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Background and aims: The number of positive and death cases from coronavirus disease 2019 (COVID-19)
is still increasing. The identification of risk factors for severe outcomes is important. Dyslipidemia has
been shown as a long-known risk factor for cardiovascular disease. The aim of this study is to analyze the
potential association between dyslipidemia and the severity of COVID-19 infection.

Methods: We systematically searched the PubMed database using specific keywords related to our aims
until July 9th, 2020. All articles published on COVID-19 and dyslipidemia were retrieved. Statistical
analysis was done using Review Manager 5.4 software.

Results: A total of 7 studies with a total of 6922 patients were included in our analysis. Our meta-analysis
showed that dyslipidemia is associated with severe COVID-19 infections [RR 1.39 (95% CI 1.03—1.87),
p = 0.03, I? = 57%, random-effect modelling].

Conclusion: Dyslipidemia increases the risk of the development of severe outcomes from COVID-19 in-

fections. Patients with dyslipidemia should be monitored closely to minimize the risk of COVID-19.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

Coronavirus disease 2019 (COVID-19) is a pandemic disease that
has been caused a significant burden in all aspects of life, especially
health and economics. The number of positive and death cases is
still increasing until now. In this meantime, identification of the
factors that involve in the development of the severe disease is very
important to enable stratification of risk, optimize the reallocation
of hospital resources, and guide public health recommendations
and interventions. Dyslipidemia has long been established as one of
the risk factors for cardiovascular disease. A previous study by
Saballs et al. [1] has also shown that one of the components in
dyslipidemia, which is high-density lipoprotein (HDL) can predict
the presence of respiratory disease and the clinical outcome of
community-acquired pneumonia (CAP). However, the association
between dyslipidemia and COVID-19 has not yet been established.
This study aims to analyze the potential association between dys-
lipidemia and the severity of COVID-19 infection.

We conducted a systematic search of the literature on PubMed
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using the keywords “dyslipidemia” OR “hyperlipemia” OR “clinical
characteristics” OR “comorbidities” OR “risk factors” AND “coro-
navirus disease 2019” OR “COVID-19”, until the present time (July
9th, 2020) with language restricted to English only. The title, ab-
stract, and full text of all articles identified that matched the search
criteria were assessed, and those reporting the rate of dyslipidemia
in COVID-19 patients with a clinically validated definition of “se-
vere disease” were included in this meta-analysis. The references of
all identified studies were also analyzed (forward and backward
citation tracking) to identify other potentially eligible articles.

A meta-analysis was performed using Review Manager 5.4
(Cochrane Collaboration) software. Dichotomous variables were
calculated using the Mantel-Haenszel formula with random-effects
models. We used the I? statistic to assess the heterogeneity, value of
<25%, 26—50%, and >50% considered as low, moderate, and high
degrees of heterogeneity, respectively. The effect estimate was re-
ported as risk ratio (RR) along with its 95% confidence intervals
(CIs) for dichotomous variables, respectively. P-value was two-
tailed, and the statistical significance set at <0.05.

A total of 950 records were obtained through systematic elec-
tronic searches and other ways. After screening titles, abstracts, and
full texts, 7 studies [2—8] with a total of 6922 COVID-19 patients
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Table 1
Characteristics of included studies.

Study Sample size Design Severe patients Non-severe patients
n (%) Age (years) n (%) Age (years)
Zhang ] et al. [2] 2020 140 Retrospective cohort 58 (41.4%) 64 (25—-87) 82 (58.6%) 51.5 (26—78)
To W et al. [3] 2020 23 Prospective cohort 10 (43.4%) 66 (39-75) 13 (56.6%) 56 (37—75)
Petrilli C et al. [4] 2020 5279 Prospective cohort 990 (36.2%) 69.5 (19-75) 1739 (63.8%) 59.5 (19-75)
Chang M et al. [5] 2020 211 Retrospective cohort 13 (6.1%) 54 (42—66) 198 (93.9%) 36 (22-50)
Zhang C et al. [6] 2020 1000 Prospective cohort 24 (30%) 64 (50—79) 56 (70%) 45 (30—60)
Simonnet A et al. [7] 2020 124 Retrospective cohort 85 (68.5%) 60 (51-69) 39 (31.5%) 60 (50-72)
Chen Q et al. [8] 2020 145 Retrospective cohort 43 (29.6%) 52 (37—68) 102 (70.4%) 45 (31-58)
Dyslipidemia Non-Dyslipidemia Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chang M et al. 2020 2 6 11 205 4.8% 6.21[1.75, 22.10]
Chen Q et al. 2020 1 1 42 144 9.4% 2.56[1.11, 5.92]
Petrilli C et al. 2020 465 1157 525 1572 36.4% 1.20[1.09, 1.33] L]
Simonnet A et al. 2020 24 34 61 90 29.4% 1.04 [0.80, 1.35] -
To Wetal. 2020 2 2 8 21 11.6% 2.16 [1.04, 4.48]
Zhang C et al. 2020 1 3 23 77 3.0% 1.12 [0.22, 5.73]
Zhang J et al. 2020 2 7 56 133 5.4% 0.68[0.21, 2.23] - 1
Total (95% CI) 1210 2242 100.0% 1.39 [1.03, 1.87] ‘
Total events 497 726
Frees 2 _ . 2 _ _ _ L2 0, } g g g
Heterogeneity: Tau® = 0.06; Chi* = 14.09, df = 6 (P = 0.03); 1> = 57% 001 o1 10 100

Test for overall effect: Z = 2.15 (P = 0.03)

Favours Dyslipidemia Favours Non-Dyslipidemia

Fig. 1. Forest plot that demonstrates the association of dyslipidemia with severe COVID-19 disease.

were included in the meta-analysis. The essential characteristics of
included studies are summarized in Table 1, whilst the individual
and pooled RRs for dyslipidemia predicting severe COVID-19 is
shown in Fig. 1. Our pooled analysis showed a significant associa-
tion of dyslipidemia with severe COVID-19, with high heteroge-
neity [RR 1.39 (95% CI 1.03—1.87), p = 0.03, I = 57%, random-effect
modelling].

Based on our meta-analysis of available data, dyslipidemia
seems to be associated with an enhanced risk of severe COVID-19
infection. Several reasons can be proposed to explain this result.
First, patients with dyslipidemia have high levels of low-density
lipoprotein (LDL). This LDL can have interaction with macro-
phages in atherosclerotic plaques that lead to an increase in in-
flammatory gene expression. Human atherosclerotic plaques
express increased levels of cytokines and chemokines that are
dependent on MYD88-mediated signaling via various TLRs, espe-
cially TLR2, where one of its most important ligands are modified
forms of LDL [9]. Moreover, LDL accumulation will give rise to
cholesterol crystal formation in macrophages that lead to inflam-
masome activation. Inflammasome activation will then promote
the secretion of the proinflammatory cytokines such as IL-1B and
IL-18 [9]. In COVID-19 infections, the presence of high levels of pro-
inflammatory cytokines is associated with severe outcomes via
cytokine storm syndrome [10]. Second, besides having high levels
of LDL, patients with dyslipidemia also have low levels of high-
density lipoprotein (HDL). HDL itself is involved in the regulation
of innate immune response. HDL through interaction with ABCA1
or ABCG1 negatively regulates T-cell activation and the expression
of inflammatory mediators in macrophages and dendritic cells.
Acute phase HDL is also associated with disease activity with a
decreased number of small HDL particles is inversely associated
with the disease activity score and C-reactive protein (CRP) levels
[11]. Therefore, a low amount of HDL will contribute to the dysre-
gulation of the innate immune response, which is the first-line
defense mechanism of the body to fight infection, including
COVID-19 infection [12]. Finally, in patients with dyslipidemia, the

accumulation of LDL and triglycerides will cause endothelial
dysfunction [13]. This endothelial dysfunction can be accentuated
in COVID-19 infections because the receptor for SARS-CoV-2 which
is ACE2 receptor, is also expressed in the endothelial cells [14]. The
combination of these will lead to the development of cardiovas-
cular complications that can cause a severe outcome of the patients.
Patients with dyslipidemia should hence be advised to take extra
precautions to minimize risk exposure to the virus. Physicians
should also be engaged in close monitoring of dyslipidemia pa-
tients with suspected COVID-19, for timely detecting signs of dis-
ease progression. Finally, the presence of dyslipidemia shall be
regarded as an important factor in future risk stratification models
for COVID-19.

This study has several limitations. First, the presence of con-
founding factors such as age and nutritional status of patients that
can affect the relationship between dyslipidemia and the severity
of COVID-19 shall still be considered. Second, no study states the
clear cut-off value for dyslipidemia diagnosis, however, we believed
that all of these studies must have followed national and/or inter-
national guidelines for dyslipidemia diagnosis because these
studies have undergone the peer-review process. We hope that this
study can still give early insight into further risk stratification for
COVID-19 infections.
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