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ABSTRACT

A recent meta-analysis of over 20,000 individ-
uals showed that hospitalized COVID-19
patients with acute myocardial injury had more
than fourfold higher mortality than those
without such injury. Since the COVID-19 pan-
demic exacerbates already existing health
inequalities, there is an urgent need to create
measures to protect the most vulnerable patient
groups, including those with a pre-existing

increased risk of atherosclerotic cardiovascular
disease (ASCVD). A typical example is familial
hypercholesterolemia (FH), a common genetic
disease affecting over 30 million individuals
worldwide. If left untreated or undertreated, FH
patients suffer from complications of premature
ASCVD, such as acute coronary syndromes,
resulting in acute myocardial injury/infarction.
A recent population-based analysis provided
strong evidence suggesting that COVID-19
poses an even higher risk for myocardial injury
in FH patients. From the long-term preventive
point of view, it is important to note that, in
addition to the acutely elevated risk of
myocardial injury, an elevated risk of ASCVD
and its complications will persist after COVID-
19. The decline in outpatient preventive care
during the pandemic is likely to influence
ASCVD risk and outcomes, particularly in high-
risk patients, such as those with FH. This com-
mentary aims to raise global awareness of the
challenges that clinicians treating FH patients
continue to face during the COVID-19 pan-
demic, with two low- to middle-income coun-
tries, South Africa and Brazil, serving as
examples.
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01530 Vantaa, Finland
e-mail: alpo.vuorio@gmail.com

A. Vuorio
Department of Forensic Medicine, University of
Helsinki, Helsinki, Finland

P. T. Kovanen
Wihuri Research Institute, Helsinki, Finland

R. D. Santos
Lipid Clinic Heart Institute (Incor), University of São
Paulo, Medical School Hospital, São Paulo, Brazil

R. D. Santos
Academic Research Organization, Hospital Israelita
Albert Einstein, São Paulo, Brazil

F. Raal
Faculty of Health Sciences, University of
Witwatersrand, Johannesburg, South Africa

Cardiol Ther (2022) 11:1–7

https://doi.org/10.1007/s40119-021-00245-3

http://orcid.org/0000-0002-5504-2959
http://crossmark.crossref.org/dialog/?doi=10.1007/s40119-021-00245-3&amp;domain=pdf
https://doi.org/10.1007/s40119-021-00245-3


Key Summary Points

Hospitalized COVID-19 patients with
acute myocardial injury have more than
fourfold higher mortality than those
without such injury.

Familial hypercholesterolemia (FH), a
common genetic disease, affects over 30
million individuals worldwide, and if left
untreated leads to premature
atherosclerotic cardiovascular disease.

Recent population-based analysis showed
that FH patients with COVID-19 are at a
significantly elevated risk of acute
myocardial injury.

Preventive lipid management among FH
patients suffering from COVID-19 needs
to be continued, or even intensified,
during the infection and beyond.

INTRODUCTION

Several studies have shown that underlying
cardiovascular disease is related to a poor prog-
nosis of SARS-CoV-2 infection [1–4]. A recent
meta-analysis of 20,204 patients showed that
hospitalized COVID-19 patients with acute
myocardial injury had more than fourfold
higher mortality than COVID-19 patients
without it [5]. In addition, history of coronary
artery disease was an independent predictor of
acute myocardial infarction (AMI) during SARS-
CoV-2 infection. So far, there is a lack of data
regarding the impact of pre-existing cardiovas-
cular disease on the severity of COVID-19,
especially in middle-to-low- and low-income
countries. The worldwide World Heart Federa-
tion Global Study on COVID-19 and Cardio-
vascular Disease is in progress to clarify this
challenging topic [6].

Since it is now clear that the COVID-19
pandemic will exacerbate existing health
inequalities, particularly in low- and middle-

income countries, there is an urgent need to
create measures to protect the most vulnerable
patient groups [7]. Profound health inequalities
between high-to-middle- and low-income
countries are highlighted by the fact that in the
latter countries, only 1.6% of people had
received at least one dose of COVID-19 vaccine
by the end of August 2021 (https://www.
ourworldindata.org/covid-vaccinations).
Indeed, the risks are exacerbated in low-income
countries where the public health systems can-
not respond adequately and without delay to
support the protection of the most vulnerable
by shielding them from infections inside and
outside their homes [8].

Of concern is that during the COVID-19
pandemic, the rising number of infections lim-
its access to healthcare even in high-income
countries. Thus, the increased treatment burden
causes delays in the treatment of various pre-
existing diseases, such as cardiometabolic dis-
eases. The delays, again, increase the risk for
complications and worsen the prognosis among
such patients even without COVID-19 [9, 10].

Unfortunately, the necessary prevention and
treatment strategies of COVID-19 have led to
restriction measures that hamper the routine
care of common chronic metabolic conditions
[11]. A demonstrative example is familial
hypercholesterolemia (FH), a common genetic
disease with an estimated prevalence of 1 in 300
persons and affecting over 25 million individu-
als worldwide, which, if left untreated or
undertreated, can lead to premature
atherosclerotic cardiovascular disease (ASCVD),
notably to different types of acute coronary
syndromes with ensuing myocardial injury
often already in early adulthood [12]. Unfortu-
nately, FH is still an underdiagnosed and
undertreated disease, which further aggravates
the situation [13, 14]. This applies especially to
the severe homozygous form of FH (HoFH),
which affects about 1 in 300,000 individuals,
and in which the affected individuals often
develop ASCVD already in early childhood [15].

This commentary aims to raise awareness of
the challenges the COVID-19 pandemic has
created for clinicians with regard to cardiac
health treatment of FH patients with COVID-
19, especially in Africa and Latin America. The
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impact of an acute ischemic stroke in such
patients in general was the subject of a previous
publication and is therefore omitted from this
commentary [16]. This article is based on pre-
viously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

FH AND COVID-19 IN AFRICA

Although it is well known that, due to a founder
effect, FH is common in the Afrikaner, Jewish,
and Indian populations of South Africa, with a
prevalence as high as 1 in 80 [17, 18], there are
very few studies that have reported on the
prevalence of FH in the Black population of
South Africa, let alone throughout the rest of
the Africa continent. In fact, fewer than 30 cases
of genetically documented FH in Black Africans
have been reported since 1980 [19–21]. This
shortcoming needs to be urgently addressed, as
it implies that FH is either less prevalent than
that reported on other continents worldwide or
that the diagnosis of FH is being missed.

In South Africa, even if the prevalence of FH
in the Black population is less than 1 in 300, the
number of cases of FH in this population should
exceed those in the much smaller founder FH
South African populations because Black Afri-
cans make up 90% of the total population. At an
estimated prevalence of 1 in 300 persons, Africa,
with a population of over 1.2 billion people,
should have over 4 million FH cases. Certainly,
as cardiovascular disease is the leading cause of
death worldwide, many individuals and families
with FH among Black Africans may simply be
overlooked.

Elevated lipoprotein(a) [Lp(a)] is now a well-
established causal risk factor for cardiovascular
disease independent of low-density lipoprotein
(LDL) cholesterol levels [22]. Lp(a) levels tend to
be higher in African individuals. However, there
have also been few reports on Lp(a) levels in
African patients, and none on African individ-
uals with FH. Hence, it remains unknown
whether Lp(a) is an independent risk factor for
CVD in this population group [23].

We know even less about the risk associated
with COVID-19 infection or mortality from

COVID-19 in FH patients on the African conti-
nent, since no data are available. At the Johan-
nesburg hospital lipid clinic, to date,
approximately 10 genetically confirmed HoFH
patients have had COVID-19, and fortunately
they have all recovered without severe compli-
cations. However, one markedly overweight
HoFH patient attending the lipid clinic in Cape
Town recently died from COVID complications
(personal communication, Dirk Blom). Perhaps
lipid-lowering therapy, particularly high-inten-
sity statin therapy, which is routinely prescribed
for HoFH patients, has alleviated or prevented
complications from COVID-19. This hope-in-
spiring hypothesis calls for further studies.

FH AND COVID-19 IN LATIN
AMERICA: BRAZIL AS AN EXAMPLE

There is no conclusive evidence on the fre-
quency of FH in Latin American (LATAM)
countries. The ELSA-Brasil study suggests that
heterozygous FH affects approximately 1/263
individuals in Brazil, the most populated
country in LATAM [24]. Data from the Ibero-
American FH network registry indicate an ele-
vated rate of underdiagnosis and variable fre-
quencies of previous cardiovascular disease in
LATAM (10% in Chile, 23% in Brazil, 35% in
Uruguay, 38% in Mexico, and 42% in Argen-
tina) [25]. The frequency of cardiovascular dis-
ease (either atherosclerosis or aortic/supra-
aortic valvular disease) is more remarkable in
patients with HoFH, with 48% and 67% of
children and adolescents, respectively, experi-
encing events [26]. These numbers remained
extremely elevated even discounting patients
from Spain and Portugal that are not in LATAM
but belong to the network.

COVID-19 has strongly impacted LATAM
countries, and according to the Pan American
Health Organization, as of 1 May 2021, COVID-
19 had caused more than one million deaths in
LATAM and the Caribbean regions, with almost
89% of deaths occurring in Brazil (44.3%),
Mexico (22.1%), Colombia (8.3%), Argentina
(7.3%), and Peru (6.7%) (Accessed at https://
www.paho.org/en/news/21-5-2021-latin-
america-and-caribbean-surpass-1-million-covid-

Cardiol Ther (2022) 11:1–7 3

https://www.paho.org/en/news/21-5-2021-latin-america-and-caribbean-surpass-1-million-covid-deaths
https://www.paho.org/en/news/21-5-2021-latin-america-and-caribbean-surpass-1-million-covid-deaths
https://www.paho.org/en/news/21-5-2021-latin-america-and-caribbean-surpass-1-million-covid-deaths


deaths, on September 22, 2021). In 2020 there
was a 9% increase in hospital deaths due to
cardiovascular disease in Brazil during the pan-
demic, observed mainly in patients aged 20–-
59 years [27]. Unfortunately, it is not possible to
evaluate how many of these individuals had FH.
At the Heart Institute at the University of São
Paulo Medical School Hospital, which runs the
largest FH lipid clinic in LATAM, there was a
total closure of new admittances to the lipid
clinic, a full stop of the FH cascade screening
program (Hipercol Brasil), and a severe reduc-
tion in routine consultations at the lipid clinic
for FH and other dyslipidemia patients during
2020. However, the hospital used teleconfer-
ence and pharmacy resources to keep FH
patients taking their lipid-lowering medica-
tions. Services were reinstated in 2021, and the
cascade screening program still runs with
restrictions. Unfortunately, there is no reliable
evidence in the literature about how COVID-19
has affected individuals with FH and their
healthcare in other LATAM countries. There-
fore, the overall impact for the region remains
to be determined.

MECHANISTIC INSIGHTS
AND CONCLUSIONS

Several comorbidities affecting the cardiovas-
cular system, including FH with lifelong pre-
existing endothelial dysfunction and premature
ASCVD, predispose COVID-19 patients to acute
cardiac complications already in middle age
[28]. This view is supported by a recent popu-
lation-based analysis which showed that FH
patients with COVID-19 are at a significantly
elevated risk of AMI [29]. Regarding the mech-
anisms of cardiac injury in COVID-19 patients
in general, the endothelial cells of the myocar-
dial microvessels in particular, rather than those
of the epicardial coronary arteries, show high
ACE2 expression and are sensitive to SARS-CoV-
2 infection and the resulting thrombotic
microangiopathy [30–32]. Moreover, the car-
diomyocytes may become infected by the virus
(myocarditis) and so add to the cardiac injury.
In addition to the direct SARS-CoV-2 infection
(endotheliitis), endothelial cells are also

damaged by the uncontrolled innate inflam-
matory response (cytokine storm) and the dys-
regulated local and systemic immune responses
triggered by the viral infection of the host.

In FH patients, the severe hypercholes-
terolemia renders the endothelium of epicardial
coronary arteries dysfunctional in childhood,
and the inflammatory atherosclerotic lesions
which develop already in early adulthood in the
coronary arteries then further dysfunctionally
activate the lesion-covering endothelium [14].
Therefore, we can infer that in FH patients with
COVID-19, the pre-existing severe endothelial
dysfunction in the atherosclerotic coronary
arteries (even with low ACE2 expression) is
likely to be highly sensitive to the additional
direct and indirect virus-dependent damages
which then contribute to an increased risk of
AMI observed in these patients [29]. Taken
together, a pre-existing endothelial dysfunction
associated with any cardiometabolic comorbid-
ity sensitizes the cardiovascular system to fur-
ther injury when the patient develops COVID-
19 [1], FH representing prime example of a co-
morbidity that predicts poorer clinical outcome
in patients with COVID-19 [29, 33].

From the preventive point of view, it is
important to note that, in addition to the
acutely elevated risk of myocardial injury in
patients with COVID-19, an elevated risk of
ASCVD and its clinical complications may
continue after COVID-19 [29]. Such sustained
increased risk of ASCVD has been previously
related to other coronavirus infections (MERS-
CoV and SARS-CoV) in non-FH patients [34]
and to Chlamydia pneumoniae infection in FH
patients [35]. A very recent self-controlled case
series and matched cohort study of 86,742
Swedish COVID-19 patients showed that SARS-
CoV-2 infection is a significant risk factor for
AMI up to 4 weeks following the infection [36].
The authors also raised concerns related to the
long-term effects of the burden of morbidity
and mortality related to cardiovascular health,
especially in low-income developing regions of
the world. It is thus justified to remind clini-
cians that preventive lipid treatment among FH
patients with COVID-19 needs to be continued
or even intensified after the acute illness
[14, 37, 38]. In COVID-19 patients, in general,
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significant benefits of the use of statins have
been shown in terms of cardiovascular risk
reduction [39–41]. Additionally, pharmacologi-
cal PCSK9 inhibition can be considered in hos-
pitalized FH patients with COVID-19 [42]. In
such FH patients with lifelong pre-existing
endothelial dysfunction, combining an efficient
cholesterol-lowering regimen with antithrom-
botic medications is prudent, when attempting
to prevent the often-lethal thrombotic compli-
cations of the SARS-CoV-2 infection [43].
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