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Aims High lipoprotein(a) [Lp(a)] level has been demonstrated as an important risk factor for atherosclerotic cardiovascular 
diseases (ASCVD) amongst the older populations, whereas its effects in the younger population remain unclear. This study 
evaluated the associations between Lp(a) and the risk of premature ASCVD.

Method 
and results

PubMed and Embase were searched for related studies until 12 November 2023. Fifty-one studies including 100 540 parti
cipants were included. Mean age of patients ranged from 35.3 to 62.3 years. The proportion of male participants ranged 
from 0% to 100%. The mean follow-up was provided in five studies ranging from 1 year to 40 years. The definition of ele
vated Lp(a) varied among studies, such as >30 mg/dL, >50 mg/dL, the top tertiles, the top quartiles, the top quintiles, and so 
on. Higher Lp(a) was significantly associated with the composite ASCVD [odds ratio (OR): 2.15, 95% confidence interval 
(95% CI): 1.53–3.02, P < 0.001], especially for coronary artery disease (OR: 2.44, 95% CI: 2.06–2.90, P < 0.001) and periph
eral arterial disease (OR: 2.56, 95% CI: 1.56–4.21, P < 0.001). This association remained significant in familial hypercholes
terolaemia (FH) (OR: 3.11, 95% CI: 1.63–5.96, P < 0.001) and type 2 diabetes mellitus (T2DM) patients (OR: 2.23; 95% CI: 
1.54–3.23, P < 0.001).Significant results were observed in South Asians (OR: 3.71, 95% CI: 2.31–5.96, P < 0.001), Caucasians 
(OR: 3.17, 95% CI: 2.22–4.52, P < 0.001), and patients with baseline low-density lipoprotein cholesterol (LDL-c) level ≥  
2.6 mmol/L.

Conclusion Elevated Lp(a) predicts the risk of the composite or individual ASCVD in young, regardless of study design, gender, popu
lation characteristics (community or hospitalized), different premature definitions, and various Lp(a) measurement ap
proaches. This association was important in South Asians, Caucasians, FH patients, T2DM patients, and patients with 
baseline LDL-c level ≥ 2.6 mmol/L.
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Introduction
Atherosclerotic cardiovascular disease (ASCVD) remains the leading 
cause of death worldwide, with an estimated annual global mortality 
rate of 17.9 million patients.1,2 Although the majority of ASCVD and 
associated adverse events occurs among the elderly, the younger popu
lation also remains vulnerable.3 The prevalence of ASCVD in those un
der the age of 60 has been reported to range from 7% to 30% 
depending on different domains of ASCVD and geographic regions.1

Atherosclerotic cardiovascular disease events in young patients may 
have an important impact on the patient’s longevity, psychology, and 
socioeconomics, leading to huge disability-adjusted life lost, as well as 
heavy healthcare economic burdens on society.3

Recently, lipoprotein(a) [Lp(a)], a low-density lipoprotein choles
terol (LDL-c)-like particle, has been demonstrated as a novel risk factor 
for various cardiovascular outcomes, such as ASCVD and aortic valve 
stenosis.4 However, previous studies regarding the association be
tween Lp(a) and ASCVD have mainly focused on the older or general 
populations.5 There is a scarcity of evidence on the association between 
Lp(a) and ASCVD among young patients. The BIOSIGNAL study has 
observed a significant association between elevated Lp(a) and large ar
tery atherosclerosis (LAA) stroke amongst individuals aged <60 years.6

A prospective study of 3596 patients by Raitakari et al.7 also found that 
higher Lp(a) was related to premature ASCVD, whereas Cai et al.8 and 
Shi et al.9 reported no significant relationship between Lp(a) and acute 
myocardial infarction (AMI) at the early age.

There was a previous meta-analysis showing that elevated Lp(a) was 
associated premature coronary artery disease (CAD). However, they 
only included 11 studies with moderate quality, in which the sample 
size was relatively small. High statistical heterogeneity was also the 
main limitation of the meta-analysis. In addition, the role of higher 
Lp(a) in the stroke and peripheral artery disease (PAD) has not been 
studied. Given the discrepant findings from the existing studies, we con
ducted a systematic review and meta-analysis to clarify the relationship 
between Lp(a) and premature ASCVD.

Methods
Study design and search strategy
The meta-analysis was performed according to the Preferred Reporting 
Item for Systematic Reviews and Meta-Analyses statement.10 The study 
protocol was registered in the PROSPERO database on 12 November 
2023 (registration number: CRD42023476725). PubMed and EMBASE 
were searched from their inception through 26 October 2023. We used 
both controlled MeSH terms and free-text terms related to premature 
ASCVD and Lp(a) to identify related studies, with no language restrictions. 
The detailed search algorithm is presented in the Supplementary material 
online. References listed in the identified studies were scrutinized for rele
vant studies. Trial eligibility was confirmed by two independent reviewers 
(X.T. and N.Z.), and discrepancies were resolved by a third author (T.L.).

Outcome and selection criteria
The outcome was the occurrence of any ASCVD at the age <65.11–14

Atherosclerotic cardiovascular disease in this study included CAD, stroke, 
and PAD.15–17 A study was eligible if the following criteria were fulfilled: 
(i) observational studies conducted in humans; (ii) investigating the associa
tions between blood Lp(a) level and premature ASCVD; (iii) blood Lp(a) le
vel was reported as a continuous (e.g. per one unit or per one standard 
deviation (SD) increase of Lp(a) or log [Lp(a)]) or categorical variable 
(e.g. tertile, quartile, quintile, or specific thresholds); and (iv) reported the 
composite ASCVD or at least one individual outcome. The exclusion cri
teria were (i) comments, reviews, or animal studies, (ii) studies not investi
gated Lp(a) level, (iii) age of onset was ineligible, (4) outcomes with interest 
were not reported; and (v) helpful odds ratio (OR)/risk ratio (RR)/hazard 
ratio (HR) were not provided.

Data extraction
Two reviewers (X.T. and N.Z.) independently performed data extraction. 
Pre-specified forms were used for data collection to include the following 
items: (i) publication details: first author, publication year, country, and 
study design; (ii) baseline characteristics: sample size, age of onset, duration 
of follow-up, and outcome-related variables; and (iii) Lp(a) measurements. 

2                                                                                                                                                                                                    X. Tian et al.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data


Conflicts between investigators were resolved by discussion and, if neces
sary, through consultation with a third reviewer (T.L.).

Quality assessment
Quality of cohort studies and case-control studies was assessed by the 
Newcastle-Ottawa Quality Assessment Scale (NOS) from the following 
three aspects: (i) selection of patients, (ii) comparability of groups, and 
(iii) ascertainment of exposure or outcomes.18 Varying from zero to nine 
stars, the studies were graded as high if they met ≥8 criteria, medium if 
they met 5–7 criteria, and poor if they met <5 criteria. Quality assessment 
of cross-sectional studies was performed using the American Agency for 
Healthcare Research and Quality (AHRQ) criterion with 11 items.19 The 
AHRQ varied from 0 to 11 stars, which indicated that studies were graded 
as poor quality if they met <5 criteria, fair if they met 6–7 criteria, and good 
if they met ≥8 criteria.

Statistical analysis
Hazard ratio, RR, OR, and corresponding 95% confidence interval (CI) were 
extracted from the fully adjusted models to evaluate the of association be
tween Lp(a) and outcomes.20 When results of multivariable analysis were 
not available, those from univariable analysis were used.21 If HR/RR/OR 
was not reported, event number in the case and control groups was applied 
to calculate the unadjusted risk estimates.22 The HR/RR value in Cox pro
portional hazards model was equated to the OR value.23,24 Pooled effects 
were summarized as OR (95% CI) using the inverse variance method.25

Heterogeneity was assessed by using the Cochrane Q statistic and I2 

statistic. For the Q test, P value < 0.1 was considered statistically significant. 
I2 < 50% was considered as no heterogeneity and <70% as moderate het
erogeneity, otherwise as high. If I² value > 50%, the random-effects model 
was used; otherwise, the fixed-effects model was used. The ORs are scaled 
per one unit or SD change of Lp(a) or log [Lp(a)] for continuous variable 
and compared with the lowest quantile for categorical variable. Lp(a) could 
be reported in the mass concentration method (mg/dL) and the molar con
centration method, and no fixed value was used as a conversion factor be
tween the two units.26 However, to calculate the data of different units, 
levels above 72 nmol/L were considered consistent with traditional thresh
olds for elevated Lp(a) above 30 mg/dL,110 nmol/L for 50 mg/dL, and 
450 nmol/L for 180 mg/dL. When the definition of elevated Lp(a) was the 
top tertile (compared with the bottom tertile), the top quartile (compared 
with the bottom quartile), and the top quintile (compared with the bottom 
quintile), the difference of unit did not affect data merging.27

Subgroup analyses were performed according to study design, gender, 
race (Caucasian, South Asian, and Chinese), population characteristics 
(community population and hospitalization population), baseline LDL-c 
level [<100 mg/dL (2.6 mmol/L), 100–130 mg/dL (2.6–3.4mmo/L), 
130–160 mg/dL (3.4–4.1 mmol/L), and ≥160 mg/dL (4.1 mmol/L)],28 defin
ition of the ‘premature’ (50 years and 60 years),14 categorization ap
proaches of Lp(a) [tertile, quartile, quintile, or specific cut-off such as 
30 mg/dL (72 nmol/L) and 50 mg/dL (110 nmol/L)], and Lp(a) measure
ments [enzyme-linked immunosorbent assay (ELISA), immunoturbidimetric 
method, and immunoradiometric assay (IRMA)]. Due to the limited number 
of studies that reported continuous variables, subgroup analyses were 
mainly conducted using categorical variables. To evaluate the impact of 
each study on the overall effect size, one study which removed sensitivity 
analysis was performed. Funnel plots used to assess possible publication 
bias. Statistical significance was defined as P values < 0.05. Statistical analyses 
were performed with the Review Manger, version 5.4 (RevMan; The 
Cochrane Collaboration, Oxford, UK).

Results
Study selection and study characteristics
Initially, a total of 2496 and 2489 records were identified through 
PubMed and Embase, and 51 studies were finally included in the 
meta-analysis. A flow diagram of the data search and study selection 
is shown in Figure 1. The baseline characteristics of the included studies 
are summarized in Table 1. A total of 51 studies including 100 540 indi
viduals were studied, of which 16 were cross-sectional studies, 9 were 

prospective cohort studies, and 26 were retrospective studies. The 
proportion of male participants ranged from 0% to 100%. The mean 
follow-up was provided in five studies ranging from 1 year to 40 years. 
Nineteen studies included hospital-based patients, and others included 
community-based patients. Quality assessment indicated that all of in
cluded studies were graded as high or medium quality.

Association between lipoprotein(a) and 
premature atherosclerotic cardiovascular 
diseases
Lipoprotein(a) and overall atherosclerotic 
cardiovascular diseases among overall population
A total of three studies reporting the association between Lp(a) and 
composite ASCVD, which suggested that compared with lower 
Lp(a), elevated Lp(a) level was associated with significant higher risks 
of composite ASCVD events among individuals at an early age (OR: 
2.15, 95% CI: 1.53–3.02, P < 0.001) (Figure 2A). In addition, after pooling 
49 studies focusing on individual ASCVD events, the association be
tween increased Lp(a) level and overall ASCVD remained significant 
when analysed as a categorical variable (OR: 2.35, 95% CI: 2.01–2.74, 
P < 0.001) (Figure 2B) or continuous variable as per 1 SD increase of 
the log Lp(a) (OR: 1.36, 95% CI: 1.14–1.61, P < 0.001) (Figure 2C) but 
not for other forms of continuous variable (see Supplementary 
material online, Figure S2).

Lipoprotein(a) and overall atherosclerotic 
cardiovascular diseases among specific populations
In addition, the aggregated data of three studies showed that significant 
prognostic value of Lp(a) level for premature ASCVD was significant in 
familial hypercholesterolaemia (FH) patients (OR: 3.11, 95% CI: 1.63– 
5.96, P < 0.001) (Figure 3A). A total of two studies focused on patients 
with type 2 diabetes mellitus; the pooled results of these two studies 
suggested a significant association between elevated Lp(a) with prema
ture ASCVD events among T2DM population (OR: 2.23; 95% CI: 1.54– 
3.23, P < 0.001) (Figure 3B), in relation to those with lower Lp(a). Funnel 
plot showed little publication bias (see Supplementary material online, 
Figure S1).

Lipoprotein(a) and individual atherosclerotic 
cardiovascular diseases
As for the individual ASCVD events, there was a positive association 
between Lp(a) levels with risk of premature CAD (OR: 2.44, 95% CI: 
2.06–2.90, P < 0.001) and PAD (OR: 2.56, 95% CI: 1.56–4.21, 
P < 0.001) but not for stroke (OR: 1.25, 95% CI: 0.87–1.81, P = 0.06) 
(Figure 3C). When premature CAD was further classified into subcat
egories, the association remained significant between elevated Lp(a) le
vel and increased risk of angiographically proven CAD (OR: 3.36, 95% 
CI: 2.09–5.40, P < 0.001), stable angina and ACS (OR: 2.95, 95% CI: 
2.15–4.04, P < 0.001), ACS only (OR: 2.70, 95% CI: 1.92–3.81, 
P < 0.001), as well as MI (OR: 1.88, 95% CI: 1.53–2.32, P < 0.001) 
(Figure 3D).

Subgroup analyses
The results of subgroup analysis were reported in Table 2. In subgroup 
analysis according to study design, elevated Lp(a) was associated with 
significantly increased risk of premature ASCVD in cross-sectional 
studies (OR: 2.09, 95% CI: 1.59–2.75, P < 0.001), retrospective studies 
(OR: 2.84, 95% CI: 2.31–3.50, P < 0.001), and prospective studies (OR: 
1.73, 95% CI: 1.40–2.13, P < 0.001) (see Supplementary material online, 
Figure S3). In addition, the association between Lp(a) and premature 
ASCVD was significant both in male (OR: 2.31, 95% CI: 1.80–2.97, 
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P < 0.001) and female patients (OR: 2.34, 95% CI: 1.53–3.58, P < 0.001) 
(see Supplementary material online, Figure S4). As for race, elevated 
Lp(a) could predict premature ASCVD in South Asians (OR: 3.71, 
95% CI: 2.31–5.96, P < 0.001) and white patients (OR: 3.17, 95% CI: 
2.22–4.52, P < 0.001) but not in Chinese (OR: 1.20, 95% CI: 
0.99–1.45, P = 0.06) (see Supplementary material online, Figure S5). In 
subgroup analysis by population characteristics, the significant associ
ation between higher Lp(a) and increased risk of premature ASCVD 
was noted both among community population (OR: 2.34, 95% CI: 
1.93–2.84, P < 0.001) and hospitalized patients (OR: 2.37, 95% CI: 
1.78–3.15, P < 0.001) (see Supplementary material online, Figure S6).

As for the baseline LDL-c level, the association between elevated 
Lp(a) level and increased risk of premature ASCVD was significant 
among patients with baseline LDL-c level of 100–130 mg/dL 
(2.6–3.4 mmol/L) (OR: 2.09, 95% CI: 1.56–2.79, P < 0.001), 
130–160 mg/dL (3.4–4.1 mmol/L) (OR: 2.70, 95% CI: 1.92–3.880, 
P < 0.001), and ≥160 mg/dL (4.1 mmol/L) (OR: 4.38, 95% CI: 
2.57–7.46, P < 0.001) but not in <100 mg/dL (2.6 mmol/L) (OR:3.02; 
95% CI: 0.65–14.00, P = 0.16) (see Supplementary material online, 
Figure S7). The information of the treatment was reported in 
Supplementary material online, Table S1. In subgroup analysis according 
to different definitions of ‘premature’, increased level of Lp(a) was as
sociated with significant higher risk of ASCVD among patients younger 
than 50 years (OR: 2.72; 95% CI: 2.16–3.41, P < 0.001) or younger than 

60 years (OR:2.40, 95% CI:2.00–2.89, P < 0.001) (see Supplementary 
material online, Figure S8).

Subgroup analysis based on different cut-off levels indicated that the 
association between increased Lp(a) and premature ASCVD was sig
nificant when taking Lp(a) ≥ 30 mg/dL (72 nmol/L) (OR: 2.19, 95% CI: 
1.75–2.74, P < 0.001), Lp(a) ≥ 50 mg/dL (110 nmol/L) (OR: 2.98, 95% 
CI: 1.94–4.58, P < 0.001), top quartiles (OR: 2.39, 95% CI: 1.55–3.68, 
P < 0.001), or top tertiles (OR: 2.22, 95% CI: 1.15–4.29, P = 0.02) as ex
posed but not for top quintiles (OR:1.47, 95% CI: 0.78–2.76, P = 0.23) 
(see Supplementary material online, Figure S9). The data of absolute va
lue was reported in Supplementary material online, Table S2. To exam
ine the potential influence of technique of Lp(a) measurements, further 
subgroup analysis was conducted, which revealed a pooled estimated 
OR of 1.86 (95% CI: 1.50–2.31, P < 0.001) for immunoturbidimetric 
method, 2.93 (95% CI: 2.15–3.98, P = 0.02) for IRMA, and 4.32 for 
ELISA (95% CI: 2.78–6.73, P < 0.001) (see Supplementary material 
online, Figure S10).

Heterogeneity and sensitivity analyses
There was no significant heterogeneity in analyses of Lp(a) and overall 
ASCVD, whereas high heterogeneity was observed in analyses of 
Lp(a) and individual ASCVD. After excluding Li et al.,29 in which the 
important confounding factor of FH was ignored, the I² decreased 

Figure 1 Flow diagram of the study selection process.
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to moderate from high, suggesting the unadjusted confounders could 
have contributed to the heterogeneity observed (see Supplementary 
material online, Figure S11). Subgroups stratified by study design, Lp(a) 
measurement approaches, baseline LDL-c level, definition of ‘prema
ture’, gender, and race showed a substantial decline of heterogeneity, 
indicating the potential origins of heterogeneity (see Supplementary 
material online, Figure S3∼S10). Longenecker et al.30 are confounded 
due to dialysis and chronic kidney diseases (CKD). When excluded in 
the study, the result of the composite ASCVD remained significant. 
(see Supplementary material online, Figure S12) In addition, only 
Arnold et al.6 discussed the secondary prevention, while others dis
cussed the primary prevention. After excluding the study, the result 
of the individual ASCVD remained significant (see Supplementary 
material online, Figure S13).

Discussion
This comprehensive meta-analysis evaluated the associations between 
elevated Lp(a) and the risk of premature ASCVD; the main findings are 
the followings: (i) elevated Lp(a) is significantly associated with higher 
risk of composite premature ASCVD, especially for CAD and PAD, 
and amongst patients with FH and T2DM, and (ii) the association between 
Lp(a) and premature ASCVD was significant regardless of study design, 
gender, population characteristics (community or hospitalized), different 
premature definitions, and various Lp(a) measurement approaches.

Lp(a) is an LDL-c-like particle derived in the liver, which is covalently 
bound to apolipoprotein (apo) B100 by apo(a).31 It is the major carrier 
of oxidized phospholipid and promotes atherosclerotic plaque devel
opment through the pro-inflammatory, pro-thrombotic, and 
anti-fibrinolytic effects.26,31–36 In our meta-analysis, we found that gen
etically determined high Lp(a) is an independent predictor of premature 
ASCVD.

About 90% of the Lp(a) concentration is inherited and primarily de
termined by the LPA gene singly, so it shows more pronounced effect in 
younger patients, who are less affected by environmental risk factors 
accumulating with age.37 It is found that Lp(a) was a persuasive predict
or of the composite ASCVD in young but not in old.30 For the individual 
ASCVD, the significant correlation was also observed in patients <60 
years but not in those >60 years in the studies by Arnold et al.6 and 
Hanif et al.38 Rallidis et al.39 further found that a 10 mg/dL increase in 
Lp(a) was associated with 4% of higher risk of acute coronary syndrome 
in patients <45 years and 2% of higher risk in patients of 45–60 years. 
All studies above agreed that the correlation decreased with increasing 
age.

So far, there has been only one similar meta-analysis focusing on the 
impact of high Lp(a) on premature CAD. It is reported that Lp(a) 
concentration increased significantly in patients with premature 
CAD (standardized mean difference (SMD): 0.97, 95% CI: 0.52–1.42, 
P < 0.001, I² = 98%) compared with controls. But the results remained 
controversial because of relatively small case-control studies of moder
ate quality and high statistical heterogeneity.40 Compared with the pre
viously published meta-analyses, our study has several strengths. Firstly, 
all observational studies meeting the criteria were included, so the im
pact of elevated Lp(a) on premature ASCVD in cohort studies and 
cross-sectional studies could be analysed. Secondly, most included stud
ies were assessed as high quality; thus, the reliability of the results was 
guaranteed. Thirdly, we performed sensitivity analysis and subgroup 
analysis to reduce the heterogeneity. Fourthly, the influence of high 
Lp(a) on composite ASCVD, stroke, and PAD was reported, which 
was absent in the previous study.

It is worth noting that the correlation is not significant for ischaemic 
stroke. Ischaemic strokes are caused by several pathologies, including 
atherosclerotic vascular disease in large arteries, arteriolar disease in 
small arteries, and embolic disease caused by aorta or carotid artery 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..

T
ab

le
 1

 
C

on
ti

nu
ed

  

Fr
is

t 
au

th
or

 
an

d 
ye

ar
C

ou
nt

ry
St

ud
y 

de
si

gn
St

ud
y 

po
pu

la
ti

on
T

ot
al

 
pa

ti
en

ts
M

al
es

 
(%

)
R

ac
e

B
as

el
in

e 
A

SC
V

D
 

(%
)

A
ge

 o
f 

on
se

t
Fo

llo
w

-u
p 

du
ra

ti
on

T
ec

hn
iq

ue
 o

f 
Lp

(a
) 

m
ea

su
re

m
en

t

B
as

el
in

e 
 

LD
L-

c 
le

ve
l 

(m
m

ol
/L

)

O
ut

co
m

es
R

is
k 

es
ti

m
at

e
Q

ua
lit

y 
sc

or
e

So
ly

m
os

s 
19

93
C

an
ad

a
C

ro
ss

-s
ec

tio
na

l
H

os
pi

ta
l-b

as
ed

27
4

0 
(0

)
W

hi
te

N
A

≤
60

 y
rs

N
A

N
A

3.
4–

4.
1

C
A

D
O

R
8

Bo
st

om
 1

99
6

U
SA

Pr
os

pe
ct

iv
e 

co
ho

rt
C

om
m

un
ity

-b
as

ed
21

91
21

91
 

(1
00

)

N
A

N
A

≤
55

 y
rs

15
.4

 y
rs

EL
IS

A
N

A
C

H
D

, M
I

RR
8

C
ao

 2
00

3
C

hi
na

C
as

e-
co

nt
ro

l
H

os
pi

ta
l-b

as
ed

93
N

A
C

hi
ne

se
N

A
≤

45
 y

rs
N

A
Im

m
un

ot
ur

bi
di

m
et

ric
 

m
et

ho
d

<
2.

6
St

ro
ke

O
R

8

G
am

bh
ir 

20
00

In
di

a
C

as
e-

co
nt

ro
l

C
om

m
un

ity
-b

as
ed

10
0

N
A

N
A

N
A

<
40

 y
rs

N
A

EL
IS

A
N

A
C

A
D

O
R

7

W
ity

k 
20

00
U

SA
C

as
e-

co
nt

ro
l

C
om

m
un

ity
-b

as
ed

32
6

0 
(0

)
W

hi
te

: 2
02

, B
la

ck
: 

11
6,

 O
th

er
:8

22
 (6

.7
)

<
45

 y
rs

N
A

EL
IS

A
N

A
St

ro
ke

O
R

8

A
C

S,
 a

cu
te

 c
or

on
ar

y 
sy

nd
ro

m
e;

 A
SC

VD
, a

rt
er

io
sc

le
ro

tic
 c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 C

A
D

, c
or

on
ar

y 
ar

te
ry

 d
ise

as
e;

 C
H

D
, c

or
on

ar
y 

he
ar

t 
di

se
as

e;
 E

LI
SA

, e
nz

ym
e-

lin
ke

d 
im

m
un

os
or

be
nt

 a
ss

ay
; H

R,
 h

az
ar

d 
ra

tio
; I

RM
A

, i
m

m
un

or
ad

io
m

et
ric

 a
ss

ay
; L

D
L-

c,
 lo

w
-d

en
sit

y 
lip

op
ro

te
in

- 

ch
ol

es
te

ro
l; 

M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 N

A
, n

ot
 a

va
ila

bl
e;

 O
R,

 o
dd

s 
ra

tio
; P

A
O

D
, p

er
ip

he
ra

l a
rt

er
ia

l o
cc

lu
siv

e 
di

se
as

e;
 P

VD
, p

er
ip

he
ra

l v
as

cu
la

r 
di

se
as

e

Lipoprotein(a) and premature ASCVD                                                                                                                                                                7

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data


atherosclerosis and heart disease, such as atrial fibrillation.41 Lp(a) levels 
of LAA stroke were significantly higher than those of the other stroke 
mechanisms. A two-sample Mendelian randomization analyses re
ported that reduction of Lp(a) levels was associated with lower risks 

for LAA stroke but not for any IS, cardioembolic stroke, or small vessel 
stroke. Arnold also found that elevated Lp(a) was independently asso
ciated with (LAA) ischaemic stroke aetiology but not with non-LAA is
chaemic stroke.6 However, some of the included studies reporting 

Figure 2 Meta-analysis of elevated Lp(a) and the risk of the composite ASCVD at the early age (A). Meta-analysis of elevated Lp(a) and the risk of the 
individual ASCVD at the early age for categorical variables (B), and continuous variable as per 1 SD increase of the log Lp(a) (C ). ASCVD, arteriosclerotic 
cardiovascular disease; CI, confidence interval; Lp(a), lipoprotein(a); OR, odds ratio; SE, standard error.
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Figure 3 Further analysis of elevated Lp(a) and the risk of overall ASCVD at the early age in FH patients (A) and in T2DM patients (B) when analysed 
as categories. Meta-analysis of elevated Lp(a) and the risk of individual ASCVD at the early age (C ) and further analysis classifying premature CAD into 
subcategories (D). ASCVD, arteriosclerotic cardiovascular disease; CAD, coronary artery disease; CI, confidence interval; FH, familial hypercholester
olaemia; Lp(a), lipoprotein(a); OR, odds ratio; PAD, peripheral arterial disease; SE, standard error; T2DM, type 2 diabetes mellitus.
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premature ischaemic stroke neither identified the classification nor in
dicated evident arteriosclerotic disease in patients. It is possible that 
only LAA stroke is associated with elevated Lp(a) in young patients 
due to its machine of proatherosclerotic effect. We need more study 
with high quantity to determine the association for different subtypes 
of ischaemic stroke in young patients, and specific mechanisms should 
be clarified to evaluate the correlation between elevated Lp(a) and pre
mature ischaemic stroke.

Familial hypercholesterolaemia is an inherited metabolic disease 
characterized by high levels of circulating LDL-c and is relatively preva
lent in premature ASCVD patients.42 The current meta-analysis con
firmed strong correlation between elevated Lp(a) and premature 
ASCVD in FH patients compared with the general population. 
Elevated Lp(a) is the key factor for risk stratification in the management 
of FH. Some guidelines suggested that Lp(a) should be incorporated 
into the genetic cascade testing of FH to identify family members in 
high risk.43–45 A research team at Fuwai Hospital found that in older pa
tients comorbid with T2DM, the ASCVD risk associated with Lp(a) 
might further increase.46 And in this study, increased Lp(a) level is 
also a risk factor for premature ASCVD in T2DM patients. As for 

dialysis patients with CKD, in whom the Lp(a) was higher than others, 
the significant association between Lp(a) and premature ASCVD was 
revealed by Longenecker et al.30 Whether this finding applied to 
CKD patients at the early age remained to be confirmed, for the exist
ing studies focusing on young people with CKD and dialysis were lim
ited and the subgroup analysis failed. Arnold et al.6 reported 
significant relation between higher Lp(a) and recurrence stroke, but 
the subgroup analysis for secondary prevention population still needed 
more original studies.

Although Lp(a) concentration is predominantly determined by gen
etics, gender exerts an important influence.47 Therefore, subgroup ana
lysis based on gender was conducted. There was an agreement that 
Lp(a) could predict ASCVD in men, but the prognostic value in women 
remained controversial.4 A Mendelian randomization study showed 
that correlation existed in both men and women,48 while Wild 
et al.49 reported only in men. We found that men could benefit from 
Lp(a) testing. As for women, although we reached a positive conclusion, 
significant heterogeneity might raise some question. The inconsistent 
findings might be due to various oestrogen levels of women included 
in different studies, and research for women stratified by menstruation 

Figure 3 Continued
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and oestrogen replacement treatment is needed in the future to ex
plore the influence on women.

Besides gender, ethnicity also have an impact on Lp(a) level, so we 
performed subgroup analysis for different races. Not only do they differ 
in Lp(a) concentration, patients among different races also show vari
ous population-attributable risk of elevated Lp(a) for MI in the popula
tions of all ages, ranging from 0% in Africans to 9.5% in South Asians and 
modest in Caucasians (4.6%).50 Our meta-analysis showed significantly 
increased risk for premature ASCVD in Caucasians and South Asians 
with high Lp(a). South Asians and Caucasians could benefit from 
Lp(a) testing. In the review by Li et al.29 summarizing recent research 
regarding to Lp(a)-related studies in the Chinese population, it is re
commended to test Lp(a) at least once in a lifetime. However, this study 
draws the opposite conclusion in young Chinese population, suggesting 
the necessity varied among Chinese in different age stratification. To 
present meaningful data on this topic, we look forward to large studies 
which analysed Lp(a) levels progressively for each decade of life to de
termine the parts of Chinese population in need of Lp(a) testing. 
Because the data about African-Caribbean patients were too little to 
conduct a meta-analysis, more studies are needed to provide sufficient 
information.

It’s found that high variability of Lp(a) levels could be considered an 
independent risk factor for increased post-percutaneous coronary 
intervention (PCI) C-reactive protein (CRP) level. The result of sub
group analysis of patients under 65 years remained consistent.51 In 
FH patients, Cao et al. found that high visit to visit variability of Lp(a) 

levels were associated with major adverse cardiovascular events 
(MACE). The repeated process of dissolution and crystallization of 
the cholesterol within coronary plaques caused by the variability of lipid 
might impair the plaque stability, thereby leading to plaque rupture and 
cardiovascular events.52 In contrast, a large, observational study found 
that difference between follow-up and baseline lipoprotein(a) molar 
concentration was not significantly associated with incident CAD.53

No consensus has been reached on this issue. In our meta-analysis, gi
ven the lack of related data in the original articles, we could not further 
investigate the association between Lp(a) variability with premature 
ASCVD. More study are needed to clarify the relationship between 
high variability of Lp(a) levels and cardiovascular disease.

Cumulative Lp(a) exposure, incorporating both the Lp(a) concentra
tion and exposure duration into a single risk parameter, was an import
ant predictive factor in the secondary prevention. Wang et al.54 found 
that higher level of cumulative Lp(a) exposure was related with poorer 
prognosis among individuals with pre-diabetes and T2DM. Due to the 
stability of Lp(a) level during the lifespan, in the individuals with higher 
Lp(a) level in the early age, high cumulative Lp(a) exposure tended to be 
reached faster, which explained the relationship between elevated 
Lp(a) and premature ASCVD from another perspective.

Premature ASCVD occurred more often in patients with elevated 
Lp(a) compared with those without when the baseline LDL-c ≥  
100 mg/dL (2.6 mmol/L). It is considered that Lp(a) contributed to a re
sidual risk of ASCVD even at relatively low baseline LDL-c concentration 
of 100–130 mg/dL (2.6–3.4 mmol/L). However, when the threshold 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Subgroup analysis of the association between elevated lipoprotein(a) and the risk of premature atherosclerotic 
cardiovascular diseases for categorical variables

Subgroup Number of studies Meta-analysis Heterogeneity

OR 95% CI P value I² (%) P value

Study design Prospective 9 1.73 1.40–2.13 P < 0.001 22 P = 0.25

Retrospective 26 2.84 2.31–3.50 P < 0.001 41 P = 0.02
Cross-sectional 15 2.09 1.59–2.75 P < 0.001 83 P < 0.001

Gender Female 12 2.34 1.53–3.58 P < 0.001 66 P = 0.006

Male 10 2.31 1.80–2.97 P < 0.001 44 P = 0.06
Race Caucasians 11 3.17 2.22–4.52 P < 0.001 51 P = 0.03

South Asians 3 3.71 2.31–5.96 P < 0.001 0 P = 0.96

Chinese 4 1.20 0.99–1.45 P = 0.06 17 P = 0.31
Population characteristics Community population 32 2.34 1.93–2.84 P < 0.001 65 P < 0.001

Hospitalized patients 18 2.37 1.78–3.15 P < 0.001 78 P < 0.001

Baseline LDL-c level <2.6 mmol/L 2 3.02 0.65–14.00 P = 0.16 32 P = 0.22
2.6–3.4 mmol/L 12 2.09 1.56–2.79 P < 0.001 75 P < 0.001

3.4–4.1 mmol/L 9 2.70 1.92–3.80 P < 0.001 30 P = 0.19

≥4.1 mmol/L 4 4.38 2.57–7.46 P < 0.001 44 P = 0.15
Definition of ‘premature’ 60 years 34 2.40 2.00–2.89 P < 0.001 63 P < 0.001

50 years 12 2.72 2.16–3.41 P < 0.001 0 P = 0.71

Different cut-off levels of Lp(a) Cut-off 30 mg/dL 18 2.19 1.75–2.74 P < 0.001 65 P < 0.001
Cut-off 50 mg/dL 5 2.98 1.94–4.58 P < 0.001 56 P = 0.06

Quintiles 4 1.47 0.78–2.76 P = 0.23 75 P = 0.02

Quartiles 9 2.39 1.55–3.68 P < 0.001 65 P = 0.004
Tertiles 3 2.22 1.15–4.29 P = 0.02 43 P = 0.15

Technique of Lp(a) measurement ELISA 16 2.93 2.15–3.98 P < 0.001 48 P = 0.02

Immunoturbidimetric method 18 1.86 1.50–2.31 P < 0.001 69 P < 0.001
IRMA 2 3.41 1.80–6.48 P < 0.001 0 P = 0.75

ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular diseases; CAD, coronary artery diseases; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; 
IRMA, immunoradiometric assay; Lp(a), lipoprotein(a); LDL-c, low-density lipoprotein cholesterol; MI, myocardial infarction; OR, odds ratio.

Lipoprotein(a) and premature ASCVD                                                                                                                                                              11



dropped further to 55 mg/dL (1.4 mmol/L), which was the LDL-c control 
target of patients with ASCVD recommended by the 2019 European 
Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) 
guideline,55 the correlation no longer existed in older population.56,57

The mechanism of this unique association was not yet clear. It is found 
that the degradation of Lp(a) was partly mediated by the LDL receptors. 
High levels of LDL-c might occupy the receptors, competitively inhibiting 
the catabolism of Lp(a) and enhancing the biological effect of Lp(a). 
Patients with very low LDL-c levels tended to have high levels of activity 
of LDL receptors and a strong metabolic capacity for Lp(a). Although 
Lp(a) levels were high, they could be metabolized quickly and the bio
logical effects were weakened.57 In adults at the early age, those with 
LDL-c below the cut-off of 2.6 mmol/L would not suffer from more often 
ASCVD for elevated Lp(a) according to the meta-analysis, providing a ref
erence threshold for the prevention of early-onset ASCVD. The patients 
with combination of LDL-c ≥ 100 mg/dL (2.6 mmol/L) and Lp(a) eleva
tions should be considered as the vulnerable ones and need to further 
reduce their LDL-c levels below 100 mg/dL (2.6 mmol/L). For only two 
study focused on patients with baseline LDL-c < 100 mg/dL (2.6 mmol/ 
L), further studies were needed to clarify the LDL-c control target for 
young patients with high Lp(a).

Moreover, it is seemed that the association between Lp(a) levels and 
ASCVD events follows a linear pattern. Whether the results are signifi
cant might be related to the increased doses of Lp(a) in the exposed 
group compared with the control group. Lp(a) is often termed as a cat
egorical variable through setting a threshold directly, which is more 
convenient in clinical practice. The risk of premature ASCVD is consid
ered moderate at the level of 30–50 mg/dL (72–110 nmol/L), high 
above 50 mg/dL (110 nmol/L), and very high above 180 mg/dL 
(450 nmol/L).58 In this meta-analysis, significant association was ob
served when the ‘high Lp(a)’ was defined according to commonly 
used thresholds, 30 mg/dL (72 nmol/L) and 50 mg/dL (110 nmol/L). 
Among included studies, none reported outcomes in patients with 
Lp(a) level > 180 mg/dL, and we could not conduct a subgroup analysis 
focusing on these patients in very high risk, which is one of the limita
tions of our study. Moreover, exploring the prognostic effects of very 
high levels of Lp(a) in patients with prior ASCVD may be of little signifi
cance. Berman et al. conducted a retrospective cohort study and found 
that the there was a plateau around 70% in risk for patients with prior 
ASCVD when analysing the association between Lp(a) and ASCVD, 
whereas there was a linear association between Lp(a) and risk among 
patients without ASCVD. For this situation, they explained that in 
the patients with baseline ASCVD, which already had higher absolute 
risk of CVD events and were treated with optimal preventive therapies 
usually, extremely elevated Lp(a) (above the 90th percentile) might 
have less effect on the future ASCVD risk. The threshold for risk assess
ment was 53 mg/dL (112 nmol/L) in secondary prevention, while the 
threshold was 102 mg/dL (216 nmol/L) in primary prevention, suggest
ing that elevated Lp(a) should be defined differently for different popu
lations for optimal risk prediction and clinical management.59

However, it is strange that people with top quintile Lp(a) did not 
show higher risk of premature ASCVD, but people with top quartile 
and tertile did. The study from Shi et al.9 should be rebuked for it fo
cused on Chinese people, in whom the association was not significant. 
Moreover, due to the small total number of included studies, the result 
of the subgroup analysis was less reliable.

The findings of the meta-analysis could be clinically relevant. The pa
tients with higher Lp(a) might suffer from ASCVD earlier, so the Lp(a) 
testing for reclassification in people who are borderline between mod
erate and high risk60 and the preventive measures to lower Lp(a) should 
be taken in time, especially in males, females, Caucasians, South Asians, 
FH patients, and T2DM patients. It is recommended in the guideline 
that measurement of Lp(a) is a routine at least once in a lifetime.55,61

Young patients with higher Lp(a) levels should be given earlier appoint
ment for decisive tests like computed tomography angiography or 

invasive angiography, regardless of their history of T2DM or FH.38

For the approach to reducing Lp(a) level, existing data have indicated 
that intensification of treatment, such as the proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitors, evolocumab, and alirocumab, 
could reduce Lp(a) levels by about 20–30%, providing great risk reduc
tion for cardiovascular risk.26,58 In addition, lipoprotein apheresis could 
lower Lp(a) immediately.62 Novel drugs under development such as 
RNA-targeting therapy was still in the early development stage.63

Moreover, a more aggressive management of lifestyle modifications 
and reduction of elevated LDL-c levels, especially with statins, due to 
the synergistic effects of Lp(a) and LDL-c, was needed.27,39

Limitation
Several potential limitations should be noted in our meta-analysis. 
Firstly, only articles published on PubMed and Embase were included, 
which might lead to missing articles that were not indexed in these 
search engines. Secondly, in consideration of the characteristics of 
the included studies, Lp(a) concentration was analysed as a continuous 
{per one unit or per 1 SD increase of Lp(a) or log [Lp(a)]} and categor
ical variable (tertile, quartile, quintile, or specific thresholds), resulting in 
failure of pooling all relative studies together. Thirdly, most studies in
cluded in our studies were retrospective studies and cross-sectional 
studies, which might have more recall bias. Fourthly, publication bias 
in meta-analyses was examined by checking for asymmetry in a funnel 
plot, which was determined subjectively. Fifthly, in subgroup analyses 
based on races, we failed to provide data about other races such as 
data for the lack of information. Finally, certain analysis contained 
only two or three studies, which were relatively few, and more studies 
were needed to increase the reliability of the results.

Conclusions
Our meta-analysis supports that elevated Lp(a) concentration, which is 
genetically determined, can predict both composite and individual 
ASCVD in young patients. The presence of high Lp(a) concentration in
dicates prospective evaluation and validation as a clinical risk factor in 
premature ASCVD in Caucasians, South Asians, FH population, and pa
tients with the baseline LDL-c level ≥ 100 mg/dL (2.6 mmol/L).
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C, Radu R, Șerban IL, Sascău RA. A systematic review on the risk modulators of myo
cardial infarction in the “young”-implications of lipoprotein (a). Int J Mol Sci 2023;24: 
5927.

4. Ruscica M, Sirtori CR, Corsini A, Watts GF, Sahebkar A. Lipoprotein(a): knowns, un
knowns and uncertainties. Pharmacol Res 2021;173:105812.

5. Willeit P, Ridker PM, Nestel PJ, Simes J, Tonkin AM, Pedersen TR, Schwartz GG, Olsson 
AG, Colhoun HM, Kronenberg F, Drechsler C, Wanner C, Mora S, Lesogor A, Tsimikas 
S. Baseline and on-statin treatment lipoprotein(a) levels for prediction of cardiovascular 
events: individual patient-data meta-analysis of statin outcome trials. Lancet 2018;392: 
1311–1320.

6. Arnold M, Schweizer J, Nakas CT, Schütz V, Westphal LP, Inauen C, Pokorny T, Luft A, 
Leichtle A, Arnold M, Bicvic A, Fischer U, De Marchis GM, Bonati LH, Müller MD, Kahles 
T, Nedeltchev K, Cereda CW, Kägi G, Bustamante A, Montaner J, Ntaios G, Foerch C, 
Spanaus K, von Eckardstein A, Katan M. Lipoprotein(a) is associated with large artery 
atherosclerosis stroke aetiology and stroke recurrence among patients below the age 
of 60 years: results from the BIOSIGNAL study. Eur Heart J 2021;42:2186–2196.

7. Raitakari O, Kartiosuo N, Pahkala K, Hutri-Kähönen N, Bazzano LA, Chen W, Urbina 
EM, Jacobs DRJR, Sinaiko A, Steinberger J, Burns T, Daniels SR, Venn A, Woo JG, 
Dwyer T, Juonala M, Viikari J. Lipoprotein(a) in youth and prediction of major cardiovas
cular outcomes in adulthood. Circulation 2023;147:23–31.

8. Cai G, Huang Z, Zhang B, Yu L, Li L. Elevated lipoprotein (a) levels are associated with 
the acute myocardial infarction in patients with normal low-density lipoprotein choles
terol levels. Biosci Rep 2019;29:BSR20182096.

9. Shi J, Zhang H, Wang D, Gao Q, Sheng L, Song P, Zhang Y, Li Y. Associations between 
various lipid components and premature myocardial infarction: a cross-sectional study. 
Chin J Cardiol 2023;51:278–287.

10. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.

11. Beheshtian A, Shitole SG, Segal AZ, Leifer D, Tracy RP, Rader DJ, Devereux RB, Kizer JR. 
Lipoprotein (a) level, apolipoprotein (a) size, and risk of unexplained ischemic stroke in 
young and middle-aged adults. Atherosclerosis 2016;253:47–53.

12. Dahlén GH, Srinivasan SR, Stenlund H, Wattigney WA, Wall S, Berenson GS. The im
portance of serum lipoprotein (a) as an independent risk factor for premature coronary 
artery disease in middle-aged black and white women from the United States. J Intern 
Med 1998;244:417–424.

13. Orth-Gomér K, Mittleman MA, Schenck-Gustafsson K, Wamala SP, Eriksson M, Belkic 
K, Kirkeeide R, Svane B, Rydén L. Lipoprotein(a) as a determinant of coronary heart dis
ease in young women. Circulation 1997;95:329–334.

14. Lababidi H, Salerno PR, Wass SY, Shafiabadi Hasani N, Bourges-Sevenier B, Al-Kindi S. 
The global burden of premature cardiovascular disease, 1990–2019. Int J Cardiol 
Cardiovasc Risk Prev 2023;19:200212.

15. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS, Lewis EF. 
Atherosclerosis. Nat Rev Dis Primers 2019;5:56.

16. Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of 
atherosclerosis. Nature 2011;473:317–325.

17. Goldsborough EIII, Osuji N, Blaha MJ. Assessment of cardiovascular disease risk: a 2022 
update. Endocrinol Metab Clin North Am 2022;51:483–509.

18. Cleary M, Visentin D, West S, Lopez V, Kornhaber R. Promoting emotional intelligence 
and resilience in undergraduate nursing students: an integrative review. Nurse Educ 
Today 2018;68:112–120.

19. Zheng Y, Zhang N, Wang Y, Wang F, Li G, Tse G, Liu T. Association between leucocyte 
telomere length and the risk of atrial fibrillation: an updated systematic review and 
meta-analysis. Ageing Res Rev 2022;81:101707.

20. Sofi F, Cesari F, Casini A, Macchi C, Abbate R, Gensini GF. Insomnia and risk of cardio
vascular disease: a meta-analysis. Eur J Prev Cardiol 2014;21:57–64.

21. Eckel N, Meidtner K, Kalle-Uhlmann T, Stefan N, Schulze MB. Metabolically healthy 
obesity and cardiovascular events: a systematic review and meta-analysis. Eur J Prev 
Cardiol 2016;23:956–966.

22. Oliver-Williams CT, Heydon EE, Smith GC, Wood AM. Miscarriage and future maternal 
cardiovascular disease: a systematic review and meta-analysis. Heart 2013;99: 
1636–1644.

23. Tse G, Gong M, Meng L, Wong CW, Georgopoulos S, Bazoukis G, Wong MCS, Letsas 
KP, Vassiliou VS, Xia Y, Baranchuk AM, Yan GX, Liu T. Meta-analysis of T(peak)-T and 
T(peak)-T/QT ratio for risk stratification in congenital long QT syndrome. J 
Electrocardiol 2018;51:396–401.

24. Bayoumy A, Gong MQ, Christien Li KH, Wong SH, Wu WK, Li GP, Bazoukis G, Letsas 
KP, Wong WT, Xia YL, Liu T, Tse G. Spontaneous type 1 pattern, ventricular arrhyth
mias and sudden cardiac death in Brugada syndrome: an updated systematic review and 
meta-analysis. J Geriatr Cardiol 2017;14:639–643.

25. Zhang Y, Yuan M, Gong M, Tse G, Li G, Liu T. Frailty and clinical outcomes in heart fail
ure: a systematic review and meta-analysis. J Am Med Dir Assoc 2018;19:1003–1008.e1.

26. Li JJ. Lipoprotein(a) and cardiovascular disease in Chinese population. JACC Asia 2022;2: 
653–665.

27. Jubran A, Zetser A, Zafrir B. Lipoprotein(a) screening in young and middle-aged patients 
presenting with acute coronary syndrome. Cardiol J 2019;26:511–518.

28. Navarese EP, Robinson JG, Kowalewski M, Kolodziejczak M, Andreotti F, Bliden K, 
Tantry U, Kubica J, Raggi P, Gurbel PA. Association between baseline LDL-C level 
and total and cardiovascular mortality after LDL-C lowering: a systematic review and 
meta-analysis. JAMA 2018;319:1566–1579.

29. Li S, Wu NQ, Zhu CG, Zhang Y, Guo YL, Gao Y, Li XL, Qing P, Cui CJ, Xu RX, Sun J, Liu 
G, Dong Q, Li JJ. Significance of lipoprotein(a) levels in familial hypercholesterolemia and 
coronary artery disease. Atherosclerosis 2017;260:67–74.

30. Longenecker JC, Coresh J, Marcovina SM, Powe NR, Levey AS, Giaculli F, Fink NE, Klag 
MJ. Lipoprotein(a) and prevalent cardiovascular disease in a dialysis population: the 
Choices for Healthy Outcomes in Caring for ESRD (CHOICE) study. Am J Kidney Dis 
2003;42:108–116.

31. Kamstrup PR. Lipoprotein(a) and cardiovascular disease. Clin Chem 2021;67:154–166.
32. Jawi MM, Frohlich J, Chan SY. Lipoprotein(a) the insurgent: a new insight into the struc

ture, function, metabolism, pathogenicity, and medications affecting lipoprotein(a) mol
ecule. J Lipids 2020;2020:3491764.

33. Jang AY, Han SH, Sohn IS, Oh PC, Koh KK. Lipoprotein(a) and cardiovascular diseases- 
revisited. Circ J 2020;84:867–874.

34. Nordestgaard BG, Chapman MJ, Ray K, Borén J, Andreotti F, Watts GF, Ginsberg H, 
Amarenco P, Catapano A, Descamps OS, Fisher E, Kovanen PT, Kuivenhoven JA, 
Lesnik P, Masana L, Reiner Z, Taskinen MR, Tokgözoglu L, Tybjærg-Hansen A. 
Lipoprotein(a) as a cardiovascular risk factor: current status. Eur Heart J 2010;31: 
2844–2853.

35. Zhang L, Tao S, Lu N, Pan R, Liu M. Anti-inflammation relieving heart dysfunction and 
depressive behaviors of mice under myocardial infarction and chronic stress. Heart Mind 
2022;6:159–166.

36. Du J, Deng S, Du J. The neutrophil/lymphocyte ratio is associated with different stages of 
development of coronary artery disease. Cardiovasc Innov Appl 2022;7:1–7.

37. Hong X, Li D, Yang X, Fu G, Jiang C, Zhang W. Nomogram for predicting the severity of 
coronary artery disease in young adults ≤45 years of age with acute coronary syn
drome. Cardiovasc Innov Appl 2022;7:1–10.

38. Hanif S, Akhtar B, Afzal MN. Serum lipoprotein (a) levels in acute coronary syndrome; 
comparison of younger and elderly patients with healthy controls. Pak J Med Sci 2019; 
35:1718–1723.

39. Rallidis LS, Pavlakis G, Foscolou A, Kotakos C, Katsimardos A, Drosatos A, Zolindaki M, 
Panagiotakos DB. High levels of lipoprotein (a) and premature acute coronary syn
drome. Atherosclerosis 2018;269:29–34.

40. Papathanasiou KA, Kazantzis D, Rallidis LS. Lipoprotein(a) is associated with premature 
coronary artery disease: a meta-analysis. Coron Artery Dis 2023;34:227–235.

Lipoprotein(a) and premature ASCVD                                                                                                                                                              13

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeae031#supplementary-data


41. Ballantyne CM. Lipoprotein(a) and risk for stroke and myocardial infarction: why aren’t 
we screening? J Am Coll Cardiol 2019;74:67–69.

42. Goldstein JL, Dana SE, Brunschede GY, Brown MS. Genetic heterogeneity in familial 
hypercholesterolemia: evidence for two different mutations affecting functions of low- 
density lipoprotein receptor. Proc Natl Acad Sci U S A 1975;72:1092–1096.

43. Loh WJ, Chan DC, Mata P, Watts GF. Familial hypercholesterolemia and elevated lipo
protein(a): cascade testing and other implications for contextual models of care. Front 
Genet 2022;13:905941.

44. Vuorio A, Watts GF, Schneider WJ, Tsimikas S, Kovanen PT. Familial hypercholesterol
emia and elevated lipoprotein(a): double heritable risk and new therapeutic opportun
ities. J Intern Med 2020;287:2–18.

45. Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, Berglund L, Dweck MR, 
Koschinsky ML, Lambert G, Mach F, McNeal CJ, Moriarty PM, Natarajan P, 
Nordestgaard BG, Parhofer KG, Virani SS, von Eckardstein A, Watts GF, Stock JK, 
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LS, Catapano AL. Lipoprotein(a) in atherosclerotic cardiovascular disease and aortic 
stenosis: a European Atherosclerosis Society consensus statement. Eur Heart J 2022; 
43:3925–3946.

48. Guertin J, Kaiser Y, Manikpurage H, Perrot N, Bourgeois R, Couture C, Wareham NJ, 
Bossé Y, Pibarot P, Stroes ESG, Mathieu P, Clavel MA, Thériault S, Boekholdt SM, 
Arsenault BJ. Sex-specific associations of genetically predicted circulating Lp(a) (lipopro
tein(a)) and hepatic LPA gene expression levels with cardiovascular outcomes: 
Mendelian randomization and observational analyses. Circ Genom Precis Med 2021;14: 
e003271.

49. Wild SH, Fortmann SP, Marcovina SM. A prospective case-control study of lipoprotei
n(a) levels and apo(a) size and risk of coronary heart disease in Stanford Five-City 
Project participants. Arterioscler Thromb Vasc Biol 1997;17:239–245.

50. Paré G, Çaku A, McQueen M, Anand SS, Enas E, Clarke R, Boffa MB, Koschinsky M, 
Wang X, Yusuf S. Lipoprotein(a) levels and the risk of myocardial infarction among 7 
ethnic groups. Circulation 2019;139:1472–1482.

51. Zhang SS, Hu WY, Li YJ, Yu J, Sang S, Alsalman ZM, Xie DQ. Lipoprotein (a) variability is 
associated with mean follow-up C-reactive protein in patients with coronary artery dis
ease following percutaneous coronary intervention. World J Clin Cases 2022;10: 
12909–12919.

52. Cao YX, Li L, Zhang HW, Jin JL, Liu HH, Guo YL, Wu NQ, Zhu CG, Dong Q, Xu RX, 
Sun J, Li JJ. Visit-to-visit variability of lipid and cardiovascular events in patients with fa
milial hypercholesterolemia. Ann Transl Med 2021;9:556.

53. Trinder M, Paruchuri K, Haidermota S, Bernardo R, Zekavat SM, Gilliland T, Januzzi JJR, 
Natarajan P. Repeat measures of lipoprotein(a) molar concentration and cardiovascular 
risk. J Am Coll Cardiol 2022;79:617–628.

54. Wang P, Yuan D, Zhang C, Jia S, Song Y, Tang X, Zhao X, Gao R, Xu B, Yuan J. 
Association between cumulative lipoprotein(a) exposure and adverse cardiovascular 
outcomes in patients with prediabetes or diabetes. iScience 2023;26:106117.

55. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ, De 
Backer GG, Delgado V, Ference BA, Graham IM, Halliday A, Landmesser U, Mihaylova B, 
Pedersen TR, Riccardi G, Richter DJ, Sabatine MS, Taskinen MR, Tokgozoglu L, Wiklund 
O. 2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid modification to 
reduce cardiovascular risk. Eur Heart J 2020;41:111–188.

56. Cai A, Li L, Zhang Y, Mo Y, Li Z, Mai W, Zhou Y. Baseline LDL-C and Lp(a) elevations 
portend a high risk of coronary revascularization in patients after stent placement. Dis 
Markers 2013;35:857–862.

57. Zhu L, Zheng J, Gao B, Jin X, He Y, Zhou L, Huang J. The correlation between lipopro
tein(a) elevations and the risk of recurrent cardiovascular events in CAD patients with 
different LDL-C levels. BMC Cardiovasc Disord 2022;22:171.

58. Banach M, Burchardt P, Chlebus K, Dobrowolski P, Dudek D, Dyrbuś K, Gąsior M, 
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