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Aims

Method
and results

Conclusion

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.

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% Cl): 1.53-3.02, P < 0.001], especially for coronary artery disease (OR: 2.44, 95% Cl: 2.06—2.90, P < 0.001) and periph-
eral arterial disease (OR: 2.56, 95% Cl: 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% Cl:
1.54-3.23, P < 0.001) Significant results were observed in South Asians (OR: 3.71, 95% Cl: 2.31-5.96, P < 0.001), Caucasians
(OR: 3.17, 95% Cl: 2.22-4.52, P < 0.001), and patients with baseline low-density lipoprotein cholesterol (LDL-c) level >
2.6 mmol/L.

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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Elevated Lipoprotein(a) is associated with higher risk of premature ASCVD

Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains the leading
cause of death worldwide, with an estimated annual global mortality
rate of 17.9 million patients.”* Although the majority of ASCVD and
associated adverse events occurs among the elderly, the younger popu-
lation also remains vulnerable.® 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.?

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.* However, previous studies regarding the association be-
tween Lp(a) and ASCVD have mainly focused on the older or general
populations.® 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.®
A prospective study of 3596 patients by Raitakari et al.” also found that
higher Lp(a) was related to premature ASCVD, whereas Cai et al.® and
Shi et al.” 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
ltem for Systematic Reviews and Meta-Analyses statement.’® 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 <6
Atherosclerotic cardiovascular disease in this study included CAD, stroke,
and PAD.">™" A study was eligible if the following criteria were fulfilled:
(i) observational studies conducted in humans; (i) 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.

11-14
5.

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; (i) baseline characteristics: sample size, age of onset, duration
of follow-up, and outcome-related variables; and (iii) Lp(a) measurements.
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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, (i) comparability of groups, and
(iii) ascertainment of exposure or outcomes.® 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." 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 (Cl) were
extracted from the fully adjusted models to evaluate the of association be-
tween Lp(a) and outcomes.?® When results of multivariable analysis were
not available, those from univariable analysis were used.?' If HR/RR/OR
was not reported, event number in the case and control groups was applied
to calculate the unadjusted risk estimates.”” The HR/RR value in Cox pro-
portional hazards model was equated to the OR value.”*** Pooled effects
were summarized as OR (95% Cl) using the inverse variance method.”
Heterogeneity was assessed by using the Cochrane Q statistic and [?
statistic. For the Q test, P value < 0.1 was considered statistically significant.
1> < 50% was considered as no heterogeneity and <70% as moderate het-
erogeneity, otherwise as high. If I* 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.?® 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.®”

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 (2.6-3.4mmollL),
130-160 mg/dL (3.4—4.1 mmol/L), and >160 mg/dL (4.1 mmol/L)],?® defin-
ition of the ‘premature’ (50 years and 60 years)," 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 54 (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% Cl: 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% Cl: 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% ClI:
2.06-2.90, P<0.001) and PAD (OR: 256, 95% CI: 1.56-4.21,
P < 0.001) but not for stroke (OR: 1.25, 95% ClI: 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%
Cl: 2.09-5.40, P < 0.001), stable angina and ACS (OR: 2.95, 95% ClI:
2.15-4.04, P<0.001), ACS only (OR: 2.70, 95% ClI: 1.92-3.81,
P < 0.001), as well as Ml (OR: 1.88, 95% ClI: 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% Cl: 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% Cl: 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% ClI: 1.80-2.97,
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Figure 1 Flow diagram of the study selection process.

P < 0.001) and female patients (OR: 2.34, 95% ClI: 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% Cl: 2.31-5.96, P < 0.001) and white patients (OR: 3.17, 95% Cl:
2.22-452, 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% ClI:
1.93-2.84, P<0.001) and hospitalized patients (OR: 2.37, 95% ClI:
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
(2.6-34 mmol/L) (OR: 2.09, 95% Cl: 156-2.79, 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% Cl: 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% Cl: 2.16-3.41, P < 0.001) or younger than

Unclear referent group (n=1)
Insufficient data (n=5)

No outcomes with interest (n=42)
Absence of helpful HR/RR/OR (n=60)

60 years (OR:2.40, 95% Cl:2.00-2.89, P < 0.001) (see Supplementary
material online, Figure $8).

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%
Cl: 1.94-4.58, P < 0.001), top quartiles (OR: 2.39, 95% ClI: 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% ClI: 1.50-2.31, P < 0.001) for immunoturbidimetric
method, 2.93 (95% Cl: 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.,*” in which the
important confounding factor of FH was ignored, the I* decreased
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Table 1 Continued

Quality

Risk
estimate

Baseline Outcomes

LDL-c

Follow-up Technique of

Age of
duration

Baseline
ASCVD

Race

Total Males

population patients

Study

Frist author Country Study design

and year

score

Lp(a)
measurement

onset

)

level
(mmol/L)

(%)

OR

CAD
CHD, MI

3.4-4.1
NA

NA

ELISA

NA

154 yrs

yrs

<60

NA
NA

White

000
2191

Cross-sectional Hospital-based 274
2191

Canada

Solymoss 1993
Bostom 1996

RR

<55yrs

NA

Prospective cohort Community-based

USA

(100)

NA

Stroke OR

<26

Immunoturbidimetric

<45 yrs

NA

Chinese

93

Hospital-based

Case-control

China

Cao 2003

method
ELISA
ELISA

CAD OR

Stroke

NA
NA

<40 yrs NA
NA

NA

22(67)

NA

NA
0(0) White: 202, Black:

100

India Case-control Community-based

USA

Gambhir 2000
Wityk 2000

OR

<45 yrs

326

Community-based

Case-control

116, Other:8

ACS, acute coronary syndrome; ASCVD, arteriosclerotic cardiovascular disease; CAD, coronary artery disease; CHD, coronary heart disease; ELISA, enzyme-linked immunosorbent assay; HR, hazard ratio; IRMA, immunoradiometric assay; LDL-c, low-density lipoprotein-

cholesterol; Ml, myocardial infarction; NA, not available; OR, odds ratio; PAOD, peripheral arterial occlusive disease; PVD, peripheral vascular disease

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 $3~510). Longenecker et al.*® 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 S$12) In addition, only
Arnold et al.® 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).>" It is the major carrier
of oxidized phospholipid and promotes atherosclerotic plaque devel-
opment through the pro-inflammatory, pro-thrombotic, and
anti-fibrinolytic effects. 2631736 |n 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.”” It is found that Lp(a) was a persuasive predict-
or of the composite ASCVD in young but not in old.*® 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.® and
Hanif et al.*® Rallidis et al.*” 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% ClI: 0.52-1.42,
P <0.001, I = 98%) compared with controls. But the results remained
controversial because of relatively small case-control studies of moder-
ate quality and high statistical he‘cerogeneity.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
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A Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Fixed, 95% C| IV, Fixed, 95% C|
Anagnoslis(ASCVD) 2022 11119 04067 18.0% 3.04(1.37,6.75) ——
Longenecker 2003 1.2238 0.4454 15.0% 3.40(1.42,8.14)

Raitakari 2023 0571 0.2112 66.9% 1.77[1.17,2.68) B =

Total (95% Cl) 100.0% 2.15[1.53, 3.02] &>

Heterogeneity: Chi*= 2.63, df= 2 (P = 0.27); F= 24% =[! o 0'1 1 110 100:
Test for overall effect: Z= 4.44 (P < 0.00001) o hb premlature ASCVD premature ASCVD

B Odds Ratio Odds Ratio
Study or Subgroup 0q[Odds Ratio] SE_Weight IV, Random, 95% Ci IV, Random, 95% C1
Aasvee 2006 11346 04411 18% 311 [1.31,7.38)

Anagnostis(CAD) 2022 08919 04111 19% 2.44(1.09, 5.46) =
Arnold 2021 08755 04218 18% 2.40[1.05,549] —
Be'rard 2013 0.8329 02911  25% 2.30[1.30, 4.07) e
Beheshtiantwhite)2016 05933 03289 23% 1.81[0.95, 3.45] ﬁ*
Bostom(CHD) 1996 06419 02345 29% 1.90 (1.20, 3.01] T
Cai(cut off 30mgidL) 2021 02231 02214 30% 1.25[0.81,1.93) =
Cao 2003 03379 08989 0.7% 1.40(0.24,8.16)  ——
Chubykina 2022 19021 09219 06% 6.70(1.10,4081]
Dahlén 1998 26101 06244  11% 13.60(4.00, 4624
Elisaf 1997 08416 07933 08% 232(0.49,1098] -1
Ellis 2018 0.6313 02781 26% 1.88(1.09,324] ==
Ezhov (IHD) 2023 0174 00837 37% 1.19(1.01,1.40] E
Foody(fenale) 2000 0.7419 04924 1.6% 210(0.80,5.51] A=
Foody(male) 2000 1.3083 0.3139 24% 3.70[2.00, 6.85] -
Gambhir 2000 11184 04609 1.7% 3.06[1.24,7.55) ey
Gambhir 2008 1.3137 03322 23% 3.72(1.94,713)] -
Garcia-Diaz(femnale) 2003 11282 11899 04%  3.09(030,31.83) ]
Garcla-Diaz(male) 2003 22925 09299 06%  9.90(1.60, 6126
George 2016 156129 08145 08%  454(092 2241)
Hanif 2019 1.2947 04537 17% 3.65(1.50,8.88] -
Hopkins 1997 0.7608 03395 23% 2.14(1.10,4.16) =
Hopkins 2001 1.5851 05595 1.3% 4.88[1.63,1481] -
Joseph 2022 1.2585 0.3928 2.0% 3.52[1.63,7.60] =
Jubran 2019 1.3481 04878 16% 3.85(1.48,1002] -
Klausen 1997 1.3403 04872 16% 382[1.47,9.93] -
Lan 2021 08834 02394 28% 2.42[1.51,387] g
LI 2017 0.27 00845 37% 131 111,155 -
LI Wang(fernale) 2000 05988 02954 25% 1.82[1.02,3.25) =
LI Wang(male) 2000 0.793 02668 27% 221 1.31,373) —
MaCaughey 2022 0.9209 0.4005 1.9% 2.51[1.15,551)] .
Marcucci 2005 29755 07232 09% 1960[4 75, 8088]
Orth-Gomer 1997 1.0508 02837 26% 286 [1.64,4.99) -
Ralligis 2018 1.0578 0269 27% 2.88 [1.70, 4.88] =
Reibis 2012 1.3969 0.1942 31% 4.04[2.76,5.92] SR
Rigal{female) 2007 -0.5621 06811 1.0% 057 [0.15,217] =1
Rigal(male) 2007 1.2641 05435 1.4% 354(1.22,10.27] —
Shai 2005 06678 03062 24% 1.95[1.07,3.55] —
Shi 2023 =0.1497 02051 I1% 0.86[0.58, 1.29] -T
Simony(female) 2021 03075 01831 32% 1.36 [0.95, 1.95] [
Simony(male) 2021 04318 0.1359 35% 1.54[1.18,201) s
Solymoss 1993 2.3665 05668 1.3% 1066 [3.51,32.38] e o
Sunayama 1996 1.9315 07362 09% 6.90[1.63,29.21]
Tsimikas 2005 1.282 03795 20% 364 [1.73,7.66) -
Tyurina 2022 05933 0165 33% 1.81[1.31,2.50] ==
Tyurina 2023 05068 01571 33% 1.66[1.22, 2.26] T
Valentine 1996 1.2809 05197 1.5% 3.60(1.30,9.97] =
Wityk (black) 2000 01222 07697 08% 113(0.25,511) ——
Wityk(white) 2000 0.1484 04502 1.7% 1.16(0.48, 2.80] -
Zorla 2006 11053 0438 18%  3.02(1.28,713 —
Total (95% CI) 100.0% 2.35[2.01,2.74) L]
Heterogeneity. Tau®= 0.16; Chi*= 165 55, df= 48 (P < 0.00001); F= 70% k + + d
Testfor overall eflect Z=10.72 (P < 0.00001) M s sy T
c 0Odds Ratio Odds Ratio
{1 L i % i %
Beheshtian(black) 2016 03001 03808 52% 1.35[0.64,2.85) e
Beheshtian(Hispanics) 2016 03075 0.2644 10.7% 1.36(0.81,2.28) TE-
Beheshtian(white)2016 0.3853 01253 47.8% 1.47[1.151.88] =
Dugani 2021 01989 0144 362% 1.22[082 1.62) ™=
Total (95% CI) 100.0% 1.36 [1.14, 1.61] *
Heterogeneity: Chi= 0.95, df=3 (P = 0.81); F= 0% :n‘m o 1=u mu:

Testfor overall effect Z=3.52 (P = 0.0004)

no premature ASCVD  premature ASCVD

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; Cl, confidence interval; Lp(a), lipoprotein(a); OR, odds ratio; SE, standard error.

atherosclerosis and heart disease, such as atrial fibrillation.*" 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.® However, some of the included studies reporting
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Odds Ratio
Sty o log[Odds Ratio] SE_Woei 1V, Fixe: % Cl
Anagnostis(CAD) 2022 08919 04111 649% 2.44(1.09,546)
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Odds Ratio
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001

01 10 100
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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; Cl, 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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D Odds Ratio 0dds Ratio

_Studyor Subgroup  loglOdds Ratio]  SE Weight IV, Random, 95% CI V. Random, 95% C1
1.21.1 angiographically proven
Elisaf 1997 08416 07933 1.1% 232(0.49,1098) ]
Gambhir 2000 11184 04609 23% 3.06[1.24, 7.55)
Gambhir 2008 1.3137 03322 32% 37211.94,7.13) T
George 2016 15129 08145 1.1% 454092, 2241)
Li 2017 027 00845 51% 1.31[1.11,1.55) =
LiWang(fernale) 2000 05988 02954 35% 1.82[1.02, 3.25) e
Li Wang(male) 2000 0.793 02668 3.7% 22101.31,3.73) =
Marcucci 2005 29755 07232 1.3% 1960[4.75,8088)
Solymoss 1993 23665 05663 1.8% 1066(3.51,3238)
Sunayama 1996 19315 07362 1.2% 6.90(1.63,29.21)
Tsimikas 2005 1292 03795 28% 364[1.73,7.66) —_—
Subtotal (95% CI) 26.9%  3.36(2.09,5.40]
Heterogenelty: Tau*= 0.41; Chi*= 48.87, df= 10 (P < 0.00001), I*= 80%
Testfor overall effect Z= 5.01 (P < 0.00001)
1.21.2 stable angina and ACS
Anagnostis(CAD) 2022 08919 04111 256% 2.4411.09,546) "
Ellis 2018 06313 02781 36% 1.88[1.08, 3.24) ——
Klausen 1997 1.3403 04872 22% 382[1.47,993)
Orth-Gomer 1997 1.0508 02837 36% 286[1.64,499) ==y
Reibis 2012 1.3969 01942 43% 404 [2786,592) e
Subtotal (95% CI) 16.2% 2.95[2.15,4.04) L 4
Heterogeneity: Tau™= 0.04; Chi®= 569, df= 4 (P=0.22); F= 30%
Testfor overall effect Z= 6.74 (P < 0.00001)
1.21.3ACS
Chubykina 2022 19021 09219 09% 6.70[1.10,40.81)
Lan 2021 08834 02394 39% 242[1.51,387) s
Rallidis 2018 10578 0289 37% 2.88(1.70, 4.88) =
Subtotal (95% CI) 8.5% 2.70[1.92,3.81)] <
Heterogeneity: Tau®= 0.00; Chi*= 1.24, df= 2 (P = 0.54), "= 0%
Testfor overall effect Z= 5.67 (P < 0.00001)
1.214M
Aasvee 2006 11346 04411 2.4% 311 [1.31,7.38)
Bostom(MI) 1995 06419 02789 36% 1.90[1.10, 3.28) —
Cal(cut off 30mg/dL) 2021 02231 02214 4.1% 1.25(0.81,1.93) T
Ezhov (M) 2023 04511 02004 43% 157 [1.06,2.33) =
Garcia-Diaz(fernale) 2003 1.1282 11899 056% 309(0.30,31.83) ]
Garcia-Diaz(male) 2003 22025 09299 08% 9.80 [1.60, 61.26)
Hanif 2019 1.2947 04537 23% 365[1.50,088)
Hopkins 1997 07608 03395 31% 214 [1.10, 4.18) E—
Hopking 2001 15851 05595 1.8% 488[1.83,14.61)
MaCaughey 2022 09209 04005 27% 251 [1.15,551) =2
Shai 2005 06678 03062 3.4% 1.95[1.07, 3.59) —
Shi 2023 -0.1497 0.2051 4.2% 0.86 [0.58, 1.29) -1
Simony(fernale) 2021 05766 02645 37% 1.7811.06,299) _'_
Simony(male) 2021 05878 0182 4.4% 1.80[1.26, 257) e
Tyurina 2022 05933 0165 45% 1.81[1.31, 2.50) =%
Zorio 2006 11053 0438 24% 3020128, 713)
Subtotal (95% CI) 48.4% 1.88[1.53, 2.32] L 2
Heterogeneitly. Tau®= 0.07, Chi*= 28.91, df= 15 (P = 0.02), F= 48%
Test for overall effect Z= 5.95 (P < 0.00001)
Total (95% CI) 100.0% 2.43[2.02,2.92] L
Heterogeneity: Tau= 0.16; Chi*= 107 46, df= 34 (P < 0.00001); F = 68% rol o 1%0 1u6‘

Test for overall effect Z= 9.52 (P < 0.00001)

no pramature ASCVD  pramature ASCVD

Test for subarouo differences: Ch*=9.24. df= 3 (P =0.03). F=67.5%

Figure 3 Continued

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.*> 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.**~*> 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.*® 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*® 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® 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.*’ 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.* A Mendelian randomization study showed
that correlation existed in both men and women,48 while Wild
et al* 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
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Table2 Subgroup analysis of the association between elevated lipoprotein(a) and the risk of premature atherosclerotic

cardiovascular diseases for categorical variables

Subgroup

Study design Prospective
Retrospective

Cross-sectional

Gender Female
Male
Race Caucasians

South Asians
Chinese
Population characteristics Community population
Hospitalized patients
<2.6 mmol/L
2.6-3.4 mmol/L
3.4-4.1 mmol/L
>4.1 mmol/L

60 years

Baseline LDL-c level

Definition of ‘premature’
50 years
Cut-off 30 mg/dL
Cut-off 50 mg/dL
Quintiles
Quartiles
Tertiles
ELISA
Immunoturbidimetric method
IRMA

Different cut-off levels of Lp(a)

Technique of Lp(a) measurement

Number of studies

Meta-analysis

Heterogeneity

OR 95% CI P value P (%) P value
9 173 1.40-2.13 P <0.001 22 P=025
26 284  231-350 P <0.001 41 P=0.02
15 209 1.59-2.75 P <0.001 83 P <0.001
12 234  1.53-3.58 P <0.001 66 P=0.006
10 2.31 1.80-2.97 P <0.001 44 P=0.06
1 317 222452 P <0.001 51 P=0.03
3 371 2.31-5.96 P <0.001 0 P=0.96
4 120  0.99-145 P=0.06 17 P=0.31
32 234 1.93-2.84 P <0.001 65 P <0.001
18 237 1.78-3.15 P <0.001 78 P <0.001
2 302 065-1400 P=0.16 32 P=022
12 209 1.56-2.79 P <0.001 75 P <0.001
9 270 1.92-3.80 P <0.001 30 P=0.19
4 438  257-7.46 P <0.001 44 P=0.15
34 240  2.00-2.89 P <0.001 63 P <0.001
12 272 216-3.41 P < 0.001 0 P=0.71
18 219 1.75-2.74 P <0.001 65 P <0.001
5 298  1.94-4.58 P <0.001 56 P=0.06
4 147  0.78-276 P=0.23 75 P=0.02
9 239  1.55-3.68 P <0.001 65 P=0.004
3 222 1.15-4.29 P=0.02 43 P=0.15
16 293 215-398 P <0.001 48 P=0.02
18 186  1.50-2.31 P <0.001 69 P <0.001
2 341 1.80-6.48 P <0.001 0 P=0.75

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

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 Ml in the popula-
tions of all ages, ranging from 0% in Africans to 9.5% in South Asians and
modest in Caucasians (4.6%).°° 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.*’ 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.>’ 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.>? 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.>
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.>* 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
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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.ss'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.”’ 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).*® 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.>”

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.” 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 risk®® 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.>>®’
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.3®
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.**>® 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 s‘cage.“"3
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.?”’

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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