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Objectives: Statins either barely affect or increase lipoprotein(a) [Lp(a)] levels.
This study aimed to explore the factors correlated to the change of Lp(a) levels
as well as the relationship between Lp(a) and the recurrent vascular events in
statin-treated patients with first acute ischemic stroke (AlS).

Methods: Patients who were admitted to the hospital with first AIS from
October 2018 to September 2020 were eligible for inclusion. Correlation
between the change of Lp(a) levels and potential influencing factors was
assessed by linear regression analysis. Cox proportional regression models
were used to estimate the association between Lp(a) and recurrent vascular
events including AlS, transient ischemic attack, myocardial infarction and
coronary revascularization.

Results: In total, 303 patients, 69.6% males with mean age 64.26 + 11.38
years, completed the follow-up. During the follow-up period, Lp(a) levels
increased in 50.5% of statin-treated patients and the mean percent change
of Lp(a) levels were 14.48% (95% Cl 6.35-22.61%). Creatinine (8 = 0.152, 95%
Cl 0.125-0.791, P = 0.007) and aspartate aminotransferase (AST) (B = 0.160,
95% Cl 0.175-0.949, P = 0.005) were positively associated with the percent
change of Lp(a) levels. During a median follow-up of 26 months, 66 (21.8%)
patients had a recurrent vascular event. The median time period between AIS
onset and vascular events recurrence was 9.5 months (IQR 2.0-16.3 months).
The on-statin Lp(a) level >70 mg/dL (HR 2.539, 95% C1 1.076-5.990, P = 0.033)
and the change of Lp(a) levels (HR 1.003, 95% CI 1.000-1.005, P = 0.033) were
associated with the recurrent vascular events in statin-treated patients with
first AIS. Furthermore, the on-statin Lp(a) levels >70 mg/dL (HR 3.612, 95%
Cl 1.018-12.815, P = 0.047) increased the risk of recurrent vascular events in
patients with low-density lipoprotein cholesterol (LDL-C) levels < 1.8 mmol/L.
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Conclusions: Lp(a) levels increased in half of statin-treated patients with first
AIS. Creatinine and AST were positively associated with the percent change
of Lp(a) levels. Lp(a) is a determinant of residual vascular risk and the change
of Lp(a) is positively associated with the risk of recurrent vascular events in

these patients.

lipoprotein(a), stroke, statin, recurrence, vascular risk

Introduction

Hyperlipidemia is one of the most important causal risk
factors for atherosclerotic cardiovascular disease (ASCVD)
and stroke (1, 2). Treatment of hyperlipidemia is a vital
aspect of the secondary prevention in these diseases (3).
Statins can significantly reduce the low-density lipoprotein
cholesterol (LDL-C) levels and are the most widely used lipid-
lowering drugs (4). Even so, statin therapy has its limitations,
such as increasing the risk of statin-associated myopathy
and hepatotoxicity (5). Besides, statin therapy may increase
lipoprotein(a) [Lp(a)] levels in patients with ASCVD (6).

Lp(a) is composed of a LDL-like particle in which
apolipoprotein B100 is covalently linked by a disulfide bond
to apolipoprotein(a) [apo(a)] (7). Regulated by the LPA gene
encoding apo(a) and rarely affected by age, gender, or lifestyle,
Lp(a) levels vary spectacularly (up to 1,000-fold) among
individuals, and ~20% of the population have elevated Lp(a)
levels (>30 mg/dL) (8-11). In the past long time, Lp(a)
had been relatively neglected on account of no satisfactory
therapeutic methods to reduce Lp(a) levels (12). However, there
is ample evidence that elevated Lp(a) levels are significantly
and independently associated with ASCVD and stroke, which
may be attributes to the proatherogenic, proinflammatory, and
potentially antifibrinolytic effects of Lp(a) (13-17). Moreover,
the contribution of Lp(a) in cardiovascular disease (CVD) is not
less than LDL-C (18). In recent years, the interest in Lp(a) has
been reignited as a consequence of the evidence on its causality
for CVD and the emergence of new targeted therapeutics
including proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors, Lp(a) apheresis (LA), and RNA-targeted therapies
which dramatically lower Lp(a) levels (19, 20).

Existing studies suggested that statin-treated individuals had
the higher recurrent cardiovascular risk compared with those
who did not taking statins when LDL-C levels were similar
(21). Besides, the recurrent cardiovascular risk was positively
correlated with the on-statin Lp (a) levels (22). The residual
risk for cardiovascular events in patients receiving statin therapy
may be mainly associated with Lp(a) (23). By comparison,
evidence on residual risk in statin-treated patients with acute
ischemic stroke (AIS) is insufficient. In this study, we aimed
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to explore the factors related to the change of Lp(a) levels as
well as the association between the change of Lp(a) levels and
recurrence of vascular events in statin-treated patients with
first AIS.

Methods

Participants enrollment and baseline
measurements

The present study was a single-center, prospective,
observational cohort study conducted at the Affiliated Hospital
of Qingdao University. Ethical approval was obtained from
the Ethics Committee of the Affiliated Hospital of Qingdao
University and informed consent was obtained from all patient
or their family members.

Patients admitted to the hospital within 7 days of symptom
onset with first AIS from October 2018 to September 2020,
who did not take lipid-lowering drugs before onset and
agreed to participate this study were consecutively screened
for inclusion. Those with other serious medical diseases
including renal failure, hepatic failure, the late stage of
malignant tumor or with a life expectancy <24 months were
excluded. The diagnoses of AIS were confirmed based on
clinical manifestations and signs in combination with cranial
computerized tomography (CT) and/or magnetic resonance
imaging (MRI). Two experienced neurologists assessed the
stroke severity at admission using the National Institutes of
Health Stroke Scale (NIHSS) and analyzed the stroke etiology
according to the Trial of Org 10,172 in Acute Stroke Treatment
(TOAST) criteria (24).

The following data of all participants were collected:
age, gender, history of hypertension, diabetes mellitus, atrial
fibrillation (AF), coronary heart disease (CHD), smoking
and drinking, intravenous thrombolysis, intracranial or
extracranial vascular stenosis, laboratory tests [i.e., Lp(a),
(TG), total (TC),
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), fasting blood glucose (FBG), urea
nitrogen, uric acid, creatinine, aspartate aminotransferase

triglyceride cholesterol low-density
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Analysis (n=303)

FIGURE 1
Flow diagram of the study.

(AST), alanine aminotransferase (ALT), prothrombin time
(PT), activated partial thromboplastin time (APTT) and
D-Dimer]. All blood samples tested in the laboratory were
obtained in fasting state within 24h after admission. Lp(a)
levels were measured using immunoturbidimetric method by
Olympus 2,700 (Olympus, Japan). On the basis of previous
literature, Lp(a) levels of all participants were categorized into
5 groups: <15, 15-30 mg/dL, 30-50, 50-70, and >70 mg/dL
groups (25).

Follow-up and end points

The end points of this study included AIS, transient
ischemic attack (TIA), myocardial infarction (MI) and coronary
revascularization. Patients with recurrence of end points were
followed up face-to-face when they were re-admitted. The
follow-up time of these patients was calculated as the time
from AIS onset to the end point events and their blood lipid
levels were measured with the same detection method when
end points occurred. In contrast, free-event patients, confirmed
through telephone or face-to-face follow-up, were those who
did not suffer from end points during a 2-year follow-up
period and their blood lipid levels were assessed at the end
of follow-up. The percent change of Lp(a) level was calculated
as [the radio of follow-up Lp(a) level minus baseline Lp(a)
level and baseline Lp(a) level]. Patients who lost to follow-
up, declined to continue, discontinued statins or died due
to conditions except end point events during follow-up were
excluded from analysis.
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Statistical analysis

Baseline data were described by summary statistics. We
compared data between the free-event group and the end
point group. The quantitative data were indicated by mean
and standard deviation or median and interquartile range and
compared by using Student’s t-test or Mann-Whitney U-test
depending on type of data distribution. The qualitative data was
indicated by frequency and percentage, and compared by using
Chi-squared test.

Wilcoxon text was used to compare the difference between
baseline and follow-up blood lipid levels. Correlation between
baseline Lp(a) levels and follow-up Lp(a) levels were assessed
by Spearman correlation analysis. Univariate linear regression
analysis was used to screen the influencing factors of the
percent change of Lp(a) levels. Variables with a P-value of
<0.10 in univariate analysis were subsequently entered into
a multivariable linear regression analysis to determine the
independent factors associated with the percent change of Lp(a)
levels in statin-treated patients with first AIS. A two-tailed P <
0.05 was considered statistically significant.

Cumulative survival free of recurrent vascular events
during follow-up were assessed using Kaplan-Meier survival
analysis followed by the log rank test. Univariate and
multivariate Cox regression analysis were used to determine
the associations between Lp(a) and recurrent vascular events.
The multivariable Cox regression analysis were adjusted for the
possible confounders, i.e., age, gender, hypertension, diabetes
mellitus, AF, CHD, LDL-C, HDL-C, TC and TG. Three models
were set up. Model 1 adjusted for age, gender. Model 2 adjusted
for model 1 plus history of hypertension, diabetes, AF, and
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TABLE 1 Baseline and follow-up characteristics of patients in the study cohort.

Total (n = 303)

10.3389/fneur.2022.1004264

Free-event patients (n = 237) Patients with end points (n =66) P

Baseline

Age, years 64.26 (11.38)
Gender (men), n (%) 211 (69.6)
Intravenous thrombolysis, 1 (%) 36 (11.9)
NIHSS at hospitalization, n (%) 4 (1-6)
Hypertension, n (%) 221(72.9)
Diabetes mellitus, 7 (%) 114 (37.6)
AF, n (%) 36 (11.9)
CHD, n (%) 49 (16.2)
Smoking, n (%) 68 (22.4)
Alcoholism, n (%) 49 (16.2)
Intracranial or extracranial vascular stenosis, 1 (%) 157 (51.8)
TOAST classification, 1 (%)

LAA 144 (47.5)
CE 16 (5.3)
SAO 83 (27.4)
SOE 9(3.0)
SUE 51 (16.8)
Baseline Lp(a), mg/dL 18.90 (11.20-31.00)
<15 112 (37.0)
15-<30 112 (37.0)
30-<50 43 (14.2)
50-<70 22(7.3)
>70 14 (4.6)

LDL-C, mmol/L
HDL-C, mmol/L

2.57 (1.99-3.36)
1.08 (0.90-1.25)
)

TG, mmol/L 1.26 (0.96-1.87
TC, mmol/L 4.28 (3.38-5.17)
ALT, U/L 16.30 (12.30-25.85)
AST, U/L 18.00 (14.00-23.00)

5.12 (4.22-6.36)
308.50 (253.65-367.30)
76.85 (63.00-92.23)
5.62 (4.93-7.29)
D-Dimer, ng/mL 290.00 (190.00-480.00)

PT, sec 10.50 (9.40-11.50)

Urea nitrogen, mmol/L
Uric acid, pmol/L
Creatinine, pmol/L
FBG, mmol/L

APTT, sec 30.20 (27.20-32.60)
Follow-up

On-statin Lp(a), mg/dL 19.00 (10.95-34.20)
<15 11.7 (386)
15-<30 95(31.4)
30-<50 48 (15.8)
50-<70 21 (6.9)

>70 22(7.3)

On-statin LDL-C, mmol/L
On-statin HDL-C, mmol/L
On-statin TG, mmol/L
On-statin TC, mmol/L

1.73 (1.38-2.24)
1.10 (0.95-1.27)
1.16 (0.88-1.57)
3.30 (2.78-3.86)

63.58 (11.41)
160 (67.5)
32(13.5)

4(1-7)
169 (71.3)

88 (37.1)

28 (11.8)

35 (14.8)

59 (24.9)

42 (17.7)

119 (50.2)

106 (44.7)
15 (6.3)

64 (27.0)
8 (3.4)

44 (18.6)
18.90 (11.20-30.45)
86 (36.3)

91 (38.4)

32 (13.5)

16 (6.8)

12 (5.1)

2.61 (2.04-3.36)
1.09 (0.91-1.25)
1.26 (0.95-1.82)
4.30 (3.42-5.20)
17.00 (12.30-26.00)
18.00 (14.00-23.80)
5.24 (4.24-6.38)

306.50 (257.10-365.00)

76.70 (63.60-92.00)
5.58 (4.89-7.12)

290.00 (195.00-475.00)

10.50 (9.50-11.60)
29.90 (27.80-32.80)

18.40 (10.72-33.22)
96 (40.5)
74 (31.2)
35 (14.8)
18 (7.6)
14 (5.9)
1.74 (1.38-2.22
1.10 (0.95-1.28
1.16 (0.90-1.56

)
)
)
3.30 (2.82-3.81)

66.68 (11.01) 0.047
51(77.3) 0.127
4(6.1) 0.098
3(1-5) 0.233

52 (78.8) 0.226

26 (39.4) 0.737

8 (12.1) 0.946

14 (21.2) 0.209
9(13.6) 0.053

7 (10.6) 0.165

38 (57.6) 0.290
0.178

38 (57.6) 0.064
1(1.5) 0.217

19 (28.8) 0.774
1(1.5) 0.706

7 (10.6) 0.126

18.95 (11.77-36.30) 0.739
26 (39.4) 0.644

21 (31.8) 0.327
11(16.7) 0.515
6(9.1) 0.704
2(3.0) 0.716

2.44 (1.86-3.43) 0.291
1.01 (0.89-1.23) 0.217
1.26 (0.98-2.21) 0.448
4.17 (3.24-5.20) 0.646
15.00 (12.00-24.00) 0.181
17.00 (14.00-22.00) 0.481
4.60 (3.93-6.19) 0.136
317.00 (245.50-384.00) 0.599
77.00 (60.50-94.50) 0.988
5.74 (5.04-7.57) 0.478
275.00 (160.00-485.75) 0.599
10.00 (9.10-11.40) 0.066
30.45 (27.33-32.43) 0916
22.05 (11.53-40.35) 0.149
21 (31.8) 0.200
21(31.8) 0.927

13 (19.7) 0.332
3(4.5) 0.556

8 (12.1) 0.146

1.70 (1.37-2.35) 0.930
1.07 (0.89-1.22) 0.176
1.16 (0.86-1.65) 0.969
327 (2.73-3.88) 0.894

Quantitative data are given as mean (standard deviation) or median (interquartile range) and qualitative data as number (n) and percentage (%). NIHSS, National Institutes of Health
Stroke Scale; AF, Atrial fibrillation; CHD, Coronary heart disease; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; LAA, large-artery atherosclerosis; CE, cardioembolism; SAO,
small-artery occlusion; SOE, stroke of other determined etiology; SUE, stroke of undetermined etiology; Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; FBG, fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time;

APTT, activated partial thromboplastin time.
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FIGURE 2 Percent change of Lp(a) levels (%)
The correlation between baseline and on-statin lipoprotein(a)
[Lp(a)] levels. FIGURE 3
Distribution of the percent change of lipoprotein(a) [Lp(a)] levels

CHD. Model 3 adjusted for model 2 plus LDL-C, HDL-C,
TC and TG. Results were expressed as hazard ratio (HR) with
the corresponding 95% confidence interval (CI). A two-tailed
P < 0.05 was considered statistically significant. All statistical
analysis in this study was performed with Statistical Package
for the Social Sciences (SPSS) software version 26.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Baseline characteristics

Three hundred and sixty two eligible patients were initially
enrolled in this study among whom 303 cases completed
the follow-up and were analyzed finally (nine patients were
lost to follow-up, 18 patients declined to continue, 26
patients discontinued statins and six patients died due to
conditions except end point events during follow-up) (Figure 1).
All enrolled patients received Atorvastatin (10-40mg) or
Rosuvastatin (5-20mg).

Characteristics of the patients in the study cohort at baseline
were presented in Table 1. Their mean age was 64.26 years
and males accounted for 69.6%. With a median NIHSS of 4,
11.9% of patients received intravenous thrombolysis. The most
common vascular risk factor in this study was hypertension
(72.9%), followed by diabetes mellitus (37.6%). The etiological
distribution according to the TOAST classification was large-
artery atherosclerosis (LAA) 47.5%, cardioembolism (CE) 5.3%,
small-artery occlusion (SAO) 27.4%, stroke of other determined
etiology (SOE) 3.0% and stroke of undetermined etiology (SUE)
16.8%. The median baseline Lp(a) level was 18.90 mg/dL (IQR
11.20-31.00 mg/dL) and 79 (26.1%) patients had elevated Lp(a)
levels (>30 mg/dL). In addition, 19 (6.3%), 43 (14.2%) and 23
(7.6%) patients had elevated TC levels (>6.2 mmol/L), TG levels
(>2.3 mmol/L) and LDL-C levels (>4.1 mmol/L), respectively.
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in patients. The percent change of Lp(a) levels in statin-treated
patients with first acute ischemic stroke at < —50,—50-0, 0-50,
50-100, and >100% was 5.9, 43.6, 35.0, 6.9, and 8.6%,
respectively.

Follow-up blood lipid levels

The overall median follow-up Lp(a) level was 19.00 mg/dL
(IQR 10.95-34.20 mg/dL) and there was a strong correlation
between baseline and follow-up Lp(a) levels (Spearman
correlation rho: 0.824; P < 0.001) (Figure 2). During the follow-
up period, 153 (50.5%) statin-treated patients’ Lp(a) levels
increased and the mean percent change of Lp(a) levels were
14.48% (95% CI 6.35-22.61%). The majority of the absolute
percent change of Lp(a) levels were within 50% (Figure 3).
There was a tendency for follow-up Lp(a) levels to be higher
than baseline Lp(a) levels which could be obtained from the
distribution of Lp(a) measurements in the two groups.

In addition, the LDL-C, TC and TG levels of patients
decreased significantly after taking statins (2.57 vs. 1.73 mmol/L,
P < 0.001;4.28 vs. 3.30 mmol/L, P < 0.001; 1.26 vs. 1.16 mmol/L,
P < 0.001). 162 (53.47%) statin-treated patients reached target
LDL-C levels (<1.8 mmol/L). The difference of HDL-C levels
between baseline and follow-up were not significant (1.08 vs.
1.10 mmol/L, P = 0.192).

Factors correlated to the change of Lp(a)
levels

The results of univariate linear regression analysis showed
that the P-values of creatinine (f = 0.168, 95% CI 0.169-0.844,
P = 0.003), AST (B = 0.161, 95% CI 0.173-0.961, P = 0.005),
TG (B = 0.156, 95% CI 1.997-12.210, P = 0.007), TC (B =
0.107, 95% CI—0.283-10.325, P = 0.063), FBG (p = 0.104, 95%
CI—0.265-6.333, P = 0.071) and APTT (B = —0.099, 95%
CI1—2.944-0.192, P = 0.085) were <0.10 (Table 2). Therefore,
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TABLE 2 Univariate linear regression analysis on the association
between baseline factors and the percent change of lipoprotein(a)
levels.

10.3389/fneur.2022.1004264

TABLE 3 Multivariable linear regression analysis on the association
between baseline factors and the percent change of lipoprotein(a)
levels.

B 95% CI B P B 95% CI B P
Age 0.101 —0.617-0.818 0.016 0.783 Creatinine 0.458 0.125-0.791 0.152 0.007
Gender (men) —1.349 —19.070-16.372 —0.009 0.881 AST 0.562 0.175-0.949 0.160 0.005
Hypertension —13.683 —31.959-4.593 —0.085 0.142 TG 5.246 —0.078-10.570 0.115 0.053
Diabetes mellitus 2.446 —14.374-19.265 0.016 0.775 TC 2.393 —3.125-7.910 0.051 0.394
AF —7.055 —32.227-18.117 —0.032 0.582 FBG 1.100 —2.327-4.526 0.038 0.528
CHD —0.967 —23.099-21.165 —0.005 0.932 APTT —1.166 —2.697-0.365 —0.084 0.135
Stroke etiology (LAA) 5.796 —10.509-22.101 0.040 0.485
. AST, aspartate aminotransferase; TG, triglyceride; TC, total cholesterol; FBG, fasting

Intracranial or 7.274 —9.014-23.562 0.051 0.380 blood glucose; APTT, activated partial thromboplastin time.
extracranial vascular
stenosis
Lp(a) —0.296 —0.661-0.068 —0.092 0.111

w8
LDL-C ~1.572 —9.688-6.544  —0.022  0.703 S 7 100] — Lp(a) >70 mgidL
HDL-C 18.644 —8.377-45.664 0.078 0.176 % ] 1ﬁ-ltl — Lp(a) < 15 mg/dL

22
TG 7.103 1.997-12.210 0.156 0.007 § L

" O -
TC 5021 —0283-10325 0107  0.063 e %
ALT —0.124  —0582-0334  —0.031  0.595 § 5
AST 0.567 0.173-0.961 0.161  0.005 38 o . . . .

) o0 10 20 30 40 50
Urea nitrogen 0.529 —3.597-4.655 0.015 0.801 .
Time (months)
Uric acid 0.029 —0.062-0.121 0.036 0.531
. FIGURE 4

Creatinine 0.506 0.169-0.844 0.168 0.003 Kaplan-Meier curves for cumulative survival free of recurrent
FBG 3.034 —0.265-6.333 0.104 0.071 vascular events.
D-Dimer —0.022 —0.012-0.007 —0.029 0.618
PT —0.101 —6.837-4.634 —0.022 0.706
APTT —1.376 —2.944-0.192 —0.099 0.085

CI, confidence interval; AF, Atrial fibrillation; CHD, Coronary heart disease; LAA, large-
artery atherosclerosis; Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; FBG,
fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
PT, prothrombin time; APTT, activated partial thromboplastin time.

these factors were entered into a multivariable linear regression
analysis, which indicated that creatinine (B = 0.152, 95% CI
0.125-0.791, P = 0.007) and AST (f = 0.160, 95% CI 0.175-
0.949, P = 0.005) were independently associated with the percent
change of Lp(a) levels in statin-treated patients with first AIS
(Table 3).

Lp(a) and end point events

During a median follow-up of 26 months, there were
a total of 66 recurrent vascular events (61 AIS, 1 TIA, 2
MI and 2 coronary revascularizations). The median time
period between AIS onset and vascular events recurrence
was 9.5 months (IQR 2.0-16.3 months). Individuals with
recurrent vascular events were older than those without
events (63.58 vs. 66.68 years, P = 0.047). No significant

Frontiersin Neurology

06

differences were observed in other baseline characteristics
(Table 1).

Among patients with Lp(a) levels < 15 mg/dL, 21 of
117 patients (17.9%) experienced a recurrent vascular event
at a median time of 11 months (IQR 7.8-17.0 months),
whereas in patients with Lp(a) levels > 70 mg/dL, 8 of 22
patients (36.4%) experienced an event at a median time of
11 months (IQR 3.0-17.5 months) (log rank P = 0.037)
(Figure 4).

The association between baseline Lp(a) levels and recurrent
vascular events was not significant in univariate or multivariate
Cox regression analysis. On-statin Lp(a) level >70 mg/dL
significantly increased the risk for recurrent vascular events
after adjustment for relevant confounding factors (HR 2.539,
95% CI 1.076-5.990, P =
change of Lp(a) levels tended to increase the risk for
recurrent vascular events (HR 1.003, 95% CI 1.000-1.005,
P = 0.033) (Table4). In patients with LDL-C levels < 1.8
mmol/L, on-statin Lp(a) levels >70 mg/dL also increased

0.033). The increased percent

the risk for recurrent vascular events after adjustment for
relevant confounding factors (HR 3.612, 95% CI 1.018-
12.815, P = 0.047) (Table 5). In multivariate Cox regression
analysis, age was not independently associated with recurrent
vascular events.
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TABLE 4 Multivariate Cox regression analysis on the association between lipoprotein(a) levels and recurrent vascular events.

Baseline Lp(a) On-statin Lp(a) The percent change of Lp(a)
HR 95% CI P HR 95% CI p HR 95% CI p
Unadjusted 1.003 1.001-1.005 0.016
15-<30 0.836 0.470-1.487 0.542 1.376 0.749-2.528 0.304
30-<50 1.225 0.604-2.486 0.573 1.790 0.891-3.598 0.102
50-<70 1.227 0.504-2.987 0.652 0.823 0.245-2.765 0.753
>70 0.641 0.152-2.703 0.544 2.322 1.025-5.263 0.044
Model 1 1.003 1.001-1.005 0.014
15-<30 0.850 0.478-1.513 0.581 1.480 0.803-2.728 0.208
30-<50 1.326 0.651-2.700 0.437 1.741 0.866-3.502 0.120
50-<70 1.191 0.489-2.900 0.701 0.841 0.250-2.833 0.780
>70 0.626 0.148-2.641 0.523 2.398 1.057-5.443 0.036
Model 2 1.003 1.001-1.005 0.009
15-<30 0.867 0.486-1.546 0.629 1.503 0.814-2.776 0.193
30-<50 1.354 0.663-2.765 0.405 1.758 0.873-3.542 0.114
50-<70 1.202 0.493-2.929 0.685 0.868 0.256-2.939 0.820
>70 0.577 0.135-2.476 0.460 2.403 1.039-5.558 0.040
Model 3 1.003 1.000-1.005 0.033
15-<30 0.869 0.483-1.565 0.640 1.533 0.826-2.846 0.176
30-<50 1.375 0.666-2.838 0.389 1.730 0.852-3.515 0.130
50-<70 1.194 0.471-3.027 0.709 0.912 0.265-3.137 0.884
>70 0.614 0.141-2.675 0.516 2.539 1.076-5.990 0.033

Model 1: adjusted for age, gender. Model 2: adjusted for model 1 plus history of hypertension, diabetes, atrial fibrillation, and coronary heart disease. Model 3: adjusted for model 2 plus
LDL-C, HDL-C, TC and TG [baseline Lp(a) adjusted for baseline blood lipid levels; on-statin Lp(a) adjusted for on-statin blood lipid levels; the change of Lp(a) adjusted for the change of

blood lipid levels].

Discussion

To the best of our knowledge, this is the first study
investigating the association between the change of Lp(a) with
recurrent vascular events in a cohort of statin-treated patients
with first AIS. Our results indicated that Lp(a) levels increased
in half of statin-treated patients and the on-statin Lp(a) level
>70 mg/d instead of the baseline Lp(a) level at admission was
significantly associated with the recurrent vascular events. The
relationship exists even the LDL-C levels are very low, suggesting
that patients had residual vascular risk even while taking
statins and Lp(a) is a determinant of the residual vascular risk.
Moreover, the change of Lp(a) levels was positively associated
with the risk of recurrent vascular events.

Statin therapy has minimal effect on Lp(a) even increases
Lp(a) levels, which may be partly attributed to that LDL receptor
does not play a major role in the clearance of Lp(a) (26). A meta-
analysis showed that statins increase Lp(a) levels by 8.5-19.6%
from baseline (6). In line with this study, we observed a 14.48%
increasement in Lp(a) levels from baseline during statin therapy.
Previous studies established that Lp(a) levels of individuals
with low molecular weight apo (a) (<22 kringle IV repeats)
phenotype or baseline Lp(a) levels >70 nmol/L (~34 mg/dL)
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were more likely to increase after taking statins (27, 28). And
high-intensity statin therapy was more remarkably associated
with increased Lp(a) levels in patients with CVD (29). Based on
this situation, it is extremely necessary to explore which factors
are associated with the change of Lp (a) levels in statin-treated
AIS patients and whether the change of Lp (a) is associated with
the recurrence risk for vascular events in these patients.

The underlying mechanisms by which statins affect
circulating Lp(a) levels remain unclear. Statins elevate the
expression of LPA mRNA as well as the synthesis and secretion
of apo(a) protein in HepG2 cells, which may result in the
increase of Lp(a) levels (6). Moreover, statins activate the
expression of PCSK9 genes and increase PCSK9 levels, which
then enhance Lp(a) production (30-32). Deficiently, there
are few studies on the factors associated with the change of
Lp(a) in statin-treated patients. The existing literature have
provided some evidence that non-genetic factors can affect
Lp(a) levels to a limited extent, such as kidney impairment,
liver disease, inflammation, weight reduction or high saturated
fat intake (33-38). In our study, we discovered that creatinine
and AST were positively correlated with the change of Lp(a)
levels despite these two factors can only explain the change
to a small extent. The circulating Lp(a) levels are determined
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TABLE 5 Multivariate Cox regression analysis on the association
between on-statin lipoprotein(a) levels and recurrent vascular events
in patients with LDL-C levels < 1.8 mmol/L.

HR 95% CI P

Unadjusted

15-<30 1.461 0.654-3.263 0.355
30-<50 2.351 0.945-5.849 0.066
50-<70 0.766 0.099-5.937 0.766
>70 3.910 1.243-12.300 0.020
Model 1

15-<30 1.547 0.686-3.489 0.355
30-<50 2.318 0.930-5.799 0.071
50-<70 0.835 0.106-6.592 0.864
>70 3.849 1.219-12.150 0.022
Model 2

15-<30 1.510 0.665-3.426 0.193
30-<50 2.512 1.001-6.303 0.051
50-<70 0.821 0.103-6.556 0.852
>70 3.708 1.097-12.536 0.035
Model 3

15-<30 1.423 0.609-3.326 0.415
30-<50 2.419 0.941-6.219 0.067
50-<70 0.765 0.094-6.237 0.803
>70 3.612 1.018-12.815 0.047

Model 1: adjusted for age, gender. Model 2: adjusted for model 1 plus history of
hypertension, diabetes, atrial fibrillation, and coronary heart disease. Model 3: adjusted
for model 2 plus on-statin LDL-C, HDL-C, TC and TG.

by the velocity of synthesis (39). The liver is responsible for
the synthesis and catabolism of Lp(a) (40, 41). Therefore, liver
dysfunction impairs Lp(a) metabolism (42). Available researches
have validated that severe chronic liver diseases can lead to
the decrease of Lp(a) synthesis so that the circulating Lp(a)
levels can be decreased (36, 43). However, Lp(a) levels may be
increased in some patients with hepatocarcinoma (44). Further
studies are needed to validate the relationship between liver
function and Lp(a) levels. Kidney may be involved in Lp(a)
catabolism and the clearance of Lp(a) from circulation (45, 46).
Therefore, renal impairment may block Lp(a) catabolism and
result in the increase of circulating Lp(a) levels (47). Trinder
et al. (28) discovered that there was a weak negative correlation
between the percent change of Lp(a) and the estimated
glomerular filtration rate. Large sample trials are warranted to
investigate the factors associated with the influences of statins
on Lp(a) levels.

Elevated Lp(a) levels are significantly and independently
associated with the risk of ASCVD and Lp(a) has been confirmed
as a momentous determinant of residual risk for cardiovascular
events in statin-treated patients (13, 14, 23). But so far, few
studies have investigated the residual vascular risks for AIS
patients with elevated Lp(a) levels. Lange et al. (48) firstly
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reported that elevated Lp(a) levels contributed to the risk of
recurrent vascular events after the first ischemic stroke in a
12-month follow-up study. Hong et al. (49) discovered that
elevated Lp(a) levels were associated with early stroke recurrence
in patients with AIS. The positive association between Lp(a)
and the recurrence risk of cerebrovascular events was found in
patients who were either <60 years or had evident LAA stroke
etiology (50). However, there is still a lack of studies on the
relationship between the on-statin Lp(a) levels or the change of
Lp(a) levels and the recurrence risk of vascular events in patients
with AIS in a secondary prevention setting. Nestel et al. (51)
claimed that increased Lp(a) levels after using statins 1 year were
associated with future CVD events in patients with CHD. A
latest study assessed the relationship between change of Lp(a)
and risk of coronary artery disease and found the two mentioned
above are not correlated (28). In this study, we discovered that
the risk for recurrent vascular events is significantly higher in the
patients whose on-statin Lp(a) levels > 70 mg/dL and the change
of Lp(a) was independently associated with the risk for recurrent
vascular events in statin-treated patients with AIS, even in
patients with LDL-C lower than 1.8 mmol/L. Furthermore, the
risk associated with elevated Lp(a) increased in the context
of very low LDL-C levels. Therefore, Lp(a) is a residual risk
determinant in statin-treated patients with AIS.

The association between Lp(a) and residual risk of ASCVD
makes Lp(a) a novel therapeutic target in ASCVD. Ongoing
clinical trials provided some promising results that PCSK9
inhibitors, LA, and RNA-targeted therapies may be available
Lp(a) lowering therapies (20). Existing studies have confirmed
that lowering Lp(a) level by 80 mg/dL might reduce the risk
of CHD by approximately 18 to 20% (52). A study reported
that reducing Lp (a) level by 63% with LA achieved a 94%
reduction in the major adverse cardiovascular events over a
mean treatment period of 4 years (53). RNA-targeted therapies
such as pelacarsen, olpasiran, and SLN360 which are currently
investigated in trials have shown to lower Lp(a) levels by 90%
(54). Decrease of Lp(a) levels by 50 mg/dL in 5 years in
individuals with preexisting CVD may reduce the recurrence
risk of CVD by 20% (55). The clinical benefits may be directly
proportional to the absolute decrease of Lp (a) levels (52).
Therefore, patients with higher baseline Lp(a) levels had greater
reductions in the incidence of CVD events receiving Lp(a)
lowering therapy (52, 56). Whether reducing Lp(a) levels in
patients preexisting ischemic stroke can reduce the risk of
recurrent vascular events deserves further study. And we should
consider both patients’ Lp(a) levels and their absolute risk of
having a vascular event to determine whether they were likely
to benefit from Lp(a)-lowering therapy (57).

Our study has some limitations. First, our study was a
single center study, therefore, the sample size was relatively
small. Second, a part of free-event patients was followed up by
telephone, which might miss some end point events, especially
TIA. Third, dietary habits and physical activities in the patients
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were not taken into account which might alter results of the
study. In addition, it could not be ignored that the times
of reaching the end point were different in patients, the
measurement times of on-statin Lp(a) levels were different, so
the total durations of statin use were different, which might
cause certain errors in the results. The relationship between
the change of Lp(a) and the recurrence of vascular events
still needs to be confirmed by large-scale prospective studies.
This study may provide evidence for the application of Lp(a)
lowering therapy in AIS patients with elevated Lp(a) levels.
Further prospective studies are warranted to evaluate the effect
of Lp(a) lowering therapy on the recurrence of vascular events
for patients with elevated Lp(a) levels and to identify those might
benefit from Lp(a) lowering therapy.

Conclusions

In the patients receiving statin therapy after first AIS,
creatinine and AST were positively associated with the percent
change of Lp(a) levels. Lp(a) is a determinant of residual vascular
risk and the change of Lp(a) is positively associated with the
risk of recurrent vascular events. For AIS patients with elevated
Lp(a) levels, Lp(a) lowering therapy may be desirable. With the
emergence of new lipid-lowering drugs, drugs that reduce LDL-
C levels and do not increase Lp(a) levels can be considered in
future treatment.
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