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Summary
BACKGROUND: Lipoprotein (a) [Lp(a)] serum levels are
highly genetically determined and promote atherogenesis.
High Lp(a) levels are associated with increased cardio-
vascular morbidity. Serum Lp(a) levels have recently been
associated with large artery atherosclerosis (LAA) stroke.
We aimed to externally validate this association in an in-
dependent cohort.

METHODS: This study stems from the prospective mul-
ticentre CoRisk study (CoPeptin for Risk Stratification in
Acute Stroke patients [NCT00878813]), conducted at the
University Hospital Bern, Switzerland, between 2009 and
2011, in which Lp(a) plasma levels were measured within
the first 24 hours after stroke onset. We assessed the
association of Lp(a) with LAA stroke using multivariable
logistic regression and performed interaction analyses to
identify potential effect modifiers.

RESULTS: Of 743 patients with ischaemic stroke, 105
(14%) had LAA stroke aetiology. Lp(a) levels were higher
for LAA stroke than non-LAA stroke patients (23.0 nmol/l
vs 16.3 nmol/l, p = 0.01). Multivariable regression revealed
an independent association of log10 Lp(a) with LAA stroke
aetiology (aOR 1.47 [95% CI 1.03–2.09], p = 0.03). The in-
teraction analyses showed that Lp(a) was not associated
with LAA stroke aetiology among patients with diabetes.

CONCLUSIONS: In a well-characterised cohort of patients
with ischaemic stroke, we validated the association of
higher Lp(a) levels with LAA stroke aetiology, independent
of traditional cardiovascular risk factors. These findings
may inform randomised clinical trials investigating the ef-
fect of Lp(a) lowering agents on cardiovascular outcomes.

The CoRisk (CoPeptin for Risk Stratification in Acute Pa-
tients) study is registered on ClinicalTrials.gov. Registra-
tion number: NCT00878813.

Introduction

Lipoprotein (a) [Lp(a)] is a serum lipoprotein with poten-
tial pro-atherogenic, pro-inflammatory and anti-fibrinolyt-
ic properties [1, 2]. It consists of an apolipoprotein B100
molecule and an apolipoprotein(a) [apo(a)] molecule co-
valently bound to one another [1, 3]. In contrast to LDL
cholesterol (LDL-C) levels, Lp(a) plasma levels are mainly
genetically determined and thus barely affected by diet or
lifestyle modifications; they vary widely in the population.
These variations are mainly caused by polymorphisms in
the LPA gene [4].

Elevated Lp(a) levels have been identified as a causal car-
diovascular risk factor [5]. Specifically, there is emerging
evidence that Lp(a) contributes to the residual cardiovascu-
lar risk in patients with dyslipidaemia who have achieved
their target LDL-C levels with pharmacological LDL-low-
ering therapies [6].

High Lp(a) levels have been causally associated with is-
chaemic stroke [5, 7]. Despite the known association be-
tween high Lp(a) levels and the risk for ischaemic stroke,
only a few studies have addressed the association of Lp(a)
on different stroke subtypes [8, 9, 10]. Since Lp(a) pro-
motes atherosclerosis, an association with large artery ath-
erosclerosis (LAA) can be expected. This is supported
by the findings of a recent study by Arnold et al. which
showed that Lp(a) was associated with LAA stroke aeti-
ology (aOR 1.48, 95% CI 1.14–1.90) [11]. The interplay
between Lp(a) and other cardiovascular risk factors for is-
chaemic stroke, such as arterial hypertension or dyslipi-
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daemia (mainly driven by LDL-C), has received little at-
tention. Only age – not dyslipidaemia, diabetes, or active
and former smoking – was a strong effect modifier of this
association [11].

In a well-described, prospectively collected cohort of pa-
tients with ischaemic stroke, we aimed to externally vali-
date the association between Lp(a) and LAA stroke aeti-
ology, as well as explore potential effect modifiers of the
association.

Methods

Study design and population

The CoRisk (CoPeptin for Risk Stratification in Acute Pa-
tients) study [NCT00878813] was a prospective observa-
tional multicentre study. The protocol has been described
elsewhere [12]. The responsible ethics committee ap-
proved the study (ID: KEK 001/09). We followed the
STROBE guidelines for reporting observational studies.

In the current analyses, we included patients with acute
ischaemic stroke admitted to the University Hospital of
Bern between 2009 and 2011. Acute ischaemic stroke was
defined as a new focal neurological deficit lasting longer
than 24h without signs of acute intracranial bleeding on
brain imaging. Only patients with available blood samples
for lipid analysis and stroke subtype aetiology identified
according to the TOAST (Trial of Org 10172 in Acute
Stroke Treatment) classification were included [13]. Pa-
tients who did not give written informed consent and those
with diagnoses other than ischaemic stroke after a diagnos-
tic workup were excluded.

We assessed demographic data, pre-stroke modified
Rankin Scale (mRS), National Institutes of Health Stroke
Scale (NIHSS) score on admission, medical history (arte-
rial hypertension, dyslipidaemia, diabetes mellitus, atrial
fibrillation, coronary heart disease, previous cerebrovas-
cular event, family history, and smoking status) and prior
medication (platelet inhibitors, anticoagulants, antihyper-
tensive agents, and statins).

Imaging-based stroke diagnosis and workup for aetio-
logic classification

Computed tomography (CT) with angiography or mag-
netic resonance imaging (MRI) with/without angiography
was performed during hospitalisation. For stroke subtype
classification according to the TOAST criteria, additional
diagnostic tests were performed at the treating physician's
discretion, including duplex ultrasound of the carotid
artery, electrocardiogram, and transthoracic echocardiog-
raphy.

Assessment of cardiovascular risk factors

In the CoRisk study, on which the current study was based,
information on cardiovascular risk factors and their treat-
ment was collected systematically during the initial patient
contact using the Charlson comorbidity index [14], self-
reported medical history, and medication upon admission.
Smoking was classified as current or former (smoking ces-
sation >2 years before study entry).

Lp(a) measurements

For the Lp(a) measurements, blood was drawn within 24
hours of symptom onset. After centrifugation for 20min
at 3000g at room temperature, plasma was aliquoted, and
samples were stored in the freezer until further analysis.
Lp(a) concentration was assessed using the Roche Tina-
quant Lp(a) Gen.2 assay. Plasma levels were recorded in
nmol/l. The lower detection limit was 6nmol/l.

Outcome measures

Our primary outcome was LAA stroke as the underlying
stroke aetiology according to the TOAST classification.
The secondary outcome was the incidence of recurrent
stroke after 3 months.

Statistical analyses

The baseline characteristics of LAA stroke patients and
patients with any other stroke aetiology (non-LAA) were
compared using descriptive statistics. Categorical variables
were compared using Fisher’s exact test, and continuous
variables using the Mann-Whitney U test. Results were
presented as numbers (with percentages) or medians (with
interquartile ranges [IQR]), respectively. Univariable and
multivariable logistic regression analyses were performed
to assess the association of log10 Lp(a) with LAA stroke.
Log10 transformation was performed due to the skewed
distribution of Lp(a). For the multivariable models, we
used (1) covariables that showed a significant association
with LAA stroke aetiology (i.e., p <0.05) in the univariable
analyses, and (2) covariables that have been reported in the
literature to influence the risk of LAA (i.e., age, history of
smoking, LDL-C [log transformed], statin pre-treatment)
[15]. In the final model, we included age, sex, hyperten-
sion, diabetes, LDL-C (log transformed), smoking, statin
treatment on admission, and platelet inhibitor treatment on
admission. Only cases with complete covariable sets were
considered. As sensitivity analyses, we performed back-
ward selection based on the prespecified covariable sets,
removing terms with p ≥ 0.10, and repeated the multivari-
able analyses after excluding patients with undetermined
stroke aetiology (after full evaluation) and patients with
more than one possible stroke aetiology.

In addition, we performed interaction analysis to identify
possible effect modifiers of the observed effects. P-values
<0.05 were considered significant; we report 95% confi-
dence intervals. Statistical analysis was performed using
STATA version 17 (STATA Corp LLC, College Station,
Texas, USA). Do-files are available from the correspond-
ing authors upon reasonable request.

Statement of ethics

Ethical approval: The ethics committee of Kanton Bern
approved this study (ID: KEK 001/09).

Informed consent: Written informed consent was obtained
from all subjects before the study.
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Results

Baseline characteristics of LAA and non-LAA stroke
patients

Lp(a) measurements were available for 743 of 783 patients
(94.9%). According to the TOAST classification, 105
(14%) patients had LAA stroke aetiology (figure 1).

Median Lp(a) levels were 16.9 nmol/l (IQR 6.1–60), with
significantly higher levels in patients with LAA stroke
(23.0 nmol/l [IQR 9.8–80.0] than in those with non-LAA
stroke (16.3 nmol/l [IQR 5.8–57.0], p = 0.01). Patients
with LAA stroke, compared with non-LAA stroke patients,
had a higher BMI (26.4 kg/m2 vs 25.6 kg/m2, p = 0.01),
were more often male (73% vs 61%, p = 0.02), were less
likely to have atrial fibrillation (1% vs 21%, p ≤0.001),
and were more likely to have arterial hypertension (81% vs
66%, p = 0.003), dyslipidaemia (68% vs 57%, p = 0.03),
and diabetes mellitus (24% vs 14%, p = 0.02). On admis-
sion, patients with LAA stroke were more likely to be tak-
ing platelet inhibitors and antihypertensive drugs (table 1).

Association of Lp(a) with LAA stroke aetiology in uni-
and multivariable regression

In univariable analysis, Lp(a) was associated with LAA
stroke aetiology (OR 1.54 [95% CI 1.11–2.15], p = 0.01;
table 1). In multivariable regression, Lp(a) remained inde-
pendently associated with LAA stroke after adjusting for
cardiovascular risk factors (aOR 1.47 [95% CI 1.03–2.09],
p = 0.03; table 2). These results were consistent with the
sensitivity analysis conducted with alternative covariable
selection using backward selection and after excluding in-
dividuals with undetermined aetiology (with incomplete
evaluation) and patients with more than one possible un-
derlying aetiology (tables S1, S2, S3 in the appendix).

The interaction between Lp(a) and diabetes mellitus was
statistically significant in univariable analysis (p-value for
interaction = 0.045). However, Lp(a) was not associated
with LAA stroke (aOR 0.85 [95% CI: 0.43–1.68]) among
patients with diabetes mellitus but rather only among pa-
tients without diabetes mellitus (aOR 1.9[95% CI
1.29–2.80]). To further explore this interaction, we com-

pared Lp(a) levels among patients with and without dia-
betes mellitus (14.6 [IQR 5.5–60] vs 17.4 [IQR 6.3–61],
p = 0.45). No significant interaction was found between
Lp(a) and age, gender, hypertension, smoking, statin intake
on admission, or LDL-C levels on admission (figure 2,
table S4 in the appendix).

Discussion

Our main findings are: (1) among ischaemic stroke pa-
tients, those with LAA stroke aetiology had higher plasma
Lp(a) levels than patients with non-LAA stroke; (2) after
adjusting for traditional cardiovascular risk factors, Lp(a)
remained associated with LAA stroke aetiology, validating
higher Lp(a) blood levels in LAA stroke patients compared
to other etiological subtypes; (3) among patients with di-
abetes mellitus, no significant association between Lp(a)
and LAA was found.

Our finding of higher plasma Lp(a) among patients with
stroke of LAA aetiology is consistent with the results of
the multicentre, prospective BIOSIGNAL study. The latter
yielded Lp(a) levels in patients with LAA stroke and non-
LAA stroke that were similar to those observed in our co-
hort. In addition, two cohort studies with smaller sample
sizes reported similar findings about the association of
Lp(a) and LAA stroke [16, 17]. An Asian cohort study
found that Lp(a) was associated with LAA stroke and in-
tra- or extracranial stenosis [8].

A significant interaction between Lp(a) and diabetes mel-
litus was present. Among patients with diabetes, Lp(a) was
not associated with LAA stroke. The lack of association
between Lp(a) and LAA among patients with diabetes can
be explained by (1) diabetes itself being a strong inde-
pendent risk factor for LAA stroke, diluting the associa-
tion between Lp(a) and LAA, and (2) by numerically lower
Lp(a) levels in patients with diabetes, although the differ-
ence was small. The relationship between Lp(a) and di-
abetes mellitus is complex.[18] Several studies have re-
ported an inverse correlation between Lp(a) levels and the
risk of type 2 diabetes [19, 20, 21]. The pathophysiological
mechanism of the inverse association between Lp(a) levels
and diabetes risk is still unclear. A causal relationship has
been suspected but has not yet been demonstrated by ge-

Figure 1: Patient selection flowchart.
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netic association studies [21, 22]. Elevated Lp(a) levels in
people with diabetes are an independent risk factor for car-
diovascular disease in general, beyond LAA stroke [23].

In contrast to the BIOSIGNAL investigators, we did not
observe an interaction between Lp(a) and age. In BIOSIG-
NAL, patients younger than 60 years showed the strongest
association between Lp(a) and LAA (aOR for patients <60
years: 3.64 [95 % CI 1.76–7.53], p <0.001] [11]. The mod-
est number of patients <60 years with LAA stroke may ex-
plain the lack of a statistically significant interaction.

Other interactions between Lp(a) and concomitant risk fac-
tors could not be found in our data. Effect modification be-
tween Lp(a) and statin use, as well with LDL-C – both as
a continuous and dichotomous variable – was non-signif-
icant. However, the sample size of our cohort prevented
us from assessing of whether low LDL or lowering LDL
pharmacologically can mitigate the increased risk of LAA
associated with high Lp(a) levels.

No approved pharmacological agents specifically lower
Lp(a). The PCSK-9 inhibitors alirocumab and evolocumab
reduce Lp(a) levels by 25–30% in patients with Lp(a) lev-
els above 50 mg/dl. Yet, the contribution of PCSK-9-in-
duced Lp(a) lowering to the reduction in cardiovascular
events is modest, as shown by a recent Mendelian ran-
domisation study [24]. Pelacarsen, a pharmacological
agent designed to reduce Lp(a) levels specifically, is being
investigated in a phase 3 clinical trial – Lp(a)-HORIZON
(NCT04023552) – among patients with established but
stable cardiovascular disease and Lp(a) >70 mg/dl.
Pelacarsen impairs apo(a) synthesis in hepatocytes. In pre-
vious phase 1 and 2 studies, Pelacarsen showed promising
results in lowering Lp(a) [25].

Strengths and limitations

Our study’s strengths include the use of a large prospective
data set with imaging-proven ischaemic stroke and the

Table 1:
Baseline characteristics of LAA and non-LAA stroke patients.

Total (n = 743) LAA (n = 105) Non-LAA (n = 638) p-value Missing patients (%)

Demographic data

Age (ys) – median [IQR] 71 [61–80] 72 [63–79] 71 [60–80] 0.60 0 (0)

Male sex – n (%) 465 (63) 77 (73) 388 (61) 0.02 0 (0)

Medical history – n (%)

Dyslipidaemia 426 (58) 71 (68) 355 (57) 0.03 10 (1)

Previous cerebrovascular event 153 (21) 29 (28) 124 (19) 0.07 1 (<1)

Arterial hypertension 508 (68) 85 (81) 423 (66) 0.003 0 (0)

Current smoking 133 (18) 26 (25) 107 (17) 0.05 0 (0)

Former smoking 105 (17) 11 (14) 94 (18) 0.52 133 (18)

Ever smoking 238 (32) 37 (35) 201 (32) 0.50 0 (0)

Atrial fibrillation 136 (18) 1 (1) 135 (21) <0.001 13 (2)

Coronary heart disease 132 (18) 19 (18) 113 (18) 0.89 0 (0)

Diabetes mellitus 115 (16) 25 (24) 90 (14) 0.02 1 (<1)

Positive family history 112 (20) 12 (16) 100 (21) 0.44 182 (25)

Clinical data – median [IQR]

BMI (kg/m2) 25.7 [23.1–28.3] 26.4 [24.4–29.1] 25.6 [22.9–28.2] 0.01 172 (23)

NIHSS on admission 6 [3–13] 5 [3–12] 6 [3–13] 0.63 2 (<1)

mRS before 0 [0–0] 0 [0–0] 0 [0–0] 0.69 6 (<1)

Medication on admission – n (%)

Statins 194 (26) 35 (34) 159 (25) 0.07 3 (<1)

Platelet inhibitors 278 (37) 52 (50) 226 (35) 0.007 1 (<1)

Antihypertensive drugs 440 (59) 76 (73) 364 (57) 0.002 3 (<1)

Anticoagulation 74 (10) 0 (0) 74 (12) <0.001 2 (<1)

Laboratory values – median [IQR]

Lp(a), nmol/l 16.9 [6.1–60] 23 [9.8–80] 16.3 [5.8–57] 0.01 0 (0)

Lp(a) >100 nmol/l- n (%) 127 (17) 23 (22) 104 (16) 0.16 0 (0)

LDL-C, mmol/l 2.6 [2.0–3.3] 2.6 [2.1–3.4] 2.6 [2.0–3.3] 0.33 20 (3)

Apolipoprotein B, g/l 0.95 [0.78–1.13] 0.94 [0.8–1.13] 0.95 [0.77–1.13] 0.74 27 (4)

Cholesterol, mmol/l 4.7 [4.0–5.5] 4.6 [4.1 –5.4] 4.7 [4.0–5.5] 0.75 0 (0)

Triglycerides, mmol/l 1.4 [1.0–2.0] 1.4 [1.1–2.0] 1.4 [1.0–2.0] 0.92 0 (0)

Non-HDL-C, mmol/l 3.3 [2.7–4.2] 3.3 [2.9–4.2] 3.3 [2.7–4.1] 0.58 1 (<1)

HbA1c, % 5.8 [5.6–6.2] 6.0 [5.7–6.3] 5.8 [5.6–6.2] 0.002 51 (7)

TOAST aetiology – n (%)

Macroangiopathy 105 (14) 105 (100) 0 (0) – 0 (0)

Cardioembolism 286 (38) 0 (0) 286 (45) – 0 (0)

Microangiopathy 43 (6) 0 (0) 43 (7) – 0 (0)

Other etiologies 28 (4) 0 (0) 28 (4) – 0 (0)

Undetermined, evaluations complete 116 (16) 0 (0) 116 (18) – 0 (0)

Undetermined, evaluations incomplete 95 (13) 0 (0) 95 (15) – 0 (0)

More than one possible aetiology 70 (9) 0 (0) 70 (11) – 0 (0)

LAA: large artery atherosclerosis; IQR: interquartile range; BMI: body mass index; NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Stroke scale; Lp(a):
lipoprotein(a); LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TOAST: Trial of Org 10172 in Acute Stroke Treatment.
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high completeness of the data on the cardiovascular risk
factors.

We also acknowledge limitations. (1) The sample size pre-
vents the drawing of conclusions about the interactions
among other cardiovascular risk factors, especially age and
LDL-C. Moreover the incidence of recurrent stroke was
low (10/743 patients; 1.3%), making further regression
analyses in this domain inappropriate. (2) 25–33% of pa-
tients were treated with statins, antihypertensive agents or
platelet inhibitors potentially biasing the association be-
tween Lp(a) and LAA and the effect modification with
concomitant cardiovascular risk factors. (3) There is an in-
herent risk of misclassification bias in classifying causes
of stroke, as more than one possible stroke aetiology may
be present. Classification systems that provide additional
information on the probability of the underlying pathome-
chanism (e.g. the Causative Classification of Stroke) had
not been established at the time this study was planned.
(4) CoRisk recruited patients in Switzerland, and they were
predominantly of Caucasian ethnicity, limiting the general-
isability of the results.

Conclusions

We externally validated the independent association of
higher Lp(a) levels with LAA stroke aetiology in a pre-
dominantly Caucasian cohort. This contributes to the
emerging evidence of Lp(a) as a risk factor for LAA stroke
and might be important for randomised control trials inves-
tigating the effect of Lp(a) lowering agents.

Data availability statement

The original data will be made available by the corre-
sponding authors upon reasonable request.
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Figure 2: Interaction analysis for the association of Lp(a) with large artery atherosclerosis stroke aetiology in different subgroups, odds ratios
(95% CI).
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Appendix: Supplementary tables

Table S1:
Sensitivity analysis: Multivariable regression of the association of log10 Lp(a) with LAA stroke aetiology with alternative covariable selection using backward selection.

LAA vs non-LAA aOR 95% CI p-value

Log10 Lp(a) 1.04 1.00–1.09 0.04

Female sex 0.93 0.89–0.98 0.01

Arterial hypertension 1.07 1.01–1.13 0.02

Diabetes 1.10 1.02–1.18 0.01

Log10 LDL-C 1.14 0.99–1.33 0.08

Antiplatelets on admission 1.06 1.00–1.11 0.05

aOR: adjusted odds ratio; CI: confidence interval; Lp(a): lipoprotein(a): LDL-C: LDL cholesterol.

Table S2:
Sensitivity analysis: Multivariable regression of the association of log10 Lp(a) with LAA stroke aetiology with excluded individuals with undetermined aetiology (with incomplete
evaluation) and patients with more than one possible aetiology. N = 561 (only cases with complete sets of covariables of interest were considered).

LAA vs non-LAA aOR 95% CI p-value

Log10 Lp(a) 1.59 1.09–2.31 0.02

Age 1.01 0.99–1.03 0.43

Female sex 0.46 0.27–0.76 0.003

Arterial hypertension 1.92 1.07–3.44 0.03

Diabetes 2.37 1.34–4.19 0.003

Ever smoking 1.09 0.66–1.78 0.74

LDL-C 1.24 0.96–1.60 0.09

Statins on admission 1.07 0.61–1.87 0.81

Antiplatelets on admission 1.59 0.96–2.61 0.07

(a)OR: (adjusted) odds ratio; CI: confidence interval; Lp(a): lipoprotein a.

Table S3:
Multivariable regression of the association of log10 Lp(a) with LAA stroke aetiology, LDL-C (absolute).

LAA vs non-LAA aOR 95% CI P-value

Log10 Lp(a) 1.46 1.03–2.09 0.04

Age 1.00 0.98–1.02 0.98

Female sex 0.52 0.31–0.85 0.009

Arterial hypertension 2.00 1.14–3.52 0.02

Diabetes 2.00 1.17–3.43 0.01

Ever smoking 1.03 0.64–1.65 0.91

LDL-C 1.25 0.99–1.58 0.06

Statins on admission 1.04 0.61–1.78 0.89

Antiplatelets on admission 1.54 0.95–2.50 0.08

aOR: adjusted odds ratio; CI: confidence interval; Lp(a): lipoprotein(a); LDL-C: LDL cholesterol.

Table S4:
Interaction analysis for the association of Lp(a) with large artery atherosclerosis stroke aetiology in different subgroups, with adjusted odds ratios (95% CI). All models were ad-
justed for following covariables: age, sex, hypertension, diabetes, LDL-C (log transformed), smoking, statin treatment on admission, and platelet inhibitor treatment on admis-
sion.

LAA vs non-LAA aOR* 95% CI* p-value (for interaction)

Age x log10 Lp(a) 0.99 0.97–1.02 0.67

Female sex x log10 Lp(a) 1.00 1.00–1.01 0.24

Diabetes x log10 Lp(a) 0.52 0.23–1.18 0.12

Arterial hypertension x log10 Lp(a) 1.31 0.57–3.04 0.53

Ever smoking x log10 Lp(a) 1.26 0.60–2.63 0.54

Statins on admission x log10 Lp(a) 0.75 0.36–1.58 0.46

Antiplatelets on admission x log10 Lp(a) 0.89 0.44–1.79 0.75

Log10 LDL-C x log10 Lp(a) 0.88 0.62–1.24 0.46

aOR: adjusted odds ratio; CI: confidence interval; Lp(a): lipoprotein(a); LDL-C: LDL cholesterol. * for the interaction term
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