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ABSTRACT

Objective: The aim of this study was to analyze the available knowledge about the potential
association between dyslipidemia and the severity of coronavirus disease 2019 (COVID-19) as
reported in previous published systematic reviews.

Methods: In this umbrella review (an overview of systematic reviews), we investigated the
association between dyslipidemia and COVID-19 severity. A systematic search was performed of
4 main electronic databases (MEDLINE, Embase, Scopus, and the Cochrane Library databases)
from inception until August 2020. We evaluated the methodological quality of the included
studies using the A MeaSurement Tool to Assess systematic Reviews (AMSTAR) 2 tool and used
the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system
to assess the quality of evidence for the outcome. In addition, we evaluated the strengths and
limitations of the evidence and the methodological quality of the available studies.

Results: Out of 35 articles identified, 2 systematic reviews were included in the umbrella
review. A total of 7,951 COVID-19-positive patients were included. According to the AMSTAR
2 criteria and GRADE system, the quality of the included studies was not high. A history

of dyslipidemia is likely to be associated with the severity of COVID-19 infection, but the
contrary is the case for cholesterol levels at hospitalization.

Conclusions: Although existing research on dyslipidemia and COVID-19 is limited, our
findings suggest that dyslipidemia may play a role in the severity of COVID-19 infection. More
adequately powered studies are needed.

Trial Registration: PROSPERO Identifier: CRD42020205979

Keywords: COVID-19; severe acute respiratory syndrome coronavirus 2; Dyslipidemias;
Hyperlipidemias; Cholesterol

INTRODUCTION

The recent coronavirus disease 2019 (COVID-19) outbreak has spread rapidly and has affected
the world for almost a year, causing immense economic and social difficulties. Despite efforts
to develop vaccines and new treatments, preventing COVID-19 remains challenging and no

clear treatment options exist. As of September 11, 2020, roughly 28 million people worldwide
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have been infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the

virus that causes COVID-19, and more than 900,000 people have died. With some exceptions,
most deaths are thought to be related to underlying comorbidities.! Therefore, identifying the
risk factors related to severe COVID-19 is important to enable stratification of risk in advance,
to optimize the reallocation of medical resources, and to improve patients' overall prognoses.

As SARS-CoV-2 primarily attacks the respiratory tract, several studies have investigated the
relationship between chronic obstructive pulmonary disease,? asthma,® or smoking,* and

the severity of COVID-19. However, it has also been found that patients with underlying
cardiovascular disease or cardiovascular disease risk factors have a high risk of a severe course
of illness or mortality due to COVID-19.>” COVID-19 can also have various cardiovascular
manifestations such as myocardial injury, arrhythmias, acute coronary syndrome, and
venous thromboembolism.? Several observational studies and meta-analyses have shown that
underlying cardiovascular disease, diabetes mellitus, and hypertension clearly increase the
severity and mortality of COVID-19.°* However, unlike diabetes and hypertension, relatively
few studies have been conducted on dyslipidemia, one of the most important risk factors of
cardiovascular disease. Several observational studies have reported an association between
high-density lipoprotein (HDL) cholesterol levels and the severity of COVID-192; however,
the results are inconsistent.

To date, multiple systematic reviews and meta-analyses have been published analyzing the
potential link between presence of dyslipidemia and the severity of COVID-19. However, to
our knowledge, no attempt has been made to summarize the evidence from these systematic
reviews. Therefore, systematically and comprehensively re-evaluated the evidence to provide
an overview of the association between dyslipidemia and COVID-19 severity. Specifically, we
conducted an umbrella review to evaluate the findings of systematic reviews and/or meta-
analyses that investigated the relationship of dyslipidemia and severity of COVID-19 infection
and to assess the evidence regarding potential limitations and the consistency of findings.

MATERIALS AND METHODS

An umbrella review was performed in this study. An umbrella review provides a summary of
existing published meta-analyses and systematic reviews and determines whether authors
addressing similar review questions have independently reported similar results and arrived
at similar conclusions.* We applied the Cochrane Collaboration methodology"® and available
methodological guidelines for overviews of reviews.!*” The study protocol was prospectively
registered in the International Prospective Register of Systematic Reviews (PROSPERO
Identifier: CRD42020205979).

1. Search strategy

The literature search aimed to identify systematic reviews that evaluated the association
between dyslipidemia and COVID-19. To identify relevant systematic reviews and meta-
analyses, an electronic search was conducted of 4 databases (MEDLINE, Embase, Scopus,
and the Cochrane Library) from inception until August 2020. These databases are frequently
updated when new research is disseminated in peer-reviewed publications and archive
services become available.

The search strategies were developed by H.K., who has expertise in systematic reviews.
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The search was conducted using index terms (e.g., MeSH and Emtree terms) and free text
words and word variants. The titles and abstracts from the literature search were screened by 2
independent reviewers (G.J.C. and H.M.K.) to identify whether they contained relevant content,
and duplicate studies were excluded. Additionally, the same reviewers conducted citation
tracking or manual searches of all references of all included studies and all included systematic
reviews. Only English-language publications that presented a quantitative or qualitative review
regarding the relationship between dyslipidemia and COVID-19 were retrieved.

2. Study selection criteria

The following criteria were applied to identify the articles to be included in the present
umbrella review: (1) systematic reviews and/or meta-analyses; (2) studies involving adults
who tested positive for COVID-19; and (3) studies reporting the association between
dyslipidemia and COVID-19 infection. Two authors (G.J.C. and H.M.K.) screened the titles
and abstracts of the articles independently to evaluate eligibility for inclusion. If a consensus
was reached, articles were either excluded or moved to the next stage for full-text review. If a
consensus was not reached, the article was moved to the full-text review stage. The full texts
of the selected articles were critically appraised to determine their eligibility for inclusion in
the umbrella review. Disagreements were resolved by discussion with a third author (H.K.)
until consensus was reached.

3. Data extraction

Two authors (G.J.C. and H.M.K.) independently identified the studies to be included

in this umbrella review according to the pre-specified inclusion criteria. Discrepancies

in assessment were resolved after discussion with a third author (H.K.). The following
information were extracted from eligible articles: (1) authors, journal details, and year of
publication; (2) descriptive information, including the databases searched, the number of
studies included, the outcomes of the studies included, the total number of patients, and
patients' age range; and (3) the results of the data synthesis.

4. Quality assessment

Two authors (G.J.C. and H.M.K.) independently evaluated the methodological quality of
the included studies using the A MeaSurement Tool to Assess systematic Reviews (AMSTAR
2) tool.”® Inconsistencies were resolved through a discussion with a third author (H.K.).
AMSTAR 2 is a reliable, valid and critical assessment tool developed from the initial AMSTAR
in 2017."%2° It contains 16 checKklists (7 critical checklists and 9 non-critical checKklists) for
assessing systematic reviews and meta-analyses, including randomized controlled trials,
observational studies on exposure, or both (Table 1). The rating criteria of AMSTAR 2 are

as follows: the presence of 0-1 non-critical weakness is defined as high quality; more than

1 non-critical weakness is defined as moderate quality; 1 critical flaw with or without non-
critical weaknesses is defined as low quality; and the presence of more than 1 critical flaw
with or without non-critical weaknesses is defined as critically low quality. The author
responsible for the methodology of this study (H.K.) completed the online AMSTAR 2
checklist available on the AMSTAR website (https://amstar.ca/Amstar_Checklist.php) and

a final categorization of each systematic review was generated to classify them as high,
moderate, low, or critically low quality.

5. Data analysis

Two authors (G.J.C. and H.M.K.) independently extracted the outcomes on the relationship
of dyslipidemia or non-dyslipidemia and lipid profile with COVID-19 infection severity from
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Table 1. Checklists for assessing systematic reviews and meta-analyses according to the AMSTAR 2 tool

Item Checklists (7 critical® and 9 non-critical checklists)

1 Did the research questions and inclusion criteria for the review include the components of PICO?

2" Did the report of the review contain an explicit statement that the review methods were established prior to conduct of the review and did the report
justify any significant deviations from the protocol?

3 Did the review authors explain their selection of the study designs for inclusion in the review?

4" Did the review authors use a comprehensive literature search strategy?

5 Did the review authors perform study selection in duplicate?

6 Did the review authors perform data extraction in duplicate?

7 Did the review authors provide a list of excluded studies and justify the exclusions?

8 Did the review authors describe the included studies in adequate detail?

9" Did the review authors use a satisfactory technique for assessing the RoB in individual studies that were included in the review?

10 Did the review authors report on the sources of funding for the studies included in the review?

n If meta-analysis was justified did the review authors use appropriate methods for statistical combination of results?

12 If meta-analysis was performed did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or
other evidence synthesis?

13* Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?

14 Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?

15* If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss
its likely impact on the results of the review?

16 Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?

AMSTAR, A MeaSurement Tool to Assess systematic Reviews; PICO, population, intervention, comparison, and outcome; RoB, risk of bias.

the identified systematic reviews and meta-analyses. We recalculated the weighted mean
difference (WMD) or risk ratio (RR) and the corresponding 95% confidence intervals (CIs)
using the data of the primary studies included in the published meta-analyses. We used the
chi-square test for homogeneity and the I? test for heterogeneity. A level of 10% significance
(p<0.1) for the 7 statistic or an I? greater than 50% was considered to indicate considerable
heterogeneity. A fixed-effects model was selected if the p-value for the y? test was >0.10

and the I? value was <50%. If the I? value was >50%, a random-effects model was used. We
conducted this meta-analysis using the Revman 5.3 software provided by the Cochrane
Collaboration Network.

6. Assessment of the quality of evidence

In this umbrella review, we used the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) system to evaluate the quality of evidence for

each outcome.” The GRADE system includes 5 factors for downgrading and 3 factors for
upgrading the quality of evidence. The baseline quality of evidence of health outcomes
depends on the design of the primary study. When a serious or very serious defect could
occur because of downgrading factors, the evidence quality is downgraded by 1 or 2 levels,
respectively. If the effect is large (RR/odds ratio [OR] either >2.0 or <0.5) or very large (RR/
OR either >5.0 or <0.2), the evidence quality is upgraded by 1 level or 2 levels, respectively. If
there is evidence that the influence of all plausible confounding would reduce a demonstrated
effect or suggest a spurious effect when the results showed no effect, the evidence quality is
upgraded by 1 level. The rating criteria of GRADE are as follows: the primary evidence quality
of an observational study is considered low, and the evidence quality is downgraded to very
low if it is downgraded by 1 level, upgraded to moderate if it is increased by 1 level, and
upgraded to high if it is increased by 2 levels. As a result, the GRADE system classifies the
evidence quality of outcomes from eligible articles as high, moderate, low, or very low. The
GRADE classification was independently performed by 2 authors (G.J.C. and H.M.K.). Any
discrepancy was resolved via a discussion, and all discrepancies that could not be resolved
through a discussion were arbitrated by a third author (H.K.).
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Table 2. Search terms used in this umbrella review of systematic reviews

Databases Search terms used

MEDLINE 1. exp systematic review/; 2. systematic review.tiab; 3. systematic review.mp; 4. exp meta-analysis as topic/; 5. meta-analysis.tiab; 6. or/1-5;
7. exp COVID-19 [Supplementary Concept]/; 8. COVID-19.tiab; 9. Corona AND 19.mp; 10. Sars cov 2.mp; 11. coronavirus.mp; 12. or/7-11; 13. exp
dyslipidemias/; 14. hyperlipidemia.mp; 15. exp cholesterol/; 16. lipid.mp.; 17. or/13-16; 18. 6 and 12 and 17

OVID-Embase #1. ‘systematic review’/exp; #2. systematic AND review; #3. ‘meta analysis’/exp; #4. ‘meta analysis’; #5. #1 OR #2 OR #3 OR #4; #6.
‘coronavirus disease 2019’ /exp; #7. ‘sars cov 2°; #8. Covid; #9. corona AND 19; #10. coronavirus; #11. #6 OR #7 OR #8 OR #9 OR #10; #12.
‘dyslipidemia’/exp; #13. Hyperlipidemia; #14. ‘cholesterol’/exp; #15. Lipid; #16. 12 OR #13 OR #14 OR #15 ; #17. #5 AND #11 AND #16

Scopus #1. TITLE-ABS-KEY (“systematic review”); #2. TITLE-ABS-KEY (“meta analysis”); #3. #1 OR #2; #4. TITLE-ABS-KEY (“COVID-19”); #5. TITLE-ABS-

KEY (“corona virus”); #6. TITLE-ABS-KEY (“coronavirus disease 2019”); #7. TITLE-ABS-KEY (“Sars cov 27); #8. TITLE-ABS-KEY (“ COVID ”); #9. #4
OR #5 OR #6 OR #7 OR #8; #10. TITLE-ABS-KEY (“dyslipidemias™); #11. TITLE-ABS-KEY (“hyperlipidemia”); #12. TITLE-ABS-KEY (“cholesterol”);
#13. TITLE-ABS-KEY (“lipid”); #14. #10 OR #11 OR #12 OR #13; #15. #3 AND #9 AND #14

RESULTS

1. Search results

The literature search performed using the keywords shown in Table 2 yielded several studies.
Of the 35 articles identified, 3 duplicates were removed. After exclusion of 14 articles through
title and abstract screening, the full texts of 18 articles were assessed. Fourteen studies that
did not address our topic of interest?>*® were excluded. Two studies were excluded because
their focuses were on lipoprotein (a)* and obesity,” respectively. Two studies remained

after full-text screening using the eligibility criteria; these were the studies by Hariyanto and
Kurniawan® and Zaki et al.* Finally, 2 studies including a total of 7,951 COVID-19-positive
participants were included in the current overview. The process followed in the selection of
eligible studies is summarized in Fig. 1.

2. Study characteristics

Hariyanto and Kurniawan® carried out a systematic review and meta-analysis to identify
the potential association between dyslipidemia and the severity of COVID-19 infection, in
which 6,922 COVID-19-positive patients were included in the meta-analysis. Zaki et al.*

35 records
identified through database searching

l

32 records
after 3 duplicates removed

l

32 records
screened with titles and abstracts

>{ 14 records excluded

18 full-text articles
assessed for eligibility

Excluded (n =16);
Not relevant for the
topic of interest (n =14)
Other focus (n = 2)

2 studies
included for umbrella review

Fig. 1. Flow diagram of studies identified and selected.
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Table 3. Description of the 2 systematic reviews included in this umbrella review

First author, year Hariyanto and Kurniawan,* 2020 Zaki et al.,*® 2020

Review aim or PICO question To analyze the potential association between To determine the effects of hypertension, diabetes, stroke, cancer,
dyslipidemia and the severity of COVID-19 infection kidney issues, and high-cholesterol on COVID-19 disease severity

Search strategy PubMed COVID-19 Open Research Dataset (CORD-19), Google Scholar,

Time included in literature search  Through July 9, 2020

Study number 7 (cohort study = 7)

Patient number of cohort studies 6,922

Country of cohort studies China = 3; Hong-Kong = 1; USA = 1; South Korea = T1;
France =1

PubMed

Frequently updated when new research appears in peer-reviewed
publications and archive services became available

6 (cohort study = 3; in vitro study = 2; review =1)
1,029 in 3 cohort studies
China =3

PICO, population, intervention, comparison, and outcome; COVID-19, coronavirus disease 2019.

https://e-jla.org

performed a systematic review to evaluate the effect of comorbidities including hypertension,
diabetes, stroke, cancer, kidney disease, and high cholesterol on the severity of COVID-19.
Thus, we selected the part of their meta-analysis dealing with high cholesterol levels for the
current review; this part contained 3 cohort studies from China,**? 2 in vitro studies,”* and

1 review. Of these, 1,029 patients with positive COVID-19 test results participated in 3 clinical
studies. The characteristics of the 2 systematic reviews included in this umbrella review are
summarized in Table 3.

3. Quality assessment

Both of the included reviews had critical weaknesses according to the AMSTAR 2 criteria.
They had in common 2 critical flaws in terms of assessing the risk of bias (RoB) in individual
studies that were included in the review and accounting for RoB in individual studies when
interpreting/discussing the results of the review. Additionally, the study of Hariyanto and
Kurniawan® showed critical flaws in terms of: using a comprehensive literature search
strategy; providing a list of excluded studies and justifying the exclusions; using appropriate
methods for the statistical combination of results if a meta-analysis was performed;
performing an adequate investigation of publication bias (small study bias); and discussing
its likely impact on the results of the review if a quantitative synthesis was carried out. The
latter 2 factors were not considered in the study of Zaki et al.*® because it did not contain a
meta-analysis. According to the rating criteria of AMSTAR 2, both of these studies showed
critically low quality.

In terms of the GRADE system, we evaluated only the study of Hariyanto and Kurniawan,®
which conducted a meta-analysis regarding severe outcomes of COVID-19 infection between
non-dyslipidemia and dyslipidemia groups. Zaki et al.* performed a systematic review
without a meta-analysis and included various types of studies such as clinical studies, in

vitro cell studies, and a review; therefore, it was difficult to apply the GRADE system to each
outcome in their study. Consequently, as the primary evidence quality of observational
studies is considered to be low in the GRADE system, the systematic review was initially
graded as low. Since there were no issues requiring down-grading, the study of Hariyanto and
Kurniawan® regarding the relationship between dyslipidemia and the severity of COVID-19
infection was finally graded as providing a low quality of evidence.

4. Findings

There were no overlapping studies in the systematic reviews included in this umbrella
review. Since data were available from 1 study” included in the review of Zaki et al.** on
the relationship of dyslipidemia with COVID-19 severity, we performed a meta-analysis
combining data from the 2 reviews. Our meta-analysis showed that dyslipidemia was
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Dyslipidemia Non-dyslipidemia Weight Risk ratio Risk ratio

Study or subgroup
Events Total Events Total (%) M-H, Random, 95% ClI M-H, Random, 95% ClI

Chang MC et al.” 2 6 n 205 4.7 6.21 (1.75-22.10)
Chen Qetal.® 1 1 49 144 9.0 92.56 (1.11-5.92)
Nie Setal.” 4 7 21 90 10.7 2.45 (1.17-5.15)
Petrilli CM et al.* 465 1,157 525 1,572 30.7 1.20 (1.09-1.33) -
Simonnet A et al.*® 24 34 61 920 25.6 1.04 (0.80-1.35) -
To KK et al.*® 2 2 8 21 10.9 2.16 (1.04-4.48) -
Zhang C et al.” 1 3 23 77 3.0 1.12 (0.22-5.73) _
Zhang JJ et al.” 2 7 56 133 5.3 0.68 (0.21-2.23) _—
Total (95% CI) 1,217 2,332 100.0 1.49 (1.11-2.01) L 4
Total events 501 747
Heterogeneity: 1°=0.07; x’=17.55, df=7 (p=0.01); I>=60% 0161 0f1 1 1|0 160
Test for overall effect: Z=2.63 (p=0.008) Favours dyslipidemia  Favours non-dyslipidemia

Fig. 2. Forest plot of the severity of COVID-19 disease in patients with or without dyslipidemia: dyslipidemia group versus non-dyslipidemia group.
COVID-19, coronavirus disease 2019; CI, confidence interval; df, degrees of freedom.

associated with severe COVID-19 (RR, 1.49; 95% CI, 1.11-2.01; p=0.01; ’=60%; Fig. 2),
which is similar to the result of the meta-analysis of Hariyanto Kurniawan® with regard

to significance and heterogeneity. Additionally, we conducted a meta-analysis of the
relationship between lipid profiles and COVID-19 infection severity. One study® included

in the review of Hariyanto and Kurniawan® reported data on low-density lipoprotein (LDL)
cholesterol. Two studies*** included in the review of Zaki et al.*® presented data on total
cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride levels. Higher values of
total, LDL, and HDL cholesterol were inversely associated with severe COVID-19 (WMD 0.54
mmol/L, 95% CI 0.40-0.68, p=0.81, 12=0%; WMD 0.35 mmol/L, 95% CI 0.24-0.45, p=0.14,
’=50%; WMD 0.25 mmol/L, 95% CI 0.20-0.29, p=0.76, I>=0%, respectively; Fig. 3).

Regarding the other issues, since the limited number of eligible reviews restricted our ability
to synthesize and interpret their findings, a narrative synthesis of the evidence is presented in
the Discussion section. The 2 reviews included in current umbrella review were more suitable
for providing qualitative summaries of the evidence than for conducting a meta-analysis.

DISCUSSION

Considerable evidence has been amassed that a history of cardiovascular disease or
cardiovascular risk factors such as hypertension and diabetes is closely related to COVID-19
infection and severity.>*" Since dyslipidemia is one of the most important cardiovascular risk
factors, dyslipidemia is also likely to be closely related to COVID-19. However, research on the
role of dyslipidemia in the risk and severity of COVID-19 is relatively lacking. One cause may
be that the definition of dyslipidemia itself is rather complicated, unlike diabetes mellitus,
hypertension, and obesity. Furthermore, numerous reports have stated that rapid changes

in the lipid profile appear to occur in response to COVID-19 infection and the progression of
the disease.* Therefore, there may be a major difference between defining the presence of
dyslipidemia before being diagnosed with COVID-19, and defining dyslipidemia at the time of
hospitalization after a patient is diagnosed with COVID-19.

In the meta-analysis conducted by Hariyanto and Kurniawan,* 7 observational studies

were analyzed.**2 In each study, dyslipidemia or hyperlipidemia was defined according
to patients' history based on electronic medical records regardless of additional laboratory
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Study or subgroup Non-severe group Severe group Weight ~ Mean difference Mean difference
Total Mean SD Total (%) IV, Random, 95% Cl 1V, Random, 95% CI
1. Total cholesterol (mmol/L)
Nie Setal.” 72 3.60 0.52 25 24.4 0.51(0.23-0.79) e
Peng Y et al.® 579 4.35 116 282 75.6 0.55 (0.39-0.71) —
Total (95% CI) 651 307 100.0 0.54 (0.40-0.68) &
Heterogeneity: 1°=0.00; %?=0.06, df=1 (p=0.81); 1>=0%
Test for overall effect: Z=7.71 (p<0.00001)
2. LDL cholesterol (mmol/L)
Nie S et al.” 72 2.18 0.78 25 7.9 0.04 (-0.31-0.39) e
Peng Y et al.” 579 2.87 0.89 282 35.0 0.35 (0.23-0.47) —-—
Petrilli CM et al.* 1,739 1.448 0.69 990 57.0 0.39 (0.33-0.44) -
Total (95% CI) 2,390 1,297 100.0 0.35 (0.24-0.45) P
Heterogeneity: 1°=0.00; ¥?=3.97, df=2 (p=0.14); I>=50%
Test for overall effect: Z=6.56 (p<0.00001)
3. HDL cholesterol (mmol/L)
Nie Setal.” 72 0.88 0.22 25 13.6 0.23 (0.11-0.35) —_—
Peng Y et al.*? 579 1.06 0.34 282 86.4 0.25 (0.20-0.30) -
Total (95% CI) 651 307 100.0 0.25 (0.20-0.29) ¢
Heterogeneity: 1°=0.00; ¥?<0.09, df=1 (p=0.76); I>=<0%
Test for overall effect: Z=10.98 (p<0.00001)
4. Triglyceride (mmol/L)
Nie Setal.” 72 1.20 0.52 25 20.9 0.00 (-0.24-0.24) —
Peng Y et al.”? 579 1.40 0.90 282 791 0.12 (-0.01-0.25) r—
Total (95% CI) 651 307 100.0 0.09 (-0.02-0.21) »
Heterogeneity: 1°=0.00; ¥?=0.74, df=1 (p=0.39); I1’=0%
Test for overall effect: Z=1.67 (p=0.10)
—I2 —I1 0 1I é

Favours severe group  Favours non-severe group

Fig. 3. Forest plot of lipid profiles according to the severity of COVID-19 disease: non-severe group versus severe group.
COVID-19, coronavirus disease 2019; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SD, standard deviation; Cl, confidence interval; df, degrees of

freedom.
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testing or the use of lipid-lowering drugs. Four of the 7 studies were conducted in China, and
1 study each from the US, France, and Korea was included. The prevalence of dyslipidemia
in these studies differed dramatically. In particular, in the studies conducted in China, Hong
Kong, and Korea, #8052 the prevalence of dyslipidemia was much lower than that in the
other studies (1%-10%). In the US study,” the number of patients with dyslipidemia was
1,714, with a prevalence of 32.5%, and in the French study,* 34 patients had dyslipidemia,
with a prevalence of 28%. Since there were no overlapping studies in each systematic

review included in this umbrella review, we performed a new meta-analysis to analyze the
relationship between dyslipidemia and the severity of COVID-19 quantitatively. However,

of the 3 studies included in the review of Zaki et al.,* only 1 study* described the presence
of underlying dyslipidemia. In our new meta-analysis of a total of 8 studies, combining the
7 studies®*** included in the study of Hariyanto and Kurniawan® and the single study*
included in the review of Zaki et al.,* the relationship between dyslipidemia and severe
COVID-19 was confirmed. However, a relevant limitation may be that all studies included in
the 2 systematic analyses could not be analyzed. Nevertheless, given the results so far, the
prognosis of COVID-19 seems poor in patients with dyslipidemia, so dyslipidemia should

be regarded as another important factor in risk stratification models for COVID-19. Prior

to the COVID-19 pandemic, extensive research explored the link between cholesterol and
viral infections. In general, cholesterol in the cell membrane plays an important role when
avirus enters the host cell,* and the efficiency of viral infection is significantly reduced
when cholesterol deficiency is induced in the cell membrane.* After a viral infection has
already occurred, increased levels of LDL cholesterol itself can interact with macrophages in
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atherosclerotic plaques or engage in inflammasome activation and increase the secretion of
proinflammatory cytokines.>*** Furthermore, low HDL cholesterol may cause dysregulation
in the innate immune response, a first-line defense mechanism against COVID-19 infection.”
Lastly, LDL cholesterol or triglyceride accumulation may cause endothelial dysfunction,
increasing the risk of cardiovascular complications, leading to severe outcomes.>

However, the systematic review of Zaki et al.* presented completely different results. In
their study, total cholesterol, HDL cholesterol, and LDL cholesterol levels were consistently
lower in the COVID-19-infected group than in the control group, and HDL cholesterol

was significantly lower in patients with a high severity of disease. Zaki et al.* performed

a systematic review of the associations of various comorbidities, such as hypertension,
diabetes, high cholesterol, and cancer, with COVID-19 severity. A total of 54 articles

were included, and the authors stated that 8 analyzed high cholesterol levels, but only

3 observational studies were finally included. All 3 of those studies were conducted in
China.***? Two studies did not confirm the presence or absence of dyslipidemia from
patients' medical records,*** and in 1 study, the presence of dyslipidemia was described,

but its relationship with severity was not investigated.* Instead, in all studies, various

lipid profiles were tested at the time of admission, and in 1 study,* tests were performed
serially at intervals of 2 days for more than 2 weeks to analyze the relationship between lipid
parameters and COVID-19 severity. Among the 7 studies included in the analysis of Hariyanto
and Kurniawan® described earlier, 1 study® specified that patients’ baseline lipid profile was
analyzed. We found that higher total, LDL, and HDL cholesterol levels showed an inverse
association with severe COVID-19 in our new meta-analysis. Consistently with our results,
Fan et al.”” and Wei et al.*® reported similar findings from 2 small observational studies. In
studies of 21 and 597 patients, patients infected with COVID-19 had lower total cholesterol
and LDL cholesterol levels than healthy controls. Severe cases had lower total cholesterol,
LDL cholesterol, and HDL cholesterol levels. The authors suggested that their findings may
be explained by changes in cholesterol metabolism due to COVID-19 infection, changes in
lipid metabolism due to hyperinflammation, leakage of LDL cholesterol due to increased
vascular permeability, and accelerated lipid degradation. Changes in lipid metabolism are an
early step in atherogenesis and can cause vessel injury through coagulopathy and endothelial
dysfunction. Thus, the authors emphasized the role of cholesterol in vasculopathy caused by
COVID-19 infection.”

Related to this topic, Zhang et al.®® reported that in a retrospective study of 13,981 patients,
statin therapy (the main treatment for dyslipidemia) significantly reduced the severity and
mortality of COVID-19. In an analysis of all participants' baseline characteristics, subjects
with statin therapy had less dyslipidemia, defined as a LDL cholesterol level more than
the upper limit of the normal range according to the criteria at each hospital, and even
after propensity score matching, there was a slight statistical difference between the two
groups. However, even after correcting for various risk factors including LDL cholesterol,
the mortality rate within 28 days was 5.2% and 9.4% in the statin and non-statin groups,
respectively, with an adjusted hazard ratio of 0.58. The possibility that these results may
reflect the pleiotropic effects of statins, including their anti-inflammatory and antioxidant
effects, rather than their LDL cholesterol-lowering effect itself, has attracted attention.

In particular, protease inhibitor-based antiretroviral and immunosuppressive drugs are
used to treat COVID-19,% and these drugs may exacerbate hyperlipidemia, so statins may
be particularly effective in patients receiving these medications.® Furthermore, in a study
in which proteomic analysis was performed on various tissues obtained from autopsy
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samples of patients who died from COVID-19,% Niemann-Pick C1 (NPC1) was significantly
upregulated in most organs, including the lung, spleen, and heart. Considering that lipids

and lipid metabolism play an important role in the process of viral replication,* NPC1 may be
a potential drug target for COVID-19. Prospective randomized clinical studies are needed to
obtain an accurate answer.

An important limitation of this overview is that the number of studies included—reflecting
the number of reviews that included data regarding the association between dyslipidemia and
COVID-19 infection—was limited, precluding a stringent analysis of this end point. Moreover,
the methodological quality assessment showed that both reviews had multiple critical flaws,
making the current umbrella review limited. The situation regarding the COVID-19 pandemic
is changing so rapidly, with such serious consequences, that numerous reports are published
without a sufficient evaluation of the data quality. This may explain the low methodological
quality of the reviews included in the present study. Consequently, we conducted this
overview as a narrative synthesis of the evidence. In addition, we only analyzed articles

in English. If the search had been done in other languages, more studies could have been
included. Despite these limitations, however, this is the first umbrella review investigating the
association between dyslipidemia and COVID-19 infection. Furthermore, we applied a rigorous
methodology to conduct an umbrella review of systematic reviews. Hence, the evidence from
this study is important from the perspective of aggressive treatment and disease prevention.

In conclusion, we conducted an umbrella review to identify the findings and contents of
systematic reviews and/or meta-analyses of the relationship between dyslipidemia and
COVID-19 infection severity. According to the AMSTAR 2 criteria and GRADE system, the
studies did not show high quality, and the primary evidence quality of both the observational
studies and the systematic reviews was considered low. Although it is difficult to draw

a definitive conclusion, patients with a history of dyslipidemia are likely to be at risk for
severe COVID-19 infections, but the contrary finding was shown for cholesterol levels at
hospitalization. These findings suggest that dyslipidemia may potentially play a role in the
severity of COVID-19 infection. These results provide clinically valuable evidence in this
pandemic situation because existing research on dyslipidemia and COVID-19 is limited.
More adequately powered studies are needed to obtain reliable results on this issue. It is very
important to ensure that future research is well-designed, since conflicting results may occur
depending on when dyslipidemia is defined or laboratory tests are performed.
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