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ABSTRACT

OBJECTIVE: This systematic review and meta-analysis aimed to evaluate whether dyslipidemia affects the mortality and severity of COVID-
19, we also aimed to evaluate whether other comorbidities influence the association.

METHODS: A systematic literature search using PubMed, Embase, and EuropePMC was performed on 8 October 2020. This study’s main
outcome is a poor composite outcome, comprising of mortality and severe COVID-19.

RESULTS: There were 9 studies with 3663 patients. The prevalence of dyslipidemia in this pooled analysis was 18% (4%-32%). Dyslipidemia
was associated with increased composite poor outcome (RR 1.39 [1.02, 1.88], P=.010; /2: 56.7%, P=.018). Subgroup analysis showed that
dyslipidemia was associated with severe COVID-19 (RR 1.39 [1.03, 1.87], P=.008; 2: 57.4%, P=.029). Meta-regression showed that the
association between dyslipidemia and poor outcome varies by age (coefficient: —0.04, P=.033), male gender (coefficient: —0.03, P=.042),
and hypertension (coefficient: —0.02, P=.033), but not diabetes (coefficient: —0.24, P=.135) and cardiovascular diseases (coefficient:
—-0.01, P=.506). Inverted funnel-plot was relatively symmetrical. Egger’s test indicates that the pooled analysis was not statistically signifi-
cant for small-study effects (P=.206).

CONCLUSION: Dyslipidemia potentially increases mortality and severity of COVID-19. The association was stronger in patients with older

age, male, and hypertension.
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Introduction

Coronavirus disease 2019 (COVID-19) is rapidly increasing
and threatens to overwhelm healthcare systems, especially in
developing countries.! Potential prognostic factors such as
comorbidities?® and laboratory results’-? facilitate risk strati-
fication and allocation of high-risk patients to receive more
intensive monitoring. This is especially important in develop-
ing countries, which may struggle due to a lack of medical
resources.

Approximately 30%-60% of the population is affected by
dyslipidemia, making it one of the most prevalent conditions in
healthy people.’%-12 Thus, it is potentially one of the most com-
mon comorbidities in patients with COVID-19. The metabolic
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and lipid profile may even worsen due to less activity and imbal-
anced diet during the pandemic. However, the evidence on
whether dyslipidemia influences the prognosis of COVID-19
remains contradictory.31 Previously, a meta-analysis shown
that dyslipidemia potentially increases severity.!” This meta-
analysis aimed to evaluate whether dyslipidemia affects the
mortality and severity of COVID-19, we also aimed to evaluate
whether other comorbidities influence the association using
meta-regression analysis.

Material and Methods
Search strategy and study selection
This is a Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) compliant systematic review. This
study is registered in the PROSPERO (CRD42020213491).
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Eligibility criteria
The inclusion criteria were studies reporting COVID-19
patients along with the information on dyslipidemia and mor-
tality/severity/progression of COVID-19 disease.

We excluded preprints, letters, conference abstracts, review

articles, editorials/opinion, and case reports/series to reduce
bias.

Search strategy and study selection

A systematic literature search using PubMed, Embase, and
EuropePMC was performed on 8 October 2020. The PubMed
search keywords was ([dyslipidemia] OR [hyperlipidemia])
AND ([severity] OR [mortality]) AND ([COVID-19] OR
[2019-nCoV] OR [coronavirus] OR [SARS-CoV-2]). After
the initial search, we remove duplicates; then, the titles and
abstracts were screened and evaluated for their eligibility by 2
independent authors. The literature searchers are experienced
in performing systematic reviews.

Data extraction

Two authors independently conducted data extraction with the
aid of standardized extraction forms comprised of the first
author, year of publication, study design, age, gender, diabetes
mellitus, hypertension, cardiovascular disease, smoking, obesity,
liver disease, and outcome of interest. The factors chosen were
based on the possibility that they may confound the association
between dyslipidemia and the main outcome.

The key exposure in this study was dyslipidemia, defined as
dyslipidemia as comorbidity that was diagnosed based on med-
ical history or medical records. Other variables such as diabetes
mellitus, hypertension, cardiovascular disease, smoking, obesity,
and liver disease were also based on diagnosis from medical
history or medical records.

This study’s main outcome is a poor composite outcome,
defined as a composite of mortality and severe COVID-19.
Mortality was defined as death or non-survivor in the studies.
Severe COVID-19 was a composite of severe COVID-19
based on the World Health Organization (WHO)-China
joint mission on Coronavirus Disease, need for ICU care or
mechanical ventilation, and disease progression respective
studies’ definition. The effect measure was risk ratios (RRs). To
assess the risk of bias, 2 independent authors use the Newcastle-
Ottawa Scale (NOS) to assess the quality of the included
studies.

Statistical analysis

STATA 16 was used to perform meta-analyses in this study.
Meta-analysis of the proportion was utilized to estimate the
pooled prevalence of dyslipidemia in the included studies. The
random-effects model calculated using the DerSimonian &
Laird method was used to calculate the RR for the main

outcome and estimate the heterogeneity. P-values <.05 were
considered as statistically significant. Inter-study heterogeneity
was assessed using I-squared (/2) and Cochrane Q_test, with a
value of >50% or P-value <.10 indicates significant heteroge-
neity. Subgroup analysis was performed for severe COVID-19.
Random-effects meta-regression with restricted-maximum
likelihood method was performed using 1 covariate at a time
for age, gender, hypertension, diabetes mellitus, cardiovascular
disease, smoking, and obesity. Egger’s test was performed to
assess small-study effects. Funnel-plot analysis was used to
assess the risk of publication bias.

Results

Study selection and baseline characteristics

Preliminary several databases search yielded 1497 articles.
After subsequent exclusion of duplicates, the remaining articles
for the title and abstract screening were 1367 articles. Then, a
total of 1350 articles were excluded, with the remaining articles
underwent full-text eligibility assessment. Finally, out of 17
studies assessed for full-text eligibility, 9 studies with 3663
patients were included in the meta-analysis.!3-16:18-22 (Figure 1,
Table 1) The mean NOS of the included studies was 8 * 0.86,

indicating low-to-moderate risk of bias.

Dyslipidemia and composite poor outcome

The prevalence of dyslipidemia in this pooled analysis was 18%
(4%-32%). Dyslipidemia was associated with composite poor
outcome (RR 1.39 [1.02, 1.88], P=.010; P: 56.7%, P=.018)
(Figure 2). Subgroup analysis showed that dyslipidemia was
associated with severe COVID-19 (RR 1.39 [1.03, 1.87],
P=.008; ?: 57.4%, P=.029) (Figure 3).

Meta-regression

Meta-regression showed that the association between dyslipi-
demia and poor outcome varies by age (coefficient: -0.04,
P=.033) (Figure 4a), gender (male, coefficient: -0.03, P=.042)
(Figure 4b), and hypertension (coefficient: -0.02, P=.033)
(Figure 4c), but not diabetes (coefficient: -0.24, P=.135) and
cardiovascular diseases (coefficient: -0.01, P=.506).

Risk of bias assessment

The mean NOS of the included studies was 8 * 0.86, indicat-
ing high-quality studies. Inverted funnel-plot was relatively
symmetrical (Figure 5). Egger’s test indicates that the pooled

analysis was not statistically significant for small-study effects
(P=.206).

Discussion

Meta-analysis showed that dyslipidemia potentially increases
severity and mortality associated with COVID-19. The asso-
ciation was affected by age, male, and hypertension. However,
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Figure 1. PRISMA flowchart.

this association is limited by the lack of details regarding
comorbidities and medications consumption among the
patients. Drugs such as statin has been shown to reduced fatal/
severe disease in patients with COVID-19.23

The findings in our studies strengthen the previous hypoth-
esis,! in this study we provide an addition of meta-regression
analysis to explore the confounders and source of heterogene-
ity. Meta-regression analysis showed that older age, male, and
hypertension affect the association between dyslipidemia and
poor outcome. This may indicate that the association may be
due to other conditions accompanying dyslipidemia rather
than dyslipidemia itself. Petrilli et al,'® Simonnet et al,* and
Chang et al?? indicates that dyslipidemia was not significant
for increased severity in multivariable analysis. Meanwhile,
Santos et al' reported that dyslipidemia as an independent
predictor of mortality. Obesity and chronic liver disease, includ-
ing fatty liver disease, may affect the association between dys-
lipidemia and poor outcome; because both obesity and fatty
liver disease are associated with poor prognosis.®?42> However,

meta-regression analysis was not possible because only 3 stud-
ies were reporting chronic liver disease, and 1 study reporting
obesity.

Plasma lipids and lipoproteins measurement, such as low-
density lipoprotein (LDL), very-low-density lipoprotein
(VLDL), high-density lipoprotein (HDL), and triglycerides
(T'G), is a key component in managing the risk of cardiovascu-
lar diseases (CVD). Excessive body mass index (BMI) is an
independent risk factor for severe COVID-19. A dose-response
meta-analysis reported that the risk for composite poor out-
come increased by 5% for every 5kg/mg? increase in BMI.
Obese individuals are at a higher risk of developing dyslipi-
demia, insulin resistance, diabetes mellitus, hypertension, CVD,
and cerebrovascular disease, which are well-known predictor of
poor prognosis in COVID-19 patients.>3%2¢ Furthermore, the
lack of physical inactivity (sedentary lifestyle) in individuals
with obesity and dyslipidemia during the pandemic may further
undermine their immunity and put them at higher risk of con-
tracting COVID-19.2728 The presence of coexisting diseases,
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Table 1. Characteristics of patients in the included studies.
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AUTHOR

DISEASE (%)

0.9

1.9

6.2

35.1

37.55
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, not available/applicable/reported; NOS, Newcastle-Ottawa scale.

Abbreviations: CAD, coronary artery disease; CVD, cardiovascular diseases; RC, retrospective cohort;

Composite Poor Outcome

Study %
D RR (95% Cl) Weight
Chang M 2020 i —_— 6.21(1.75,22.10) 4.86
Chen Q 2020 —%—0— 2.56(1.11,5.92) 9.30
Hwang 2020 #+ 0.64(0.23,1.83) 6.69
Petrilli C 2020 O: 1.20(1.09,1.33) 31.10
Santos 2020 F—'ﬁ 6.86 (0.96,48.73) 2.23
Simonnet A 2020 —0—% 1.04 (0.80,1.35)  26.04
To K 2020 [——— 2.16(1.04,4.48) 11.24
Zhang C 2020 _*iv— 1.12(0.22,5.73) 3.1
Zhang J 2020 41— 0.68(0.21,2.23) 543
Overall (I-squared = 56.7%, p = 0.018) <j> 1.39(1.02,1.88)  100.00
NOTE: Weights are from random effects analysisi

T

T
.0205 1 487

Figure 2. Dyslipidemia and poor outcome.

Severe COVID-19
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Figure 3. Dyslipidemia and severe COVID-19.

including cardiac disease, pulmonary disease, chronic kidney
disease, liver injury, and orthopedic injuries, are also associated
with worse outcomes in patients with COVID-19.29-33

Excessive immune system activation is often found in severe
COVID-19 leading to various complications, such as respira-
tory failure, multi-organ dysfunction, coagulopathy, and ulti-
mately death.83* Tissue damage caused by viral invasion
promotes the release of pro-inflammatory chemokines and
cytokines, including interleukin (IL)-6, macrophage inflam-
matory protein (MIP), and monocyte chemoattractant protein
(MCP)-1, and further attracts defensive host cells, such as neu-
trophils, macrophages, and T cells. Activation of these cells
causes uncontrolled, persistent inflammation, and impaired
immunity with further accumulation of eicosanoids, including
thromboxane B2 (TXB,), prostaglandin E2 (PGE,), leukot-
riene B4 (LTB,), and lipoxin A4 (LXA,).* The increased
eicosanoids and hypercoagulable state in patients with
COVID-19 may contribute to the development of life-threat-
ening complications and eventual death.

The ongoing inflammatory processes result in HDL-
related apolipoproteins’ modulation, causing increased serum
amyloid protein A and decreased apolipoprotein (Apo) A-I,
ApoM, and ApoE, which negatively impacts the antioxidant,
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Figure 4. Meta-regression analysis. Covariates: age (a), male gender (b), and hypertension (c).
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Figure 5. Inverted funnel plot analysis.

anti-inflammatory, and immunomodulatory roles of
HDL.3536 It is known that HDL acts to stimulate reverse-
cholesterol transport from the peripheral parts to the liver,
while also enhance immune system modulation and help to
control infectious diseases. Apart from their antioxidant,
antithrombotic, and immunomodulatory roles, HDL have a
high binding affinity and may neutralize pathogen-associated
lipids that mediate an exaggerated immune response in sep-
sis.>> Antioxidant and anti-inflammatory properties of HDL

are markedly reduced during infections such as in influenza
and human immunodeficiency virus infection.”-3 In the con-
text COVID-19, low total cholesterol, LDL-C, and HDL-C
increases COVID-19 severity and its associated mortality,
while plasma TG is often elevated during infection and
inflammation.39-41

Inflammation alters the composition of HDL apolipopro-
tein, but the exact mechanism for the phenomenon is currently
unknown. The imbalances in the antioxidant mechanism results
in generation of oxidized HDL (oxHDL) which binds to and
activates the pro-inflammatory patent recognition scavenger
receptor lectin-like oxLDL (LOX-1). Exaggerated inflamma-
tory response and oxidative stress, coupled with inactivation of
enzyme paraoxonase 1 (PON1) in HDL, further stimulates lipid
oxidation, which further compromise HDL function.® Low
PONT1 activity was shown to be associated with poor prognosis
in patients with cardiovascular diseases and was reported to be
reduced in various inflammatory and infectious diseases.*?

The excessive accumulation of oxHDL and oxLDL, which
are potent LOX-1 activators, stimulates further inflammatory
processes that exacerbate tissue injury. This cycle leads to changes
in the transport of lipoprotein and disruption of the RCT path-
way characterized by inadequate interaction between ApoA-I
and adenosine triphosphate-binding cassette transporter Al or
ABCG1 on macrophages and reduced cholesterol esterification
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by lecithin cholesterol acyltransferase (LCAT). These pro-
cesses reduce cholesteryl esters return to the liver directly after
interaction with the hepatic scavenger receptor B1 receptors or
indirectly after transfer to LDL by cholesteryl ester transfer
protein and uptake by hepatic LDL receptors. Low ApoE and
ApoC-III levels on HDL lead to reduced activity of the lipo-
protein lipase (LPL), which results in the accumulation of
VLDL and TG.3>

Hypercholesterolemia causes cholesterol to accumulate in
macrophages and other cells of the immune system, which
stimulates inflammatory responses, including enhanced Toll-
like receptor (TLR) signaling. LDL is the primary transporter
of cholesterol and phospholipids in the circulatory system.
During acute inflaimmation, LDL and apoB are oxidized
(oxLLDL),%# the accumulation of LDL promotes the forma-
tion of cholesterol crystals in macrophages and stimulates the
activation of the inflaimmasome, which induces the release of
inflammatory cytokines, such as IL-1B and I1-18, and ulti-
mately exacerbates the inflammation in damaged tissue. High
levels of LDL and TG also causes endothelial dysfunction,
which predisposes the patient to CVD-related complications
which increase mortality in COVID-19.3> Additionally, cardio-
vascular risk factors such as dyslipidemia and more specifically
oxLLDL induce “immune training” in myeloid cells predisposing
them to exaggerated inflammatory responses following an
innate immunity challenge such as SARS-CoV?2 infection.*

A sustained inflammatory response driven by a viral-induced
cytokine storm is regarded as 1 plausible explanation for dyslipi-
demia and complications in patients with COVID-19. The
hyperinflammatory state cause immune-mediated inflammatory
dyslipoproteinemia, resulting in the low levels of HDL-C,
LDL-C, and ApoE, high level of T'G, increased lipoprotein oxi-
dation, and impaired inflammation resolution due to decreased
specialized pro-resolving mediators (SPM) biosynthesis, such as
omega-3 polyunsaturated fatty acids. Modification of the abnor-
mal values of plasma lipid through the use of pharmacological
agents may prove to be useful for patients with COVID-19. For
example, improving HDL level may restore lipid transport func-
tion and improve antioxidant, anti-inflammatory, and immu-
nomodulatory properties.®* The use of statins can be considered,
given its immunomodulatory properties and their interactions
with TLR on host cell membrane. Statin use was shown to
reduce the risk of adverse outcomes in COVID-19 patients.*

Exercise should be encouraged during the pandemic, a
worsening metabolic and lipid profile not only increases the
risk for severe COVID-19, but may also increase the risk of
acute cardiovascular events. These events may lead to epidemic
of cardio-cerebrovascular diseases post-pandemic.26:4748

Limitations

The majority of the studies in this meta-analysis were retro-
spective in nature. There was lack of data in the drugs used in
these study population. Most of the studies did not report the

TG, LDL, and HDL; the extent of dyslipidemia may affect the
prognosis. Most of the studies did not report obesity, which is
important in patients with dyslipidemia. Additionally, the
included studies were not geared toward evaluating dyslipi-
demia’s effect on COVID-19; thus, the characteristics were not
grouped by patients with dyslipidemia versus no-dyslipidemia,
but rather poor outcome versus non-poor outcome. This also
means that the details of lipid measurement are lacking and
their cut-off points. There was no information on years since
diagnosis and use of drugs such as statin.

Conclusion

Dyslipidemia potentially increases mortality and severity of
COVID-19. The association was stronger in patients with
older age, male, and hypertension.
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