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Abstract

This study investigated the effect of melatonin on clinical outcomes in patients with

coronavirus disease 2019 (COVID‐19). We searched PubMed, the Web of Science,

the Cochrane Library, Ovid MEDLINE, and Clinicaltrials.gov for randomized con-

trolled trials (RCTs) published before September 11, 2021. Only RCTs that compared

the clinical efficacy of melatonin with a placebo in the treatment of patients with

COVID‐19 were included. The primary outcome measure was the clinical recovery

rate. We included three RCTs in this meta‐analysis. Melatonin 3mg three times daily

was administered in one RCT, and 3 or 6mg daily before bedtime in the other two

trials. Treatment duration was 14 days in two RCTs and 7 days in one trial. The

clinical recovery rates were 94.2% (81/86) and 82.4% (70/85) in the melatonin and

control groups, respectively. Overall, patients receiving melatonin had a higher

clinical recovery rate than did the controls (odds ratio [OR]: 3.67; 95%

CI: 1.21−11.12; I2 = 0%, p = 0.02). The risk of intensive care unit admission was

numerically lower in the melatonin group than in the control group (8.3% [6/72] vs.

17.6% [12/68], OR: 0.45; 95% CI: 0.16−1.25; I2 = 0%, p = 0.13), and the risk of

mortality was numerically lower in the melatonin group than in the control group

(1.4% [1/72] vs. 4.4% [3/68], OR: 0.32; 95% CI: 0.03−3.18; I2 = 0%, p = 0.33). In

conclusion, melatonin may help improve the clinical outcomes of patients with

COVID‐19.
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1 | INTRODUCTION

As of September 10, 2021, more than 220 million confirmed cases of

coronavirus disease 2019 (COVID‐19) have been reported to the

World Health Organization,1 and more than 4 million deaths have

been recorded. For patients infected by severe acute respiratory

syndrome‐coronavirus 2 (SARS‐CoV‐2), the estimated case fatality

rate is 2.0%.1 Although relevant authorities worldwide, including

scientists, have worked aggressively to combat the COVID‐19 pan-

demic, effective treatments for SARS‐CoV‐2 infection remain lim-

ited.2 Currently, only corticosteroid and tocilizumab could help

reduce the mortality of patients with COVID‐19.3,4 Remdesivir can
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improve the clinical outcomes of hospitalized patients with

COVID‐19, but it does not provide any survival benefits.5 Although

neutralizing monoclonal antibodies (mAbs) have demonstrated po-

tential in randomized controlled trials (RCTs), current evidence is in-

sufficient for drawing solid conclusions regarding the efficacy of

SARS‐CoV‐2 neutralizing mAbs for patients with COVID‐19.6

Therefore, more effective therapeutic options against this disease are

urgently required.

To combat SARS‐CoV‐2, several artificial‐intelligence‐based ap-

proaches have been developed for the rapid identification of candi-

date repurposable drugs that target it.7,8 Melatonin can serve as an

anti‐inflammatory, an immunomodulator, and an antioxidant agent,

and its efficacy has been demonstrated in multiple experimental

disease models and in clinical trials for sepsis, including that triggered

by viral infections; it has thus been considered as a potential treat-

ment for COVID‐19.9,10 Furthermore, several clinical studies, in-

cluding RCTs, have demonstrated the efficacy of melatonin in the

treatment of patients with COVID‐19.11–14 However, most of these

RCTs have included only a small sample size. Hence, systematic re-

views evaluating the effects of melatonin in larger patient popula-

tions are necessary to ascertain its efficacy. Accordingly, we

conducted this meta‐analysis of RCTs to evaluate melatonin for its

efficacy and ability to improve the clinical outcomes of patients with

COVID‐19.

2 | METHODS

2.1 | Study search and selection

We searched PubMed, the Web of Science, the Cochrane Library,

Ovid MEDLINE, and Clinicaltrials.gov for RCTs published before

September 11, 2021. The following search terms were used: “mel-

atonin,” “agomelatine,” “rozerem,” “circadin,” “slenyto,” “COVID‐19,”

“SARS‐CoV‐2,” “coronavirus,” “2019‐nCoV,” and “corona‐virus.” We

included RCTs that compared the clinical efficacy of melatonin with

a placebo in the treatment of patients with COVID‐19. The inclusion

criteria were (1) patients with COVID‐19; (2) used melatonin as

intervention; (3) designed as RCT; and (4) the data regarding the

clinical outcome of interest were available. We excluded case re-

ports, case series, observational studies, and retrospective cohort

studies. Two investigators (S. H. L. and L. C. L.) independently

screened and reviewed each study. In case of any disagreement, a

third investigator (C. C. L.) made the final decision. For each in-

cluded study, we extracted the following data: publication year,

study design, melatonin regimens, clinical outcomes, and in-

flammatory markers. This study was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta‐

Analyzes guidelines,15 and the study protocol was registered in

PROSPERO (CRD42021278500).

2.2 | Outcome measures

The primary outcome measure was the rate of clinical recovery and

the secondary outcome measures were the need for intensive care

unit (ICU) admission, mortality, and inflammation markers (C‐reactive

protein [CRP]).

2.3 | Data analysis

We used the Cochrane risk‐of‐bias tool16 to assess the quality of the

included RCTs and their associated risk of bias. We performed all

statistical analyzes using Review Manager (version 5.3; Nordic

Cochrane Center). Heterogeneity was defined when I2 > 50%. We

used a fixed‐effects model when the data were homogeneous and

used a random‐effects model when the data were heterogeneous.

We calculated pooled odds ratios (ORs) and mean differences along

with 95% CI for outcome analyses.

3 | RESULTS

3.1 | Study selection

The search results yielded a total of 62 studies from the online da-

tabases (n = 12 from PubMed; n = 16 from theWeb of Science; n = 10

from Ovid MEDLINE; n = 14 from the Cochrane Library, and n = 10

from Clinicaltrials.gov), of which 32 were excluded as duplicates. In

addition, we determined 27 studies to be irrelevant after screening

their titles and abstracts. Finally, we included three RCTs12–14 in this

meta‐analysis (Figure 1, Appendix 1).

3.2 | Study characteristics

Of the three RCTs, only one13 was a double‐blind study (Table 1). All

included RCTs were single‐center studies and conducted in Iran.12–14

Each of them followed a distinct melatonin regimen. In the trial by

Farnoosh et al.,13 melatonin 3mg three times daily was administered,

and in the other two trials,12,14 it was administered 3 or 6mg daily

before bedtime. In the trial by Mousavi et al.,14 melatonin was used

for 7 days, but in the other two trials,12,13 it was used for 14 days.

Overall, the experimental group treated with melatonin and the

control group consisted of 86 and 85 patients, respectively. In ad-

dition to melatonin given in the experimental group, the standard of

care, including hydroxychloroquine, atazanavir, methylprednisolone,

azithromycin, naproxen, and lopinavir/ritonavir, was applied in both

experimental and control groups according to the Iranian national

COVID‐19 treatment protocol. The risk of bias in each study was

shown in Figure 2.
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3.3 | Primary outcome

The clinical recovery rates were 94.2% (81/86) and 82.4% (70/85) in

the melatonin and control groups, respectively. Overall, patients re-

ceiving melatonin had a higher clinical recovery rate than did the

controls (OR: 3.67; 95% CI: 1.21−11.12; I2 = 0%, p = 0.02; Figure 3).

The result remained unchanged when the random‐effects model was

used (OR: 3.61; 95% CI: 1.17−11.16; I2 = 0%, p = 0.03).

3.4 | Secondary outcomes

On the basis of the two RCTs13,14 that reported the need for ICU

admission, we found that the risk of ICU admission was numerically

lower in the melatonin group than in the control group (8.3% [6/72]

vs. 17.6% [12/68]). However, the difference was not statistically

significant (OR: 0.45; 95% CI: 0.16−1.25; I2 = 0%, p = 0.13). A pooled

analysis of the two RCTs13,14 that had available data on mortality

indicated a similar trend in that the risk of mortality was numerically

lower in the melatonin group than in the control group (1.4% [1/72]

vs. 4.4% [3/68]). However, the difference did not reach statistically

significance (OR: 0.32; 95% CI: 0.03−3.18; I2 = 0%, p = 0.33).

Regarding inflammation markers, no significant difference was

observed between the melatonin group and the control group in

terms of the rate of normalization of follow‐up CRP levels (OR: 1.14;

95% CI: 0.34−3.89; I2 = 0%, p = 0.83) or the values of follow‐up CRP

(MD, −1.03; 95% CI: −3.47 to 1.42; I2 = 0%, p = 0.41).

4 | DISCUSSION

In this meta‐analysis, we reviewed three RCTs12–14 to investigate the

additional use of melatonin for the treatment of patients with

COVID‐19. First, we observed that melatonin was associated with a

higher clinical recovery rate than a placebo in the treatment of

F IGURE 1 Flow diagram of study identification and eligibility
assessment processes
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patients with COVID‐19. This result was based on the analysis of the

three RCTs with low heterogeneity. Second, although the melatonin

group had a numerically lower risk of ICU admission and mortality

than did the control group, the differences were not statistically

significant. Finally, melatonin was also associated with numerically

lower levels of inflammation in terms of follow‐up CRP, although no

statistically significant difference was observed between the

two groups. These findings are consistent with those of recent ob-

servational studies.11,17 Castillo et al.17 presented a case series of 10

patients and demonstrated that patients with COVID‐19 receiving a

high dose of melatonin (36−72mg/day) experienced clinical im-

provement more rapidly, had less need for mechanical ventilation

(MV), had a shorter hospital stay, and possibly experienced lower

mortality than did patients not given melatonin during the same

period. Ramlall et al. demonstrated that melatonin exposure after

intubation was associated with a positive outcome for periods of

intubation in 112 patients with COVID‐19 who required MV (ad-

justed hazard ratio: 0.127; 95% CI, 0.06−0.269; p < 0.05). Overall,

these findings indicate that melatonin may positively impact the

clinical outcome of patients with COVID‐19 and suggest a potential

role for melatonin in the treatment of patients infected by

SARS‐CoV‐2.

According to our review of the literature, the present study is the

first meta‐analysis to investigate the usefulness of melatonin in pa-

tients with COVID‐19 and to demonstrate its potential benefits for

improving clinical outcomes. Although this study cannot provide

plausible mechanisms, melatonin is a well‐known hormone that ex-

hibits anti‐inflammatory and antioxidative activity.18 In addition,

studies have demonstrated its ability to protect against acute lung

injury or acute respiratory distress syndrome caused by viral and

other pathogens.8,19,20 Melatonin is also effective in reducing vessel

permeability and anxiety.19–21 It can be used for sedation and

improving sleep quality in critically ill patients.21 All these char-

acteristics might result in improved clinical outcomes for patients

with COVID‐19.

This study has several limitations. The number of study patients

was small; hence, some differences between this study and control

groups might have reached statistical significance had the numbers

been adequate. All three RCTs12–14 were single‐center studies and

were conducted in Iran, which could limit their generalizability.

Additional large‐scale RCTs are required to validate our findings;

currently, several ongoing RCTs are investigating the usefulness of

melatonin as a treatment for patients with COVID‐19 in both the ICU

and in outpatient departments.22–25 Although there were some dif-

ferences in study design between the three included RCTs,12–14 all

the outcome analyses in this study demonstrated low heterogeneity,

which might minimize the confounding effect of heterogeneity.

Melatonin is used to treat circadian rhythm sleep‐wake disorders and

insomnia; however, in this study, we did not evaluate its effect on the

sleep quality of patients with COVID‐19. Because only one RCT14

reported results regarding this factor and it confirmed that oral

melatonin could substantially improve the sleep quality of hospita-

lized patients with COVID‐19.14 The safety of melatonin treatment

was not evaluated in this study due to the lack of available data for

analysis. Although the safety of melatonin has been demonstrated in

clinical practice,26–28 further study is still required to assess patient

tolerance of melatonin in the treatment of COVID‐19. Finally, be-

cause the definition of the rate of clinical recovery was not com-

prehensively described in the original studies, we were unable to

make an imprecise statement regarding this outcome.

In conclusion, this meta‐analysis revealed that melatonin may

help improve the clinical outcomes of patients with COVID‐19 and

suggested its potential role. However, further large‐scale research is

required to confirm our findings.

F IGURE 2 Summary of the risk‐of‐bias
assessment

F IGURE 3 Forest plot showing the effect of melatonin compared with the control on the clinical recovery rate
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APPENDIX 1: SEARCH STRATEGY

PubMed search strategy—last searched on September 11, 2021 Results

1 Search: ((((agomelatine[Title/Abstract]) OR (Rozerem[Title/Abstract])) OR (Circadin[Title/Abstract])) OR
(Slenyto[Title/Abstract])) OR (melaton*[Title/Abstract])

27154

2 Search: ((((Covid‐19[Title/Abstract]) OR (SARS‐CoV‐2[Title/Abstract])) OR (coronaviru[Title/Abstract]))
OR (2019‐nCoV[Title/Abstract])) OR (corona‐virus[Title/Abstract])

178993

3 Search: random*[Title/Abstract] 1254316

4 Search: ((((((agomelatine[Title/Abstract]) OR (Rozerem[Title/Abstract])) OR (Circadin[Title/Abstract])) OR
(Slenyto[Title/Abstract])) OR (melaton*[Title/Abstract])) AND (((((Covid‐19[Title/Abstract]) OR
(SARS‐CoV‐2[Title/Abstract])) OR (coronavirus[Title/Abstract])) OR (2019‐nCoV[Title/Abstract]))
OR (corona‐virus[Title/Abstract]))) AND (random*[Title/Abstract])

12

Web of Science search strategy—last searched on September 11, 2021 Results

1 melaton* (Topic) or Agomelatine (Topic) or Rozerem (Topic) or Circadin (Topic) or Slenyto (Topic) 55952

2 Covid‐19 (TOPIC) or SARS‐CoV‐2 (TOPIC) or coronavirus (TOPIC) or 2019‐nCoV (TOPIC) or corona‐virus (TOPIC) 304144

3 Random* (Topic) 3539064

4 #1 AND #2 AND #3 16

Ovid Medline search strategy—last searched on September 11, 2021 Results

1 (melaton* or Agomelatine or Rozerem or Circadin or Slenyto).ab. 24793

2 (Covid‐19 or SARS‐CoV‐2 or coronavirus or 2019‐nCoV or corona‐virus).ab. 108783

3 Random*.ab. 1191078

4 1 and 2 and 3 10

Cochrane Library search strategy—last searched on September 11, 2021

1 (melaton*):ti,ab,kw OR (Agomelatine):ti,ab,kw OR (Rozerem):ti,ab,kw OR (Circadin):ti,ab,kw OR (Slenyto):ti,ab,kw 3382

2 (Covid 19):ti,ab,kw OR (SARS CoV 2):ti,ab,kw OR (coronavirus):ti,ab,kw OR (2019 nCoV):ti,ab,kw OR (corona
virus):ti,ab,kw

7295

3 (Random*):ti,ab,kw 1100367

4 #1 AND #2 AND #3 14

Clinicaltrials.gov search strategy—last searched on September 11, 2021

1 Melatonin

2 COVID‐19

3 1 AND 2 10
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