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Background. Comorbidities including ischemic heart
disease (IHD) worsen outcomes after SARS-CoV-
2 infections. High lipoprotein(a) [Lp(a)] concentra-
tions are a strong risk factor for IHD and possibly
for thromboembolic events. We therefore evaluated
whether SARS-CoV-2 infections modify the risk of
high Lp(a) concentrations for IHD or thromboem-
bolic events during the first 8.5 months follow-up
of the pandemic.

Method. Cohort study using data from the UK
Biobank during the SARS-CoV-2 pandemic. Base-
line Lp(a) was compared between SARS-CoV-2 pos-
itive patients and the population controls.

Results. SARS-CoV-2 positive patients had Lp(a)
concentrations similar to the population controls.
The risk for IHD increased with higher Lp(a)
concentrations in both, the population controls
(n = 435,104) and SARS-CoV-2 positive patients
(n = 6937). The causality of the findings was sup-
ported by a genetic risk score for Lp(a). A SARS-
CoV-2 infection modified the association with a
steeper increase in risk for infected patients (inter-
action p-value = 0.03). Although SARS-CoV-2 pos-
itive patients had a five-times higher frequency of
thromboembolic events compared to the popula-
tion controls (1.53% vs. 0.31%), the risk was not
influenced by Lp(a).

Conclusions. SARS-CoV-2 infections enforce the
association between high Lp(a) and IHD but the
risk for thromboembolic events is not influenced

by Lp(a).

Keywords: ischemic heart disease, lipoprotein(a),
SARS-CoV-2, thromboembolic events

Introduction

As of April 1, 2021, the confirmed global cases
of SARS-CoV-2 infections were 128,223,872. The
disease is caused by the SARS-CoV-2 virus with
large variability in susceptibility and severity upon
viral exposure. A cross-sectional survey of 20,133
patients hospitalized with SARS-CoV-2 described
that patients with diabetes, ischemic heart dis-
eases, hypertension or chronic respiratory diseases
are at higher risk of death after a SARS-CoV-2
infection [1]. Although the major adverse outcomes
are acute respiratory distress syndrome and end-

organ failure, several studies reported a widely
varying high frequency of thromboembolic compli-
cations which might contribute to end-organ fail-
ure (discussed in Connors et al. [2]). However,
population-based data are limited [3].

The search for suspects which might increase
the risk for ischemic heart disease (IHD) and
thromboembolic events has set the stage for
lipoprotein(a) [Lp(a)], which shows atherogenic and
thrombogenic properties [4-7]. Apolipoprotein(a) is
the key protein of this lipoprotein and shows a high
homology with plasminogen. Experimental stud-
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Fig. 1 Description of the study population, study design and research questions (Q1-Q4): The study includes only study
participants with Lp(a) measurements available at baseline. For Q1 test results, all participants were included who became
available from 16 March 2020 until 1 February 2021. For Q2-Q4, outcome data were available from 16 March 2020 to
30 November 2020. Therefore, the number of tested individuals is lower for this part of the study, and the number of the

background population is therefore higher as for Q1.

ies provided evidence that high Lp(a) concentra-
tions might promote thrombosis by stimulating
platelet activation and coagulation as well as
inhibiting fibrinolysis [5]. The inflammatory prop-
erties of Lp(a) and its influence on the vascular wall
[8] might additionally enhance the thromboinflam-
matory response to SARS-CoV-2 infection [9]. For
this and other reasons, Lp(a) was soon after the
start of the pandemic discussed as a suspect which
could promote IHD and especially thromboembolic
events [10, 11]. However, no data have been pro-
vided till now.

The present study uses data from the general pop-
ulation of the UK Biobank (UKB) to explore the
frequency of IHD and thromboembolic events in
SARS-CoV-2 positive patients compared to popula-
tion controls and whether Lp(a) is a risk modulator
for these events in case of a SARS-CoV-2 infection.

Materials and methods
Study cohort

UKB is a large-scale prospective study with
more than 500,000 participants aged 40-69
years at recruitment (2006-2010). UKB received
ethical approval from the North West Multi-
Centre Research Ethics Committee (REC refer-
ence: 11/NW/0382). All participants gave written

informed consent before enrolment in the study,
which was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Figure 1 and the Supporting Information Mate-
rial describe the design and research questions
of the present investigation. From 16 March 2020
on Public Health England regularly provides UKB
with SARS-CoV-2 test results [12] (mainly PCR
test from combined nose/throat swabs), cover-
ing 55,199 individuals tested until 1 February
2021. From participants with Lp(a) measurements
available, 13,588 cases were tested positive for
SARS-CoV-2 at least once in this time frame. As
described recently [13], this group was compared
to 428,453 population controls which included
any person who was not a case (i.e., people who
were tested negative, were never tested or had an
unknown testing status). A detailed justification of
this grouping, a baseline description of the cohort,
the phenotyping and statistical analysis are pro-
vided in the Supporting Information.

Outcome data

SARS-CoV-2 test results were linked to UKB data
with the most complete update on death and
hospital inpatient data until 30 November 2020
(censoring date). The outcome data are available
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for 6937 patients tested positive before the cen-
soring date, of whom 208 required treatment at
the intensive-care unit (ICU), and for 435,104
population controls (either nontested or tested
negative before the censoring date) (Table S1).
We analysed IHD and thromboembolic events that
occurred between 16 March and 30 November
2020 (Fig. 1). IHD events were defined by ICD-10
codes [21-125 and thromboembolic events by ICD-
10 codes 1260, 1269, 1630, 1633, 1801-1803, 181,
1820-1823, 1828-1831, 1839, 0223, 0225, 0228
and O871. To consider only events which are pos-
sibly linked to Sars-CoV-2 infection in positive
tested persons, only events were considered, which
occurred after or not more than 10 days before the
first positive test.

Lp(a) concentrations and genetic risk score for Lp(a)

As described by Patel et al. [14], serum Lp(a) con-
centrations were measured using an immunotur-
bidimetric assay (Randox Laboratories) (see also
Supporting Information).

Two genetic risk scores for Lp(a) were derived: the
first one is based on 11,446 variants within 2 Mb
of the LPA gene [15]. Since this score was devel-
oped and validated using the UKB data, another
score, not involving UKB, was also used. The sec-
ond score comprisesing 48 genome-wide signif-
icant SNPs, derived from a genome-wide meta-
analysis on Lp(a), adjusted for age and sex [16].
They represent a comparable genetic region, span-
ning 1.76 Mb surrounding the LPA locus. In UKB,
850,000 variants were genotyped using the UKB
Axiom Array. More than 90 million variants were
imputed using the Haplotype Reference Consor-
tium and UK10K + 1000 Genomes reference pan-
els. SNPs for the genetic risk scores were retrieved
from these data. Each genotype dosage was mul-
tiplied by the corresponding weights, and all val-
ues were summed up to the individual score using
PGS-Calc (https://github.com/lukfor/pgs-calc).

Statistical analysis

The difference in Lp(a) levels between groups was
tested using Wilcoxon test. Frequencies in IHD
and thromboembolic events between groups were
tested using chi-square test. Logistic regression
analyses were performed to estimate the risk of
Lp(a) increase on positive status for SARS-CoV-
2 infection, IHD and thromboembolic events. The
main analysis was adjusted for age, sex, ethnic-
ity, smoking, body mass index, diabetes mellitus,

hypertension and LDL cholesterol. A further model
was conducted additionally adjusting for prevalent
IHD (including prevalent case status until Septem-
ber 2019). Lp(a) was used both as a continu-
ous variable (estimates given for each 25 nmol/L
increase) and in categories for IHD and throm-
boembolic events: <20th percentile (reference cate-
gory), 6.1-75, 75-120, 120-220 and >220 nmol/L
( = 95th percentile). Nonlinear splines were plot-
ted using the function ‘gam’ in the package ‘mgcv’
(R version 4.0.3.) to evaluate a possible nonlin-
ear relationship of Lp(a) on outcomes. We tested
for interaction between continuous Lp(a) levels and
the grouping variable ‘population controls versus
SARS-CoV-2 positive tested’.

Results
Lp(a) concentrations in SARS-CoV-2 positive patients

First, we investigated whether Lp(a) is a suscepti-
bility factor for SARS-CoV-2 infection. We observed
no difference in the Lp(a) distribution between
SARS-CoV-2 positive patients and the popula-
tion controls (Fig. S1, median Lp(a) concentrations
19.55 and 19.60 nmol/L, respectively, p = 0.38).
The results did not change when we adjusted for
age, sex, ethnic background, BMI, diabetes, hyper-
tension, LDL cholesterol and smoking status using
a logistic regression model (Table S2).

Lp(a) and IHD

The IHD frequency in SARS-CoV-2 positive
patients, either hospitalized or not, was markedly
higher than in the population controls (4.67% vs.
1.48%, p = 1.84e-106). In the population controls,
we observed the expected pattern of increasing
IHD risk with increasing Lp(a) concentrations with
an OR of 1.04 for each 25 nmol/L increase of Lp(a)
(95% CI 1.05-1.06, p < 2e-16). This risk increase
was even steeper in SARS-CoV-2 positive patients
(OR = 1.07, 95% CI 1.03-1.10, p = 0.00026)
with a significant interaction between SARS-CoV-
2 positive status and Lp(a) levels (p = 0.036).
Indeed, the OR for IHD of the top 5% compared
to the bottom 20% of the Lp(a) concentrations
was 48% higher in SARS-CoV-2 positive patients
compared to the population controls (OR 2.22
versus 1.50; Table 1). Figure 2 shows that there
was no indication for nonlinearity in the asso-
ciation of Lp(a) on IHD risk. It also underscores
the steeper risk increase in the positive tested
group (Fig. 2a, p-value for interaction = 0.0036).
The difference remained unchanged when we
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Fig. 2 (a) Nonlinear splines describing the association
between Lp(a) concentrations and ischemic heart dis-
ease (IHD) events in SARS-CoV-2 positive patients and in
the population controls. Data are adjusted for age, sex,
ethnicity, smoking, body mass index, diabetes mellitus,
hypertension and Lp(a)-corrected LDL cholesterol. p-value
for interaction = 0.036. The dotted line for OR = 1 crosses
the spline at the Lp(a) median value of 19.6 nmol/L in
all analysed individuals. The dashed vertical line cor-
responds to an Lp(a) level of 220 nmol/L (= 95th per-
centile). (b) is similar to panel (a) but additionally adjusted
for prevalent IHD status from September 2019. p-Value
for interaction = 0.030. (c) Splines for IHD and venous
thromboembolism outcomes in 6937 SARS-CoV-2 posi-
tive tested study participants. The dotted line for OR =
1 crosses the spline at the Lp(a) median value of 19.2
nmol/L. The dashed vertical line corresponds to an Lp(a)
level of 220 nmol/L (= 95th percentile). In each plot, tick
marks at the bottom line indicate one observation.

adjusted for the status of prevalent IHD before the
pandemic started (Fig. 2b, p-value for interaction
= 0.030).

When we repeated the analysis stratifying patients
by the median of 57 years of age at the time of
recruitment, we observed an association of Lp(a)
with ITHD in both groups, which was stronger in
the younger age group (Table S3).

Lp(a) and thromboembolic events

We analysed thromboembolic events during the
observation period. These were five-times more
frequent in positive patients when compared to
the population controls (1.54% vs. 0.31%, p =
4.68e-74). Within the cohort of 6937 positively
tested patients before the censoring date, 3.0%
required ICU treatment. The incidence of throm-
boembolic events was markedly higher in ICU-
treated patients compared to SARS-CoV-2 posi-
tive patients without ICU treatment (10.60% vs.
1.30%; p = 6.95e-27). However, we did not observe
any association between Lp(a) and thromboembolic
events as can be seen by comparing the ORs in the
various Lp(a) strata (Table 1) and in Fig. 2c. Within
SARS-CoV-2 positive patients, there was abso-
lutely no association when we performed a logistic
regression model adjusted for age, sex, BMI, dia-
betes, ethnicity, smoking status and hypertension
(OR = 1.00, p = 0.90) and when we performed a
spline analysis over the entire range of Lp(a) con-
centrations (Fig. 2c).

Application of an Lp(a) genetic risk score

Both Lp(a) genetic risk scores derived from dif-
ferent populations (15, 16) did not differ between
the SARS-CoV-2 positive patients and the popu-
lation controls (both p > 0.30) and were also not
associated with thromboembolic events (p > 0.41).
However, the Lp(a) genetic risk scores increased the
risk for IHD in the entire population (p < 2e-16).

Discussion

Using data from the UKB, we could show that the
frequency of thromboembolic events is increased
in SARS-CoV-2 positive patients and especially
in those requiring intensive-care treatment. High
Lp(a) concentrations do not increase the suscepti-
bility to SARS-CoV-2 infections nor to thromboem-
bolic events. However, Lp(a) is a risk factor for IHD
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events and — most importantly — the association of
high Lp(a) with IHD risk is even stronger under the
circumstances of a SARS-CoV-2 infection.

Soon after the COVID-19 pandemic started, it
became obvious that thromboembolic events are
a frequent complication that contributes to the
end-organ damages in these patients. However, the
reported frequencies varied widely from a few per-
centage in hospitalized patients to more than 30%
in intensive care patients [17, 18]. Piazza et al.
reported a 2.6% frequency of major arterial and
venous thromboembolism and a 2.2% frequency of
symptomatic venous thromboembolism in a cohort
of 229 hospitalized nonintensive care cohort.
This frequency was 35.3% and 27.0%, respec-
tively, in 170 intensive care patients [17]. Another
study involving hospitalized SARS-CoV-2 patients
reported a venous thromboembolism incidence of
7.2% and 3.1% in patients with and without
need for mechanical ventilation, respectively [18].
A recent population-based registry from Denmark
reported an overall 30-day risk of venous throm-
boembolism of 0.4% and 0.3% for SARS-CoV-2
positive and SARS-CoV-2 negative patients with a
risk of 1.8% and 1.5% when patients were hospi-
talized. In the same publication, a medical record
review from 582 hospitalized SARS-CoV-2 patients
revealed 4% and 7% frequencies of patients at the
ward and intensive care unit, respectively [3]. In
the present UKB data, the observed events rates
were roughly fourfold and 30-fold higher in SARS-
CoV-2 positive patients without and with treat-
ment at the ICU, respectively, when compared
to the population controls (1.30% and 10.6% vs.
0.31%), but the frequencies were still lower than
in some earlier reports. One reason for this might
be that UKB cohort is closer to a population-based
sample which might avoid an overestimation of
the frequency. A further explanation could be a
possible change in the anticoagulation strategy
in the treatment of severe SARS-CoV-2 infections
compared to the first wave of SARS-CoV-2 infec-
tions, as it became clear that thromboembolic
events represented a major adverse outcome.

The present data do not provide any evidence that
high Lp(a) concentrations trigger an increased risk
for thromboembolic events in case of a SARS-CoV-
2 infection as suggested recently [10, 11]. This was
at the first glance surprising. However, most of the
current evidence for a thrombogenic nature of Lp(a)
derived from experimental studies. Epidemiologic
and genetic studies did not provide support for a

thrombogenic role and if there is any, it can only
be found at very high Lp(a) values above the 95th
percentile [19]. Similarly, we observed in the pop-
ulation controls a tendency of an increased risk
for thromboembolic concentrations (HR = 1.29, p
= 0.051). Interestingly, even under these circum-
stances of an increased frequency of thromboem-
bolic events in SARS-CoV-2 positive patients, Lp(a)
did not modify the risk.

The most important finding of our analysis is the
observation that high Lp(a) concentrations fur-
ther increase the risk for IHD in SARS-CoV-2 pos-
itive patients compared to the population con-
trols, where the risk was increased already when
Lp(a) concentrations were above 75 nmol/L (OR
= 1.27, p = 1.27e-05). Since the outcome of
patients with pre-existing IHD is worse in case
of a SARS-CoV-2 infection [1], a high Lp(a) con-
centration with an accompanying inflammation
of the arterial wall together with an exacerbated
immune reaction might further enhance IHD risk
[20]. Patients with high Lp(a) concentrations might
therefore be considered as high-risk group in
case of a SARS-CoV-2 infection especially when
they had already suffered an IHD event in the
past.

Our study has strengths and limitations. Strengths
are an almost population-based cohort with Lp(a)
measurements long before the SARS-CoV-2 pan-
demic. This excludes reverse causation meaning
that the disease itself is changing Lp(a) concentra-
tions and thereby influencing the finding. Further-
more, it is one of the very few studies which comes
close to population-based data and might provide
a more realistic estimate on the thromboembolic
event estimates in case of a SARS-CoV-2 infection.
The study is limited by the circumstances that we
do not have detailed data on the treatment of the
patients during hospitalization and how this might
have influenced our finding. We furthermore can-
not exclude that short-term changes of Lp(a) dur-
ing the acute phase could have influenced the find-
ings.

Conclusions

High Lp(a) concentrations do not seem to increase
the risk for thromboembolic events in SARS-CoV-
2 positive patients. However, high Lp(a) concentra-
tions are an even stronger risk factor for IHD under
the circumstance of a SARS-CoV-2 infection com-
pared to population controls. Therefore, patients
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with high Lp(a) concentrations might be consid-
ered as high-risk group in case of a SARS-CoV-2
infection.
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