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Abstract

This trial aims to evaluate the effectiveness of adding melatonin to the treatment

protocol of hospitalized coronavirus disease 2019 (COVID‐19) patients. This was an

open‐label, randomized controlled clinical trial in hospitalized COVID‐19 patients.

Patients were randomized into a treatment arm receiving melatonin plus standard

care or a control arm receiving standard care alone. The trial's primary endpoint was

sleep quality examined by the Leeds Sleep Evaluation Questionnaire (LSEQ). The

trial's secondary endpoints were symptoms alleviation by Day 7, intensive care unit

admission, 10‐day mortality, white blood cell count, lymphocyte count, C‐reactive

protein status, and peripheral capillary oxygen saturation. Ninety‐six patients were

recruited and allocated to either the melatonin arm (n = 48) or control arm (n = 48).

Baseline characteristics were similar across treatment arms. There was no significant

difference in symptoms on Day 7. The mean of the LSEQ scores was significantly

higher in the melatonin group (p < 0.001). There was no significant difference in

laboratory data, except for blood oxygen saturation, which has improved sig-

nificantly in the melatonin group compared with the control group (95.81% vs.

93.65% respectively, p = 0.003). This clinical trial study showed that the combination

of oral melatonin tablets and standard treatment could substantially improve sleep

quality and blood oxygen saturation in hospitalized COVID‐19 patients.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) caused by the severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) and result-

ing continue to cause a serious public health issue. Currently, there

are millions of confirmed cases, including more than three million

deaths.1 The key symptoms of COVID‐19 are cough, fever, and

dyspnea from 2 to 14 days after infection. Infected patients can be

asymptomatic carriers that can transmit the virus to the community

without being affected and presenting symptoms or progress to mild,

moderate, and severe stages.2–4

Several therapeutic agents with different mechanisms have been

used against COVID‐19 and studied in clinical trials after months of

effort. One of the principal trials, in this case, is the SOLIDARITY

trial,5,6 which the World Health Organization (WHO) launched to

study the effectiveness of interferon‐beta, chloroquine/hydroxy-

chloroquine, lopinavir‐ritonavir, and remdesivir. The other large trial

is the RECOVERY study,7,8 which includes several repurposed drugs

(e.g., lopinavir‐ritonavir, azithromycin, hydroxychloroquine, tocilizu-

mab, REGN‐COV2, and dexamethasone) and convalescent plasma

administrated on hospitalized COVID‐19 patients in the UK. Re-

purposing existing pharmaceuticals in such situations could be the

best strategy to find an effective and safe agent. However, except

the recommendation for steroid use in Severe and Critical stages of

disease (https://www.covid19treatmentguidelines.nih.gov), there are

no fully approved treatment approaches yet.

Melatonin is the main neurohormone released by the pineal

gland and a sleep‐wake cycle regulator.9 It is also a multifunctional

hormone that affects most organ metabolism and plays a positive role

in healthiness and aging. This chronobiotic agent could be effective

against viral infections due to its antiapoptotic, immunomodulatory,

anti‐inflammatory, and antioxidative features.10 Although an im-

munomodulatory effect has been hypothesized, the major known

effect of melatonin is to recalibrate sleep‐wake rhythms,11 thereby

possibly reducing the need for sedation in severely compromised

hospitalized patients.12

Previous studies have reported the promising performance of

melatonin in improving acute respiratory stress caused by bacteria,

radiation, virus, and so forth.13–15 Different reviews have been

published in recent months, suggesting the promising effects of

melatonin against the COVID‐19 pandemic.10,16–19 Although there is

inadequate experimental/clinical evidence regarding the effective-

ness of melatonin against viral infections, especially SAS‐CoV‐2 in-

fection, since there is an urgent need for an economical, viable, and

widely available treatment for the current pandemic, it would be

prudent to invest in a therapeutic agent that suggested by many

scientists with reasonable evidence. In addition, sleep disorder is one

of the main complaints among hospitalized COVID‐19 patients,

which develop during isolation treatment.20 Thus, sleep disturbances

in such individuals could be regulated with melatonin. Therefore, we

conducted a randomized, active‐controlled trial to evaluate the ef-

fectiveness of adding melatonin to hospitalized COVID‐19 patients'

routine treatment protocol.

2 | METHODS

2.1 | Study design and participants

We performed an investigator‐initiated, open‐label, randomized

parallel‐group, and active‐controlled clinical trial. Patients were re-

cruited from April 14, 2020, to June 15, 2020, from Imam Khomeini

Hospital, Mazandaran University of Medical Sciences, Sari, Iran. The

trial protocol was approved by the Ethics Committee of Mazandaran

University of Medical Sciences (approval number IR.MA-

ZUMS.REC.1399.056) on April 12, 2020, and registered with the Ir-

anian Registry of Clinical Trials (IRCT20200411047030N1).

2.2 | Patients

Hospitalized patients with COVID‐19 typical symptoms such as fe-

ver, fatigue, cough, and so forth, as well as elevated C‐reactive pro-

tein (CRP), were evaluated for inclusion if they were confirmed with

chest computed tomography scan findings or reverse transcription‐

polymerase chain reaction nasopharyngeal swab for SARS‐CoV‐2

infection. Exclusion criteria were history of epilepsy, coagulation

disorders, taking anticoagulants such as warfarin, and uncontrolled

diabetes and blood pressure. All patients gave written informed

consent for participation in the study.

2.3 | Randomization

Patients were allocated to either the melatonin or control group al-

ternately. Physicians, patients, and individuals who assessed the

outcomes were not blinded for the assigned treatment.

2.4 | Trial procedures

Eligible patients received standard treatment according to the national

Iranian treatment guidelines, including hydroxychloroquine, atazanavir,

methylprednisolone, azithromycin, naproxen, and Lopinavir/Ritonavir.

The intervention group (melatonin group) received a single nightly 3mg

oral melatonin tablet (Norm LifeVanatonin Melatonin) 1 h before bedtime

plus standard care for 7 days or until death. Trial protocol adherence was

evaluated daily up to Day 10.

2.5 | Outcome and data collection

The primary outcome was sleep quality of patients (examined daily by

Leeds Sleep Evaluation Questionnaire until Day 7). Secondary end-

points included: (1) symptoms alleviation by Day 7 in the morning in

comparison with last Day; (2) intensive care unit (ICU) admission

(examined within 10 days of hospitalization); (3) 10‐day mortality; (4)

white blood cell (WBC) count; (5) lymphocyte count (tested on Day 1
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and Day 7); (6) CRP status (tested on Day 1 and Day 7); and (7) SPO2

(recorded in Day 1 and 7)

2.6 | Leeds Sleep Evaluation Questionnaire tool

The Leeds Sleep Evaluation Questionnaire (LSEQ)21 is a 10‐item,

subjective, self‐report tool for evaluating sleep quality during

psychopharmacological therapy. The LSEQ scale measures four

domains of sleep and wakefulness behavior: (1) ease of getting

into sleep; (2) sleep quality; (3) awakening status; and 4) feeling

following wakefulness. This scale has been validated through

various studies.22

2.7 | Statistical analysis

Categorical variables were analyzed using χ2 and Fisher's exact

test, and continuous variables were compared using the t‐test

and the Mann–Whitney U Test. The GLM univariate analysis was

done for sex and age adjustments in treatment effect. A p value

was considered statistically significant at the p < 0.05 threshold.

Statistical analysis was performed using SPSS version 16.0.

3 | RESULTS

To conduct this trial, between April 14 and June 15, 2020, 105 patients

were assessed for enrollment, of which 96 patients were eligible for

entering the study. Out of 96 participants, 48 patients were randomized

to the melatonin group and 48 patients to the control group (Figure 1).

The mean age of cases and controls was 51.06 (±15.86) and 54.77

(±15.34), respectively, and 55.2% of all patients were females (Table 1).

The mean duration of symptoms onset to hospital admission was about

eight days in both groups, and treatment duration (admission to dis-

charge/death) was about 6 days (Table 1).

3.1 | Primary outcomes

The mean of the LSEQ score was significantly higher in the melatonin

group for all four domains versus the control group (Figure 2).

3.2 | Secondary outcomes

Regarding symptom alleviation, there was no significant differ-

ence between the melatonin group and controls for all the con-

sidered symptoms on Day 7 (Table 2). Six patients from the

melatonin group (12.5%) and 10 patients from the control group

(20.8%) were admitted to ICU; however, it was nonsignificant

(p = 0.412) (Table 1). As presented in Table 2, laboratory data

evaluation in Day 7 indicated no significant differences between

the two groups regarding WBC count, lymphocyte count, and

CRP levels. However, blood oxygen saturation has improved

significantly in the melatonin group compared with the control

group (95.81% vs. 93.65%, respectively, p = 0.003). On the 10th

day of follow‐up, one patient from the melatonin group (2.1%)

and three patients from the control group (6.2%) died, but it was

not significant (p = 0.617) (Table 2).

F IGURE 1 CONSORT 2010 flow diagram
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TABLE 1 Baseline patient characteristics

Demographical history Melatonin (n = 48) Control (n = 48) p value

Age, mean (±SD) 51.06 (±15.86) 54.77 (±15.34) 0.247

Sex, n (%)

Male 25 (52.1) 18 (37.5) 0.218

Female 23 (47.9) 30 (62.5)

BMI, mean (±SD) 28.10 (±5.06) 28.46 (±3.88) 0.695

Education, n (%)

Illiterate 9 (19.1) 16 (33.3) 0.306

Primary 7 (14.9) 3 (6.2)

Secondary 15 (31.9) 14 (29.2)

Higher 16 (34.0) 15 (31.2)

Onset of symptoms to admit (day) mean (±SD) 8.10 (±3.85) 8.50 (±4.41) 0.679

Admission to discharge/death (day), mean (±SD) 6.12 (±2.01) n = 47 6.58 (±2.13) 0.121

ICU admission, n (%) 6 (12.5) 10 (20.8) 0.412

Comorbidities, n (%)

Diabetes mellitus 17 (35.4) 10 (20.8) 0.173

Asthma 3 (6.2) 2 (4.2) 1.000

Renal failure 0 (0.0) 5 (10.4) 0.056

Cardiovascular disease 7 (14.6) 8 (16.7) 1.000

Hypertension 17 (35.4) 12 (25.0) 0.374

Thalassemia 2 (4.2) 1 (2.1) 1.000

Thyroid disorders 2 (4.2) 6 (12.5) 0.268

Chronic obstructive pulmonary disease 1 (2.1) 2 (4.2) 1.000

Clinical data at inclusion (Day 1)

Lung involvement in CT‐scan (%), mean (±SD) 29.04 (±12.27) n = 47 31.56 (15.88) 0.191

Fever, n (%) 48 (100.0) 40 (83.3) 0.006

Shaking, n (%) 41 (85.4) 31 (64.6) 0.033

Headache, n (%) 31 (64.6) 22 (45.8) 0.100

Pharyngitis, n (%) 27 (56.2) 20 (41.7) 0.220

Chest pain, n (%) 26 (54.2) 22 (45.8) 0.541

Dyspnea, n (%) 43 (89.6) 37 (77.1) 0.170

Olfactory disorder, n (%) 20 (41.7) 12 (25.0) 0.129

Taste disorder, n (%) 18 (37.5) 12 (25.0) 0.271

Nausea, n (%) 22 (45.8) 19 (39.6) 0.680

Vomiting, n (%) 11 (22.9) 7 (14.6) 0.433

Diarrheal, n (%) 11 (22.9) 4 (8.3) 0.089

Abdominal pain, n (%) 9 (18.8) 5 (10.4) 0.386

Anorexia, n (%) 44 (91.7) 33 (68.8) 0.009

Myalgia, n (%) 39 (81.2) 28 (58.3) 0.025
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4 | DISCUSSION

In this randomized clinical trial, including 96 individuals hospitalized

due to SARS‐CoV‐2 infection, melatonin plus standard treatment

compared with standard treatment alone substantially improved the

sleep quality and SpO2 of COVID‐19 patients in 7 days of treatment.

However, melatonin was not associated with the alleviation of clinical

symptoms, ICU admission, and death.

Current evidence shows that various antiviral, anti‐inflammatory,

anti‐fungal, immunomodulatory, and other therapeutic agents,

which were specified and approved for different purposes such as

hepatitis, malaria, influenza, human immunodeficiency virus (HIV),

TABLE 1 (Continued)

Demographical history Melatonin (n = 48) Control (n = 48) p value

Laboratory data at inclusion (Day 1)

WBC, ×109/L 6.45 (±2.93) n = 39 5.84 (±1.87) n = 41 0.607

Lymphocyte count, ×109/L 0.97 (±0.38) n = 47 0.98 (±0.39) 0.803

C‐reactive protein, mg/L 50.94 (±29.34) 51.15 (±24.61) 0.111

SpO2, % 92.85 (±5.29) 92.19 (±3.92) 0.188

Treatment regimen, n (%)

Chloroquine/hydroxychloroquine 46 (95.8) 48 (100.0) 0.495

Lopinavir/ritonavir 2 (4.2) 0 (0.0) 0.495

Atazanavir 46 (95.8) 48 (100.0) 0.495

Naproxen 6 (12.5) 1 (2.1) 0.111

Azithromycin 48 (100.0) 48 (100.0) –

Methylprednisolone 33 (68.8) 46 (95.8) 0.001

Abbreviations: BMI, body mass index; CT, computed tomography; ICU, intensive care unit; SD, standard deviation; WBC, white blood cells.

F IGURE 2 Leeds sleep evaluation questionnaire score of melatonin arm versus control arm
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immunodeficiency disorders, and so forth, have been administered

off label globally for the treatment of COVID‐19 patients since the

rise of this infection in December 2019.

For example, one of the most controversial agents was hydro-

xychloroquine (HCQ), which has attracted scientists' attention at the

early onset of the pandemic. However, after conducting numerous

studies on the subject, HCQ showed no clinical benefits in COVID‐19

patients, and this arm has been removed from SOLIDARITY and

RECOVERY trials.23 Two other potential therapeutic candidates were

lopinavir‐ritonavir24,25 and favipiravir,26–28 which have not shown

clear clinical efficacy. Moreover, although findings regarding

remdesivir—the other debated antiviral—were different, promising

effects weighed more,29–32 and the United States Food and Drug

Administration (FDA) has authorized emergency use of remdesivir for

hospitalized COVID‐19 patients.33 In addition to potential antivirals

RECOVERY study, revealed that there is a significant survival effect

given by to the dexamethasone administration in critical COVID‐19

patients during the hypoxic phase of the infection.34 Nevertheless, no

medications have been proven to be a certain effective agent against

COVID‐19.

In addition to the ongoing treatment approaches, multifunctional

molecule melatonin has attracted scientists' attention for months, mainly

due to its anti‐inflammatory, antioxidative, and immunomodulatory

functions.35 In this case, previous studies demonstrate the successful

performance of melatonin against sleep disorders, respiratory and

atherosclerosis diseases, and viral infections (e.g., respiratory syncytial

virus, Venezuelan equine encephalitis virus, hepatitis, and Ebola).35–37

Although the role of melatonin in bat antiviral immunity is unclear, it

seems that this agent has a potential role against SARS‐CoV‐2 through

various pathways.36,38 Investigations showed that melatonin levels in

different bats species range from 60 to 500 pg/ml and 20–90pg/ml

during night and day, respectively.39,40 However, melatonin concentration

in humans is substantially lower, especially in older people. It has been

reported that the melatonin night peak in the elderly is 11.2 (±1.6) pg/ml,

which is significantly higher in young individuals (83± 20pg/ml). Inter-

estingly, the highest level of melatonin has been assessed in children

between 1 and 3 years old with 329.5 (±42) pg/ml,41,42 those who seem

to be much less likely to get COVID‐19 in comparison with older ages.43

This is one of the leading hypotheses toward less deterioration in ado-

lescents than in elderly COVID‐19 patients.

TABLE 2 Treatment response
monitoring

Melatonin (n = 48) Control (n = 48) p value

Symptoms duration (day), mean (±SD)

Fever 7.45 (±3.50) n = 47 6.50 (±3.80) n = 40 0.160

Shaking 6.81 (±3.66) n = 36 5.81 (±4.15) n = 31 0.218

Headache 5.65 (±4.11) n = 26 5.52 (±3.29) n = 21 0.804

Pharyngitis 7.40 (±4.04) n = 20 6.39 (±3.98) n = 18 0.433

Chest pain 4.44 (±2.23) n = 25 4.24 (±2.11) n = 21 0.718

Dyspnea 3.68 (±2.27) n = 41 3.38 (±1.86) n = 37 0.414

Olfactory disorder 6.20 (±3.64) n = 15 5.82 (±2.52) n = 11 0.852

Taste disorder 5.33 (±3.42) n = 12 6.17 (±3.40) n = 12 0.613

Nausea 5.00 (±2.92) n = 19 3.58 (±2.38) n = 19 0.127

Vomiting 3.43 (±2.99) n = 7 3.00 (±1.89) n = 6 0.882

Diarrheal 3.78 (±2.94) n = 9 3.75 (±3.59) n = 4 0.753

Abdominal pain 2.60 (±1.14) n = 5 4.75 (±2.63) n = 4 0.174

Anorexia 5.73 (±3.37) n = 41 5.90 (±3.33) n = 31 0.764

Myalgia 6.24 (±3.54) n = 37 6.07 (±3.57) n = 27 0.815

Laboratory data in Day 7

WBC count, ×109/L 8.68 (±4.31) n = 43 9.75 (±3.68) n = 34 0.158

Lymphocyte count, ×109/L 1.18 (±0.56) n = 47 1.03 (±0.46) 0.177

C‐reactive protein, mg/L 17.89 (±15.72) 18.54 (±14.96) 0.703

SpO2, % 95.81 (±3.61) 93.65 (±4.22) 0.003

Patient's outcome, n (%)

Recovered and discharged 47 (97.9) 45 (93.8) 0.617

Died 1 (2.1) 3 (6.2)

Abbreviations: SD, standard deviation; WBC, white blood cells.
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Mortality in the present study was not a primary outcome,

however, results show that the rate of mortality in the intervention

group was less than the control group, but this difference was not

significant. Ramlall et al.44 study show that melatonin exposure after

intubation was significantly associated with a positive outcome in

COVID‐19 and non‐COVID‐19 patients.

Unfortunately, after months of study and many calls for clinical

trials on melatonin effectiveness, there are still no published results in

this case. Also, searching terms of “COVID‐19” AND “melatonin”

resulted in eight registered trials in ClinicalTrials.gov, two trials in the

EU Clinical Trials Register system, and four trials in the Iranian Reg-

istry of Clinical Trials on the efficacy and safety of oral or intravenous

melatonin administration in COVID‐19 patients. In this regard, only

Jehi et al.,45 in their statistical model study on predicting SARS‐CoV‐2

infection through various aspects, found that the risk of being posi-

tive for the COVID‐19 test was reduced in individuals who were on

melatonin intake.

To the best of our knowledge, the present study is the first

clinical trial on the subject that indicated a very significant effect of

melatonin on the sleep quality of COVID‐19 patients, which was

expected according to previous studies in different populations.46–48

Besides, different people, regardless of being infected or not, might

be affected during the pandemic and experience degrees of sleep

disorder.49–52 In one case series in 10 patients, clinical stabilization

and/or improvement was noted within 4–5 days after initiation of

high‐dose melatonin in all COVID‐19 patients.53

Hence, given the available evidence and our findings, melatonin

could be a useful supplement for both the healthy population and

COVID‐19 patients. Moreover, significant improvement of blood

oxygen saturation in the melatonin group compared to the controls

could be due to melatonin's influence on oxygen delivery and its

utilization in tissues as one of the functions of melatonin, which

studied experimentally and clinically.54–57 Decrease vascular perme-

ability, therefore decreased pulmonary infiltration could be another

explanation, albeit the present study did not evaluate pulmonary

infiltration resolution during the hospitalization period between the

two groups, which could be evaluated in further studies. Hence, it

seems that it would be prudent to invest in more extensive clinical

trials to find more about the melatonin associations with COVID‐19

outcomes. In this case, a study on prophylactic effects of melatonin

against COVID‐19 is highly recommended by the authors.

In the present study, the intervention group received daily 3 mg

oral melatonin tablets. The best dose of melatonin for older adults

has not been determined yet.58 Albeit the reports regarding the ac-

cepted safety profile of higher doses of melatonin in some animal/

human studies,59 at the time of the current study design and period,

some of them have not been issued. Moreover, paucity of data for

melatonin administration logic and efficacy in COVID‐19 patients

with some concerns about the adverse effects of a higher dose of the

drug in patients with underling considerable prevalence of nausea/

vomiting and headache60 which could be seen as the melatonin ad-

verse effect either‐ have all played roles for the 3mg dose selection

of the melatonin for the current study. However, with some

promising results of this study, It would be prudent to invest in more

studies with larger sample sizes and a higher dose of melatonin.

This study has several limitations as follows: (1) the study was

open‐label due to time restriction for placebo production in the

current situation, (2) study was performed among hospitalized pa-

tients and hospital conditions may affect the sleep quality; and (3) the

small sample size would lead to type II error. Future larger clinical

trials are needed to robust the findings of this study with prolonged

period and more detailed information.

5 | CONCLUSION

This clinical trial study showed that the combination of oral melatonin

tablets and standard treatment could substantially improve sleep

quality and blood oxygen saturation after 7 days of treatment in

hospitalized COVID‐19 patients.
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