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ABSTRACT

Object: As cardiovascular mortality has increased during the
COVID-19 epidemic, and as low-density-lipoprotein cholesterol
(LDL-C) participates in the immune system, we examined whether
infection is a more serious risk factor for cardiovascular disease
(CVD) than elevated LDL-C.

Method: In a systematic search identifying cohort studies of COVID-
19 patients we identified 21 studies including 25.647 patients with
COVID-19 where LDL-cholesterol was compared with mortality.

Results: In 20 of the 21 cohorts where LDL-C was compared with
mortality, LDL-C was lowest among the non-survivors and with
statistical significance in 19 of the studies. LDL-C was highest among
non-survivors in one cohort that included only 250 patients and
the difference was not statistically significant. In three reviews, the
authors found that severity of COVID-19 was also more prominent
among patients with low LDL-C.

Conclusions: The results are in accordance with the hypothesis
that LDL-C participates in the immune system by adhering to and
inactivating almost all kinds of microorganisms and their toxic
products. The results contradict the general view that low LDL-C
protects against CVD. Obviously, infection is a more serious risk
factor for CVD than high LDL-C. To verify this hypothesis, blood
cultures should be performed in all patients with acute myocardial
infarction (AMI) and if positive, appropriate antibiotic therapy

should be administered.
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Introduction

For almost a century high total cholesterol and
in particular high LDL-C have been considered
as the main cause of atherosclerosis and
cardiovascular disease (CVD). However, during
the past decades several researchers have
identified many contradictions to the cholesterol
hypothesis.”® For instance, by reporting the
relative risk reduction (RRR) instead of the
absolute risk reduction (ARR), the benefit of
cholesterol-lowering treatment has been
exaggerated because in almost all trials the
ARR of CVD mortality has been less than one
percent,"¢and in some of the trials it has even
increased.?* Furthermore, no cholesterol-
lowering trial has shown exposure-response;*
the association between LDL-C and CVD
disappears when corrected for other risk factors;”
? and there is much evidence that premature
CVD mortality among people with familial
hypercholesterolemia (FH) is not due to their
high cholesterol, but to increased coagulation
factors which a few of them have inherited as
well.’0 Although CVD is the commonest cause
of mortality in most countries, numerous studies
have shown that elderly people with high LDL-
C live just as long or longer than those with
normal or low LDL-C, and no study has shown

that high LDL-C shortens their lifespan.'!'?

These contradictory observations and the

frequent finding of inflammation in
atherosclerotic arteries support the hypothesis
that inflammation may be the cause of CVD."
According to this hypothesis LDL-C may enter
the subendothelial layer where it becomes
oxidized and causes inflammation, and many
studies have shown that oxidized LDL-C is
strongly associated with atherosclerosis and

CVD. However, if oxidized LDL-C were the

cause of atherosclerosis, its lowering should of
course be beneficial, but in the REVERSAL trial,
where a low statin dose was compared with a
high dose, the outcomes on arterial lumen size
or atheroma volume were unchanged despite
a significant reduction of oxidized LDL
biomarkers.' Another contradiction is that
several large case-control studies, meta-
analyses and controlled trials including more
than 800,000 CVD patients and controls have
demonstrated that treatment with anti-

inflammatory drugs increases the risk of CVD.">®

Several years ago, we presented the hypothesis
that the etiology of CVD may be attributed to
infections, because more than a dozen studies
had demonstrated that LDL participates in the
immune system by adhering to and inactivating
almost all types of microorganisms and their
toxic products.” In support of the infection
hypothesis are the observations that about a
third of patients with acute CVD have had an
infection immediately before onset,?® that
bacteremia and periodontal infections are
associated with an increased risk of CVD, and
that treatment of periodontal infections improves
endothelial function by reducing the intima-

media thickening of the carotid arteries.'"?'

As cardiovascular mortality has increased during
the COVID-19 epidemic,?>? we decided to
investigate the LDL-C values in patients with
COVID-19, because if the cholesterol hypothesis
is valid, LDL-C of those who died should be
elevated, but if the infection hypothesis is
valid, the LDL-C of those who died should be
lower than that of the survivors.

In three recent reviews the authors had studied
a total of almost 10,000 COVID-19 patients
and found that LDL-C was significantly lower
among those who died or had a serious type

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5363 2



https://esmed.org/MRA/mra

Medical
Research
Archives

COVID-19 and LDL-C

of COVID-19.2%? As the difference between
mild and serious disease is difficult to define,
we decided to search only for those studies
where the authors have measured LDL-C of

the survivors and the non-survivors:

Methods

We performed a PubMed literature search from
the years 2020-2023 employing the following
search terms (COVID-19 OR Sars-COV-2) AND
(LDL OR low-density-lipoprotein) AND mortality

and selected those studies where the authors

had compared LDL-C with the outcome of the
survivors of COVID-19 with the LDL-C of the

NON-SUrvivors.

Results

Our search disclosed a total of 64 studies of
patients with COVID-19. We excluded 15
non-cohort studies and 28 cohort studies with
insufficient information. Taken together, we
identified 21 relevant cohort studies including
25.647 COVID-19 patients (flow chart).?*—°

Flow chart

64 COVID-19 studies identified
from database searching

15 non-cohort studies.
Excluded

4 articles retrieved
from related
reviews

Fy

28 cohort studies without
information about
mortality and/or LDL-C.
Excluded

F 3

Y

21 cohort studies of COVID-19
patients

In 20 cohorts LDL-C was lowest in the non-
survivor group and with statistical significance
in 18 of the cohorts. In two cohorts®'*” the
numbers of non-survivors were not presented.

In only one cohort,*® LDL-C was highest in the

non-survival group, but not with statistical
significance. In five studies information about
statin treatment was present. In all of them,

more non-survivors were on such treatment

(ta ble 1 )'31 -33,44,46
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Table 1. The number of survived and non-survived in 21 cohort studies of COVID-19 patients.

Authors Covid-19 Survived Non-survived | LDL-C of non-survivors

patients n (%) n (%) compared with

n LDL-C of survivors

Anushiravani A. et al.%0 109 71 (65) 38 (35) Lower (p<0.014)
Aparisi A et al.3" (X) 654 NI NI Lower (p<0.00001)
Aydin et al.3?(X) 4118 3501 (85) 617 (15) Lower (p=0.002)
Barman HA et al.33(X) 324 260 (80.2) 64 (19.8) Lower (p<0.001)
Chen FF, et al.34 (A) 681 577 (84.7) 104 (15.3) Lower (p<0.05)
Fabre B, et al.®® 193 129 (66.8) 64 (33.2) Lower (p<0.0001)
Fan J. etal.3¢ (B) 21 17 (81) 4(19) Lower (p<0.03)
Khalilzadeh F. et al.?’ 1078 556 (51.6) 522 (48.4) Lower (p<0.001)
LiY. et al.3® 424 390 (92) 34 (8) Lower (NS)
Mink et al. 37 1046 928 (89.8) 118 (10.2) Lower (p<0.001)
Mohammadshahi et al. %° 300 274 (91.3) 26 (8.7) Lower (p<0.001
Parra et al.%’ 125 99 26 Lower (p<0.009)
Rohani-Rasaf M. et al.* 1228 1140 (92.8) 88 (7.2) Lower (p<0.014)
Salari, A. et al.%3 250 147 (58.8) 103 (41.2) Higher (NS)
Sampedro-Nufiez M. et al.** (X) 1489 1333 (89.5) 156 (10.5) Lower (p<0.0001)
Senol A. et al.® 180 No info No info Lower (p=0.02)
Tanaka S, et al.* (X) 48 32 (66.7) 16 (33.3) Lower (p<0.006)
Wu B. et al.¥’ 9822 NI NI Lower (NS)
Yan X. etalL.*® (B) 1004 964 (96) 40 (4) Lower (p<0.001)
Yildirim OT et al.*? (C) 139 113 (81.3) 26 (18.7) Lower (p<0.001)
Yue J. et al.>® 48 30 (62.5) 18 (37.5) Lower (p<0.015)
Total 25.647

NS: Not significant. NI: No information. X: More non-survivors were on statin treatment. n: numbers. A:

From the meta-analyses by Mahat et al.?’ B: From the meta-analysis by Zinellu et al.?® C: From the meta-

analysis by Chidambaram et al.?*

Discussion

Many studies have reported that both incidence
and mortality from CVD among patients with
COVID-19 are significantly increased.?% Several
authors have suggested that statin treatment
may solve the problem. However, as LDL-C was
significantly lower among non-survivors than
among the survivors in almost all cohort studies
of COVID-19 patients (Table 1) and as mortality

was higher among those who were treated

with statins, cholesterol-lowering treatment may
not prevent mortality in COVID-19 patients.

A more likely hypothesis is that infections may
be causal factors in the etiology of CVD, as
suggested more than a hundred years ago.
This hypothesis was supported by the
observation of increased frequency of arterial
lesions in patients who died from typhoid fever
and by the high prevalence of arteriosclerotic

radial arteries in those who survived.!”?'
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The infection hypothesis of CVD is in
accordance with many clinical observations
and experiments. It is a well-known fact that
many polymorphonuclear leukocytes are
frequently found within the myocardium of
patients with AMI. Furthermore, cardiovascular
mortality increases during influenza epidemics,”
% and about a third of patients with acute CVD
have had an infection immediately before

onset.?

In a follow-up study of 427 patients with CVD,
elevated antibodies against C pneumoniae,
Epstein-Barr virus and herpes simplex virus
associated  with

were progression  of

atherosclerosis.”'

Bacteremia and sepsis are found frequently in
patients with cardiogenic shock due to
myocardial infarction,® and bacterial remnants
occur in atherosclerotic plaques but not in

normal arterial tissue.>3>

The temperature of vulnerable plaques is
higher than the temperature of the surrounding

tissue, a finding attributed to microbial infection.>

Before the year 1900, when infections were
the commonest cause of death, the life span
of people with FH was just as long or longer
than in the general population.>

Children who die from an infection have

narrowed coronary arteries.”

Several animal experiments have succeeded
in producing early atherosclerotic plaques by
infection with Herpes virus, Mycoplasma
Chlamydia
Helicobacter pylori, Porphyromonas gingivalis

pneumonia, pneumonia,
or Influenza virus,*®¢® and the lifespan of
experimentally infected rats can be increased
by injecting them with purified human LDL-C.*

Most investigators attribute myocardial infarction
to ischemic myocardial necrosis resulting from
rupture of a vulnerable plaque and thrombosis
caused by high LDL-C. According to our
in‘cerpre‘cation,19 most microorganisms are
inactivated immediately in healthy individuals
with normal or high LDL-C. However, if plasma
LDL-C is too low, some of the microorganisms
may succeed in entering the circulation where
they aggregate and become phagocytosed
by macrophages, producing foam cell formation
and inflammation. In the presence of
hyperhomocysteinemia, thiolation of LDL-C
may cause increased aggregation and altered
interaction with macrophages.®“ Because of
the high extra-capillary tissue pressure around
arteries, aggregates of foam cells may occlude
their vasa vasorum, causing local vascular
ischemia, intramural cell necrosis and creation
of vulnerable plaques. Such plaques have
many characteristics of a micro-abscess, and
their rupture may initiate thrombotic occlusion
and releasing the microorganisms into the
blood circulation. If a coronary artery is totally
occluded by thrombosis, acute myocardial
infarction may occur, whereas a partial occlusion

may cause myocarditis.”!

The phagocytosed microorganisms within
macrophages are inactivated by oxidation. As
the microorganisms are complexed with LDL-
C, the cholesterol of LDL-C may become
oxidized as well. Thus, high levels of oxidized
LDL-C may be a result of infections, but not

the very cause.

The cholesterol hypothesis is apparently
supported by several trials using Mendelian
randomization, showing that lower genetically
LDL-C
associated with lower all-cause mortality. But

determined concentrations  are
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as pointed out by Burgess et al., “"Power,  Conflict of Interest Statement:

linkage disequilibrium, pleiotropy, canalization
and population stratification have all been
recognized as potential flaws in the Mendelian

randomization approach.®’

Conclusions

Our analysis of numerous cohort studies of the
outcome of COVID-19 demonstrates that those
who died had significantly lower LDL-C than
the LDL-C of those who survived. As LDL-C
participates in the immune system, these
findings support the hypothesis that infections
may contribute to the etiology and
pathogenesis of CVD. We do not exclude the
possibility that high LDL-C may be a risk factor
for CVD, but the fact that LDL-C was higher
among the survivors in almost all of the cohorts
indicates that infections are a more important

risk factor than a high LDL-C.

Since bacteremia and sepsis are common
findings in severe AMI, a blood culture should
be performed in all patients with an acute AMI
and if it is positive, we recommend treatment

with an appropriate antibiotic.

The authors have no conflicts of interest to
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