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Abstract 

Background Many commonly used drugs were evaluated as repurposed treatment options since the emergence of 
the COVID-19 pandemic. The benefit of lipid-lowering agents has been controversial in this regard. In this systematic 
review, we assessed the effect of these medications as adjunctive therapy in COVID-19 by the inclusion of randomized 
controlled trials (RCTs).

Methods We searched four international databases including PubMed, the Web of Science, Scopus, and Embase for 
RCTs in April 2023. The primary outcome was mortality, while other efficacy indices were considered secondary out-
comes. In order to estimate the pooled effect size of the outcomes, considering the odds ratio (OR) or standardized 
mean difference (SMD) and 95% confidence interval (CI), random-effect meta-analyses was conducted.

Results Ten studies involving 2,167 COVID-19 patients using statins, omega-3 fatty acids, fenofibrate, PCSK9 inhibi-
tors, and nicotinamide as intervention compared to control or placebo, were included. No significant difference was 
found in terms of mortality (OR 0.96, 95% CI 0.58 to 1.59, p-value = 0.86, I2 = 20.4%) or length of hospital stay (SMD 
-0.10, 95% CI -0.78 to 0.59, p-value = 0.78, I2 = 92.4%) by adding a statin to the standard of care. The trend was similar 
for fenofibrate and nicotinamide. PCSK9 inhibition, however, led to decreased mortality and an overall better progno-
sis. Omega-3 supplementation showed contradicting results in two trials, suggesting the need for further evaluation.

Conclusion Although some observational studies found improved outcomes in patients using lipid-lowering agents, 
our study found no benefit in adding statins, fenofibrate, or nicotinamide to COVID-19 treatment. On the other hand, 
PCSK9 inhibitors can be a good candidate for further assessment. Finally, there are major limitations in the use of 
omega-3 supplements in treating COVID-19 and more trials are warranted to evaluate this efficacy.
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Introduction
With the emergence of the coronavirus disease 2019 
(COVID-19) pandemic worldwide, about 650 mil-
lion people were affected and about 6.5 million died as 
of December 9, 2022 [1]. The clinical manifestation of 
COVID-19 encompasses a wide range ranging from mild 
to severe symptoms, complications of which could be 
acute respiratory distress syndrome (ARDS) and end-
organ failure resulting from inflammatory cytokine storm 
[2, 3]. Hitherto, there have been some drugs approved or 
authorized by the Food and Drug Administration (FDA) 
for treating COVID-19. In addition, some monoclonal 
antibodies and immunomodulatory agents have shown 
promising results in severe cases, but they are expen-
sive and difficult to avail [4]. Therefore, a wise approach 
would be to identify the available drugs that could reduce 
the COVID-19 infection severity and improve the overall 
outcomes.

Previously, it has been demonstrated that patients 
with dyslipidemia are at higher risk of severe COVID-
19 in addition to higher mortality [5]. Additionally, the 
reverse relation between 3-hydroxy-3-methylglutaryl 
Coenzyme A (HMG-CoA) reductase expression and the 
risk of COVID-19 hospitalization was found, indicating 
the possible benefit of statins in reducing the COVID-19 
severity [6]. Moreover, as endothelial injury has been sug-
gested to occur in COVID-19 [7], the protective role of 
statins for the endothelium might be effective as adjunc-
tive treatment in COVID-19 [8]. The anti-inflammatory, 
anti-oxidative, and immunomodulatory properties of 
some lipid-modulating drugs such as omega-3 supple-
mentations [9] and statins [10] could contribute to the 
lessening of inflammatory cytokine storm during severe 
COVID-19 infection. Moreover, in another pathway, the 
anti-inflammatory role of statins in cardiovascular dis-
eases [11] might be a mediator in lessening the severity 
of COVID-19, since cardiovascular comorbidities and 
complications have been reported as essential contribu-
tors to the poor prognosis of COVID-19 [12]. In this 
regard, several randomized controlled trials (RCTs) iden-
tified the effects of lipid-modulating medications such as 
omega-3 supplementation [13], statins [14], nicotinamide 
[15], and fenofibrate [16] on the outcomes and severity of 
COVID-19. The findings of these studies have not been 
fully conclusive, with some demonstrating benefit in 
improving the outcomes [13–15], while others failing to 
find significant effects [16]. Discrepant results also exist 
with respect to previous meta-analyses [17], as these 
included observational studies that are usually accom-
panied by uncontrolled confounding bias. Therefore, we 
aimed to conduct a meta-analysis of conducted trials on 
the possible effects of lipid-lowering medications on the 

outcomes of COVID-19 patients, which can be helpful in 
the management of the patients.

Methods
Search strategy
PRISMA (Preferred Reporting System for Systematic 
Reviews and Meta-analyses) was used as the guide-
line for the conduction of this systematic review [18]. 
Databases including PubMed, Web of Science, Embase, 
and Scopus were investigated for trials evaluating the 
efficacy and/or safety of lipid-lowering agents as an 
adjunctive medical treatment for COVID-19 from 
inception to April 2023. Two main groups of key-
words were used in the search: 1) lipid-lowering agents 
(statins, omega-3 fatty acid supplements, Fibrates, 
bile acid sequestrant, nicotinic acid, PCSK9 inhibi-
tors, adenosine triphosphate citrate synthase inhibi-
tors, and cholesterol absorption inhibitors), and 2) 
COVID-19. Details of searched keywords are avail-
able in Supplementary Table 1. No limitations or filters 
were added to the search query. This systematic review 
was registered in PROSPERO (registration number: 
CRD42023415932).

Study selection, screening, and data extraction
We included RCTs comparing outcomes between 
COVID-19 patients receiving lipid-lowering agents 
(intervention group) and placebo (control group). Mor-
tality was the primary outcome, while the secondary out-
comes were mechanical ventilation need, hospital and/or 
intensive care unit (ICU) length of stay, bleeding, clinical 
deterioration (defined as WHO Ordinal Scale ≥ 6 [19] i.e., 
non-invasive ventilation, the requirement for high flow 
oxygen, administration of vasopressor agents, endotra-
cheal intubation, renal replacement therapy, mortal-
ity, and extracorporeal membrane oxygenator (ECMO) 
requirement), venous thromboembolism, and shock. We 
excluded case series, case reports, observational studies, 
conference abstracts, and non-English articles.

At first, duplicates were excluded. Then, according to 
the title and abstract, two independent reviewers (AK 
and AHB) initially included all studies that were related 
to adding lipid-lowering agents to the treatment plan of 
COVID-19 patients. Then, using the full text of the arti-
cle, RCTs that compared the outcomes between the lipid-
lowering group and the control group were included. The 
third reviewer (SA) resolved disagreements between the 
two reviewers.

After the screening, two reviewers (AK and AHB) per-
formed data extraction in a prespecified spreadsheet. 
The following data were extracted: 1) RCT name, first 
author’s name, and publication year, 2) RCT design, study 
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population, intervention group, and control group, 3) 
numbers of the total population, intervention, and con-
trol groups, 4) mean age, male percentage, and main 
findings.

Quality assessment
Qualities of included RCTs were evaluated using the 
Cochrane risk-of-bias tool for randomized trials (RoB-
2) [20]. While two authors (AK and AHB) performed 
the risk of bias assessment independently, a third author 
(SA) was responsible for resolving any possible disagree-
ment. In brief, RoB-2 criteria include five domains of bias 
source. These are the randomization process, missing 
outcome data, deviations from the intended interven-
tions, measurement of the outcome, and selection of the 
reported result, all of which can be graded as “low-risk”, 
“high-risk” or “some concern”.

Statistical analysis and data synthesis
Data were extracted as means (standard deviation, SD) 
or median [interquartile range, IQR] for the COVID-19 
clinical outcomes and complications to find the differ-
ence between the intervention and control arms of the 
included trials. When possible, the random-effect meta-
analysis was performed with the DerSimonian-Laird 
model to find the pooled effect size of the outcomes via 

calculation of the odds ratio (OR) along with a 95% confi-
dence interval (CI). Also, regarding continuous outcomes 
such as length of hospital stay, we performed a random-
effect meta-analysis to calculate the standardized mean 
difference (SMD) and 95% CI. When possible, sub-
group analyses based on the dosage of medications were 
performed. For evaluation of heterogeneity, Higgins’ 
I-square test was utilized with ranges of ≤ 25%, 26–75%, 
and > 75 in I2 considered as “low”, “moderate”, and “high” 
heterogeneity, respectively. The p-value of < 0.05 was con-
sidered a statistical significance cutoff. All analyses were 
performed with STATA software (Stata Corp, version 17).

Results
Included study characteristics
The initial search with the keywords explained in sup-
plementary table 1 resulted in 1,607 studies. Finally, after 
removing duplicates and screening by title and abstract 
and then full-text of studies, 10 articles remained to 
be included in our study [13–16, 21–26]. A letter [27] 
was excluded from our systematic review due to the 
same population as the study by Pawelzik et  al. [26]. 
All included studies evaluated the therapeutic role of 
lipid-lowering agents in COVID-19 patients. The search 
details and selection process are shown in Fig. 1.

Fig. 1 Flow diagram summarizing the selection of eligible studies based on the PRISMA guidelines
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The baseline features of the studies included in this 
review are shown in Table  1. Atorvastatin was assessed 
in five trials [14, 21–24], omega-3 in two [13, 26], nico-
tinamide in one [15], fenofibrate in one [16], and PCSK9 
inhibitors in one [25]. Most of the studies included hos-
pitalized patients, except for Bikdeli et al. [21] trial which 
was on COVID-19 cases admitted to ICU, Doaei et  al. 
[13] al. and Navarese et al. [25] trials which included crit-
ically ill COVID-19 cases, and Chirinos et al. [16] study 
assessed both inpatients and outpatients. A total of 2,167 
patients were included, among which 1,058 were ran-
domized to anti-lipid medications, while 1,109 were in 
the control/placebo group. The patients’ mean age was 
54.2 ± 14.9 years and 1,270 (58.6%) were male. Details of 
the risk of bias assessment of the included trials based 
on Cochrane’s tool are shown in Fig. 2. The first domain 
(randomization process) was the most frequent bias with 
“some concerns”.

Statins and COVID‑19
Mortality
Meta-analysis was performed to estimate the effect of 
atorvastatin as added treatment in reducing mortality in 
four studies. The result showed no statistically significant 
difference (OR 0.96, 95% CI 0.58 to 1.59, p-value = 0.86, 
Fig.  3). While the meta-analysis had a mild degree of 
heterogeneity (I2: 20.39%), no significant difference was 
observed in every single study. Also, in the subgroup 
analysis based on statin dosage, no difference in mortal-
ity was observed in any of the 20 mg/day and 40 mg/day 
dosages (Fig. 3). While there was no significant difference 
between the two subgroups (p-value = 0.96), also there 
was no significant difference in mortality between statin 

and placebo groups in the 20  mg/day subgroup analy-
sis (OR 1.04, 95% CI 0.41 to 2.63, p-value = 0.93, Fig. 3). 
In addition to the fact that none of the individual stud-
ies reported significant differences between the groups, 
pooling their results also led to the same insignificant 
difference.

Mechanical ventilation
Two of the studies investigated the need for ventilation 
among COVID-19 patients by randomizing them into 
intervention and control arms [14, 23]. Neither of these 
two studies showed any significant difference between 
placebo and statins. Davoodi et  al. reported 0/20 in 
the intervention arm and 1/20 in the control group 
(p-value > 0.05). Similarly, Ghati et al. found an insignifi-
cant difference between the groups (7/224 in the inter-
vention group and 6/226 in the control arm).

Hospital length of stay
The duration of hospitalization stay was assessed in four 
of the studies. Davoodi et al. found a significantly shorter 
hospitalization duration in comparison with the control 
arm (7.95 ± 2.04 days vs. 9.75 ± 2.29 days, p-value = 0.012). 
In line, Hejazi et  al. came to the same conclusion 
(7.05 ± 1.21 days vs. 9.15 ± 4.28 days, p-value = 0.03). On 
the other hand, Ghafoori et  al. reported a significantly 
longer length of stay in comparison with controls (6.5 
[4-9]  days vs. 4 [3-6]  days, p-value = 0.001). Ghati et  al. 
reported an almost identical length of stay for the groups 
with atorvastatin and the control arm (9 [8-12] days vs. 
9 [7-11]  days, p-value = 0.85). Meta-analysis of hospital 
length of stay from these four studies revealed that there 
is no significant difference between patients randomizing 

Fig. 2 Quality assessment of the included trials based on the Cochrane Risk of Bias tool
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to atorvastatin in comparison with the control group 
(SMD -0.10, 95% CI -0.78 to 0.59, p-value = 0.78, Fig. 4). 
In subgroup analysis based on dosage, none of the 20 mg 
and 40 mg daily dosages showed any statistical difference 
in terms of hospitalization days.

Finally, the duration of ICU stay was also measured in 
Bikdeli et al. trial, in which there was no significant dif-
ference between the atorvastatin and placebo groups (5 
[3-9] days vs. 5 [2-10] days, p-value = 0.31).

Fig. 3 Forest plot for the meta-analysis of mortality for statin therapy and subgroup analysis based on atorvastatin dosage

Fig. 4 Forest plot for the meta-analysis of the length of hospital stay for statin therapy and subgroup analysis based on atorvastatin dosage
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Other complications
Other complications were evaluated in studies. 
Venous thromboembolism was reported by Bik-
deli et  al. not to be significantly different between 
the arms (p-value = 0.53). This study could not show 
any significant difference in terms of bleeding events 
(p-value > 0.05), either. Ghati et  al. did not report any 
significant difference in clinical deterioration and shock 
between atorvastatin and control groups (p-value > 0.05 
for both outcomes).

Omega‑3 fatty acid supplementation and COVID‑19
Two studies evaluated the efficacy of supplementation 
with omega-3 fatty acids in COVID-19 patients [13, 26]. 
Doaei et al. [13] found a significantly higher 30-day sur-
vival rate in the intervention group (omega-3 1000 mg 
daily) compared with the control, which received 
only nutritional support (21% vs. 3%, p-value = 0.003) 
in a double-blind RCT of ICU-admitted COVID-19 
patients. Moreover, omega-3 fatty acids significantly 
improved kidney function, assessed through creati-
nine levels (1.29 vs. 1.68 mg/dL, p-value = 0.02), in the 
intervention group. However, omega-3 supplementa-
tion could not increase Glasgow Coma Scale (GCS) and 
lymphocyte count in the intervention arm in a signifi-
cant manner (p-value > 0.05).

In another single-blind trial by Pawelzik et  al. [26] 
on hospitalized COVID-19 patients, it was shown that 
intravenous n-3 polyunsaturated fatty acid (PUFA) sig-
nificantly decreased the levels of thrombosis and inflam-
mation mediators, while it increased the prostacyclin 
levels (p-value < 0.05). Moreover, 15-F2t-isoprostane, as 
an oxidative stress marker, was decreased significantly in 
the intervention arm, compared with patients receiving a 
placebo. Finally, reactive oxygen species were lower in the 
erythrocytes of COVID-19 patients receiving n-3 PUFA.

Fibrates and COVID‑19
One double-blind RCT investigated the efficacy of fenofi-
brate versus placebo in COVID-19 patients [16]. No 
significant difference in efficacy measures was found 
between the fenofibrate and placebo groups. The studied 
groups were comparable in terms of the global ranked 
severity score without any significant difference (5.32 
[2.98—6.00] vs. 5.33 [2.98—6.00], p-value = 0.819), the 
number of days alive, out of ICU/ECMO/invasive venti-
lation (30 [30-30] vs. 30 [30-30], p-value = 0.134), WHO 
ordinal scale (1 [1-1] vs. 1 [1-2], p-value = 0.246), and 
modified ranked severity score (5.05 [2.98—5.22] vs. 5.05 
[2.98—5.21], p-value = 0.928).

Nicotinamide and COVID‑19
Nicotinamide was another lipid-lowering agent assessed 
by Hu et  al. [15] in an open-label RCT. The interven-
tion group included COVID-19 patients with lympho-
penia receiving 100  mg nicotinamide five times a day 
for two days, while the control arm received usual care. 
No significant difference was detected between the 
two groups in laboratory assessments, including abso-
lute lymphocyte count (p-value = 0.67), C-reactive pro-
tein (CRP) (p-value = 0.76), and other full blood counts 
(p-value > 0.05).

PSCK9 inhibitor and COVID‑19
The study by Navarese et  al. assessed the impact of 
PCSK9 inhibition in the severe COVID-19 [25]. In 
this double-blind RCT, patients receiving evolocumab 
showed a significantly lower death rate or the need for 
intubation (23.3% vs. 53.3%, risk difference of -30% (95% 
CI -53.40% to -6.59%), p-value < 0.05). Moreover, inter-
leukin-6 levels were lower in COVID-19 patients rand-
omized to PCSK9 inhibitors.

Discussion
This study investigated the efficacy of anti-dyslipidemic 
agents in improving COVID-19 outcomes through a 
systematic review and meta-analysis of RCTs. The main 
findings of the current study can be summarized as 1) 
Adding statins to the standard of care did not show any 
beneficiary effect in improving COVID-19 outcomes, 2) 
omega-3 fatty acid supplementation resulted in conflict-
ing outcomes which need further evaluation, 3) in only 
one trial, fibrates had no significant effect on COVID-19 
severity, 4) nicotinamide did not affect lymphocyte count 
in lymphopenic patients with COVID-19, and 5) PCSK9 
inhibitors (evolocumab) reduced death rate or the need 
for intubation in COVID-19 patients. While there was a 
larger population included in statin trials, other anti-dys-
lipidemic had smaller studied populations which neces-
sitate further studies to be done.

Since the efficacy of antiviral drugs and corticos-
teroids in treating COVID-19 is not well-proven [28], 
studies determined the effectiveness of more available 
and cheaper medications such as statins [29], antiplate-
lets [30], and anticoagulants [31] in decreasing post-
infection complications. The rationale behind choosing 
anti-dyslipidemic agents (e.g., statins) in COVID-19 
patients is the role of dyslipidemia and cardiovascular 
complications in the prognosis of COVID-19. Stud-
ies have shown a meaningful association between dys-
lipidemia and the severity of COVID-19 in addition to 
mortality in COVID-19 patients [32]. Statins decrease 
the cholesterol level by inhibiting HMGCR and studies 
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in COVID-19 patients have suggested a potential rela-
tionship between inhibiting HMGCR and a lower rate 
of hospitalization [6].

The results of five trials assessing the effectiveness 
of statins in COVID-19 have been reported so far. 
Statins are the first line of treatment for dyslipidemia 
and their effectiveness in improving lipid profile has 
been well-proven in the past [33]. In addition to their 
lipid-lowering effects, previous studies found statins 
to be potentially beneficial in preventing and treating 
infections [34]. In a retrospective cohort, chronic use 
of statins was correlated with lower one-year mortality 

in respiratory viral infection [35]. At the beginning of 
the COVID-19 pandemic, several studies explored the 
relationship between using statins and preventing or 
treating COVID-19. Moreover, several meta-analyses 
have been conducted in the investigation of statin effi-
cacy in COVID-19 patients which are summarized and 
described in Table  2 and Supplementary Materials. 
There were conflicting results found in these studies 
which were predictable due to the observational nature 
of included studies in all of these systematic review 
studies. Additionally, the efficacy of adding statins to 
treatment regimens of COVID-19 patients remained 

Table 2 Summary of the results of previous meta-analyses on observational studies

Full reference citation of these meta-analyses are in Supplementary Materials; ICU: intensive care unit

Author, Year Included studies design Number of 
included 
studies

Main Findings

1 Lao et al., 2022 Retrospective observational which reported 
covariate adjusted effect estimates

70 Statin was associated with reduced mortality, ICU 
admission, and mechanical ventilation

2 Vahedian-Azimi et al., 2021 Observational studies 23 Statin use had no significant effect on ICU 
admission and all-cause mortality, however, it 
decreased need for intubation

3 Diaz-Arocutipa et al., 2021 Cohort studies 25 Unadjusted risk ratio meta-analysis did not show 
a reduction in mortality, while adjusted odds and 
hazard ratio meta-analysis resulted in significant 
association of statins and mortality reduction

4 Kow et al., 2021 Original observational studies and preprints 35 Use of statins was associated with a significantly 
lower risk of all-cause mortality and endpoint of 
severe illness

5 Yetmar et al., 2021 Cohorts and case–control studies (observa-
tional)

19 Prior statin use was associated with a lower risk of 
mortality and severe COVID-19

6 Kollias et al., 2021 Prospective or retrospective design 22 Statin use was associated with lower risk of mor-
tality from COVID-19

7 Zein et al., 2022 Propensity-matched cohorts 8 Decreased mortality was observed to be associ-
ated with statin use

8 Chow et al., 2021 Cohort studies 13 Risk of mortality was similar between statin users 
and non-users. However, the patients started their 
statin use after COVID-19 diagnosis had lower 
mortality

9 Wu et al., 2021 Observational studies 28 Use of statins was significantly associated with 
decreased mortality and invasive mechanical 
ventilator support

10 Vahedian-Azimi, 2021 Observational studies 24 Significant reduction was observed in statin users 
in terms of ICU admission, and death. However, 
no difference was observed in tracheal intubation

11 Hariyanto et al., 2021 Observational studies 35 Statin use did not improve the composite poor 
outcomes of COVID-19

12 Permana et al., 2021 Retrospective cohort 13 In-hospital statin use was associated with 
reduced risk of mortality, while pre-admission use 
of statins was not related to mortality

13 Pal et al., 2022 Observational studies 14 Unadjusted data meta-analysis revealed no 
improved clinical outcomes, while adjusted 
risk estimated showed significant reduction in 
adverse outcomes of COVID-19

14 Hariyanto et al., 2020 Observational studies 9 Statin use did not affect in-hospital outcomes of 
COVID-19
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controversial. Interestingly and in contrast with obser-
vational studies, none of our included studies found 
significant differences in terms of mortality. However, 
their pooled results by meta-analysis also revealed no 
difference. The rationale for performing a meta-analysis 
of mortality despite all these insignificant results was to 
provide stronger evidence for literature against obser-
vational studies and meta-analyses with the inclusion 
of these studies. This can clarify the fact that adding 
statins to the normal regimen of COVID-19 patients 
have no added value, based on the pooled result of ran-
domized trials.

To our knowledge, ours is the first systematic review 
of RCTs comparing the efficacy of statins as an adju-
vant medication in the COVID-19 treatment plan. Two 
of the included studies reported recent statin use as an 
exclusion criterion [14, 23]. We found no benefit in add-
ing statins for reducing mortality, need for mechanical 
ventilation, or duration of hospital stay. Contrary to our 
findings, a recent systematic review and meta-analysis 
of 84 observational studies found that statin use signifi-
cantly lowers mortality, ICU admission, and the need 
for mechanical ventilation in COVID-19 patients [17]. 
Especially in the case of statins, observational studies 
are prone to several biases and have many confounders 
that could affect the results. The lack of a placebo group 
is the most important limitation of observational studies 
on COVID-19. Secondly, the dosage of statins is not con-
stant in observational studies and can cause bias in the 
interpretation of results. According to our findings, the 
results of previous studies cannot be confirmed by RCTs 
and statins have no discrete role in the treatment plan 
of COVID-19 patients. However, statin use in patients 
with dyslipidemia may improve COVID-19 outcomes, 
which highlights the need for trials including COVID-
19 in patients with dyslipidemia. It should be noted 
that despite these results observed in our meta-analysis, 
more studies can be conducted to confirm these findings 
for not wasting resources in the prescription of statins. 
Finally, as our results do not include patients with current 
cardiovascular disease or the ones at higher risk infect-
ing with COVID-19, statins should not be removed from 
their regimens.

Regarding the length of hospital stay, the statins had 
conflicting results among different trials for which our 
meta-analysis found overall no significant difference 
between statins and control. However, it should be noted 
that there are several factors influencing COVID-19’s 
length of hospital stay. These include but are not limited 
to age, the seriousness of the illness (breathing difficulty, 
organ failure, and leukopenia), patient-to-healthcare 
workers ratio, and treatment outcome at discharge in 
addition to other factors such as geographic location 

[36, 37]. Thus, there are serious limitations in drawing a 
conclusion about the effect of statins on hospitalization 
length.

The second lipid-lowering drug that was investigated 
in two trials is omega-3. Supplementation with omega-3 
reduces systemic inflammation in SARS-CoV-2 infection 
by reducing the CRP levels [38]. Moreover, blood levels 
of omega-3 were lower in more severe forms of COVID-
19 [39]. Zapata et  al. [40] found a lower omega-3 index 
in COVID-19 patients compared to healthy controls. In 
addition, a significant negative association was detected 
between the omega-3 index and the need for mechani-
cal ventilation and death in severe COVID-19 patients. 
To confirm the results of observational studies, RCTs by 
Doaei et  al. [41] and Arnardottir et  al. [27] investigated 
the efficacy of omega-3 in COVID-19 patients in terms 
of clinical outcomes and laboratory findings, respectively. 
Although Doaei et al. [41] reported better mortality and 
ICU admission outcomes. However, for omega-3 there 
is a long way to confirm the efficacy in the treatment of 
COVID-19. First, United States FDA has not approved 
omega-3 fatty acid dietary supplements as over-the-
counter drugs [42], which severely limits their application 
and clinical use both as an anti-lipid agent and a candi-
date for COVID-19 treatment. Second, as there are two 
trials with contradicting results and without clear efficacy 
in them, future studies are needed to assess this role in 
managing COVID-19.

One of the main pathways of SARS-CoV-2 compli-
cations such as multiorgan failure is the inflammatory 
response caused by cytokine generation. Among them, 
interleukin-6 can predict COVID-19 severity, intuba-
tion risk, and mortality [43, 44]. In this regard, PCSK9 
has been shown to increase inflammatory response 
and increased mortality in animal models, specifically, 
expression of interleukin-6 [45]. In the trial by Navarese 
et al. [25] also survival benefits of PCSK9 inhibition were 
observed especially in patients with a higher degree of 
inflammation. It seems that these agents can have direct 
inhibiting effects on inflammatory cascade and their role 
in lipid-lowering therapy.

Fibrates act as a lipid-lowering agent by inducing lipo-
protein lipolysis and hepatic fatty acid uptake, reducing 
hepatic triglyceride production, increasing removal of 
low-density lipoprotein particles, increasing high-density 
lipoprotein production, and stimulating reverse choles-
terol transport [46]. Previously, fenofibrate, a fibrate used 
in treating COVID-19, had shown anti-inflammatory 
effects in several diseases [47, 48]. Moreover, the effects 
of fenofibrate on the angiotensin-converting enzyme II 
receptors increased the possibility of the effectiveness 
of this fibrate in preventing viral entry and/or reduc-
ing COVID-19 severity [49]. Thus, an RCT tried to 
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investigate the efficacy of fenofibrate in improving clini-
cal outcomes in the COVID-19 [16]. Although previous 
studies proposed fenofibrate as an effective medication 
for COVID-19, Chirinos et  al. [16] found no benefit in 
adding this drug to patients’ treatment regimens. All in 
all, more trials are needed to elucidate fibrates’ role in 
preventing and treating COVID-19.

Nicotinamide as a water-soluble compound is metabo-
lized by the liver and has renal excretion [50]. Its role in 
glycolysis has also been demonstrated, in which it gen-
erates Nicotinamide adenine dinucleotide  (NAD+) for 
adenosine triphosphate production [51]. Lymphopenia 
in COVID-19 has been attributed to lymphocytic infil-
tration to target organs such as the lungs [52]; however, 
in the later stages, hyperinflammation, and release of 
cytokines is a key player [53]. The involvement of nico-
tinamide in COVID-19 pathogenesis has been suggested 
to be mediated in several ways. Nicotinamide-derived 
 NAD+ modulates cytokine actions and intercellular 
adhesion molecules, inhibits mast cell degranulation, and 
blocks leukocyte protease release [54]. Moreover, the role 
of  NAD+ metabolism by the enzyme CD38 has been sug-
gested in COVID-19 [55]. Despite these clues, the only 
RCT that investigated the drug’s impact on COVID-19 
lymphocyte count did not find any significant effect of 
adding nicotinamide to standard treatment [15]. Obvi-
ously, further studies are warranted to confirm these 
findings.

Strengths and limitations
This study was the first to explore the role of anti-lipid 
agents as adjunctive agents in the treatment plan of 
COVID-19 patients through RCTs only. The inclusion 
of RCTs as the design with a lower risk of bias and con-
founders is the main strength of our study. However, the 
current study has several limitations deserving acknowl-
edgment. First, there were relatively few trials for drugs 
other than statins to conclude their efficacy in COVID-19. 
Therefore, future multicenter RCTs with larger sample 
sizes are needed to provide more solid evidence. Second, 
there were some open-label trials in our included studies, 
which may pose the caveat of selection and performance 
biases in these studies, and consequently the pooled esti-
mate. Third, the conducted studies fell short of including 
or subgrouping patients at a high cardiovascular risk, who 
may benefit more from statin therapy. Fourth, in the anal-
ysis of mortality, there were three studies with statin use 
of 20 mg daily, while one administered 40 mg of atorvas-
tatin. Although we performed subgroup analysis, the low 
number of studies and this different dosage might confine 
our results. In addition to mortality analysis, the low num-
ber of studies investigating the need for mechanical ven-
tilation that prohibits us from performing meta-analysis 

should be taken into consideration when interpreting the 
results. Finally, since there was heterogeneity between the 
RCTs in the reporting of the outcomes, most of the ana-
lyzed outcomes’ results were supported by a few trials, 
limiting the power and generalizability of the findings.

Conclusion
In summary, the present meta-analysis of RCTs did not 
suggest a clear benefit of adding anti-dyslipidemic agents, 
in particular statins, to standard-of-care COVID-19 
treatments. Current evidence does not support the ben-
efit of de novo statin therapy in patients suffering from 
COVID-19. Concerning omega-3 fatty acids, the extant 
evidence from RCTs is still scant, and more and larger 
studies are needed to assess any causal effect on COVID-
19 mortality. Our study’s findings can be used in clinical 
settings and prevent the loss of resources on the prescrip-
tion of ineffective drugs for COVID-19. However, future 
studies such as large RCTs might be needed in some 
instances with lower levels of evidence.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12944- 023- 01828-w.

Additional file 1: Supplementary Table 1. Search strategy for each 
database.

Acknowledgements
None.

Authors’ contributions
AK and AHB: conception, analysis, visualization, and manuscript drafting; SA 
and MR: manuscript drafting; SP and AS: critical revision. All authors read and 
approved the final manuscript.

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article/as supplementary information.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Tehran Heart Center, Cardiovascular Diseases Research Institute, Tehran Uni-
versity of Medical Sciences, Tehran, Iran. 2 School of Medicine, Tehran University 
of Medical Sciences, Tehran, Iran. 3 Non–Communicable Diseases Research 
Center, Endocrinology and Metabolism Population Sciences Institute, Tehran 
University of Medical Sciences, Tehran, Iran. 4 School of Medicine, Iran Univer-
sity of Medical Sciences, Tehran, Iran. 5 Department of Pharmacology, School 
of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 
6 Department of Internal Medicine, AdventHealth Orlando Hospital, Orlando, 
FL, USA. 7 Biotechnology Research Center, Pharmaceutical Technology 
Institute, Mashhad University of Medical Sciences, Mashhad, Iran. 8 Applied Bio-
medical Research Center, Mashhad University of Medical Sciences, Mashhad, 
Iran. 9 School of Medicine, The University of Western Australia, Perth, Australia. 

https://doi.org/10.1186/s12944-023-01828-w
https://doi.org/10.1186/s12944-023-01828-w


Page 13 of 14Khalaji et al. Lipids in Health and Disease           (2023) 22:61  

10 Department of Biotechnology, School of Pharmacy, Mashhad University 
of Medical Sciences, Mashhad, Iran. 

Received: 20 April 2023   Accepted: 5 May 2023

References
 1. World Health Organization. WHO coronavirus disease (COVID- 19) dash-

board. 2022. Available online: https:// covid 19. who. int/.
 2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of 

patients infected with 2019 novel coronavirus in Wuhan China. Lancet. 
2020;395(10223):497–506.

 3. Hu B, Huang S, Yin L. The cytokine storm and COVID-19. J Med Virol. 
2021;93(1):250–6.

 4. Administration FD. FDA. Emergency Preparedness Drugs. Coronavirus-
Covid-19. 2022. Available online: https:// www. fda. gov/ drugs/ emerg ency- 
prepa redne ss- drugs/ coron avirus- covid- 19- drugs.

 5. Liu Y, Pan Y, Yin Y, Chen W, Li X. Association of dyslipidemia with the sever-
ity and mortality of coronavirus disease 2019 (COVID-19): a meta-analysis. 
Virol J. 2021;18(1):1–11.

 6. Huang W, Xiao J, Ji J, Chen L. Association of lipid-lowering drugs with 
COVID-19 outcomes from a Mendelian randomization study. elife. 
2021;10:e73873.

 7. Khalaji A, Amirkhani N, Sharifkashani S, Peiman S, Behnoush AH. System-
atic Review of Endocan as a Potential Biomarker of COVID-19. Angiology. 
2023:33197231152941. https:// doi. org/ 10. 1177/ 00033 19723 11529 41.

 8. Pawlos A, Niedzielski M, Gorzelak-Pabiś P, Broncel M, Woźniak E. COVID-19: 
Direct and Indirect Mechanisms of Statins. Int J Mol Sci. 2021;22(8):4177. 
https:// doi. org/ 10. 3390/ ijms2 20841 77.

 9. Zhao Y, Wang C. Effect of ω-3 polyunsaturated fatty acid-supplemented 
parenteral nutrition on inflammatory and immune function in postopera-
tive patients with gastrointestinal malignancy: A meta-analysis of rand-
omized control trials in China. Medicine (Baltimore). 2018;97(16):e0472. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 010472.

 10. Schönbeck U, Libby P. Inflammation, immunity, and HMG-CoA 
reductase inhibitors: statins as antiinflammatory agents? Circulation. 
2004;109(21_suppl_1):II-18-II-26.

 11. Husain K, Hernandez W, Ansari RA, Ferder L. Inflammation, oxidative 
stress and renin angiotensin system in atherosclerosis. World J Biol Chem. 
2015;6(3):209–17.

 12. Matsushita K, Ding N, Kou M, Hu X, Chen M, Gao Y, Honda Y, Zhao D, 
Dowdy D, Mok Y, Ishigami J, Appel LJ. The Relationship of COVID-19 
Severity with Cardiovascular Disease and Its Traditional Risk Factors: A 
Systematic Review and Meta-Analysis. Glob Heart. 2020;15(1):64. https:// 
doi. org/ 10. 5334/ gh. 814.

 13. Doaei S, Gholami S, Rastgoo S, Gholamalizadeh M, Bourbour F, Bagheri 
SE, et al. The effect of omega-3 fatty acid supplementation on clinical 
and biochemical parameters of critically ill patients with COVID-19: a 
randomized clinical trial. J Transl Med. 2021;19(1):1–9.

 14. Davoodi L, Jafarpour H, Oladi Z, Zakariaei Z, Tabarestani M, Ahmadi BM, 
et al. Atorvastatin therapy in COVID-19 adult inpatients: A double-blind, 
randomized controlled trial. Int J Cardiol Heart Vasc. 2021;36: 100875.

 15. Hu Q, Zhang Q-Y, Peng C-F, Ma Z, Han Y-L. Efficiency of nicotinamide-
based supportive therapy in lymphopenia for patients with ordi-
nary or severe COVID-19: A randomized controlled trial. Medicine. 
2022;101(43):e31138-e.

 16. Chirinos JA, Lopez-Jaramillo P, Giamarellos-Bourboulis EJ, Dávila-del-Car-
pio GH, Bizri AR, Andrade-Villanueva JF, et al. A randomized clinical trial 
of lipid metabolism modulation with fenofibrate for acute coronavirus 
disease. Nat Metab. 2019;2022:1–11.

 17. Lao US, Law CF, Baptista-Hon DT, Tomlinson B. Systematic Review and 
Meta-Analysis of Statin Use and Mortality, Intensive Care Unit Admission 
and Requirement for Mechanical Ventilation in COVID-19 Patients. J Clin 
Med. 2022;11(18):5454. https:// doi. org/ 10. 3390/ jcm11 185454.

 18. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021;372: n71.

 19. Rubio-Rivas M, Mora-Luján JM, Formiga F, Arévalo-Cañas C, Lebrón Ramos 
JM, Villalba García MV, et al. WHO Ordinal Scale and Inflammation Risk 

Categories in COVID-19. Comparative Study of the Severity Scales. J Gen 
Intern Med. 2022;37(8):1980–7.

 20. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366: l4898.

 21. Atorvastatin versus placebo in patients with covid-19 in intensive care: 
randomized controlled trial. BMJ. 2022;376:e068407.

 22. Ghafoori M, Saadati H, Taghavi M, Azimian A, Alesheikh P, Mohajerzadeh 
MS, et al. Survival of the hospitalized patients with COVID-19 receiving 
atorvastatin: A randomized clinical trial. J Med Virol. 2022;94(7):3160–8.

 23. Ghati N, Bhatnagar S, Mahendran M, Thakur A, Prasad K, Kumar D, et al. 
Statin and aspirin as adjuvant therapy in hospitalised patients with SARS-
CoV-2 infection: a randomised clinical trial (RESIST trial). BMC Infect Dis. 
2022;22(1):606.

 24. Hejazi S, Mircheraghi F, Elyasi S, Davoodian N, Salarbashi D, Mehrad-Majd 
H. Atorvastatin Efficacy in the Management of Mild to Moderate Hospital-
ized COVID-19: A Pilot Randomized Triple-blind Placebo- controlled 
Clinical Trial. Recent Adv Antiinfect Drug Discov. 2022;17(3):212–22.

 25. Navarese EP, Podhajski P, Gurbel PA, Grzelakowska K, Ruscio E, Tantry U, 
et al. PCSK9 Inhibition During the Inflammatory Stage of SARS-CoV-2 
Infection. J Am Coll Cardiol. 2023;81(3):224–34.

 26. Pawelzik SC, Arnardottir H, Sarajlic P, Mahdi A, Vigor C, Zurita J, et al. 
Decreased oxidative stress and altered urinary oxylipidome by 
intravenous omega-3 fatty acid emulsion in a randomized controlled 
trial of older subjects hospitalized for COVID-19. Free Radic Biol Med. 
2023;194:308–15.

 27. Arnardottir H, Pawelzik SC, Sarajlic P, Quaranta A, Kolmert J, Religa D, 
et al. Immunomodulation by intravenous omega-3 fatty acid treatment 
in older subjects hospitalized for COVID-19: A single-blind randomized 
controlled trial. Clin Transl Med. 2022;12(9): e895.

 28. Vegivinti CTR, Evanson KW, Lyons H, Akosman I, Barrett A, Hardy N, et al. 
Efficacy of antiviral therapies for COVID-19: a systematic review of rand-
omized controlled trials. BMC Infect Dis. 2022;22(1):107.

 29. Kow CS, Hasan SS. Meta-analysis of Effect of Statins in Patients with 
COVID-19. Am J Cardiol. 2020;134:153–5.

 30. Khalaji A, Behnoush AH, Peiman S. Aspirin and P2Y12 inhibitors in treating 
COVID-19. Eur J Intern Med. 2023;110:101–3.

 31. Duo H, Li Y, Sun Y, Wei L, Wang Z, Fang F, et al. Effect of therapeutic versus 
prophylactic anticoagulation therapy on clinical outcomes in COVID-19 
patients: a systematic review with an updated meta-analysis. Thromb J. 
2022;20(1):47.

 32. Liu Y, Pan Y, Yin Y, Chen W, Li X. Association of dyslipidemia with the sever-
ity and mortality of coronavirus disease 2019 (COVID-19): a meta-analysis. 
Virol J. 2021;18(1):157.

 33. Hodkinson A, Tsimpida D, Kontopantelis E, Rutter MK, Mamas MA, 
Panagioti M. Comparative effectiveness of statins on non-high density 
lipoprotein cholesterol in people with diabetes and at risk of cardiovascu-
lar disease: systematic review and network meta-analysis. BMJ. 2022;376: 
e067731.

 34. Tleyjeh IM, Kashour T, Hakim FA, Zimmerman VA, Erwin PJ, Sutton AJ, 
et al. Statins for the prevention and treatment of infections: a systematic 
review and meta-analysis. Arch Intern Med. 2009;169(18):1658–67.

 35. Franco-Peláez JA, Esteban-Lucia L, Zambrano Chacón MLÁ, Pello-Lázaro 
AM, Venegas Rodriguez AM, Nieto Roca L, García-Talavera CS, Kallmeyer 
Mayor A, Villar Alvarez F, Fernandez Roblas R, Gonzalez-Lorenzo O, Tuñón 
J, Ibañez B, Aceña A. Statin use is associated with reduced mortality after 
respiratory viral infection. ERJ Open Res. 2021;7(1):00365–2020. https:// 
doi. org/ 10. 1183/ 23120 541. 00365- 2020.

 36. Birhanu A, Merga BT, Ayana GM, Alemu A, Negash B, Dessie Y. Factors 
associated with prolonged length of hospital stay among COVID-19 
cases admitted to the largest treatment center in Eastern Ethiopia. SAGE 
Open Med. 2022;10:20503121211070370.

 37. Browne AJ, Kashef Hamadani BH, Kumaran EAP, Rao P, Longbottom J, 
Harriss E, et al. Drug-resistant enteric fever worldwide, 1990 to 2018: a 
systematic review and meta-analysis. BMC Med. 2020;18(1):1.

 38. Taha AM, Shaarawy AS, Omar MM, Abouelmagd K, Shalma NM, 
Alhashemi M, et al. Effect of Omega-3 fatty acids supplementation on 
serum level of C-reactive protein in patients with COVID-19: a systematic 
review and meta-analysis of randomized controlled trials. J Transl Med. 
2022;20(1):401.

https://covid19.who.int/
https://www.fda.gov/drugs/emergency-preparedness-drugs/coronavirus-covid-19-drugs
https://www.fda.gov/drugs/emergency-preparedness-drugs/coronavirus-covid-19-drugs
https://doi.org/10.1177/00033197231152941
https://doi.org/10.3390/ijms22084177
https://doi.org/10.1097/MD.0000000000010472
https://doi.org/10.5334/gh.814
https://doi.org/10.5334/gh.814
https://doi.org/10.3390/jcm11185454
https://doi.org/10.1183/23120541.00365-2020
https://doi.org/10.1183/23120541.00365-2020


Page 14 of 14Khalaji et al. Lipids in Health and Disease           (2023) 22:61 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 39. Nursyifa Fadiyah N, Megawati G, Erlangga LD. Potential of Omega 3 
Supplementation for Coronavirus Disease 2019 (COVID-19): A Scoping 
Review. Int J Gen Med. 2022;15:3915–22.

 40. Zapata B R, Müller JM, Vásquez JE, Ravera F, Lago G, Cañón E, Castañeda 
D, Pradenas M, Ramírez-Santana M. Omega-3 Index and Clinical Out-
comes of Severe COVID-19: Preliminary Results of a Cross-Sectional Study. 
Int J Environ Res Public Health. 2021;18(15):7722. https:// doi. org/ 10. 3390/ 
ijerp h1815 7722.

 41. Doaei S, Gholami S, Rastgoo S, Gholamalizadeh M, Bourbour F, Bagheri 
SE, et al. The effect of omega-3 fatty acid supplementation on clinical 
and biochemical parameters of critically ill patients with COVID-19: a 
randomized clinical trial. J Transl Med. 2021;19(1):128.

 42. Fialkow J. Omega-3 Fatty Acid Formulations in Cardiovascular Disease: 
Dietary Supplements are Not Substitutes for Prescription Products. Am J 
Cardiovasc Drugs. 2016;16(4):229–39.

 43. Aziz M, Fatima R, Assaly R. Elevated interleukin-6 and severe COVID-19: A 
meta-analysis. J Med Virol. 2020;92(11):2283–5.

 44. Laguna-Goya R, Utrero-Rico A, Talayero P, Lasa-Lazaro M, Ramirez-Fernan-
dez A, Naranjo L, et al. IL-6-based mortality risk model for hospitalized 
patients with COVID-19. J Allergy Clin Immunol. 2020;146(4):799-807.e9.

 45. Dwivedi DJ, Grin PM, Khan M, Prat A, Zhou J, Fox-Robichaud AE, et al. 
Differential Expression of PCSK9 Modulates Infection, Inflammation, and 
Coagulation in a Murine Model of Sepsis. Shock. 2016;46(6):672–80.

 46. Staels B, Dallongeville J, Auwerx J, Schoonjans K, Leitersdorf E, Fruchart 
J-C. Mechanism of Action of Fibrates on Lipid and Lipoprotein Metabo-
lism. Circulation. 1998;98(19):2088–93.

 47. Wahba MG, Messiha BA, Abo-Saif AA. Protective effects of fenofibrate and 
resveratrol in an aggressive model of rheumatoid arthritis in rats. Pharm 
Biol. 2016;54(9):1705–15.

 48. Chistyakov DV, Astakhova AA, Goriainov SV, Sergeeva MG. Comparison 
of PPAR ligands as modulators of resolution of inflammation, via their 
influence on cytokines and oxylipins release in astrocytes. Int J Mol Sci. 
2020;21(24):9577.

 49. Yasmin F, Zeeshan MH, Ullah I. The role of fenofibrate in the treatment of 
COVID-19. Ann Med Surg (Lond). 2022;74: 102974.

 50. Petley A, Macklin B, Renwick AG, Wilkin TJ. The pharmacokinetics of nicoti-
namide in humans and rodents. Diabetes. 1995;44(2):152–5.

 51. Forbat E, Al-Niaimi F, Ali FR. Use of nicotinamide in dermatology. Clin Exp 
Dermatol. 2017;42(2):137–44.

 52. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological find-
ings of COVID-19 associated with acute respiratory distress syndrome. 
Lancet Respir Med. 2020;8(4):420–2.

 53. Scarpa R, Costa L, Del Puente A, Caso F. Role of thymopoiesis 
and inflamm-aging in COVID-19 phenotype. Pediatr Neonatol. 
2020;61(3):364–5.

 54. Omran HM, Almaliki MS. Influence of NAD+ as an ageing-related immu-
nomodulator on COVID 19 infection: A hypothesis. J Infect Public Health. 
2020;13(9):1196–201.

 55. Horenstein AL, Faini AC, Malavasi F. CD38 in the age of COVID-19: a medi-
cal perspective. Physiol Rev. 2021;101(4):1457–86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/ijerph18157722
https://doi.org/10.3390/ijerph18157722

	Adjunctive therapy with lipid-lowering agents in COVID-19: a systematic review and meta-analysis of randomized controlled trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Study selection, screening, and data extraction
	Quality assessment
	Statistical analysis and data synthesis

	Results
	Included study characteristics
	Statins and COVID-19
	Mortality
	Mechanical ventilation
	Hospital length of stay
	Other complications
	Omega-3 fatty acid supplementation and COVID-19
	Fibrates and COVID-19
	Nicotinamide and COVID-19
	PSCK9 inhibitor and COVID-19


	Discussion
	Strengths and limitations

	Conclusion
	Anchor 27
	Acknowledgements
	References


