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Abstract

Background: There is a well-documented empirical relationship between lipoprotein (a) [Lp(a)] and cardiovascular
disease (CVD); however, causal evidence, especially from the Chinese population, is lacking. Therefore, this study
aims to estimate the causal association between variants in genes affecting Lp(a) concentrations and CVD in people
of Han Chinese ethnicity.

Methods: Two-sample Mendelian randomization analysis was used to assess the causal effect of Lp(a)
concentrations on the risk of CVD. Summary statistics for Lp(a) variants were obtained from 1256 individuals in the
Cohort Study on Chronic Disease of Communities Natural Population in Beijing, Tianjin and Hebei. Data on
associations between single-nucleotide polymorphisms (SNPs) and CVD were obtained from recently published
genome-wide association studies.

Results: Thirteen SNPs associated with Lp(a) levels in the Han Chinese population were used as instrumental
variables. Genetically elevated Lp(a) was inversely associated with the risk of atrial fibrillation [odds ratio (OR), 0.94;
95% confidence interval (95%CI), 0.901–0.987; P = 0.012)], the risk of arrhythmia (OR, 0.96; 95%CI, 0.941–0.990; P =
0.005), the left ventricular mass index (OR, 0.97; 95%CI, 0.949–1.000; P = 0.048), and the left ventricular internal
dimension in diastole (OR, 0.97; 95%CI, 0.950–0.997; P = 0.028) according to the inverse-variance weighted method.
No significant association was observed for congestive heart failure (OR, 0.99; 95% CI, 0.950–1.038; P = 0.766),
ischemic stroke (OR, 1.01; 95%CI, 0.981–1.046; P = 0.422), and left ventricular internal dimension in systole (OR, 0.98;
95%CI, 0.960–1.009; P = 0.214).

Conclusions: This study provided evidence that genetically elevated Lp(a) was inversely associated with atrial
fibrillation, arrhythmia, the left ventricular mass index and the left ventricular internal dimension in diastole, but not
with congestive heart failure, ischemic stroke, and the left ventricular internal dimension in systole in the Han
Chinese population. Further research is needed to identify the mechanism underlying these results and determine
whether genetically elevated Lp(a) increases the risk of coronary heart disease or other CVD subtypes.
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Background
Cardiovascular disease (CVD) is a class of diseases that
include coronary artery diseases, stroke, heart failure,
hypertensive heart disease, rheumatic heart disease, car-
diomyopathy, abnormal heart rhythms, congenital heart
disease, valvular heart disease, carditis, aortic aneurysms,
peripheral artery disease, thromboembolic disease, and
venous thrombosis [1]. CVD is the leading cause of
death in China and worldwide [2, 3], accounting for two
out of every five deaths in China, according to the China
Cardiovascular Disease Report 2019 [4]. It has been esti-
mated that the number of patients with CVD in China is
over 330 million, and the prevalence of CVD continues
to rise [4]. Recently, a study by Ooi EM and colleagues
showed that the concentration of lipoprotein (a) [Lp(a)]
is independently associated with angiographic extent and
severity of coronary artery disease [5], a study by Rallidis
LS and colleagues showed that high levels of Lp(a) are
continuously and independently associated with an in-
creased risk of acute coronary syndrome [6]; and a study
by Verbeek R and colleagues showed that Lp(a) and low-
density lipoprotein cholesterol are independently associ-
ated with CVD risk [7]. There is a well-documented em-
pirical relationship between Lp(a) and CVD [8];
however, causal evidence, especially from the Chinese
population, is lacking.
Confounding or reverse causation are two major prob-

lems in observational studies that render conclusions
about causality uncertain. The Mendelian randomization
(MR) approach has been developed to assess whether an
association represents a causality in epidemiologic set-
tings [9]. For example, the results of an observational
study showed that Lp(a) is an independent risk factor as-
sociated with the progression of intima-media thickness
[10], while the results from MR did not support an effect
of Lp(a) variants on carotid intima-media thickness [11].
Considering the limitations of observational studies, sev-
eral studies have attempted to use MR to assess the rela-
tionship between Lp(a) and CVD: Yuesong Pan and
colleagues found that Lp(a) concentrations were causally
associated with an increased risk of large artery stroke

but a decreased risk of small vessel stroke among Euro-
pean individuals [12]; Helgadottir S and colleagues
showed that high Lp(a) concentrations were a cause of
myocardial infarction and ischemic heart disease [13];
available evidence from genetic studies supports a causal
role of Lp(a) and CVD, mainly including coronary heart
disease, peripheral arterial disease, aortic valve stenosis
and ischemic stroke [14]. Nevertheless, these MR studies
were performed in populations such as Europeans,
African-Americans, and residents of Copenhagen, while
limited results are available for the Chinese population.
Given that Lp(a) levels are highly variable and ethnically
specific [15] and that the level of Lp(a) was lower in the
Han Chinese population than in Western populations
[16, 17], there is a critical need for a precise
characterization of the Lp(a)-associated metabolic dis-
ease risk in the Chinese population. The present study
aimed to use two-sample MR to comprehensively evalu-
ate the causal association between variants in genes af-
fecting Lp(a) concentrations and CVD in East Asian
populations.

Methods
Study design and data sources
Two-sample MR analysis was used to assess the causal
effect of Lp(a) concentrations on the risk of CVD (Fig. 1).
Summary statistics for Lp(a) variants were obtained from
the Cohort Study on Chronic Disease of Communities
Natural Population in Beijing, Tianjin and Hebei
(CHCN-BTH), which is a large, prospective, population-
based chronic disease study of the Communities Natural
Population initiated in 2017 to explore risk factors for
major chronic diseases; the design and rationale of the
study have been described previously in detail [18, 19].
Individuals were excluded if there had missing data on
the key demographic variables (including age and gen-
der), Lp(a), or CVD, or if they were of non-Han ethni-
city. After screening and matching, a total of 1256
individuals with coronary heart diseases and frequency-
matched controls were ultimately included in the
CHCN-BTH, and each was genotyped. Patients were

Fig. 1 Conceptual framework for the Mendelian randomization analysis of Lp(a) and the risk of cardiovascular diseases
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eligible if they had been diagnosed with CVD in the hos-
pital, and controls were residents of the same communi-
ties who did not have CVD. Data on associations
between single-nucleotide polymorphisms (SNPs) and
CVD were obtained from a recently published online re-
port on the platform of genome-wide association studies
(GWAS, https://www.ebi.ac.uk/gwas/) [20]. All data in
this analysis were based on subjects of Han Chinese
ethnicity.
The CHCN-BTH study was approved by the Ethics

Committee of the Center of Disease Control (IRB2017–
003, CYCDPCIRB-20170830-1) and Capital Medical
University (2018SY81), and written informed consent
was obtained from all individuals prior to the baseline
survey. The data on associations between SNPs and out-
comes were based on publicly shared databases, and no
additional participant ethical consent is required.

Laboratory procedures
Serum Lp(a) levels were determined by using a particle-
enhanced turbidimetric immunoassay, Lp(a) Latex [DAII
CHI] (Sekisui Diagnostic Ltd., Japan). This assay uses a
highly specific monoclonal antibody and has high sensi-
tivity. Measurements are linear in the range of 1–100
mg/dL. Three independent calibrators and two quality
control materials were used to control for apo(a) size
heterogeneity. The intra-assay coefficients of variation
were lower than 5%, and inter-assay coefficients of vari-
ation were lower than 10%.

Selection of genetic variants
Lp(a)-related candidate genes were selected based on
the National Human Genome Research Institute
(NHGRI) and published GWAS data. The present
study used the SNP function prediction (https://
snpinfo.niehs.nih.gov/) to assess the predicted func-
tional effects of the selected SNPs. Then, linkage dis-
equilibrium (LD) analysis with an R2 threshold of 0.8
was performed with Haploview software (https://www.
broad.mit.edu/haploview/haploview) for tagging SNP
selection. Under these criteria, a total of 29 SNP loci
were selected in the present study for further evalu-
ation: four SNPs (rs1018234, rs2048327, rs2457574,
rs520829, and rs641990) in SLC22A3, 2 SNPs
(rs14224 and rs783147) in PLG, 3 SNPs (rs1510224,
rs2504921, and rs3127599) in LPAL2, 1 SNP
(rs2140650) in MAP3K4, 4 SNPs (rs3798220,
rs6415084, rs7765781, and rs7770628) in LPA, 2 SNPs
(rs429358 and rs7412) in APOE, 2 SNPs (rs505151
and rs662145) in PCSK9, 5 SNPs (rs5925, rs5927,
rs5929, rs5930, and rs688) in LDLR, and 5 SNPs
(rs117052562, rs1406888, rs41269133, rs56393506 and
rs9457778) in intergenic regions.

SNP genotyping
A total of 1256 blood samples were collected and centri-
fuged at 4000 r/min for 5 min. After centrifugation, the
samples were stored at − 80 °C. Genomic DNA was ex-
tracted from 300 μL blood samples using a CWE9600
Blood DNA Kit (Kangwei Shiji Biotechnology Co., Ltd.).
The Sequenom MassARRAY platform (San Diego, Calif)
was applied for the candidate SNP genotyping.

Outcomes
Summary statistics for the associations of each SNP with
any cardiovascular diseases in the East Asian population
were obtained from a previously published GWAS.
Three large observational studies of the disease traits in
the Japanese population were included, with sample sizes
of 212,453 [21], 128,184 [22] and 162,255 [23], respect-
ively. This study calculated the power using Mendelian
Randomization with a Binary Outcome by PASS soft-
ware (https://www.ncss.com/software/pass/). The results
showed that these sample size can make sure this study’s
statistical power was at least 0.83. Finally, the summa-
rized data for the associations of the 13 SNPs for Lp(a)
level with any congestive heart failure (CHF) [21], ische-
mic stroke (IS) [21], atrial fibrillation (AF) [22],
arrhythmia [21], left ventricular mass index (LVMI) [23],
left ventricular internal dimension in diastole (LVDd)
[23], and left ventricular internal dimension in systole
(LVDs) [23] were derived; these data are presented in
Additional File 1 Table S1. The clinical information was
obtained from medical records, and all the clinical end
points were diagnosed by physicians.

Statistical analyses
Effect sizes of the SNP and Lp(a) levels were estimated
in the present study population using multiple linear re-
gression under an additive model with adjustment for
age and sex. Two-sample MR analyses were performed
to compute estimates of Lp(a)-outcome (CHF, IS, AF,
arrhythmia, LVMI, LVDd, and LVDs) associations using
summarized data on the SNP-Lp(a) level and SNP-
outcome associations. The MR-Egger regression method
was used to evaluate the potential pleiotropic effects,
and also a leave-one-out analysis was performed to in-
vestigate the influence of outlying or pleiotropic genetic
variants. Heterogeneity across all instrumental SNPs was
estimated by Cochran’s Q statistic. All analyses were car-
ried out using R software (version 4.0.2, https://www.R-
project.org/).

Results
Participant characteristics
Table 1 presents a summary of participant characteristics.
The median Lp(a) concentration was 28.04mg/dL. There
were more female (n = 1028) than male participants (n =

Xia et al. Lipids in Health and Disease           (2021) 20:57 Page 3 of 11

https://www.ebi.ac.uk/gwas/
https://snpinfo.niehs.nih.gov/
https://snpinfo.niehs.nih.gov/
https://www.broad.mit.edu/haploview/haploview
https://www.broad.mit.edu/haploview/haploview
https://www.ncss.com/software/pass/
https://www.r-project.org/
https://www.r-project.org/


228), and the median age of the participants was 67 for
males and 62 for females. The participants were slightly
overweight [median body mass index (BMI) 25.37 kg/m2].
Of the 1256 individuals in the sample, 22.7% were diag-
nosed with diabetes, 56.37% with hypertension, and
53.42% had hyperlipidemia. The median values for glu-
cose, triglyceride, total cholesterol, high-density lipopro-
tein cholesterol and low-density lipoprotein cholesterol
were 5.60mmol/L, 1.40mmol/L, 5.22mmol/L, 1.41
mmol/L, and 3.02mmol/L, respectively.

Identification of Lp(a)-associated genetic variants
Only one of the 29 SNPs showed significant deviation
from the Hardy-Weinberg equilibrium (HWE) (rs662145,
P = 0.03321). After adjusting for age and sex, 13 SNPs
were significantly associated with Lp(a) levels (P < 0.05):
four SNPs in SLC22A3, 3 SNPs in LPA, 1 SNP in APOE,
and 5 SNPs in undefined pathways (Table 2).

Causal association of Lp(a) with CVD
Figure 2 summarizes the main MR results exploring the
causal association of Lp(a) with CVD. The results

support a causal relationship between Lp(a) levels and
atrial fibrillation [odds ratio (OR), 0.94; 95% confidence
interval (95%CI), 0.901–0.987; P = 0.012], arrhythmia
(OR, 0.96; 95%CI, 0.941–0.990; P = 0.005), the left ven-
tricular mass index (OR, 0.97; 95%CI, 0.949–1.000; P =
0.048), and the left ventricular internal dimension in dia-
stole (OR, 0.97; 95%CI, 0.950–0.997; P = 0.028) in the
inverse-variance weighted (IVW) analysis. In contrast,
no significant association of genetically elevated Lp(a)
levels with congestive heart failure (OR, 0.99; 95% CI,
0.950–1.038; P = 0.766), ischemic stroke (OR, 1.01;
95%CI, 0.981–1.046; P = 0.422), and left ventricular in-
ternal dimension in systole (OR, 0.98; 95%CI, 0.960–
1.009; P = 0.214) was observed. Three additional MR
methods yielded consistent results (Fig. 2, Fig. 3 -1
through Fig. 3–7).
MR-Egger regression suggested no evidence of hori-

zontal pleiotropy and no substantial heterogeneity
among individual SNPs (Table 3). The results of leave-
one-out sensitivity analysis showed that the association
between Lp(a) levels and CHF, IS, AF, arrhythmia,
LVMI, LVDd, and LVDs was not substantially driven by

Table 1 Characteristics of the study population

Characteristics Male Female All

N (%) 228 (18.15) 1028 (81.85) 1256 (100)

Lp(a), mg/dL 24.77 (7.95–47.03) 28.81 (9.91–47.17) 28.04 (9.45–47.17)

Age, years 67.00 (62.00–71.00) 62.00 (54.00–67.00) 63.00 (56.00–68.00)

BMI, kg/m2 25.38 (24.81–27.61) 25.37 (23.27–27.64) 25.37 (23.67–27.63)

Education, n (%)

Primary 47 (20.61) 268 (26.07) 315 (25.08)

Secondary 117 (51.32) 431 (41.93) 548 (43.63)

Senior 37 (16.23) 207 (20.14) 244 (19.43)

Undergraduate 27 (11.84) 122 (11.87) 149 (11.86)

Physical activity, n (%)

5–7 d/w 173 (75.88) 718 (69.84) 891 (70.94)

1–4 d/w 31 (13.60) 163 (15.86) 194 (15.45)

< 1 d/w 24 (10.53) 147 (14.30) 171 (13.61)

Current smoking, n (%) 86 (37.72) 49 (4.77) 135 (10.75)

Alcohol, n (%) 131 (57.46) 133 (12.94) 264 (21.02)

Glucose, mmol/L 5.80 (5.30–6.50) 5.60 (5.10–6.40) 5.60 (5.20–6.40)

TG, mmol/L 1.30 (1.00–1.85) 1.40 (1.00–1.90) 1.40 (1.00–1.90)

TC, mmol/L 4.89 (4.13–5.58) 5.29 (4.61–6.04) 5.22 (4.52–5.98)

HDL-C, mmol/L 1.26 (1.06–1.47) 1.46 (1.24–1.74) 1.41 (1.20–1.71)

LDL-C, mmol/L 2.76 (2.19–3.32) 3.06 (2.48–3.69) 3.02 (2.44–3.63)

Diabetes, n (%) 51 (22.37) 235 (22.86) 286 (22.77)

Hypertension, n (%) 157 (68.86) 551 (53.60) 708 (56.37)

Hyperlipidemia, n (%) 122 (53.51) 549 (53.40) 671 (53.42)

Values are n (%) for categorical variables or median (interquartile range) for continuous variables. TG Triglycerides, TC Total cholesterol, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol
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any individual SNP (Additional File 1 Fig. 1–1 through
1–7). Single SNP analysis for Lp(a) on CVD subtypes is
also displayed in Additional File 1 Table S2 and Fig. 2–1
through Fig. 2–7.

Discussion
Using a two-sample MR analysis design to evaluate the
causal association between variants in genes encoding
Lp(a) concentrations and CVD in East Asian popula-
tions, this study observed an association between genet-
ically elevated Lp(a) and decreased risk of atrial
fibrillation and arrhythmia, as well as the values of the
left ventricular mass index and the left ventricular in-
ternal dimension in diastole. In contrast, no significant
association was found between genetically elevated Lp(a)

and the risk of congestive heart failure, the risk of ische-
mic stroke, and the value of the left ventricular internal
dimension in systole. The results were robust in sensitiv-
ity analysis with different instruments and statistical
models.
Consistent with Steffen BT and colleagues’ findings

[24], no significant association between Lp(a) and heart
failure was observed in the Han Chinese population.
However, the results concerning heart failure were less
consistent with previous observational studies [25, 26].
Elevated Lp(a) levels were found to be associated with
an increased risk of incident heart failure hospitalization
in the Atherosclerosis Risk in Communities (ARIC)
study, with 14,154 participants, whereas after excluding
the prevalent and incident myocardial infarction, the

Table 2 GWAS identified SNPs Associated with Lp(a) Level

SNP gene Genomic Coordinate EA/OA MAF HWE(P) β SE P Value

rs1018234 SLC22A3 Chr6: 160375026 T/C 0.3798 0.76208 −0.10526 0.04359 0.0158924620

rs117052562 – Chr6: 160689582 A/G 0.0510 0.98824 0.34649 0.09508 0.0002792119

rs1406888 – Chr6: 160670561 C/T 0.4591 0.84080 −0.11589 0.04178 0.0056265889

rs14224 PLG Chr6: 160716747 C/T 0.4669 0.75426 −0.03305 0.04251 0.4370000000

rs1510224 LPAL2 Chr6: 160473846 C/T 0.0739 0.52604 0.03701 0.08178 0.6509000000

rs2048327 SLC22A3 Chr6: 160442500 C/T 0.4502 0.99758 0.10507 0.04207 0.0126382227

rs2140650 MAP3K4 Chr6: 161087406 G/A 0.3442 0.89826 0.04999 0.04449 0.2614000000

rs2457574 SLC22A3 Chr6: 160447669 G/A 0.4542 0.99196 0.10907 0.04193 0.0094065915

rs2504921 LPAL2 Chr6: 160472974 T/G 0.3637 0.57725 0.07793 0.04293 0.0697000000

rs3127599 LPAL2 Chr6: 160486102 T/C 0.1507 0.86040 −0.00228 0.05921 0.9694000000

rs3798220 LPA Chr6: 160540105 C/T 0.0748 0.92082 0.0249 0.08039 0.7568000000

rs41269133 – Chr6: 160666831 C/T 0.2293 0.98939 −0.54028 0.04781 2.92E-28

rs429358 APOE Chr19: 44908684 C/T 0.0829 0.97570 −0.19333 0.07645 0.0115732887

rs505151 PCSK9 Chr1: 55063514 G/A 0.0717 0.98202 0.10972 0.08146 0.1783000000

rs520829 SLC22A3 Chr6: 160346873 G/T 0.3157 0.72279 −0.11847 0.04555 0.0094079135

rs56393506 – Chr6: 160668275 T/C 0.1778 0.81177 0.71204 0.05135 9.08E-41

rs5925 LDLR Chr19: 11120205 C/T 0.2178 0.36628 0.07037 0.05181 0.1746000000

rs5927 LDLR Chr19: 11123265 A/G 0.0518 0.93586 −0.09713 0.09432 0.3033000000

rs5929 LDLR Chr19: 11116124 T/C 0.3062 0.97795 −0.01452 0.04569 0.7506000000

rs5930 LDLR Chr19: 11113589 A/G 0.3665 0.16534 −0.08394 0.04471 0.0607000000

rs6415084 LPA Chr6: 160559298 T/C 0.1663 0.67734 0.62622 0.05342 3.51E-30

rs641990 SLC22A3 Chr6: 160358102 A/G 0.3945 0.58243 −0.07539 0.04388 0.0860000000

rs662145 PCSK9 Chr1: 55064155 C/T 0.1231 0.03321 0.12342 0.06155 0.0451562913

rs688 LDLR Chr19: 11116926 T/C 0.1618 0.72698 0.05544 0.05762 0.3362000000

rs7412 APOE Chr19: 44908822 T/C 0.0809 0.15342 −0.14293 0.07983 0.0736000000

rs7765781 LPA Chr6: 160586464 C/G 0.4021 0.17321 −0.41375 0.04012 5.45E-24

rs7770628 LPA Chr6: 160597142 C/T 0.1835 0.95012 0.70012 0.05102 5.09E-40

rs783147 PLG Chr6: 160716958 G/A 0.4980 0.51151 −0.0018 0.04264 0.9664000000

rs9457778 – Chr6: 159932259 C/T 0.3705 0.22391 0.09361 0.04241 0.0274770059

SNP single nucleotide polymorphism, EA/OA effect allele/ other allele, MAF minor allele frequency, HWE(P) P value of Hardy-Weinberg equilibrium, SE standard
error; sex and age were included into models for adjustment
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association was no longer significant [26]. Gudbjartsson
DF and colleagues’ results also indicated that the odds
ratio of 1.05 (95%CI: 1.02–1.07) for heart failure with a
50 nmol/L increase in Lp(a) lost significance after con-
trolling for Lp(a) concentration (OR: 1.01, 95%CI: 0.98–
1.04) [27]. Using instrumental variable analysis,
Kamstrup PR and colleagues indicated that each 10-fold
increase in Lp(a) levels was associated with a genetic
relative risk for heart failure of 1.18 (95%CI: 1.04–1.34)
[25]. Racial differences may be one of the reasons for the
inconsistent findings, as it is well known that Lp(a) con-
centrations are highly variable with race/ethnicity, with
the lowest Lp(a) levels occurring in Chinese individuals
[15, 28]. When Lp(a) levels were below the 66th percent-
ile (8 to 19mg/dL), their effect on cardiovascular risk
was not statistically significant. However, based on the
data of the Cohort Study on Chronic Diseases of the

General Community Population in the Beijing-Tianjin-
Hebei Region (CHCN-BTH Study, Registration number:
ChiCTR1900024725) project [18], the median level of
Lp(a) was 11.9 mg/dL (IQR 5.9 to 23.7 mg/dL), which
was in the statistically nonsignificant range in the study
by Kamstrup PR and colleagues.
The findings revealed a null association between gen-

etically predicted Lp(a) levels and ischemic stroke, which
is similar to the previous results in a Mendelian
randomization study published by Pan et al. [12] How-
ever, such associations were less consistent in some pre-
vious observational and MR studies [29]. In the
Copenhagen City Heart Study and Copenhagen General
Population Study population [30], subjects with high
Lp(a) levels were associated with an increased risk of is-
chemic stroke both observationally (hazard ratio: 1.20;
95%CI: 1.13–1.28) and causally (hazard ratio: 1.20;

Fig. 2 Causal estimates of genetically predicted Lp(a) level in cardiovascular diseases
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Fig. 3 (See legend on next page.)
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95%CI: 1.02–1.43). Gudbjartsson DF and colleagues
found that the odds ratio of 1.03 (95%CI: 1.00–1.07) for
stroke for a 50 nmol/L increase in Lp(a) lost significance
when KIV-2 repeats were used (OR: 1.01; 95%CI: 0.98–
1.04) [27]. A recent retrospective case-control study in-
dicated that elevated Lp(a) was significantly associated
with increased ischemic stroke risk (OR = 2.03, 2.36, and
2.03 for quartiles 2, 3 and 4, respectively, vs. quartile 1)
in Han Chinese individuals, especially among men and
younger patients [31]. Some of the factors may have
contributed to the differential findings among the
present study and previous studies. First, Lp(a) levels
had differential associations by sex and race/ethnicity
[32]; differences in participant characteristics might be
one of the main reasons for the discrepancy. Second, the
results of the cross-sectional study might be biased by
some confounders, such as myocardial infarction [26].
Furthermore, most previous studies included all stroke
subtypes [13, 33–36], while the association between
Lp(a) levels and the risk of different subtypes of stroke
might be different; for example, elevated Lp(a) concen-
trations were reported to have a positive association with
large artery stroke, and an inverse association with small
vessel stroke. All of these may cause variable results.
Fewer studies have reported the associations of Lp(a)

with AF, arrhythmia, and the left ventricular mass index.
In a prospective study of 23,738 healthy middle-aged
and older women, the results indicated that Lp(a) was
not associated with AF in multivariable models and that
there was no significant linear trend (p for direction =
0.63) for the risk of AF across Lp(a) quintiles [37]. Aro-
nis KN and colleagues also reported no significant asso-
ciation between Lp(a) and incident AF (hazard ratio:
0.98, 95%CI: 0.82–1.17) [38]. However, in the Multi-

Ethnic Study of Atherosclerosis (MESA) study, the re-
sults showed that an Lp(a) level ≥ 30 mg/dL was in-
versely associated with the risk of AF (hazard ratio: 0.84,
95%CI: 0.71–0.99) [39], which was consistent with the
results of the present MR analysis. The reasons for the
disparity of the above results may lie in the demographic
differences between the samples. For example, the study
by Mora S and colleagues included only women [37],
and the study by Aronis KN included White and Blacks
participants [38]. However, in Chinese individuals, the
results showed a significant difference in both cross-
sectional and MR studies. Consistent with the AF re-
sults, significant associations of Lp(a) with arrhythmia,
the left ventricular mass index and the left ventricular
internal dimension in diastole were also observed.
Although the mechanism inversely linking high Lp(a)

levels with the risk of AF and arrhythmia remains quite
unclear, a similar relationship has been reported for
blood lipids, in which elevated total cholesterol, low-
density lipoprotein cholesterol, and high-density lipopro-
tein levels were found to be associated with a low risk of
AF in a meta-analysis of cohort studies [40]. Inverse as-
sociations of AF with small cholesterol-poor low-density
lipoprotein cholesterol, the total number of low-density
lipoprotein particles, and the total number of very-low-
density lipoprotein particles were driven by the numbers
of cholesterol-poor small low-density lipoprotein parti-
cles and small very-low-density lipoprotein particles ra-
ther than larger cholesterol-rich LDL particles,
suggesting that there might be mechanisms beyond the
direct effects of cholesterol [37]. These findings could be
partially explained the consideration that Lp(a) consists
of a low-density lipoprotein-like particle and contains
approximately 45% cholesterol [41, 42]. Further research

(See figure on previous page.)
Fig. 3 1 Associations of Lp(a) variants with Congestive Heart Failure in different methods. Fig. 3–2. Associations of Lp(a) variants with Ischemic
Stroke in different methods. Fig. 3–3. Associations of Lp(a) variants with Atrial Fibrillation in different methods. Fig. 3–4. Associations of Lp(a)
variants with Arrhythmia in different methods. Fig. 3–5. Associations of Lp(a) variants with Left Ventricular Mass Index in different methods. Fig. 3–
6. Associations of Lp(a) variants with Left Ventricular Internal Dimension in Diastole in different methods. Fig. 3–7. Associations of Lp(a) variants
with Left Ventricular Internal Dimension in Systole in different methods

Table 3 Horizontal pleiotropy

Outcome Horizontal pleiotropy Heterogeneity statistics

beta se P value Q value-Egger Q value-IVW

Congestive heart failure 0.0200 0.0092 0.0541 0.2219 0.0570

Ischemic stroke −0.0110 0.0073 0.1600 0.1650 0.0956

Atrial fibrillation −0.0130 0.0120 0.2950 0.7055 0.6646

Arrhythmia −0.0120 0.0060 0.0815 0.7450 0.4824

Left ventricular mass index 0.0088 0.0062 0.1870 0.2577 0.1863

Left ventricular internal dimension in diastole 0.0027 0.0063 0.6750 0.1659 0.2105

Left ventricular internal dimension in systole 0.00055 0.0066 0.9350 0.1254 0.1737
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is needed to explore the specific mechanisms in the
future.
The present study has potential implications for clin-

ical practice. Some previous studies showed that very
high Lp(a) levels (above the threshold of 60 mg/dL) had
a significant association with recurrent cardiovascular
events in patients with premature coronary artery dis-
ease and atherosclerotic cardiovascular disease [43].
Therefore, therapeutic strategies that specifically address
the reduction of Lp(a) levels are receiving a great deal of
attention in clinical practice [44]. The present study re-
sults can help clinicians manage patients with CVD by
identifying the risks associated with very low Lp(a) levels
in patients taking Lp(a)-lowering treatment and improv-
ing the prognostic assessment. These findings could be
used to provide evidence for the design of further re-
search towards the treatment and prevention of CVD in
the Chinese population.

Strengths and limitations
An advantage of this study was that the present study eval-
uated the associations of genetically predicted Lp(a) levels
with CVD in the Han Chinese population, and the results
have been limited thus far. Since the results vary among
ethnic groups, this study provides evidence to enable the
precise treatment of the Chinese population. Through the
use of MR, the potential bias can be greatly reduced, and
reverse causation can also be avoided [45]. However, the re-
sults were limited to the East Asian population, which may
limit the generalizability of these findings to other popula-
tions. Some of the individuals were in a chronic disease
registry, considering that Lp(a) is mainly determined by the
LPA gene, there might be a slight influence on the results.
In addition, due to financial constraints, additional Lp(a) re-
lated loci could not be detected; thus, the present study
could not validate the relationship of Lp(a) with coronary
heart disease and some other CVD subtypes. This will be
pursued further in future research.

Conclusions
In conclusion, the present study provided evidence that
genetically elevated Lp(a) was inversely associated with
atrial fibrillation, arrhythmia, the left ventricular mass
index and the left ventricular internal dimension in dia-
stole but not with congestive heart failure, ischemic
stroke, or the left ventricular internal dimension in sys-
tole. These results can help clinicians manage patients
with CVD by identifying the risks associated with very
low Lp(a) levels in patients taking Lp(a)-lowering treat-
ment and improving the prognostic assessment. Further
research should address the mechanism underlying these
results and determine whether genetically elevated Lp(a)
increases the risk of coronary heart disease or other
CVD subtypes.
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