
O R I G I N A L  R E S E A R C H

The Association of High Lipoprotein(a) 
Concentration and Risk of Ischaemic Stroke in 
Atrial Fibrillation Patients
Siyi Zhang1,2,*, Yue Zhou1,*, Jinghui Wang2, Qingan Fu1, Tianzhou Shen2, Guanrui Pan 2, Renfei Luo1, 
Xinlei Yang3, Long Jiang 1, Hui Hu4

1Department of Cardiovascular Medicine, The Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, People’s Republic of 
China; 2Department of Clinical Medicine, Queen Mary School of Nanchang University, Nanchang, Jiangxi Province, People’s Republic of China; 
3Department of Biobank Center, The Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, People’s Republic of China; 
4Department of Medical Big Data Center, The Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, People’s Republic of 
China

*These authors contributed equally to this work 

Correspondence: Long Jiang, Department of Cardiovascular Medicine, the Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi 
Province, People’s Republic of China, Tel +86-13767026990, Email skyiadx@hotmail.com; Hui Hu, Department of Medical Big Data Center, the Second 
Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, People’s Republic of China, Tel +86-13576978125, Email huhuillz@sina.com

Background: Lipoprotein(a) [Lp(a)] is a well-established risk factor for ischaemic stroke (IS). It is unclear whether Lp(a) is 
associated with IS in patients with atrial fibrillation (AF). The aim of this study is to explore the association between the concentration 
of Lp(a) and the risk of IS in AF patients, hope to find the potential risk factor for the IS in AF patients.
Methods: This study is a retrospective cohort study. The screened AF patients between January 2017 and July 2021 were matched at 
1:1 by the propensity score matching (PSM) method in the Second Affiliated Hospital of Nanchang University. Associations between 
Lp(a) and ischaemic stroke were analysed using logistic regression models, stratified analysis and sensitivity analysis. Statistical 
analyses were conducted using IBM SPSS software.
Results: The number of enrolled participates is 2258, which contains 1129 non-AF patients and 1129 AF patients. Among IS patients, 
the median Lp(a) concentration was higher than that of controls (17.03 vs. 15.36 mg/dL, P = 0.032). The Spearman rank-order 
correlation coefficients revealed significant positive relationships between IS and Lp(a) (P = 0.032). In addition, a significant increase 
in IS risk was associated with Lp(a) levels >30.00 mg/dL in unadjusted model [OR:1.263, 95% CI(1.046–1.523), P = 0.015], model 1 
[OR:1.284, 95% CI(1.062,1.552), P = 0.010], model 2 [OR: 1.297, 95% CI(1.07,1.573). P = 0.008], and model 3 [OR: 1.290, 95% CI 
(1.064, 1.562). P = 0.009]. The stratified analysis indicated that this correlation was not affected by female sex [1.484 (1.117, 1.972), 
P = 0.006], age ≤ 60 [1.864 (1.067-3.254), P=0.029], hypertension [1.359 (1.074, 1.721), P = 0.011], or non-coronary heart disease 
(CHD) [1.388 (1.108, 1.738), P = 0.004].
Conclusion: High levels of Lp(a) were significantly related to IS in AF patients and may be a potential risk factor in the onset of an 
IS in AF patients.
Keywords: ischaemic stroke, Lipoprotein(a), atrial fibrillation, risk factor, retrospective cohort study

Introduction
Stroke is a clinical syndrome with high incidence, recurrence, and mortality. It is classified as ischaemic and haemor-
rhagic stroke. Ischaemic stroke (IS) is caused by decreased blood flow in the brain due to blockage of arteries, resulting 
in loss of brain cells.1 Incident stroke cases in 2019 numbered 12.2 million, while prevalent strokes numbered 
101 million. Therefore, stroke remains a worldwide second most common cause of death, and IS accounts for 62.4% 
of all incident strokes.2 For patients with atrial fibrillation (AF), the risk of stroke is 5-fold higher, accounting for more 
than 79% of cardiogenic strokes.3,4 IS caused by AF is more severe, with more complications and poorer prognosis.5 
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There are various risk factors that influence the incidence of stroke among individuals with AF, including age, 
hypertension, diabetes, embolism, and ventricular insufficiency.6–8 The guidelines suggest that AF patients with risk 
factors for IS should be given regular anticoagulant therapy to prevent its occurrence.9

Lipoprotein(a), a low-density lipoprotein cholesterol-like molecule, is bound to apolipoprotein(a). Lp(a) functions 
against vascular inflammation and atherosclerosis lesions.10 Lp(a) can promote thrombosis by influencing platelets and 
the coagulation system, resulting in thromboembolism.11,12 ASCVD, including IS, has been linked to high levels of 
Lp(a).13,14 Lipoprotein(a)-lowering treatments and anticoagulatory drugs are recommended for reduce the risk of 
ischaemic stroke.15,16

However, the effect of Lp(a) in AF patients is not yet clear since they tend to have lower Lp(a) levels, especially 
among women.17 Although a high Lp(a) level was confirmed to have a significant relationship with IS, this relationship 
in AF patients is still controversial.18,19 Therefore, the aim of this study is to explore the relationship between Lp(a) and 
IS in patients with AF. It is hoped that additional risk factors can be identified for AF patients with IS so that early 
treatment and prevention of thrombotic events in patients with AF can be achieved.

Methods
Subjects and Groups
Electronic medical records of patients who were hospitalized at the Second Affiliated Hospital of Nanchang University 
were retrospectively reviewed. Based on a previously published article,17 screened AF patients with or without ischaemic 
stroke between January 2017 and July 2021 in the Second Affiliated Hospital of Nanchang University were randomly 
selected based on 1:1 matching for age, sex, smoking, drinking, CHD, and diabetes mellitus (DM) following the principle 
of the propensity score matching (PSM) method. An institutional review board at the Second Affiliated Hospital of 
Nanchang University, China, approved this study for ethical reasons. The data are anonymous, and the requirement for 
informed consent was therefore waived. The study is in line with Declaration of Helsinki.

Clinical Data Collection
A variety of general information was collected, including age, sex, smoking, alcohol consumption, systolic blood 
pressure (SBP), diastolic blood pressure (DBP), body mass index, CHD, and DM. Recorded laboratory data included 
levels of total cholesterol (TC), total triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), non-HDL-C, apolipoprotein A-I, apolipoprotein B, Lp(a), albumin, alkaline phospha-
tase, homocysteine (HCY), uric acid, creatinine, eGFR, fasting plasma glucose (FPG), high-sensitivity C-reactive protein 
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(hsCRP), platelet count, neutrophil count, neutrophil ratio, lymphocyte count, lymphocyte ratio, neutrophil-to- 
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and pharmacological treatments including Clopidogrel, 
Statin, Aspirin, Fibrates, calcium channel blockers (CCB), angiotensin-converting enzyme inhibitors (ACEI) and 
angiotensin II receptor blockers (ARB), and Beta-blocker.

Relevant Definitions
Human serum Lp(a) concentrations were determined using the Lp(a) Assay Kit (Latex Enhanced Immunoturbidimetric Method, 
Beijingantu Inc., China) after fasting for over 8 hours. Two Lp(a) Assay Kits (Shanghai Kehua Biology Inc., China, production 
batch: 20180212 and Beijing Antu Inc., China, LOT:10723C11) were used.20 Monoclonal antibodies KIV-8 and KIV-9 reacts 
with Lp(a) on the latex granules using latex immunoturbidimetric method. The reaction absorbance was correlated with the 
concentration of serum Lp(a). Lp(a) concentrations normally range from 0 to 3000 mg/dL.17 Coronary heart disease (CHD) is 
diagnosed if at least one coronary lumen stenosis ≥50% is confirmed by coronary angiography (CAG).21 Hypertension is 
diagnosed until repeated SBP > 140 mmHg and/or DBP > 90 mmHg (at least 3 times).22 The diagnosis of AF was made on the 
basis of the electrocardiogram (ECG). The diagnostic criteria for AF were the disappearance of normal P waves and the 
appearance of irregular RR intervals.23,24 Strokes may be categorized into two types, ischemic, or haemorrhagic, by computed 
tomography (CT), or by magnetic resonance imaging (MRI). Ischaemic strokes were diagnosed when a brain CT or MRI showed 
an abrupt blockage of an artery or no evidence of haemorrhage.25 For this analysis, we only analysed ischaemic stroke.

Statistical Analysis
Statistical analysis of collected data was performed using SPSS version 26.0 (SPSS, Inc., Chicago, Illinois). The figure was made 
using R (version 4.5.0). In order to make research subjects clinically comparable, the PSM method balances covariates and 
reduces bias between the IS group and control group. For each object, PSM builds a regression model that estimates an object’s 
propensity score of 0 to 1. Propensity scores represent the likelihood of the subject being assigned to the IS group. As a result, 
balances in the distributions of covariate between the IS and control groups were made using PSM. To compare clinical data 
between two groups, the Mann–Whitney U-test was applied to continuous variables presented as medians and the chi-square test 
was applied to categorical variables presented as frequencies and percentages (%). To estimate the magnitude and direction of the 
monotonic associations between IS and other factors, Spearman rank-order correlation coefficients were used. Lp(a) concentra-
tions were divided into two groups: 0–30 mg/dL and >30 mg/dL. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were 
calculated using logistic regression models. No factors were adjusted for in the unadjusted model; model 1 was adjusted for SBP 
and LDL-C; while model 2 was further adjusted for Hcy, NLR, and Apolipoprotein A-I plus model 1. As the pharmacological 
treatments may affect the level of serum lipids, we conducted logistic regression model 3 adjusted for model 2 plus Fibrates, CCB, 
ACEI and ARB, and Beta-blocker.15 As the Lp(a) contains a part of LDL-C, we conducted another sensitivity analysis in order to 
observe whether the corrected LDL-C will affect the results. The binary regression analyses after adjusting LDL-C for Lp(a) were 
carried out by using the following formula: adjusted LDL-C = LDL-C (mmol/L) – [Lp(a) (mg/dL) x 0.0002586×0.173 (or 0.30, or 
0.45)].22 Furthermore, stratified analyses were performed for gender (men and women) age (≤60 and >60 years), with or without 
hypertension, and with or without CHD. The statistical significance level in our study was set at P < 0.05.

Result
Clinical Characteristics
In total, 1129 patients with ischaemic stroke and 1129 controls matched for age, sex, smoking, drinking, CHD, and DM by the 
PSM method were randomly selected. Baseline characteristics are shown in Table 1. Briefly, the median age was 73 years old after 
matching. Moreover, the group of patients with ischemic stroke had higher DBP (87 vs 83 mmHg, P = 0.001) and SBP (143 vs 139 
mmHg, P = 0.001). In addition, the distribution of Lp(a) and the proportions of both control and ischaemic stroke groups are skew 
distribution (Figure S1), and the levels of Lp(a) were significantly elevated in patients with ischaemic stroke (17.03 vs 15.36 mg/ 
dL, P = 0.032). The platelet count (178 vs 170 × 10^9/L, P = 0.016), neutrophil count (4.05 vs 3.8 × 10^9/L, P < 0.0001), 
neutrophil ratio (67.4 vs 66.2, P = 0.007), and NLR (2.94 vs 2.74, P = 0.005) were significantly higher in patients with ischaemic 
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Table 1 Baseline Characteristics of Ischemic Stroke Cases and Controls in AF Patients After Matching

Characteristics Total Ischemic Stroke Control p

NO. (%) 2258 1129(50) 1129(50) –

Demographic data

Male, n (%) 1193(52.83) 611(54.12) 582(51.55) 0.222

Age (years) 73[65,79] 73[65,79] 73[66,80] 0.611
BMI 23.43[21.42,25.47] 23.44[21.47,25.43] 23.42[21.37,25.52] 0.803

Current smoking status, n (%) 298(13.20) 140(12.40) 158(13.99) 0.263

Current alcohol consumption status, n (%) 274(12.13) 131(11.60) 143(12.67) 0.439
DBP (mmHg) 85[76,94] 87[78,96] 83[75,93] 0.001

SBP (mmHg) 141[128,156] 143[129,157] 139[126,153] 0.001

History

Diabetes, n (%) 454(20.11) 230(20.37) 224(19.84) 0.753
CHD, n (%) 552(24.45) 276 (24.45) 276(24.45) 1.000

Hypertension, n (%) 1507(66.74) 754(66.78) 753(66.70) 0.964

Laboratory values

TC (mmol/L) 3.98[3.35,4.7] 3.95[3.31,4.64] 4.01[3.38,4.74] 0.175
TG (mmol/L) 1.04[0.78,1.42] 1.04[0.77,1.43] 1.04[0.79,1.43] 0.815

LDL-C (mmol/L) 2.27[1.77,2.84] 2.25[1.71,2.82] 2.28[1.81,2.88] 0.067

HDL-C (mmol/L) 1.12[0.94,1.34] 1.12[0.95,1.32] 1.12[0.92,1.38] 0.825
NonHDL (mmol/L) 2.82[2.24,3.49] 2.82[2.2,3.46] 2.83[2.28,3.52] 0.143

Apolipoprotein A-I (mmol/L) 1.09[0.92,1.31] 1.1[0.93,1.31] 1.09[0.91,1.31] 0.473

ApoB (mmol/L) 0.76[0.6,0.93] 0.75[0.6,0.92] 0.76[0.6,0.95] 0.500
Lp(a) (mg/dL) 16.18[8.67,31.59] 17.03[8.94,33.08] 15.36[8.25,29.20] 0.032

HCY (μmol/L) 14.18[11.72,17.76] 14.15[11.56,17.85] 14.21[11.84,17.71] 0.341

Uric acid (umol/L) 378.41[305.72,452.82] 375.81[303.55,448.99] 380.35[309.98,455.87] 0.160
Creatinine (μmol/L) 79.54[65.38,93.99] 79.85[64.57,94.35] 79.34[66.41,93.56] 0.725

eGFR (mL/(min·1. 73 m2)) 78.68[65.07,94.05] 79.85[64.60,94.45] 77.85[65.69,92.87] 0.290

FPG (mmol/L) 5.26[4.66,6.36] 5.27[4.68,6.40] 5.25[4.65,6.31] 0.357
hsCRP (mg/L) 4.40[2.33,11.21] 4.48[2.34,11.43] 4.27[2.27,11.11] 0.460

Platelet count (10^9/L) 174[141,216] 178[143,218.5] 170[138,213] 0.016

Neutrophil count (10^9/L) 3.95[3.09,5.38] 4.05[3.20,5.67] 3.8[2.95,5.15] 0.000
Neutrophil ratio 66.8[59.62,74.8] 67.4[59.95,75.8] 66.2[59.1,73.85] 0.007

Lymphocyte count (10^9/L) 1.37[1.01,1.77] 1.37[1,1.78] 1.36[1.01,1.77] 0.892

Lymphocyte ratio 23.4[16.3,30.13] 22.7[15.95,29.5] 24.2[16.65,30.65] 0.005
NLR 2.85[1.99,4.60] 2.94[2.05,4.79] 2.74[1.94,4.42] 0.005

PLR 126.48[95.14,171.76] 129.35[96.13,175.91] 123.26[93.98,166.21] 0.098

Pharmacological treatments

Clopidogrel 447(19.80) 329(29.17) 118(10.46) <0.001
Statin 1366(60.50) 920(81.56) 446(39.54) <0.001

Aspirin 679(30.07) 465(41.22) 214(18.97) <0.001

Fibrates 5(0.22) 3(0.27) 2(0.18) 0.371
CCB 774(34.28) 408(36.17) 366(32.45) <0.001

ACEI and ARB 926(41.01) 404(35.82) 522(46.28) <0.001

Beta-blocker 1474(65.28) 691(61.26) 783(69.41) <0.001

Note: Consecutive variables are given as median (25, 75%). 
Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ApoB, apolipoprotein B; ARB, angiotensin II receptor blockers; BMI, body mass index; 
CHD, coronary heart disease; CCB, calcium channel blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting 
plasma glucose; HCY, homocysteine; HDL-c, high density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL-c, low density 
lipoprotein cholesterol; Lp(a), lipoprotein (a); NLR, neutrophil count to lymphocyte count ratio; PLR, platelet to lymphocyte ratio; SBP, systolic blood 
pressure; TC, total cholesterol; TG, triglyceride.
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stroke. However, the lymphocyte ratio was higher in non-ischaemic stroke patients (22.7 vs 24.2, P = 0.005). Statin (920 vs 447, 
P < 0.001) and Aspirin (465 vs 214, P < 0.001) were much higher in ischaemic stroke group.

Correlations Between Ischaemic Stroke and Other Clinical Indicators
The Spearman rank-order correlation coefficients showed that there were significant positive relationships between ischaemic 
stroke and Lp(a) (r: 0.045*), DBP (r: 0.102**), SBP (r: 0.096**), and NLR (r: 0.059**) (Table S1). In addition to ischaemic 
stroke, the Spearman rank-order correlation coefficients also indicated that there were significantly positive relationships 
between Lp(a) and DBP (r: 0.049*), SBP (r: 0.053*), TC (r: 0.101**), LDL-c (r: 0.126**), nonHDL (r: 0.107**), apoB (r: 
0.153**), creatinine (r: 0.057**), CRP (r: 0.092**), fibrinogen (r: 0.160**), NLR (r: 0.099**), and PLR (r: 0.103**) (Table 
S2). There were significantly positive relationships between Lp(a) and Clopidogrel (r: 0.067**), Statin (r: 0.069**), and 
Aspirin (r: 0.058**) (Table S2). While there was a negative relationship between Lp(a) and Fibrate (r: −0.025) (Table S2). 
There was a significant but negative relationship between Lp(a) and albumin (r: −0.067**) and eGFR (r: −0.065**) (Table S2).

The Relationship Between Lp(a) and Ischaemic Stroke
According to the value of Lp(a) concentrations, two groups were divided: group 1: 0–30.00 mg/dL; group 2: >30.00 mg/ 
dL. The binary conditional logistic regression was applied to determine if the Lp concentration independently correlated 
with IS risk in patients with AF.

Using an unadjusted model, Lp(a) > 30 mg/dl had a significant positive association with IS [OR: 1.263, 95% CI 
(1.046–1.523), P = 0.015] (Table 2). After adjusting for SBP, and LDLC in model 1, the result was similar, showing 
a significant positive relationship between Lp(a) > 30 mg/dl and IS [OR: 1.286, 95% CI (1.064–1.554), P = 0.009] 
(Table 2). In addition, after adjustment for the factors contained in the model 1 plus apolipoprotein A-I, Hcy, and NLR, it 
was found that IS was positively correlated with Lp (a) in AF patients [OR: 1.283, 95% CI (1.061–1.552). P = 0.010] 
(Table 2). In model 3, after additional adjustment of model 2 plus Fibrates, CCB, ACEI and ARB, and Beta-blocker, 
Lp(a) still had positive association with IS in AF patients [OR: 1.290, 95% CI (1.064, 1.562). P = 0.009] (Table 2). In 
model 4, after additional adjustment of model 2 plus Statin, the relationship between Lp(a) and ischaemic stroke in AF 
patients was not significant [OR: 1.133, 95% CI (0.919–1.396). P = 0.241] (Table S3).

In sensitive stratified analysis after adjusting LDL-C for Lp(a), Lp(a) > 30 mg/dl had a significant positive association 
with IS in unadjusted model [OR: 1.245, 95% CI (1.031–1.505), P = 0.023]. After adjusting for SBP and LDLC, the 
association was significant positive [OR: 1.221, 95% CI (1.009–1.477), P = 0.040]. Moreover, after adjusting for the 
factors included in model 1 plus apolipoprotein A-I, Hcy, and NLR, the correlation was not statistically significant [OR: 
1.196, 95% CI (0.985–1.452), P = 0.070]. The stratified analysis revealed correlation associations between IS and Lp(a) 
adjusting for LDL-C are significant with smaller LDL-C adjustments (Table S4).

In the stratified analysis, Lp(a)>30 mg/dL leads to a significantly higher risk of IS in female [OR:1.459, 95% CI 
(1.100–1.934), P = 0.009] (Figure 1A), patients with hypertension [OR:1.337, 95% CI(1.059–1.688), P = 0.015] 
(Figure 1B), non-CHD patients [OR:1.356, 95% CI(1.086–1.692), P = 0.007] (Figure 1C), and patients with age ≤ 60 
years old [OR:1.864, 95%CI(1.067-3.254), P=0.029] (Figure 1D).

Table 2 Odd Ratios (95% Confidence Intervals) for Ischemic Stroke and Lp(a)

Unadjusted Model Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Group 1 Reference Reference Reference Reference

Group 2 1.263[1.046,1.523] 0.015 1.286[1.064,1.554] 0.009 1.283[1.061,1.552] 0.010 1.290[1.064, 1.562] 0.009

Notes: Model 1: Adjust for SBP, LDLC. Model 2: Adjust for model 1 plus Apolipoprotein A-I, Hcy, NLR. Model 3: Adjust for model 2 plus Fibrates, CCB, ACEI and ARB, 
and Beta-blocker.
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Discussion
In this retrospective cohort study, we found a significantly positive relationship between Lp(a) > 30 mg/dl and ischaemic 
stroke in AF patients, particularly in women and age ≤ 60 years old. Moreover, AF patients with hypertension without 
CHD have a notable positive correlation between their Lp(a) levels and the occurrence of ischemic stroke.

The relationship between Lp(a) and IS has been reported in recent years. However, current studies on the connection 
between Lp(a) level and risk of ischaemic stroke in AF patients are few and controversial. A cross-sectional study 
revealed that patients with nonvalvular atrial fibrillation who were in the highest quartile of Lp(a) levels were 1.23 times 
more likely to experience IS than those in the lowest quartile (OR, 1.23; 95% CI, 1.04–1.45).18 On the other hand, the 
community-based ARIC (Atherosclerosis Risk in Communities) cohort study showed a 42% increased risk of ischaemic 
stroke associated with high Lp(a) (≥50 mg/dl) only in patients without AF.19 Moreover, in a Mendelian randomization 
study, the authors also discovered no causal link between Lp(a) with AF and ischaemic stroke.26 This study used PSM 
method to minimize potential bias and used sensitive stratified analysis to further analysis, the results suggested that there 
was a positive relationship between high Lp(a) and IS in AF patients.

After careful matching for age, sex, smoking, drinking, CHD, and DM by the PSM method, our study confirmed that 
high Lp(a) levels (>30 mg/dL) were significantly positively associated with ischaemic stroke in AF patients. The 
potential mechanism may include the following: (1) AF can decrease the blood flow rate and increase the risk of 
thrombosis, causing an elevated chance of blocking cerebral blood vessels due to the easier detachment of thrombi.27 (2) 
Lp(a) is considered a risk factor for developing atherosclerotic cardiovascular diseases because of its relevance to 
atherogenesis, thrombosis, and inflammation.28 Therefore, although there are lower median Lp(a) levels in AF patients, 
those with higher Lp(a) levels may still have a greater risk of developing ischaemic stroke.

Figure 1 Odd ratios (95% confidence intervals) for ischemic stroke of Lp(a) groups by Gender (A), Hypertension (B), CHD (C) and Age (D).
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This study found a substantial positive correlation between Lp(a) and IS, particularly in female AF patients. This is 
consistent with other studies, such as Ohria et al, who showed a significant relationship between high Lp(a) levels and 
ischaemic stroke risk in women but not in men (black women: RR = 1.84, 95% CI, 1.05–3.07, white women: RR = 2.42, 
95% CI, 1.30–4.53).29 Studies have found that the levels of Lp(a) in females are increased after menopause.30–32 The 
sample in our study was aged from 28 to 98 years; however, the median age was 73 years. Ageing women experience 
hormonal changes due to menopause. Hormonal changes affect metabolism in fat synthesis, fat accumulation, and energy 
consumption.33 For example, oestrogen loss may increase visceral fat and reduce LDL receptor activity, causing β- 
oxidation decreases and dyslipidaemia.34 This study also showed that the median Lp(a) concentration in women was 
much higher than that in men (female, 16.28 mg/dL; male, 15.96 mg/dL), which is the same as previous studies. The 
increased incidence of dyslipidaemia in menopause and the greater Lp(a) concentration in women may cause athero-
sclerosis, which leads to ischaemic stroke. Therefore, females are much more likely than males to show a significant 
positive association between Lp(a), and higher ischaemic stroke risk.

There were studies reported that different treatments may affect the concentration of Lp(a).15,35,36 Our study did not 
found that the impact of medication on the correlation between Lp(a) and IS except for statins. Because this is a case- 
control study, all patients with IS (previous diagnosed or newly diagnosed) were included which cause most of patients 
with IS have already treated with statins (the baseline showed 81% vs 39%). The high rate of statins in baseline would 
influence the results of logistic regression. In addition, many studies found that long-term of statins have no effect on or 
slightly increase the concentration of Lp(a).35,37 Therefore, it suggested that the use of medication would not affect the 
correlation between Lp(a) and IS in AF patients. Furthermore, this significant association between Lp(a) and IS was 
found only in patients with hypertension and without CHD. Studies have found that CHD is a risk factor for ischaemic 
stroke in AF patients.38 However, in patients with CHD, there was no apparent relationship between Lp(a) and ischaemic 
stroke. There were three possible reasons. First, CHD was matched by PSM, and the median Lp(a) levels between 
patients with CHD and patients without CHD were similar (16.20 mg/dL vs 16.12 mg/dL, P = 0.383). Second, the total 
number of CHD patients was too small (391 vs 161), which made it difficult to detect significant differences. Third, 
studies have confirmed that high Lp(a) levels have a positive relationship with CHD. Therefore, the association between 
Lp(a) and ischaemic stroke may be decreased in the CHD population.

In the hypertension subgroup, there were 553 non-hypertension patients with high Lp(a) levels and 198 non- 
hypertension patients with low Lp(a) levels. The unbalanced intergroup differences and the small sample size may 
have contributed resulted in the unachieved significant differences. On the other hand, the blood vessel endothelia in 
patients with hypertension are damaged, especially in uncontrolled hypertension patients, which leads to internal 
inflammation and atherosclerosis.39 High levels of plasma Lp(a) will also contribute to atherosclerosis.40,41 The 
combination of the two can easily cause thrombus detachment, leading to the occurrence of ischaemic stroke. 
However, further confirmation of the current results is required through prospective studies.

Study Strength and Limitations
This study used PSM and sensitive stratified analysis methods to find that high concentration of Lp(a) is associated with 
ischaemic stroke in AF patients. The findings provided new points for the stroke risk assessment in patients with AF. 
There are some limitations in our study. (1) As a retrospective cohort study, only the relationship between Lp(a) and the 
risk of ischaemic stroke was assessed, but not the causal relationship. (2) This study relies on historical records, which 
may have potential bias. Only parts of confounding factors are analyzed which may interfere the results. (3) Since Lp(a) 
levels are determined genetically, the subtypes of Lp(a) should be included in further studies. (4) The unit of Lp(a) was 
not mmol/L, it could be better than mg/dl.

Conclusion
Our study found that there is a positive correlation between Lp(a) and the risk of ischaemic stroke in AF patients. This 
suggests that high Lp(a) should be a potential risk factor for ischaemic stroke in AF patients. For those patients with 
moderate to high stroke risk, Lp(a) should be measured at least once in their lifespan. Lp(a)-lowing therapies may have 
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benefit for preventing the ischaemic stroke in AF patients with high Lp(a) levels. However, these results should be 
confirmed by a well-designed prospective cohort study.
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