
recommendations on the Echocardiographic Assessment of
Aortic Valve Stenosis from the European Association of
Cardiovascular Imaging and the American Society of
Echocardiography,!"” the definition of severe AS as follows:
Vpeak = 4 m/s or mean transvalvular gradient > 40 mmHg.

2.3 Study outcome

All patients in the present study received telephone inter-
views by trained doctors who were blinded to the results of
echocardiography and previous medical histories, and clini-
cal outcomes of those patients were prospectively collected.
The clinical endpoint was defined as a composite of AVR
and cardiac death.

2.4 Laboratory tests

Plasma samples of all participants were collected in the
morning after overnight fasting. Plasma levels of total cho-
lesterol (TC), triglyceride (TG), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), apoA, apoB were measured using automatic biochemis-
try analyzer (Hitachi 7150, Tokyo, Japan). The serum Lp(a)
levels were measured through an immune-turbidimetry
assay (LASAY Lp(a) auto; SHIMA laboratories, Tokyo,
Japan).

2.5 Statistical analysis

Statistical analyses were performed using SPSS version
22.0 software (SPSS Inc., Chicago, IL). A P value < 0.05
was considered statistically significant. Data were tested for
normality and homogeneity with Levene variance distribu-
tion test. Continuous data were expressed as mean + SD
with normal distribution, or median (interquartile range)
with the abnormal distribution. The differences in continu-
ous variables between the two groups were assessed by
Student’s t-test or Mann-Whitney U tests as appropriate.
Categorical variables were presented as n (%) and compared
with the chi-square test or Fisher exact tests. The multivari-

ate Logistic regression analyse was performed to confirm
whether the tertile 3 of Lp(a) predicted severe AS. The
event-free survival rates among tertiles of Lp(a) were meas-
ured by the Kaplan-Meier method and compared by the log-
rank test.

3 Results

3.1 Baseline characteristics

A total of 652 patients with AS were enrolled in this
study. Baseline demographic, laboratory and two-dimen-
sional Doppler echocardiographic characteristics of all par-
ticipants were shown on the basis of top Lp(a) tertile (Lp(a)
> 38.15 mg/dL, n = 235) versus middle and bottom Lp(a)
tertiles (Lp(a) < 38.15 mg/dL, n =417) in Table 1. The distri-
bution of Lp(a) in the total population was shown in Figure 2.

Compared with patients in middle and bottom Lp(a) ter-
tiles, those in top tertile of Lp(a) tended to be older (66 + 15
vs. 60 £ 18 years, P = 0.009), had higher prevalence of dia-
betes (22.8% vs. 9.5%, P <0.001) and hypertension (66.3%
vs. 54.3%, P = 0.0006). Besides, those in tertile 3 of Lp(a)
had higher TC levels (4.68 £ 1.15 vs. 4.34 + 1.12 mmol/L, P
= 0.016), higher LDL-C levels (2.95 = 0.95 vs. 2.68 £ 0.90
mmol/L, P =0.016), and higher Vpe.(3.70 + 1.12 vs. 3.43 £
1.14 mmol/L, P = 0.012). However, the differences in peak
transvalvular gradient, mean transvalvular gradient, antero-
posterior diameter of aortic valve sinus, the diameter of as-
cending aorta between two groups did not reach statistical
significance.

3.2 Lp(a) levels and the severity of AS

Compared with those in bottom and middle tertiles of
Lp(a), patients in top tertile of Lp(a) had higher percentage
of severe AS (46.2% vs. 33.9%, P = 0.005, Figure 2). More-
over, after adjusting for the traditional risk factors, including
age, sex, body mass index (BMI), hypertension, diabetes,
smoking, and LDL-C, multivariate Logistic regression ana-
lysis showed that the tertile 3 of Lp(a) was a independent
predictor of severe AS evaluated by echocardiography (OR
=1.78, 95% CI: 1.18-2.66, P = 0.006) (Table 2). Moreover,
hypertension (OR = 2.40, 95% CI: 1.52-3.80, P < 0.001)
and diabetes (OR 2.74, 95% CI 1.54-4.87, P = 0.001) were
also independently associated with severe AS.

3.3 Lp(a) and clinical events

During a mean follow-up time of 3.16 £ 2.74 years, 293
patients with severe AS who received planned AVR were
excluded, patients with mild to moderate AS (> 2.5 m/s <
Vpeax < 4 m/s) were followed-up for the composite endpoint
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Table 1. Baseline characteristics of all participants according to Lp(a) levels.

Lp(a) <38.15 mg/dL Lp(a) > 38.15 mg/dL P_value

Tertiles 1 and 2 (n=417) Tertiles 3 (N =235)

Age, yrs 60+ 18 66+ 15 0.009
Male 242 (58.1%) 137 (58.6%) 0.934
BMI, kg/m? 23.30+3.79 23.92+3.69 0.213
Hypertension 226 (54.3%) 155 (66.3%) 0.006
Diabetes mellitus 39 (9.5%) 53 (22.8%) <0.001
Smoke 139 (33.5%) 95 (40.6%) 0.233
TC, mmol/L 4.34+1.12 4.68+1.15 0.016
TG, mmol/L 1.42+0.76 1.31£0.66 0.215
LDL-C, mmol/L 2.68+£0.90 2.95+0.95 0.016
HDL-C, mmol/L 1.17+0.39 1.22+0.35 0.259
Lp(a), mg/dL 11.65 (6.16-20.94) 68.26 (47.49-95.19) <0.001
ApoA, mg/dL 1.34+0.36 1.38+£0.35 0.355
ApoB, mg/dL 0.87+0.28 0.98+0.31 0.004
Vpeak, M/s 343+£1.14 3.70£1.12 0.012
Peak transvalvular gradient, nmHg 52.22+33.27 57.85+34.38 0.064
Mean transvalvular gradient, mmHg 35.58 £20.50 36.99 +21.03 0.511
Diameter of aortic valve ring, mm 2248 +2.78 2227+2.78 0410
Anteroposterior diameter of aortic valve sinus, mm 32.02+4.86 31.64+441 0.383
Diameter of ascending aorta, mm 35.58 +6.97 3520+6.19 0.531

Data are expressed as mean + SD or median (interquartile range) or n (%). ApoA: apolipoprotein A; ApoB: apolipoprotein B; BMI: body mass index; HDL-C:

high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; Lp(a): lipoprotein(a); TC: total cholesterol; TG: triglyceride; Ve peak aortic

valve velocity.
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Figure 2. Distribution of Lp(a) levels in the total population.
AS: aortic stenosis; CAVS: calcific aortic valve stenosis; Lp(a):
lipoprotein(a); Vpea: peak aortic valve velocity.

of unplanned AVR and cardiac death (n = 359). Among 359
patients with mild to moderate AS, 75 patients received
unplanned AVR operation and four patients died of cardiac
cause. After adjustment for age, sex, BMI, hypertension,
diabetes, smoke and LDL-C, no significant association was
found between tertile 3 of Lp(a) and higher rate of clinical
events (hazard ratio = 0.73; 95% CI: 0.43—1.24; P = 0.239)
in the multivariate Cox regression analysis (Figure 3). As

depicted in Figure 4, the Kaplan-Meier survival curve
showed no significant difference in the event-free survival
rates between tertile 3 level of Lp(a) and tertile 1 or 2 level
of Lp(a).

4 Discussion

The present study confirmed that increased levels of Lp(a)
was an independent predictor of severe AS in the Chinese
patients with CAVS assessed by echocardiography. How-
ever, in our study, no association was found between in-
creased levels of Lp(a) and clinical events, including AVR
and cardiac death during the follow-up period.

Recent studies suggested the increased plasma levels of
Lp(a) determined by gene were closely associated with the
aortic valve calcification (AVC) and stenosis in the general
population.!*52% Lp(a) was firstly reported as a risk factor
for AS by an epidemiological survey in 1995,%'! which was
then confirmed by several cross-sectional and retrospective
studies.””?*! Then, Thanassoulis, et al.l'"* found that one
SNP in the LPA locus encoding Lp(a) (rs10455872) was
associated with AVC detected by CT or clinical AS. The
Copenhagen City Heart Study (1991 to 2011; n= 10,803)
and the Copenhagen General Population Study (2003 to
2011; n= 66,877)!'"" demonstrated the significant relation-
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Table 2. Logistic regression analysis for predictors of severe AS.

Univariate logistic regression

Multivariate logistic regression

OR (95% CI) P-value OR (95% CI) P-value
Age 1.01 (0.99-1.02) 0.483 1.00 (0.98-1.01) 0.697
Male 1.23 (0.86-1.74) 0.254 1.26 (0.79-2.00) 0332
BMI 1.04 (0.99-1.09) 0.162 1.03 (0.98-1.09) 0.286
Hypertension 1,92 (1.33-2.77) 0.001 2.40 (1.52-3.80) <0.001
Diabetes 2.35(1.44-3.82) 0.001 274 (1.54-4.87) 0.001
Smoke 1.20 (0.84-1.72) 0327 1.12 (0.70-1.79) 0.652
LDL-C 0.89 (0.74-1.08) 0.239 0.84 (0.68-1.04) 0.108
Tertile 3 of Lp(a) 1.68 (1.17-2.41) 0.005 178 (1.18-2.66) 0.006

AS: aortic valve stenosis; BMI: body mass index; LDL-C: low density lipoprotein-cholesterol; Lp(a): lipoprotein(a).

I Tertile 3 of Lp(a)
Tertiles 1 and 2 of Lp(a)

801 P=0.005

60 -

40 1

20 1

Percentages of severe stenosis of AS, %

Tertile 3 of Lp(a) Tertiles 1 and 2 of Lp(a)

Figure 3. The percentages of severe AS according to plasma
Lp(a) levels. AS: aortic valve stenosis; BMI: body mass index;
LDL-C: low density lipoprotein-cholesterol; Lp(a): lipoprotein(a).

Risk factors Hazard ratio (95% CI) P value
Age 1.40 (1.04-1.88)  0.024
Male 0.96 (0.80-1.16)  0.691
BMI 0.97 (0.90-1.05)  0.458
Hypertension —a— 197 (1.11-3.52)  0.022
Diabetes 1.21 (1.03-1.45)  0.026
Smoke 0.83 (0.48-1.45)  0.517
LDL-C 0.90 (0.68-1.20)  0.479
Tertile 3 of Lp(a) 0.73 (0.43-1.24)  0.239
03132333

Figure 4. Multivariate Cox regression analysis for AVR and
cardiac death. AS: aortic stenosis; AVR: aortic valve replacement;
BMI: body mass index; LDL-C: low density lipoprotein-choles-
terol.

ship between increased Lp(a) levels, corresponding geno-
types and elevated risk of AS. Patients with Lp(a) > 90 mg/dL
had a 2.9-fold risk of AS. In the EPIC-Norfolk study'"”!

1.0 4

Tertile 3 of Lp(a)

0.8 ke
Tertile 1 and 2 of Lp(a) [

0.6 1

0.41 Log-rank: P =0.44
0.2 1

Event-free survival rate

O.

0 1 2 3 4 5 6
Number at risk Follow-up, years
Tertile 1 and 2 of Lp(a) 227 202 177 152 133 122

Tertile 3 of Lp(a) 132 117 103 94 84 77

Figure 5. The event-free Survival analysis according to lipo-
protein(a) [Lp(a)] levels for aortic valve replacement and car-
diac death. Lp(a): lipoprotein(a).

which included 17,553 participants, Mendelian randomiza-
tion study and replication in a case-control cohort indicated
an increased risk of AS in participants with rs10455872 and
Lp(a) > 50 mg/dL, and Lp (a) > 50 mg/dL. was associated
with an HR of 1.98 for risk of AS. MESA study explored
the relationship between risk of Lp(a) and CAVS in 4678
multi-ethnic participants,”*” the results showed that Lp(a) >
30 mg/dL was associated with AVC in white subjects (RR =
1.56; 95% CI: 1.24—1.96); while in black subjects, that rela-
tionship only reached the verge of statistical difference (RR
= 1.55, 95% CI: 0.98-2.44, P = 0.059). The prevalence of
AVC increased significantly in whites with Lp(a) > 50
mg/dL (RR =1.72, 95% CI: 1.36— 2.17). In a recent study,
it was also found the plasma Lp(a) levels were positively
correlated with the severity of calcification in patients with
the bicuspid aortic valve.™ These results revealed a sig-
nificant association between the level of Lp(a) and the de-
gree of AVC in white and black individuals. However,
Thanassoulis, et al.'"*! suggested no significant association
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between Lp(a) levels and AVC in 774 Chinese Americans.
In the MESA study,”” no significant association was also
found between Lp(a) and AVC in 559 Chinese Americans.
Therefore, it is necessary to further verify the causal rela-
tionship between Lp(a) and AVC in the Chinese population.

The progression rate of AS was a crucial clinical aspect
during the follow-up period. The ASTRONOMER trial''®!
investigated the relationship between Lp(a) levels and the
progression rate of valve stenosis by echocardiography, in
which those in the top tertile of Lp(a) (Lp(a) > 58.5 mg/dL)
were found to have a 2-fold progression rate of AS than
those in the middle and bottom tertiles of Lp(a) (Lp(a) <
58.5 mg/dL) after a mean follow-up of 3.5 £ 1.2 years. The
ASTRONOMER study presented that raised Lp(a) levels
associated with the fast progression of AS for the first time.
A recent study, which combined the data from the Ring of
Fire study and the SALTIRE study, showed that patients in
the top tertile had more rapid -progression of AS by echo-
cardiography as well as increased valvular calcification by
CcT.M Moreover, Capoulade, et al.”® found that there was a
linear relationship between plasma Lp(a) levels and AS
progression rate in patients with mild to moderate CAVS,
and that Lp(a) levels per 10-mg/dL increase was associated
with a 1.10 OR for rapid AS progression.Moreover, the
present study provide additional evidence that elevated Lp(a)
levels (Lp(a) > 38.15 mg/dL) was an independent predictor
of severe AS in Chinese population. In the ASTRONOMER
study,'® those patients in the top tertile of Lp(a) had a
higher rate of clinical events including AVR and cardiac
death. Zheng, et al.'”! analyzed results of the Ring of Fire
study and the SALTIRE study, and found that elevated Lp(a)
independently associated with an increased clinical event
rate. However, we did not find a significant association be-
tween elevated plasma levels of Lp(a) and the need for
AVR and death. The differences between the results of our
study and those of the two prior studies might be attributed
to the following reasons. Firstly, the mean age of patients in
the present study (65 + 14 years) was significant differ from
those in the ASTRONOMER study (58 £ 13 years) and
those in the Ring of Fire study and the SALTIRE study
(70.3 £9.9 years). Secondly, the Lp(a) levels of participants
in our study were lower than those in the ASTRONOMER
study, and Lp(a) level was mainly dominated by the LPA
gene. Thus, the ethnic diversities in gene variations may
contribute to the difference of results. Therefore, whether
the relationship between Lp(a) and severe AS or faster pro-
gression of AS is different among different ethnicity still
needs further genetic extensive sample studies in the Chi-
nese population.

The underlying mechanism that Lp(a) augmented the
progression of CAVS may mainly through inducing the
calcification of normal human aortic valve interstitial cells
(HAVICs)." Lp(a) deposited in valvular tissue, increased
ROS formation, promoted inflammatory response, and os-
teogenic differentiation.””? A bound of evidence suggested
that the plasma lipoprotein-associated phospholipase A2-
phospholipase A2 [Phospholipase A2 (Lp-PLA2)] levels
were significantly increased in patients with CAVS. Lp-
PLA2 is also highly expressed in stenotic and calcified aor-
tic valvular tissues, where it may lead to mineralization of
HAVICs and the remodeling of the aortic valve.>% Lp-
PLA2 hydrolyzes oxidized phospholipids (oxPLs) carried
by Lp(a) and produces lysophosphatidylcholine (LPC), a
highly active proinflammatory and procalcifying factor"!
and play a role in inducing osteogenesis and mineralization
of HAVICs.” Autotaxin (ATX), a lysophospholipase D
enzyme, carried and transported by Lp(a) to the aortic
valves. ATX breaks down LPC from oxPLs and generates
free fatty acids and lysophosphatidic acid (LPA),!'****)
which is characterized by actively promoting inflammatory
response and osteogenic transformation of HAVICs through
LPAR1-RhoA-NF-«xB pathway and inducing the expression
of IL-6 and BMP-2.5% In summary, the interaction of Lp(a),
Lp-PLA2, ATX, LPA accelerated the progression of CAVS.

There were several limitations to the present study.
Firstly, the relatively small sample size and the exclusion of
patients who received planned AVR for severe AS might
confine the generalizability of this study. Secondly, we did
not perform annualized echocardiography examines for
enrolled participants, so we cannot investigate the relation-
ship of Lp(a) levels and rapid progression of AS in Chinese
patients. Finally, we did not detect the LPA gene of the par-
ticipants, which may be robust to demonstrate the results
difference caused by ethnicity variation. Further investiga-
tions with a large number of Chinese patients and regular
echocardiographic follow-up were needed.

In conclusion, this study demonstrated that elevated Lp(a)
level was an independent predictor of the severe AS by
echocardiography in the Chinese population, but was not
associated with the increased risks of AVR and cardiac
death, suggesting that Lp(a) levels might be helpful in the
risk stratification of patients with CAVS.
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