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Abstract

Background: Lipoprotein(a) [Lp(a)] is a recognized risk factor for ischemic stroke (IS); however, its role in thromboem-
bolism in patients with non-valvular atrial fibrillation (NVAF) remains controversial. We aimed to assess the association
of Lp(a) and IS and systemic embolism (SEE) in NVAF patients.

Methods: In total, 16,357 patients with NVAF were recruited from the First Affiliated Hospital of Xinjiang Medical Uni-
versity from January 1, 2009, to December 31, 2021, and were divided into groups based on Lp(a) quartiles. Logistic
regression models analyzed the association between Lp(a), IS, and SEE. The restriction cubic spline was used to assess
the potential nonlinear relationship between Lp(a), IS, and SEE. We conducted subgroup analyses and estimated the
multiplicative interaction between the stratified variables and Lp(a) to investigate whether the association between
Lp(a) and IS and SEE was affected by age, sex, anticoagulants, and CHA,DS,-VASc score.

Results: We identified 1319 IS and 133 SEE events. After correcting for CHA,DS,-VASc score and other potential
confounders, each 1-standard deviation (SD) increase in log-Lp(a) was related to a 23% increased risk of IS (odds ratios
[OR], 1.23; 95% confidence intervals [Cl], 1.07-1.41). NVAF patients in the highest Lp(a) quartile were 1.23-fold more
likely to have IS than those in the lowest quartile (OR, 1.23; 95% Cl, 1.04-1.45). A positive linear relationship between
Lp(a) and IS risk was observed (P for nonlinear=0.341). In the fully adjusted model, subjects had a 1.78-fold increased
risk of SEE for each 1-SD increase in log-Lp(a) (OR, 2.78; 95% Cl, 1.78-4.36). Subjects in the highest Lp(a) quartile had a
2.38-fold elevated risk of SEE (OR, 3.38; 95% Cl, 1.85-6.19) compared with the lowest quartile. Furthermore, Lp(a) had a
nonlinear relationship with the risk of SEE (P for nonlinear=0.005).

Conclusions: Elevated Lp(a) concentration was significantly associated with IS and SEE, suggesting that Lp(a) may be
an emerging biomarker that can help clinicians identify patients at high risk of thromboembolism in this population.
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Background

Atrial fibrillation (AF) is the most common supraventricu-
"Jie Song and Xiaoxue Zhang contributed equally to this work. lar tachyarrhythmias, which increases the risk of ischemic
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AF, the management of this population focuses on the
prevention of thromboembolism [3]. The CHA,DS,-VASc
scoring system is a useful tool used in clinical practice
to evaluate the risk of thromboembolism in AF patients
[4]. However, the score still has limitations and does not
fully consider potential risk factors such as blood lipids
and obesity [5, 6]. Furthermore, there is increasing evi-
dence that, in addition to the traditional atherogenic role
of serum lipoprotein, it promotes thrombosis by affecting
platelets and the coagulation system [7, 8]. Hence, lipo-
protein can be expected to promote thromboembolism
when considering its effect on the clotting function [3].

In fact, several studies have confirmed that low-density
lipoprotein cholesterol (LDL-C) is closely relevant to IS
in patients with AF [9, 10]. Lipoprotein(a) [Lp(a)] is a
special form of LDL-C; it is composed of apolipoprotein
B-100 containing LDL-like particle and apolipoprotein(a)
through disulfide bonds [11-13], and is considered
as an independent risk factor for IS [14, 15]. Previ-
ously, a prospective multicenter cohort study showed
that Lp(a) was a risk factor for large artery atheroscle-
rotic IS, and each one-unit increase in log;,-Lp(a) was
related to a 48% increase in stroke risk [14]. Neverthe-
less, it is not clear whether Lp(a) has the same effect in
patients with AF. Okura et al. reported that Lp(a) levels
were higher in patients with AF with cardiogenic stroke
than in those without cardiogenic stroke [16]. A small
case-control study reported that 48% of the patients
with Lp(a)>30mg/dL developed left atrial thrombo-
sis. Subsequent multifactorial analysis confirmed that
Lp(a) is a risk factor for thromboembolism in patients
with chronic non-valvular atrial fibrillation (NVAF). This
suggests that Lp(a) may be an emerging biomarker for
identifying a high risk of thromboembolism in patients
with AF [17, 18]. Aroniset et al. subsequently found that
an Lp(a) >50mg/dL was related to an increased risk of
IS; nevertheless, the same results were not obtained in
patients with AF [19]. Although the above studies are
representative to some extent, the following shortcom-
ings should not be ignored: the small sample size, Asian
populations were not included, and data from Chinese
study populations were lacking. Most importantly, the
existing literature suggests that the relationship between
Lp(a) and AF thromboembolic events remains contro-
versial. Therefore, the present research aimed to explore
the association of Lp(a) and IS and SEE in patients with
NVAEF, and provide new ideas for the comprehensive
clinical treatment and management of AF patients.

Methods

Study design and participants

This cross-sectional research was approved by the
First Affiliated Hospital of Xinjiang Medical University
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Ethics Committee (ethics number: K202204—04). As
this study was retrospective in nature, the ethics com-
mittee agreed to exempt patients from written informed
consent.

Patients with AF were identified by medical history,
12-lead electrocardiography, or 24-h Holter monitoring.
Patients with AF admitted to all clinical departments of
the First Affiliated Hospital of Xinjiang Medical Univer-
sity from January 1, 2009, to December 31, 2021, were
continuously enrolled. Exclusion criteria of the study
subjects were as follows: valvular AF (after mechanical
valve replacement, and moderate and severe mitral ste-
nosis complicated with AF), age<18years, rheumatic
valvular disease, pregnant women, cerebral hemor-
rhage, chronic liver disease, chronic kidney disease, thy-
roid disorder, and missing Lp(a) and other important
data. Chronic liver disease was defined as liver injury (>
6 months), including alcoholic liver disease, nonalcoholic
fatty liver disease, metabolic fatty liver disease, and drug-
induced liver injury [20]. Chronic kidney disease (CKD)
was defined as kidney damage (presented as albuminu-
ria, or determined by radiological or histological evi-
dence) or decreased renal function (glomerular filtration
rate <60 ml/min/1.73m?) for at least 3months [21]. The
reason for excluding CKD and chronic liver disease is
that previous studies have shown that both these diseases
can affect Lp(a) levels [22, 23], and CKD can crosstalk the
association between Lp(a) and thromboembolism [24].
Finally, 16,357 patients with NVAF were enrolled in this
study (Fig. 1).

Data collection

We systematically reviewed the medical records of all
subjects using the hospital system’s electronic medical
record, including demographic data (age, sex, ethnicity),
comorbidities (heart failure [HF], diabetes, hyperten-
sion, previous stroke, and history of vascular disease),
medication history (oral anticoagulants, antiplatelet
agents, and lipid-lowering agents), and CHA,DS,-VASc
score (scoring criteria were as follows: hypertension,
HE, 65-74years, diabetes, vascular disease, and females
each scored one point; age more than 75years, and previ-
ous stroke/transient ischemic attack/thromboembolism
scored two points, respectively).

Fasting venous blood was collected the next morn-
ing after hospitalization, and white, neutrophil, mono-
nuclear, lymphocyte, and platelet counts; red blood cell
distribution width (RDW); and Lp(a), apolipoprotein
Al (apoA-1), apolipoprotein B (apo B), total cholesterol
[TC], triglycerides [TG], LDL-C, and high-density lipo-
protein cholesterol [HDL-C]) were detected using an
automated blood analyzer.
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Patients with AF admitted to various
department of the First Affiliated Hospital of
Xinjiang Medical University from January 1,

2009, to December 31, 2021(n=25174)

Exclusion criteria(n=8817):

(1) Valvular AF (n =107);

(2) Rheumatic valvular disease
(n=2047);

(3) Pregnancy (n=9)

»| (4) Age less than 18-years-old

Lp(a) study (n=16357)

}

(n=10);

(5) Cerebral hemorrhage (n=16);
(6) Chronic liver disease, chronic
kidney disease, and thyroid
disorder (n=688);

(7) Missing important data
(n=5940)

Subjects grouped by Lp(a) quartiles

4 4 A

First quartile
(n=4106)

Second quartile
(n=4075)

Third quartile
(n=4094)

Highest quartile
(n=4082)

A

Association between Lp(a) and ischemic stroke
and systemic embolism were analyzed

Fig. 1 Flow chart for selecting the study population. AF, atrial fibrillation; Lp(a), Lipoprotein(a)

Assessments of IS and SEE

Based on rigorous neurological physical examination and
imaging (brain computed tomography [CT] or magnetic
resonance imaging [MRI]), IS is defined as a focal neuro-
logical deficit [25]. A few patients had total facial nerve
impairment, and those with lesions responsible for brain
CT or MRI, or symptoms/signs lasting for more than
24-h, and events of cerebral hemorrhage were excluded
by imaging examination [25]. SEE refers to sudden vas-
cular insufficiency associated with arterial occlusion
confirmed by clinical or radiological evidence (CT angi-
ography or magnetic resonance angiography), including
limb arterial, mesenteric artery, and renal artery embo-
lisms [26, 27]. The diagnostic records of IS and SEE were
confirmed according to the hospital’s electronic medical
record system.

Statistical analysis
According to Lp(a) quartiles, the recruited patients were
divided into four groups (first quartile [Q1]: <7.1 mg/dL,

second quartile [Q2]: 7.1-13.4mg/dL, third quartile [Q3]:
13.4-25.4mg/dL, and highest quartile [Q4]: > 25.4mg/
dL) to describe the baseline characteristics. The Kolmog-
orov Smirnov (KS) test was used to test for normality,
and a P> 0.05 indicated conformity with normal distribu-
tion. Continuous variables are shown as mean =+ standard
deviation (SD) or median (interquartile range) based on
data distribution type. One-way ANOVA or Kruskal-
Wallis H test was utilized to compare between groups.
The classified data are expressed as frequency (percent-
age), and the chi-square (°) test was used to compare the
differences between groups. Lp(a) was used as the classi-
fication variable divided by quartiles and the continuous
variable of logarithmic transformation (base 10) to fit the
binary logistic regression model. Binary logistic regres-
sion analysis was performed to explore the association of
Lp(a) and IS and SEE in patients with NVAF and to adjust
for potential confounding factors to obtain the adjusted
odds ratio (OR) and 95% confidence interval (CI). In
the multivariate analysis, HF, hypertension, diabetes,
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previous stroke, and vascular disease history were not
included as covariates alone because these indicators
were variables in the CHA,DS,-VASc score. Model 1 was
corrected for age, sex, and ethnicity. Model 2 was cor-
rected for CHA,DS,-VASc score. Model 3 was corrected
for ethnicity, CHA,DS,-VASc score, anticoagulant use,
lipid-lowering drugs, LDL-C, HDL-C, apoA-1, apo B, TC,
TG, and RDW. Subgroup analyses were utilized to fur-
ther identify the relationship between Lp(a) and IS and
SEE based on age (<65years, > 65years), sex, oral anti-
coagulants, and CHA,DS,-VASc score (<2 or>2). The
Wald test was used to estimate the multiplicative inter-
action between stratified variables and Lp(a). In addition,
multivariable-corrected restriction cubic spline (RCS)
was used to assess the potential nonlinear relationship
between Lp(a), IS, and SEE. To consider the smoothness
of the curve and avoid over-fitting in the principal spline
curves of IS and SEE, according to Akaike’s information
criterion (AIC), the number of knots corresponding to
the minimum AIC value between 3 and 7 was selected
[28]. Due to the retrospective and observational charac-
teristics of this study, to avoid reverse causal correlation,
we excluded patients who took statins 6 months before
admission and subsequently conducted a sensitivity anal-
ysis to verify the robustness of the results.

All statistical analyses were performed using SPSS
(version 21; SPSS Inc., Chicago, IL, USA) and R (version
4.1.1; R Foundation for Statistical Computing, Vienna,
Austria). P< 0.05 (two-sided) was considered statistically
different.

Results

Baseline characteristics

In this study, 16,357 patients with NVAF were enrolled,
with an average age of 67.3+12.4years, of which 63.7%
were male and 36.3% were female. The median Lp(a) con-
centration was 13.4mg/dL (7.1-25.4mg/dL). With the
increase in Lp(a) level, the CHA,DS,-VASc score, white
blood cell, neutrophil, monocyte, and platelet counts,
and TC and LDL-C concentrations increased (Table 1).
However, the percentage of subjects taking anticoagu-
lants decreased with increasing Lp(a) levels. The percent-
age of patients receiving lipid-lowering drugs in the Lp(a)
highest quartile group (Q4) was higher than those in the
Q2 and Q3 groups.

Association of Lp(a) and IS

IS occurred in 1319 patients with NVAF, with a total
prevalence rate of 8.1%. As shown in Fig. 2A, the Lp(a)
level was significantly higher in patients with IS than in
patients without IS. The results of the univariable and
multivariable logistic analyses of IS in patients with
different Lp(a) levels and NVAF are shown in Table 2.
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With an increase in Lp(a) levels, the prevalence of IS
increased (trend x?, P=0.007). Because Lp(a) presents
a highly biased distribution, was transformed into
logarithmic rank [log-Lp(a)] and fitted to the regres-
sion model as a continuous variable. Univariate logistic
analysis showed that for each one SD increase in log-
Lp(a), the risk of IS in patients with NVAF increased
by 25% (OR, 1.25; 95% CI, 1.09-1.43). After correct-
ing for ethnicity, CHA,DS,-VASc score, anticoagu-
lants, lipid-lowering drugs, LDL-C, HDL-C, apoA-1,
apo B, TC, TG, and RDW, log-Lp(a) increased the
risk of IS by 23% for each one increased SD (OR, 1.23;
95% CI, 1.07-1.41). After converting Lp(a) into clas-
sification variables according to the quartiles, NVAF
patients with Lp(a) highest quartile (Q4>25.4mg/
dL) had a 23% increased risk of IS (OR, 1.23; 95% CI,
1.04-1.45) compared with those with Lp(a) < 7.1 mg/dL
in the fully corrected model. The dose-response curve
of Lp(a) and IS is shown in Fig. 3A. A positive linear
relationship between Lp(a) and IS risk was found (P for
nonlinear =0.341).

Association of Lp(a) and SEE

SEE occurred in 133 patients with NVAF, with an overall
prevalence of 0.8%. The Lp(a) concentration was signifi-
cantly higher in patients with SEE than that in subjects
without SEE (Fig. 2B). The results of the univariable and
multivariable logistic analyses of SEE in patients with
different Lp(a) levels and NVAF are shown in Table 3.
Compared with Q1, the prevalence of SEE was higher in
the Q2, Q3, and Q4 Lp(a) groups (all P< 0. 05). Univari-
able analysis revealed that for each additional SD of log-
Lp(a), the risk of SEE in patients with NVAF increased
1.66-fold (OR, 2.66; 95% CI, 1.73—4.08). In the fully cor-
rected model, the risk of SEE increased 1.78-fold for each
additional SD of log-Lp(a) (OR, 2.78; 95% CI, 1.78-4.36).
After dividing Lp(a) into classification variables according
to quartiles, in the fully corrected model, NVAF patients
with Lp(a) highest quartile (Q4> 25.4mg/dL) had a 2.38-
fold increased risk of SEE compared to patients with
Lp(a)< 7.1 mg/dL (OR, 3.38; 95% CI, 1.85-6.19). In addi-
tion, the multivariable-corrected RCS model showed a
nonlinear relationship between Lp(a) and SEE risk (P for
nonlinear =0.005) (Fig. 3B).

Subgroup analysis

The results of the subgroup effects of IS are shown in
Fig. 4. There was a significant multiplicative interaction
between anticoagulants and Lp(a) (as a categorical vari-
able and as a continuous variable of logarithmic trans-
formation, respectively) in IS (P for interaction <0.001).
The IS adjusted OR value of NVAF patients without oral
anticoagulants was 1.43 (95% CI, 1.21-1.69), but after
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Table 1 Baseline characteristics of patients with nonvalvular atrial fibrillation grouped by Lp(a) quartiles
Characteristics Lp(a) quartiles, mg/dL x2/F/H Pvalue
Q1(n=4106) Q2 (n=4075) Q3 (n=4094) Q4 (n=4082)
<71 [7.1,13.4) [13.4,25.4) > 254

Age, year 68.0 (58.0, 76.0) 69.00 (59.0,77.0)% 70.0 (60.0, 77.0)° 70.0 (60.0, 77.0)° 44173 < 0.001
Women, n (%) 1462 (35.6) 1522 (37.4) 1455 (35.5) 1496 (36.7) 4.033 0.258
Ethnicity, n (%)

Other 1078 (26.3) 1130 (27.7) 1112 (27.2) 1317 (32.3)

Han 3028 (73.8) 2945 (72.3) 2982 (72.8) 2765 (67.7)°F 43.275 < 0.001
AF type, n (%) 53.770 < 0.001

Paroxysmal 1441 (35.1) 1326 (32.5) 1300 (31.8)° 1320 (32.3)°

Persistent 282 (6.9) 183 (4.5)° 176 (4.3)° 222 (54)°

Other 2383 (58.0) 2566 (63.0)° 2618 (63.9)° 2540 (62.2)
Heart failure, n (%) 281 (6.8) 319 (7.8) 305 (7.5) 323(7.9) 4195 0.241
Hypertension, n (%) 2259 (55.0) 2320 (56.9) 2301 (56.2) 2301 (56.4) 3.235 0.357
Diabetes mellitus, n (%) 842 (20.5) 768 (18.9) 838 (20.5) 811(19.9) 4.608 0.203
Stroke, n (%) 107 (2.6) 112 (2.8) 119(29) 126 (3.1) 1.907 0.592
Vascular disease, n (%) 191 (4.7) 180 (4.4) 158 (3.9) 16.2f 8.382 0.039
CHA,DS,-VASc score 22+14 234+14° 234+14° 234+14° 7410 < 0.001
WBC count, 10%/L 6.7 (5.3,8.2) 6.8 (5.6,85)% 6.9 (5.6,84)° 1(5.7,87)¢f 74448 < 0.001
Neutrophil count,10%/L 0(30,58) 332,647 4(33,65)° 6 (34,6.9)f 165592 < 0.001
Monocyte count, 10%/L 0.5 (0.4,0.7) 6(04,0.8)° 0.6 (04,0.8) 6(04,08)" 69.262 < 0.001
Lymphocyte count, 10°/L 8(14,23) 8(14,23) 8(14,23) 8(14,23) 8.581 0.035
Platelet count, 10%/L 191.0 (148.0,239.0) 2000 (150.0,247.0)>  201.0(157.0,2480)°  210.0(167.0,262.0)°" 156017 < 0.001
RDW, % 13.5(129,14.6) 13.7(13.0,14.8)° 13.7(13.0,14.8)° 13.7(13.0,14.8)° 50.128 < 0.001
TC, mmol/L 34(28,4.1) 35(29,43)7° 36(3.0,4.3)™ 3.8(3.1,4.5) 225102 < 0.001
TG, mmol/L 2(09,1.8) 2(09,17) 2(09,1.6)° 3(09,1.8)° 60614 < 0001
LDL-C, mmol/L 21(16,27) 2(1.7,28)7° 308, 29)bd 4(1.9,3.0)f 282551 < 0.001
HDL-C, mmol/L 10(08,1.2) 0(08,13) 109 )bd 1.0(09,1.3)° 28420 < 0001
apoA-1,g/L 1(1.0,1.3) 1(1.0,1.3) 1(10,13) 1(1.0,1.3) 5934 0.115
apo B, g/L 0.7 (0.6,0.9) .7 (0.6,0.9)° (O 6, 0. 9)bd 8(0.7, 1.0)CEf 319269 < 0.001
Lipid-lowering medications, n (%) 1063 (25.9) 926 (22.7)° 899 (22.0) 1051 (25.8)¢f 27.728 < 0.001
Antiplatelet agents, n (%) 811(19.8) 776 (19.0) 809 (19.8) 8(20.0) 1.401 0.705
Anticoagulants, n (%) 1194 (29.1) 962 (23.6)° 861 (21.0)™ 890 (21.8)¢ 89.187 < 0.001

NOAC 684 (57.3) 483 (50.2)° 419 (48.7)° 0(57.3) 24316 < 0.001

Warfarin 510 (42.7) 479 (49.8)° 442 (51.3)° 380 (42.7)

Abbreviations: AF Atrial fibrillation, Lp(a) Lipoprotein(a), HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, TC Total cholesterol, TG
Triglycerides, RDW Red-cell distribution width, apoA-I Apolipoprotein A1, apo B Apolipoprotein B, NOAC New oral anticoagulants

?indicates a significant difference between Q1 and Q2

b indicates a significant difference between Q1 and Q3

Cindicates a significant difference between Q1 and Q4

dindicates a significant difference between Q2 and Q3

¢ indicates a significant difference between Q2 and Q4

findicates a significant difference between Q3 and Q4

adjusting for confounders in subjects with oral antico-

agulants, the association between Lp(a) and IS was no
longer statistically significant (OR, 0.81; 95% CI, 0.62—
1.05). Moreover, patients with a CHA,DS,-VASc score
of <2 had a higher risk of stroke in the high Lp(a) group
(OR, 1.72; 95% CI, 1.14-2.59).

The results of the subgroup analysis of SEE are
shown in Fig. 5. No multiplicative interaction was
observed between Lp(a) [as a continuous variable of
logarithmic transformation and as a categorical vari-
able] and sex, age, anticoagulants, CHA,DS,-VASc
score. NVAF patients with a CHA,DS,-VASc score > 2
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Fig. 2 Comparison of lipoprotein (a) [Lp(a)] levels between groups. A The level of Lp(a) in ischemic stroke (IS) group was significantly higher than
non-IS group (P=0.004); B The level of Lp(a) in systemic embolism (SEE) group was significantly higher than non-IS group (P<0.001)

Table 2 Ischemic stroke risk of different lipoprotein (a) levels (mg/dL) in patients with non-valvular atrial fibrillation

Lp (a) Events, n (%) Crude model Model1 Model 2 Model 3
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Ql (< 7.1) 289 (7.0) 1.00 1.00 1.00 1.00

Q2[7.1,134) 335(8.2) 1.18(1.00, 1.39) 0.044 1.14(0.96, 1.34) 0.126 1.15(0.97,1.36) 0.110 1.13(0.95, 1.34) 0.161
Q31[134,254) 338 (8.3) 1.19(1.01,1.40) 0.038 1.14(0.97,1.34) 0.125 1.16 (0.98,1.37) 0.084 1.14 (0.96, 1.35) 0.124
Q4 (> 254) 357(8.8) 1.27 (1.08, 1.49) 0.004 1.21(1.03,142) 0.024 1.22(1.03,143) 0.021 1.23(1.04,1.45) 0.013
P for trend 0.007¢ 0.034 0.150 0.128 0.122
Log-Lp(a) 1.25(1.09,1.43)  0.001 1.20(1.05,1.37)  0.009 1.21(1.051.39  0.007 1.23(1.07,141)  0.004

Abbreviations: Lp(a) Lipoprotein(a), Log log-transformed, OR Odds ratio, 95% Cl 95% confidence interval

Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants, lipid-
lowering medications, triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B,

and red-cell distribution width
2 Mantel-Haenszel x? test

had a higher risk of SEE in the highest quartile of Lp(a)
(Q4>25.4mg/dL) (OR, 3.74; 95% CI, 1.85-7.54).

Sensitivity analysis

Studies have reported that statins may affect Lp(a) lev-
els, resulting in an increase in the levels [29]. Thus, we
re-analyzed the association between Lp(a), IS, and SEE
after excluding patients who received lipid-lowering
drugs 6 months before admission. The outcomes of
the sensitivity analysis are illustrated in Table 4 and
Table 5, respectively. Even after adjusting for multiple
covariates, high Lp(a) concentrations were associated
with an increased risk of IS and SEE.

Discussion
To our knowledge, this is the first cross-sectional
research to assess the association of Lp(a) and the preva-
lence of thromboembolism in patients with NVAF. This
research demonstrated that increased Lp(a) levels were
associated with an elevated risk of IS and SEE in patients
with NVAF, even after adjusting for confounding factors,
such as age, sex, and CHA,DS,-VASc score. Notably, the
RCS curve showed a positive linear relationship between
Lp(a) and the risk of IS, and a nonlinear relationship
between Lp(a) and the risk of SEE.

Few studies have been performed on the association of
Lp(a) concentrations and AF-associated thromboembolic
risk. Two previous small-sample clinical studies have
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Fig. 3 Multivariable-adjusted restricted cubic spline analysis for the dose-response relationship between lipoprotein (a) [Lp(a)] and risk of ischemic
stroke (IS) and systemic embolism (SEE). The solid red line represents the odds ratio (OR) and the dashed lines represent the 95% confidence
intervals (95% Cl). Knots at the 10th, 50th, and 90th percentiles. The purple curve represents the per cent of the density distribution of Lp(a) in the
study population (right y-axis). The model was adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants, lipid-lowering medications, triglycerides,
total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and red-cell
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Table 3 Systemic embolism risk of different lipoprotein (a) levels (mg/dL) in patients with non-valvular atrial fibrillation

Lp(a) Events,n (%) Crude model Model 1 Model 2 Model 3

OR (95% Cl) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Ql (< 7.1) 14(0.3) 1.00 1.00 1.00 1.00
Q2(7.1,134) 37(0.9° 2.68(1.45,496) 0.002 2.59(1.40,4.80) 0.003 2.60(1.40,4.82) 0.002 248(133,461) 0.004
Q3[134,254) 34(08)° 245(131,457) 0.005 2.36(1.26,440) 0.007 2.39(1.28,447) 0.006 2.38(1.27,446) 0.007
Q4 (> 254) 48(1.2)° 348(1.92,632) <0001 327(1.80,595) <0001 335(1.84,609 <0001 338(1.856.19) <0001
P for trend < 0.001 0.001 0.002 0.001 0.001
Log-Lp(a) 266(1.73,408) <0001 254(1.65391) <0001 259(1.68400 <0001 278(1.78,436) < 0.001

Abbreviations: Lp(a) Lipoprotein(a), Log log-transformed, OR Odds ratio, 95% Cl 95% confidence interval

Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants, lipid-
lowering medications, triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B,

and red-cell distribution width
2 indicates a significant difference between Q1 and Q2
b indicates a significant difference between Q1 and Q3

indicates a significant difference between Q1 and Q4

shown that an increase in serum Lp(a) levels is closely
related to thromboembolism [18] and left atrial throm-
bosis [17] in patients with AF, which is consistent with
our results. Interestingly, however, a community-based
cohort study indicated that elevated Lp(a) concentrations
were associated with IS in the general population, but not
in AF patients [19]; the reason for the inconsistency with
our findings may be different sample sources. Due to the
nature of observational research, more multicenter and
prospective studies are warranted in the future to verify
the current research results.

In the present study, we found that oral anticoagulants
was a significant effect modifier of IS, indicating that the

independent effect of Lp(a) on IS is affected by anticoag-
ulants. Lp(a) was less associated with stroke in patients
with NVAF receiving anticoagulants therapy, whereas
it had a stronger correlation with IS in NVAF patients
without oral anticoagulants. Hence, combined with the
results of this study, we can speculate that the concen-
tration of Lp(a) may play a critical role in the occurrence
and development of IS; nevertheless, more clinical and
experimental studies are required to prove the effect of
Lp(a) on IS. In future clinical studies, we should follow
the recommendations of AF guidelines and recommend
that patients with NVAF at high risk of stroke receive
oral anticoagulants. Meanwhile, considering that Asian
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Subgroups Lp(a) Events, n (%) Model 1 OR (95% CI) Model 2 OR (95% Cl) Model 3 OR (95% Cl)
Sex
Male
Per 1 SD increase —— 1.34 (1.12, 1.60) —— 1.32(1.10, 1.58) —— 1.37 (1.14, 1.66)
Q1 163/2644 (6.2) Reference Reference Reference
Q2 186/2553 (7.3) e — 114 (0.91, 1.41) ——— 1.12(0.90, 1.40) —-— 1.10 (0.8, 1.38)
Q3 210/2639 (8.0) — - 1.24 (1.00, 1.53) H—— 1.20 (0.96, 1.49) - 1.17 (0.94, 1.46)
Q4 217/2586 (8.4) —— 1.32(1.07, 1.63) —— 1.29 (1.04, 1.60) —— 1.33(1.07, 1.66)
Female
Per 1 8D increase —— 1.03 (0.84, 1.27) —— 1.05 (0.85, 1.30) —— 1.00 (0.80, 1.24)
a1 126/1462 (8.6) Reference Reference Reference
o] 149/1552 (9.8) e — 114 (0.89, 147) ——-— 117(0.91,152) —_— 1.13 (0.87, 1.46)
Q3 128/1455 (8.8) —— 1.01(0.78, 1.30) —— 1.06 (0.82, 1.38) — 1.02 (0.78, 1.34)
Q4 140/1496 (9.4) — 1.07 (0.83, 1.38) —— 1.10(0.85, 1.42) —— 1.03(0.79, 1.35)
Age
<65 years
Per 1 SD increase —— 1.25 (0.96, 1.63) ———— 1.17 (0.90, 1.53) —— 1.26 (0.96, 1.67)
Q1 82/1672 (4.9) Reference Reference Reference
Q2 66/1542 (4.3)  ——— 0.86 (0.62, 1.20) ——— 0.83 (0.60, 1.17) ——— 0.86 (0.61, 1.21)
Q3 76/1475 (5.2) ——— 1.05 (0.76, 1.45) —_—— 1.04 (0.75, 1.45) —r— 1.09 (0.78, 1.51)
Q4 83/1441 (5.8) - 1.19(0.87, 1.63) —1 1.10(0.80, 1.51) —— 1.19 (0.86, 1.66)
2 65years
Per 1 SD increase —— 122 (1.04, 1.42) —— 1.23(1.05, 1.44) —— 1.22(1.04, 1.44)
Ql 207/2434 (8.5) Reference Reference Reference
Q2 260/2533 (10.6) —— 1.28 (1.06, 1.55) — 1.28 (1.05, 1.56) —-—— 1.24(1.02, 1.51)
Q3 262/2619 (10.0) —— 1.20 (0.99, 1.45) —— 1.23(1.01, 1.49) —— 1.18 (0.97, 1.44)
Q4 27412641 (10.4) —— 1.26 (1.04,1.52) —— 1.27 (1.05, 1.54) —— 1.26 (1.03, 1.53)
Anticoagulants
No
Per 1 SD increase —— 1.41(1.20, 1.65) —a— 142 (121, 1.67) —— 143 (121, 1.69)
a1 20412912 (7.0) Reference Reference Reference
Q2 243/3113 (7.8) —— 1.08 (0.89, 1.31) —— 1.09 (0.90, 1.33) —— 1.06 (0.87, 1.30)
Q3 263/3233 (8.1) - 1.13(0.93, 1.37) H—— 1.16 (0.95, 1.41) - 1.13(0.93, 1.37)
Q4 311/3192 (9.7) —— 1.37 (1.14, 1.65) — 1.38 (1.14, 1.66) —— 1.37 (1.13, 1.67)
Yes
Per 1 8D increase —— 0.78 (0.60, 1.01) —— 0.76 (0.59, 0.99) —— 0.81(0.62, 1.05)
Q1 85/1194 (7.1) Reference Reference Reference
Q2 92/962 (9.6) P 1.38(1.01, 1.87) — 1.33(0.97, 1.81) —— 1.37 (1.00, 1.88)
Q3 75/861 (8.7) —o—-— 1.23(0.89, 1.70) —_——— 1.17 (0.84, 1.63) —— 1.23(0.88, 1.72)
Q4 46/890 (5.2) <——1 0.71(0.49, 1.03) ] 0.68 (0.47,0.99) —a— 073 (0.50, 1.06)
CHA:DS:-VASc score
<2
Per 1 SD increase —_— 153 (1.08, 2.15) NA —_— 162 (1.15,2.30)
Ql 43/1485 (2.9) Reference NA Reference
Q2 45/1336 (3.4) —— 1.16 (0.76, 1.77) NA — 1.19.(0.78, 1.83)
Q3 54/1319 (4.1) H—— 1.39 (0.92, 2.09) NA — 1.49 (0.99, 2.26)
Q4 58/1239 (4.7) —_— 163 (1.09, 2.44) NA —.——————  172(1.14,259)
22
Per 18D increase - 1.14/(0.99, 1.32) NA —— 1.17 (1.00, 1.35)
at 246/2621 (9.4) Reference NA Reference
Q2 29012739 (10.6) = 1.13(0.95, 1.36) NA H— 1.12(0.94, 1.34)
Q3 284/2775 (10.2) i 1.09 (0.91, 1.31) NA - 1.08 (0.90, 1.30)
Q4 299/2843 (10.5) H— 1.13(0.95, 1.35) NA - 1.15(0.96, 1.38)
L I R B | 11 T T 1
05 1 15 2 25 0.5 1 15 2 05 1 15 2 25

Fig. 4 Subgroup analysis of Lp(a) on ischemic stroke in non-valvular atrial fibrillation patients. Note: Interactions of Lp(a) with sex, age,
anticoagulants, and CHA,DS,-VASc score were P=0.590, P=0.216, P<0.001, and P=0.207 for Lp(a) categories and P=0.113, P=0.888, < 0.001,
and P=10.078 for continuous Lp(a) [Log-Lp(a)], respectively. Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc
score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants, lipid-lowering medications, triglycerides, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and red-cell distribution width. Lp(a),
Lipoprotein(a); Log, log-transformed; OR, odds ratio; Cl, confidence interval

AF patients are more prone to IS than non-Asians even
if they receive anticoagulation therapy [1], and even
though treatment with oral anticoagulants reduces the
stroke risk by 60% in patients with AF, patients with AF
still have a high residual cardiovascular risk [30]. We
should therefore pay attention to the concentration of
serum lipoprotein in patients with AF receiving antico-
agulant therapy, and in addition to statins, we can con-
sider increasing non-statins to reduce lipids if necessary.
Conventional LDL-C and apo B reduction therapy had
little effect on Lp(a) levels, whereas the proprotein-con-
verting enzyme subtilisin/Kexin 9 (PCSK-9) monoclonal

antibodies not only reduced 50-60% LDL-C on average,
but also reduced Lp(a) by 25-30% [31, 32]. Thus far, tar-
geted treatment to reduce Lp(a) is still under develop-
ment, and more prospective clinical studies are needed to
verify that reducing the level of Lp(a) can reduce throm-
boembolism risk in patients with AF. According to the
ESC AF guidelines, CHA,DS,-VASc <2 scores are con-
sidered to indicate a low risk of stroke, and these patients
should decide whether to use anticoagulant therapy to
prevent thromboembolism based on individual charac-
teristics and patient wishes [4]. In this study, we observed
that an increased level of Lp(a) was associated with a
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Subgroups Lp(a) Events, n (%) Model 1 OR (95% Cl) Model 2 OR (95% Cl) Model 3 OR (95% Cl)
Sex

Male
Per 1 8D increase —— 2.53 (1.45, 4.40) —— 2.55(1.46, 4.45) —— 2.59(1.46,4.61)
Q1 8/2644 (0.3) Reference Reference Reference
Q2 24/2553 (0.9) —— 3.02(1.35,6.73) —— 2.95(1.32,6.59) —_—.- 2.88 (1.29, 6.46)
Q3 18/2639 (0.7) —.— 2.17 (0.94, 5.00) —— 2.07 (0.90, 4.78) - 2.03(0.88,4.72)
Q4 31/2586 (1.2) —_— 3.75(1.72, 8.20) —_— 3.71(1.70, 8.10) _— 3.66 (1.66, 8.05)
Female
Per 1 8D increase — 2.57(1.28,5.13) —l— 2.67(1.34,5.34) —.— 2.90 (1.40, 6.02)
Q1 6/1462 (0.4) Reference Reference Reference
Q2 13/1552 (0.9) H—— 2.07 (0.78, 5.45) —— 2.15(0.81, 5.70) H—— 2.04 (0.76, 5.43)
Q3 16/1455 (1.1) — 266 (1.04,6.82) — 2.91(1.13,7.50) — 2.86(1.10, 7.44)
Q4 17/1496 (1.1) . 2,69 (1.06, 6.84) — 2.88(1.13,7.35) — > 2.92(1.13,7.59)
Age
<65 years
Per 1 SD increase —— 2.68(1.17,6.12) —— 2.58(1.13,5.91) — 2.57 (1.10, 6.04)
Q1 2/2434 (0.1) Reference Reference Reference
Q2 11/1542 (0.7) ————®———  6.00(1.33,27.11) — ®————>  586(1.29,26.49) —————®&——>  567(1.25,2573)
Q3 10/1475 (0.7) —_— - 5.68 (1.24, 25.95) —_—l 5.69 (1.24, 26.02) —_—— 5.37 (1.17,24.72)
Q4 11/1441 (0.8) —_— 6.31(1.40, 28.58) _— 6.03 (1.33,27.27) —_— 5.85(1.28,26.71)
>65years
Per 1 8D increase —— 254 (1.53,4.21) —— 2.63(1.58,4.37) — 2.93(1.72, 5.00)
a1 12 /2434 (0.5) Reference Reference Reference
Q2 26/2533 (1.0) —— 2.09 (1.05, 4.15) P 2.09(1.05,4.15) —-— 1.97 (0.99, 3.94)
Q3 24/2619 (0.9) —a— 1.87 (0.93, 3.75) - 1.92 (0.96, 3.86) —a— 1.91(0.95, 3.86)
Q4 37/2641 (1.4) — 2.83(1.47,5.44) — . 2.95(1.583, 5.67) —_— 3.04 (1.56, 5.91)
Anticoagulants
No
Per 1 SD increase —— 2.45(1.48, 4.05) —— 2.45(1.48,4.06) —— 2.79 (1.65, 4.70)
Q1 12/2912 (0.4) Reference Reference Reference
Q2 25/3113 (0.8) —— 1.89 (0.95, 3.78) —— 1.91(0.96, 3.81) —— 1.87 (0.94, 3.75)
Q3 2713233 (0.8) —— 1.98 (1.00, 3.91) —— 2.01(1.01,3.97) —— 2.08 (1.05,4.14)
Q4 38/3192 (1.2) —_—.— 2.77(1.44,5.31) — 2.79 (1.45, 5.35) —_— 2.99 (1.54,5.78)
Yes
Per 1 SD increase — . 2.84(1.21,6.68) —_— .- 3.04 (1.28,7.20) — 2.80(1.11,7.08)
Q1 2/1194 (0.2) Reference Reference Reference
Q2 12/962 (1.3) —_— 7.32(1.63, 32.82) —_—l_— 7.12(1.59, 31.98) —_— 6.03 (1.33,27.37)
Q3 7/861(0.8) ——— 4.70 (0.97,22.71) — — 4.59 (0.95, 22.18) T 3.85(0.78, 18.98)
Q4 10/890 (1.1) _—-— 6.28 (1.37,28.81) —_—— 6.63 (1.45, 30.41) —_—— 5.69 (1.22, 26.49)
‘CHA:DS:-VASc score
<2
Per 1 8D increase -— 1.97 (0.63, 6.13) NA -+ 2.29(0.71,7.41)
Q1 4/1485 (0.3) Reference NA Reference
Q2 4/1336 (0.3) <—W——— 1.11(0.28, 4.45) NA —f— 1.24 (0.30, 5.12)
Q3 2/1319(0.2) WH— 0.55(0.10, 3.02) NA —-—— 0.62 (0.1, 3.44)
Q4 81239 (0.7) —S—W—8 > 2.44(0.73, 8.14) NA +——8————>  287(0.82,10.06)
22
Per 1 SD increase —— 2.63 (1.65, 4.20) NA —_— 2.83(1.75,4.60)
Q1 10/2621 (0.4) Reference NA Reference
Q2 33/2739 (1.2) —.— 3.18 (1.56, 6.46) NA —_—.— 3.11(1.53, 6.34)
Q3 322775 (1.2) — . 3.05(1.49, 6.21) NA —_— 3.07 (1.50, 6.27)
Q4 40/2843 (1.4) —_—.— 3.65(1.82,7.33) NA —_— 3.74 (1.85, 7.54)
N I I R B B B | —r T 1 1 1 11 | S N NN D R R
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Fig. 5 Subgroup analysis of Lp(a) on systemic embolism in non-valvular atrial fibrillation patients. Note: Interactions of Lp(a) with sex, age,
anticoagulants, and CHA,DS,-VASc score were P=0.461, P=0.566, P=0.408, and P=0.261 for Lp(a) categories and P=0.726, P=0.967, P= 0.714,
and P=0.619 for continuous Lp(a) [Log-Lp(a)], respectively. Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc
score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants, lipid-lowering medications, triglycerides, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and red-cell distribution width. Lp(a),
Lipoprotein(a); Log, log-transformed; OR, odds ratio; Cl, confidence interval

higher risk of IS in AF patients with CHA,DS,-VASc <2
scores, indicating that the residual cardiovascular risk
in this population remains high, and clinicians should
focus on it. A small-sample case-control study showed
that Lp(a) was an independent risk factor for thrombo-
embolism in NVAF patients with a CHA,DS,-VASc score
of 0—1 [33]. However, they did not report the respective
prevalence rates of IS and SEE in thromboembolic events
and the results of logistic regression analysis; therefore,
it cannot be concluded that Lp(a) is related to IS and
SEE in patients with NVAF with low CHA,DS,-VASc
scores. Interestingly, the results of this study indicated a

stronger association between Lp(a) and SEE in subjects
with CHA,DS,-VASc >2 scores, even if CHA,DS,-VASc
was not observed as the effect modifier of this associa-
tion. SEE is more likely to occur in senile patients with
AF [34]. Besides, in our research, the prevalence of SEE
was significantly higher in patients with CHA,DS,-VASc
>2 scores than in those with CHA,DS,-VASc <2
scores (1.1% VS. 0.3%), and the average age of subjects
with CHA,DS,-VASc >2 scores was higher than that
of subjects with CHA,DS,-VASc <2 (72.8+£9.3years
VS. 56.1+10.0years). Consequently, the relationship
between the level of Lp(a) and SEE in NVAF patients
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Table 4 Odds ratios (95% confidence intervals) for incident ischemic stroke of sensitivity analysis (excluded 3939 participants with

lipid-lowering therapy)

Lp(a) Crude OR (95%C ) OR (95% Cl) OR (95% ClI) OR (95% ClI)
Model 1 Model 2 Model 3

Q1 Reference Reference Reference Reference

Q2 1.22(1.00, 1.49) 1.16(0.95,1.42) 1.16(0.94,1.42) 1.15(0.93,141)

Q3 140 (1.16,1.70) 1.32(1.09,1.61) 1.34(1.10, 1.64) 1.33(1.09, 1.63)

Q4 2.04(1.70,2.45) 1.93(1.60,2.32) 1.93(1.59,2.33) 1.95(1.61,237)

P for trend < 0.001 < 0.001 < 0.001 < 0.001

Log-Lp(a) 1.97 (1.68,2.31) 1.88(1.60,2.21) 1.88(1.60,2.22) 1.92(1.63,2.27)

Abbreviations: Lp(a) Lipoprotein(a), Log Log-transformed, OR Odds ratio, 95% Cl 95% confidence interval

Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants,
triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and red-cell distribution

width

Table 5 Odds ratios (95% confidence intervals) for incident systemic embolism of sensitivity analysis (excluded 3939 participants with

lipid-lowering therapy)

Lp(a) Crude OR (95% CI) OR (95% Cl) OR (95% CI) OR (95% Cl)
Model 1 Model 2 Model 3

Q1 Reference Reference Reference Reference

Q2 2.02(1.04,3.91) 1.94 (1.00, 3.76) 1.92(0.99,3.73) 1.84(0.94,3.58)

Q3 1.84(0.94, 3.60) 1.75(0.89, 3.44) 1.75(0.89,3.43) 1.80(0.92,3.55)

Q4 3.04 (1.62,5.70) 2.85(1.51,5.35) 2.82(1.50,5.29) 3.01(1.59,5.72)

P for trend 0.005 0.01 0.011 0.006

Log-Lp(a) 2.93(1.78,4.82) 2.79(1.69,4.61) 2.76 (1.67,4.56) 3.21(1.90, 5.43)

Abbreviations: Lp(a) Lipoprotein(a), Log Log-transformed, OR Odds ratio, 95% Cl 95% confidence interval

Model 1: adjusted for sex, age, and ethnicity; Model 2: adjusted for CHA,DS,-VASc score; Model 3: adjusted for ethnicity, CHA,DS,-VASc score, anticoagulants,
triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and red-cell distribution

width

with CHA,DS,-VASc >2 scores goes beyond traditional
risk factors. In patients with a high risk of thromboem-
bolism, the concentration of Lp(a) may be a therapeutic
target to which clinicians should pay attention.

The pathophysiological mechanism by which Lp(a)
increases the risk of thromboembolism in NVAF
patients is still less clear cut, and the possible mecha-
nisms are as follows. First, the structure of apolipo-
protein B-100 in Lp(a) is similar to that of LDL-C [19,
35], which can enhance endothelial cell adhesion and
molecular expression, interfere with vascular perme-
ability, and promote foam cell formation, thus caus-
ing arteriosclerosis [36, 37]. Second, Lp(a), similar to
fibrinogen, can weaken platelet-mediated fibrinoly-
sis by interfering with the binding of fibrinogen to
the platelet surface, thus promoting thrombosis [11,
38-40]. Finally, Lp(a) is the main carrier of oxidized
phospholipid, which has important pro-inflammatory
and atherosclerotic effects, and triggers the inflamma-
tory reaction of arterial wall by promoting macrophage

apoptosis and the secretion of inflammatory factors
[41-44]. In short, atherosclerosis, vessel wall inflamma-
tion, and thrombosis may lead to thromboembolism,
but the specific mechanism remains unclear. In the
future, more in vivo experiments involving an increase
in Lp(a) may be needed to strengthen the discussion of
this mechanism.

This study has several limitations. First, owing to the
limitations of data collection, the present study could
not be stratified according to the classification of IS, so
this study could not infer that Lp(a) was related to car-
diogenic stroke in NVAF patients. In the future, we plan
to carry out a multi-center, prospective cohort study
to further explore whether Lp(a) is an intervention tar-
get for preventing cardiogenic stroke in NVAF patients.
Second, this was a cross-sectional study, which can only
provide etiological clues and cannot make causal infer-
ences. Third, although multiple potential covariates were
corrected, the possibility of residual confounding cannot
be ruled out. Finally, our data come from the Chinese
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population in Asia, so the conclusion cannot be extended
to other countries and ethnic groups.

Conclusions

Elevated Lp(a) concentration was significantly related to IS
and SEE. Lp(a) may be an emerging biomarker to help cli-
nicians identify the high risk of thromboembolism in this
population. These findings provide guidance for strategies
aimed at reducing Lp(a) levels to prevent adverse cardio-
vascular events in patients with AF.
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