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[bookmark: _Toc196415563]eAppendix: Investigators and Committees
[bookmark: _Toc520983925][bookmark: _Toc520984108][bookmark: _Toc196415564]Steering Committee
Keyvan Razazi (principal investigator), A. Mekontso Dessap (senior principal investigator ), E. Audureau (methodologist and biostatistician), Romain Sonneville (expert in neuro –critical care) and the sponsor's appointed representatives of the trial: Clinical Research Associate in charge of the project and project manager from URC Henri-Mondor university hospital (“Unité de Recherche Clinique”) and project manager of Greater Paris Public hospitals DRCI (“Direction de la Recherche Clinique et de l’Innovation”).

[bookmark: _Toc520983927][bookmark: _Toc520984110][bookmark: _Toc196415565]Study Statistician & Methodologist
E.Audureau 
[bookmark: _Toc520983928][bookmark: _Toc520984111][bookmark: _Toc196415566]Project Office Study Staff
S. Baloul, A Gouja, N Amalou

[bookmark: _Toc196415567]Enrolled patients per site
Hôpitaux Universitaires Henri Mondor, Créteil, France, N=80
Hôpital Louis Mourier, Colombes, France, N=51
Centre Hospitalier Victor Dupouy, Argenteuil, France, N=38
Hôpital Tenon, Paris, France, N=35
Hôpital Pitie Salpêtrière, Paris, France, N=30
Hôpital Bichat , Paris, France, N=25
Centre Hospitalier Saint Joseph-Saint Luc, Lyon, France , N=20
CHU de Grenoble Alpes, Grenoble, France , N=18
Centre hospitalier du Mans, Le Mans, France , N=17
Groupe Hospitalier Sud Ile de France, Melun, France, N=14
Centre Hospitalier Intercommunal, Créteil, France, N=9
Hôpital Saint Camille, Bry-sur-Marne, France, N=6
CHU Lille, Lille, France, N= 5
Grand Hôpital de l'Est Francilien, site de Marne-la-Vallée. Jossigny, France, N=5
Hôpitaux Universitaires de Strasbourg, Hautepierre-Strasbourg, France, N=2
Hôpital Saint-Eloi, CHU de Montpellier, Montpellier, France , N=0
Centre Hospitalier Intercommunal de Villeneuve Saint-Georges, Villeneuve Saint-Georges, France , N=0
Centre Hospitalier Universitaire de Nice, Hôpital Archet 1, Nice, France, N=0
Hôpital Foch, Suresnes, France, N=0
Hôpital Delafontaine, Saint-Denis, France, N=0
[bookmark: _Toc196415568][bookmark: _Toc520983930][bookmark: _Toc520984113][bookmark: _Toc123768299]eMethods 1. Study design, Interventions and Products
The trial was designed and led by an academic steering committee, and was conducted in 20 French hospitals, of which 15 enrolled participants. The trial was coordinated by the Clinical Research and Innovation Department of Greater Paris Public Hospitals (Assistance Publique – Hôpitaux de Paris, AP-HP, France), the trial sponsor. 
We used a multi-arm multi-stage (MAMS) trial design with two stages (activity stage and efficacy stage) and three arms (one placebo arm, one low-dose melatonin arm and one high-dose melatonin arm). MAMS is an adaptive approach that allows simultaneously testing several experimental treatments against a common control. Recruitment to research arms that do not show sufficient promise in terms of an intermediate outcome measure may be discontinued. By contrast, recruitment to the control arm and to the more promising research arm may continue until sufficient numbers of patients have been entered to assess the impact in terms of the definitive primary endpoint. This design allows reliable information on the value of the treatments to be acquired more quickly and with smaller numbers of patients and reduced costs compared with a program of separate trials. 
Each patient or next of skin provided written informed consent prior to inclusion. Eligible patients unable to receive information and for whom a substitute decision maker was not present could still be included through a process of deferred consent. After recovery, the patient’s agreement to stay in the trial was sought.
Participants randomized to the placebo, low-dose of melatonin, and high-dose of melatonin received 0, 0.3 and 3 mg of melatonin nightly (at 9:00 p.m.), respectively. Patients were treated for 14 days, or until hospital discharge or death, whichever came first. The study product (melatonin or placebo) was prepared by UPREC (Unité Pharmaceutique Recherche Essais Cliniques, Hôpitaux Universitaires Henri Mondor) and presented as a syrup in a sealed glass bottle with a nominal capacity of 30 mL. The vials corresponding to the different concentrations of melatonin used in the three arms of the study (i.e., 0 mg/mL (0 mg/day, placebo); 0.02 mg/mL (0.3 mg/day, low-dose melatonin); or 0.2 mg/mL (3 mg/day, high-dose melatonin) were indistinguishable (size, color) to respect the blind; their liquid content was also indistinguishable (volume, visual appearance, taste, and smell). The same volume (15 mL) of solution was delivered via gastric tube, then per os for extubated patients in all three arms of the study. 

[bookmark: _Toc196415569][bookmark: _Toc520983933][bookmark: _Toc520984116][bookmark: _Toc123768300]eMethods 2. Eligibility Criteria
[bookmark: _Toc196415570]Inclusion criteria
· Inclusion criteria
· Age  ≥ 18 years ;
· Invasive mechanical ventilation;
· Expected length of stay in intensive care unit (ICU) greater than 48 hours
· Written informed consent (patient, next of skin, or emergency situation). 
[bookmark: _Toc196415571]Exclusion criteria
· Invasive mechanical ventilation of more than 48 hours prior to randomization;
· Pregnancy and lactation;
· Hearing loss, non-French speaking;
· Severe dementia (Mini Mental State <20) or psychosis
· Delirium onset before or at randomization
· Alcohol withdrawal syndrome with Cushman score >5 before or at randomization
· No enteral route available, vomiting
· Severe liver failure (prothrombin time <30%)
· Treatment with melatonin or medications that interact with or modify its metabolism (such as fluvoxamine, 5- or 8-methoxypsoralen, estrogen, cimetidine, carbamazepine, rifampicin);
· Moribund patient;
· Patients under guardianship or curatorship;
· Patient deprived of liberty;
· Patient not affiliated to social security;
· Patient already involved in another interventional study on melatonin or in another study with delirium as the primary objective;
· Hypersensitivity to melatonin;
· Admission to intensive care for cardiac arrest, stroke, traumatic brain injury or neurosurgery.
[bookmark: _Toc196415572]eMethods 3. Definitions of Outcome Events
[bookmark: _Toc196415573]Primary outcomes 
The primary final outcome measure (end of second phase: "efficacy") will be the percentage of patients who develop delirium between randomization and day 14 (or until death or ICU discharge if this occurs before day 14). In accordance with previous studies and recommendations, delirium will be assessed twice daily using the CAM-ICU (Confusion Assessment Method for the Intensive Care Unit) score,1 in the absence of coma (Richmond Agitation–Sedation Scale ≥-3)2 and at least 2 hours after stopping sedatives.3
The primary interim endpoint for selecting the most promising treatment (end of first phase: "activity") will be the percentage of patients with an "optimal" melatonin pharmacokinetic profile 24 hours after initiation of study treatment. This profile will be assessed blindly during the administration of the second dose of study drug and will be based on the measurement of residual serum melatonin concentration before administration (9:00 p.m.), at peak (9:30 p.m.), and in the morning (8:00 a.m.) after administration. Based on previous pharmacokinetic studies, a profile is considered optimal if the peak concentration is >1000 pg/mL and the morning concentration is <100 pg/mL.4 These thresholds are consistent with the sensitivity of the technique used 5 and inter-individual variability and are calculated by subtracting the pre-dose baseline melatonin concentration to account for endogenous secretion, as suggested by previous pharmacokinetic studies of melatonin.6
[bookmark: _Hlk173172766]
[bookmark: _Toc123768302][bookmark: _Toc520983941][bookmark: _Toc520984124][bookmark: _Toc196415574]eMethods 4. Statistical Aspects
[bookmark: _Toc196415575][bookmark: _Toc6303592]Sample Size Calculation
Based on the available data on the pharmacokinetics of melatonin and its effect on the incidence of delirium, the interim primary endpoint, i.e. the proportion of patients with an "optimal" pharmacokinetic profile, was estimated to be <15% in the placebo group.7 The final primary endpoint, the proportion of patients with delirium within 14 days of randomization, was estimated to be 32%.8 The corresponding rates of these intermediate/final primary endpoints reasonably expected in the melatonin arm with the best pharmacokinetic profile (to be selected at the interim analysis) were 80%/16%, and those in the less promising arm were 60%/25%.4,9 Using the method proposed by Friede et al10 and implemented by Parsons et al11,12 for the design of adaptive trials, taking into account an overall alpha risk of 2.5% in a one-sided configuration, a correlation of 0.5 between the interim and final endpoints, complete follow-up of all patients up to the final endpoint, and enrolment of 25 patients in each arm for the interim analysis (75 total), and 135 for the final analysis (270 total ; 345 total for the study) provided >80% power to reject the null hypothesis and to detect efficacy in an experimental arm. A total of at least 345 patients was therefore planned to be included. The calculations were performed by running 1000 simulations using the R package 'asd'.12
[bookmark: _Toc196415576]Detailed statistical analysis
Descriptive statistical analyses were performed on the entire study population, particularly the randomised groups, to describe their general and baseline characteristics, demographics, medical history, and number of premature withdrawals. Quantitative variables are presented as means (±standard deviation) or medians (25th -75th percentiles) according to the normality of their distribution, as assessed by Shapiro-Wilk tests and graphical methods. Qualitative variables are presented as percentages. 
The final primary endpoint (at the end of the efficacy phase) was the percentage of patients who experienced delirium between randomisation and day 14 (or death or discharge from intensive care unit if this occurred before day 14). The interim primary endpoint for selection of the most promising dose regimen (at the end of the efficacy phase) was the percentage of patients with an optimal melatonin pharmacokinetic profile 24 hours after starting study treatment; this interim primary endpoint was chosen for its clinical relevance and high expected correlation with the final primary endpoint.
The study was to be stopped at the interim analysis if no treatment outperformed the control (test statistic<0). The final decision to stop the trial was to be made by the Steering Committee. Once 35 patients had been enrolled in one of the groups, the study was to be temporarily stopped while the interim analysis was being completed, if it had not already been completed.
Primary endpoint analyses were performed according to randomisation group on an intention-to-treat (ITT) basis. The main analyses did not include patients with no follow-up information after early withdrawal of consent or those who were excluded earlier due to violation of eligibility criteria. Additional supportive analyses were performed on the per-protocol (PP) population that did not deviate from the protocol, i.e. had complete information on the primary endpoint and >75% adherence to the initially assigned treatment from randomisation until day 14 (or until death or hospital discharge, whichever came first).
For the analysis of the primary endpoints, the phase 2/3 MAMS design is based on a methodology that generalizes the Dunnett one-step test to a multistage model with a combination of tests, allowing overall control of the family-wise error rate (FWER), defined as the probability of rejecting ≥1 true null hypotheses, at a pre-specified level (2.5% one-sided). The approach described by Friede et al.10 was used, making use of all data collected during the two phases and the different randomisation arms. For the final analysis, the degrees of significance (p-values) at each stage of the study were obtained from Dunnett's statistical tests comparing the experimental arms with the control group on the final evaluation criterion; this approach allows the null hypothesis that all effects of the treatments compared with the control are equal to zero to be tested against the alternative hypothesis that at least one treatment effect is greater than zero. In order to use all available data for the final analysis, the p-values of the two stages were combined using a test combination approach 13 based on the weighted inverse normal method.14
To account for the multiplicity of group/phase comparisons, the overall family-wise type I error rate (FWER) was controlled using a so-called "closed testing procedure",15 which allows overall control of the FWER in the strong sense, defined as the probability of rejecting ≥1 true null hypotheses. For the analysis of the interim endpoint, only the treatment group whose test statistic was greater than zero and was the highest between the two treatment arms continued recruitment into the efficacy phase together with the control group.   
Secondary outcomes of randomized groups were compared using Chi square or Fisher’s exact tests, according to expected numbers in crossings, for categorical variables, and using t-test or non-parametric Mann-Whitney test (pairwise comparisons), and ANOVA or Kruskal Wallis tests (comparisons of >2 groups) for quantitative variables, as appropriate. Effect size for the primary binary endpoint (delirium occurrence) was reported as a risk ratio along with its 95% CIs Tolerance analysis examined the intervention-related adverse events according to their period of appearance and the concerned randomized group to compare rates and time of occurrence. A two-sided alpha risk of 5% was used for analyses of secondary outcomes.    
Information on the primary endpoint was complete for the ITT analysis, while analyses of secondary endpoints were performed on a complete cases basis, with no imputation of missing information. All analyses were performed according to a predefined statistical analysis plan, using Stata v16.1 (StataCorp, College Station, TX, USA) and R 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). A two-tailed P-value of <0.05 indicated statistical significance.
eResults
We tested for a potential center effect using two complementary approaches:
i) First, to evaluate whether outcomes differed systematically across study sites, we conducted a supportive analysis incorporating study site as a random effect in a mixed-effects logistic regression model. The results were highly consistent with those obtained from the model without adjustment for site effect, as shown below:
	Model
	Odds Ratio (95% CI)
	p-value

	Without center effect
	0.969 [0.615–1.526]
	0.893

	With center as random effect
	0.961 [0.605–1.526]
	0.865


(Control arm = reference group)
ii) Second, we tested for a treatment-by-center interaction to assess whether the treatment effect varied across sites. This analysis did not reveal any significant interaction (P = 0.825), indicating that the treatment effect was consistent across centers and not modified by study site.
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[bookmark: _Toc124290129][bookmark: _Toc196415578]eTable 1. Compliance with Study Protocol

	Characteristic
	N
	A  
N=1541
	B  
N=1471
	C  
N=331
	p-value2

	Time on assigned treatment, days
	327
	8.3 ±4.28
	8.4 ±4.15
	8.6 ±4.39
	0.95

	Time on assigned treatment, %a
	327
	87.0 ±20.2
	89.9 ±15.5
	91.8 ±13.7
	0.23

	Time on assigned treatment, % (categorical)
	327
	
	
	
	0.51

	<50%
	
	8 (5.3%)
	4 (2.8%)
	0 (0.0%)
	

	[50-75%[
	
	20 (13.2%)
	16 (11.1%)
	5 (15.6%)
	

	>=75%
	
	123 (81.5%)
	124 (86.1%)
	27 (84.4%)
	

	1Mean ±SD; n (%)

	2One-way analysis of means; Pearson's Chi-squared test


a from randomization to day 14 (or until hospital discharge or death, whichever comes first)



[bookmark: _Toc196415579]
eTable 2. General characteristics of the interim analysis study population 

	
Characteristic
	

N
	
Placebo  
N=26
	Low-dose 
melatonin  
N=24
	High-dose 
melatonin  
N=25

	General
	
	
	
	

	Gender, women
	75
	7 (26.9%)
	8 (33.3%)
	9 (36.0%)

	Age, years
	75
	69.5 [62.0;76.0]
	68.0 [54.0;74.0]
	66.0 [61.0;76.0]

	Body Mass Index, kg/m²
	74
	26.3 [22.0;31.0]
	24.9 [21.5;29.8]
	26.7 [23.8;30.3]

	Past history
	
	
	
	

	Smoking
	75
	
	
	

	Non smoker
	
	14 (53.8%)
	12 (50.0%)
	16 (64.0%)

	Current
	
	5 (19.2%)
	7 (29.2%)
	4 (16.0%)

	Past
	
	7 (26.9%)
	5 (20.8%)
	5 (20.0%)

	COPD suspected or diagnosed
	41
	5 (35.7%)
	7 (50.0%)
	7 (53.8%)

	SAS with CPAP therapy
	74
	2 (7.7%)
	2 (8.3%)
	2 (8.3%)

	Hypertension
	75
	15 (57.7%)
	13 (54.2%)
	15 (60.0%)

	Heart failure
	47
	3 (17.6%)
	4 (28.6%)
	6 (37.5%)

	Stroke
	75
	3 (11.5%)
	0 (0.0%)
	1 (4.0%)

	Moderate cognitive impairmenta 
	75
	0 (0.0%)
	0 (0.0%)
	3 (12.0%)

	Seizure
	75
	1 (3.8%)
	0 (0.0%)
	0 (0.0%)

	Psychiatric disease
	75
	1 (3.8%)
	1 (4.2%)
	0 (0.0%)

	Psychotropic drug
	75
	6 (23.1%)
	5 (20.8%)
	3 (12.0%)

	Benzodiazepine
	75
	4 (15.4%)
	3 (12.5%)
	1 (4.0%)

	Antidepressant
	75
	3 (11.5%)
	2 (8.3%)
	0 (0.0%)

	Neuroleptic
	75
	2 (7.7%)
	0 (0.0%)
	2 (8.0%)

	Other psychotropic drug
	75
	2 (7.7%)
	1 (4.2%)
	0 (0.0%)

	       Drug addiction
	75
	2 (7.7%)
	1 (4.2%)
	2 (8.0%)

	       Alcoholism
	75
	10 (38.5%)
	5 (20.8%)
	3 (12.0%)

	Cirrhosis
	75
	2 (7.7%)
	1 (4.2%)
	0 (0.0%)

	Diabetes
	75
	9 (34.6%)
	7 (29.2%)
	10 (40.0%)

	Chronic renal failure
	75
	8 (30.8%)
	1 (4.2%)
	6 (24.0%)

	Immunosupression
	75
	6 (23.1%)
	8 (33.3%)
	8 (32.0%)

	Steroids at admission
	75
	4 (15.4%)
	3 (12.5%)
	4 (16.0%)

	Metastatic cancer
	75
	0 (0.0%)
	3 (12.5%)
	2 (8.0%)

	Hemopathy
	75
	2 (7.7%)
	2 (8.3%)
	2 (8.0%)

	HIV – AIDS
	75
	1 (3.8%)
	0 (0.0%)
	1 (4.0%)

	Other immunosupression
	75
	3 (11.5%)
	3 (12.5%)
	1 (4.0%)

	ICU
	
	
	
	

	Main reason for intubation
	75
	
	
	

	Respiratory distress
	
	14 (53.8%)
	18 (75.0%)
	17 (68.0%)

	Shock
	
	6 (23.1%)
	3 (12.5%)
	3 (12.0%)

	Coma
	
	3 (11.5%)
	2 (8.3%)
	2 (8.0%)

	Other
	
	3 (11.5%)
	1 (4.2%)
	3 (12.0%)

	Infection at admission
	75
	
	
	

	None
	
	9 (34.6%)
	5 (20.8%)
	6 (24.0%)

	Pulmonary
	
	13 (50.0%)
	17 (70.8%)
	14 (56.0%)

	Other
	
	4 (15.4%)
	2 (8.3%)
	5 (20.0%)

	PRE-DELIRICa 
	56
	0.32 [0.26;0.38]
	0.34 [0.29;0.42]
	0.35 [0.24;0.40]

	E-PRE-DELIRIC risk scoreb
	74
	0.44 [0.41;0.50]
	0.41 [0.34;0.50]
	0.43 [0.38;0.48]

	SOFA score at randomization
	74
	7.5 [6.0;9.5]
	7.0 [4.50;9.5]
	9.0 [6.0;11.0]

	SAPS II score at admission 
	75
	38.5 [31.0;51.5]
	37.0 [31.0;45.3]
	37.0 [32.0;44.0]





eTable 3. Outcomes of patients with placebo and low-dose melatonin in the per-protocol population
	Characteristic
	

N
	
Placebo  
N=123
	Low-dose
melatonin  
N=124
	
p-valuea

	Primary outcome
	
	
	
	

	  Participant with delirium in ICU
	247
	67 (54.5%)
	70 (56.5%)
	0.80

	Secondary outcomes at day 14
	
	
	
	

	Delirium
	
	
	
	

	  Number of possible time points per patient
	247
	23.0 [12.5;28.0]
	20.0 [12.0;28.0]
	0.68

	  Number of delirium assessments per patient
	247
	20.0 [9.5;27.0]
	16.0 [11.0;27.0]
	0.78

	Days with possible assessment of delirium
	247
	4.00 [1.00;7.0]
	5.0 [2.00;7.0]
	0.13

	Delirium days
	247
	0.00 [0.00;1.00]; 1.05 ±1.64
	1.00 [0.00;2.00]; 1.42 ±2.13
	0.29

	Fraction of delirium days
	200
	20.0 [0.00;50.0]
	20.0 [0.00;50.0]
	0.96

	Delirium-free days
	247
	2.00 [0.00;5.0]
	3.00 [0.00;4.25]
	0.37

	Fraction of delirium-free days
	200
	80.0 [50.0;100]
	80.0 [50.0;100]
	0.96

	Days with possible assessment of coma and/or delirium
	247
	10.0 [5.0;13.0]
	9.0 [6.0;13.0]
	0.83

	Delirium- and coma-free days
	247
	2.00 [0.00;5.0]
	3.00 [0.00;4.00]
	0.41

	Fraction of delirium- and coma-free days
	245
	32.1 [0.00;71.4]
	40.0 [0.00;68.3]
	0.46

	Psychotropic drugs and physical restraints
	
	
	
	

	Cumulative doses of propofol, mg [if any]
	160
	3,870 [900;12,260]
	5,150 [1,348;14,080]
	0.57

	Cumulative doses of sufentanyl, µg [if any]
	198
	840 [245;2,699]
	747 [270;2,353]
	0.73

	Cumulative doses of midazol, mg [if any]
	148
	407 [103;1,648]
	273 [118;788]
	0.20

	Requiring ketamine
	245
	15 (12.3%)
	15 (12.2%)
	0.98

	Requiring dexmedetomidine
	245
	7 (5.7%)
	4 (3.3%)
	0.35

	Requiring neuroleptic for delirium
	245
	23 (18.9%)
	21 (17.1%)
	0.72

	Requiring a sleep aid drug
	245
	44 (36.1%)
	40 (32.5%)
	0.56

	   Requiring hydroxyzine [among patients with a sleep aid prescribed]
	84
	23 (52.3%)
	26 (65.0%)
	0.24

	   Requiring benzodiazepin [among patients with a sleep aid prescribed]
	84
	26 (59.1%)
	19 (47.5%)
	0.29

	   Requiring another sleep aid drug [among patients with a sleep aid prescribed]
	84
	10 (22.7%)
	6 (15.0%)
	0.37

	Requiring physical restraints
	244
	95 (78.5%)
	106 (86.2%)
	0.12

	Physiotherapy and muscle strength 
	
	
	
	

	MRC score
	82
	48.0 [40.8;55.3]
	48.0 [38.5;57.5]
	0.99

	Motor physiotherapy
	245
	
	
	0.18

	None
	
	34 (27.9%)
	28 (22.8%)
	

	Passive
	
	34 (27.9%)
	26 (21.1%)
	

	Active
	
	54 (44.3%)
	69 (56.1%)
	

	Type of active physiotherapy
	122
	
	
	0.11

	   Helped to stand up
	
	9 (17.0%)
	15 (21.7%)
	

	   Helped to sit up
	
	39 (73.6%)
	39 (56.5%)
	

	   Other
	
	5 (9.4%)
	15 (21.7%)
	

	Earplugs and eye masks
	
	
	
	

	Use of earplugs
	244
	4 (3.3%)
	4 (3.3%)
	>0.99

	Use of eye masks
	244
	3 (2.5%)
	2 (1.6%)
	0.68

	Sleep evaluated by the nurse
	
	
	
	

	Number of possible time points per patient 
	241
	3.00 [0.00;5.0]
	3.00 [1.00;5.0]
	0.56

	Sleep depth
	185
	58.2 [40.0;72.0]
	50.0 [27.5;67.5]
	0.043

	Sleep latency (time to fall asleep)
	182
	65.0 [50.0;80.0]
	57.5 [34.6;73.3]
	0.086

	Awakenings from sleep
	184
	60.0 [40.0;75.0]
	51.3 [35.0;72.7]
	0.17

	Ability to return to sleep
	181
	62.9 [43.9;80.0]
	62.5 [38.9;78.3]
	0.38

	Sleep quality
	178
	55.0 [35.4;70.7]
	50.0 [25.9;70.0]
	0.32

	Total (mean score)
	185
	62.5 [42.0;74.0]
	53.9 [33.2;69.9]
	0.086

	Noise level
	178
	67.8 [50.2;77.3]
	60.0 [50.0;76.0]
	0.30

	Sleep evaluated by the patient
	
	
	
	

	Number of possible time points per patient
	241
	0.00 [0.00;2.00]
	0.00 [0.00;2.00]
	0.75

	Sleep depth
	104
	49.0 [23.8;70.0]
	46.6 [25.0;66.4]
	0.88

	Sleep latency (time to fall asleep)
	102
	50.0 [25.0;70.0]
	55.0 [32.5;75.6]
	0.22

	Awakenings from sleep
	103
	54.0 [26.7;74.6]
	50.0 [29.3;75.4]
	0.87

	Ability to return to sleep
	103
	48.8 [21.3;70.0]
	50.0 [25.0;80.0]
	0.57

	Sleep quality
	104
	50.0 [23.3;68.0]
	50.0 [27.0;70.0]
	0.61

	Total (mean score)
	105
	48.0 [27.8;70.5]
	47.0 [33.0;70.0]
	0.60

	Noise level
	101
	70.0 [50.0;82.7]
	75.0 [51.7;83.0]
	0.74

	Secondary outcomes at day 28
	
	
	
	

	Days on invasive mechanical ventilation
	242
	8.0 [3.00;21.0]
	8.5 [3.00;26.0]
	0.55

	Ventilator-free days at day 28
	242
	16.5 [0.00;25.0]
	16.0 [0.00;24.8]
	0.75

	Length of stay in ICU, days
	245
	11.0 [5.0;22.0]
	9.5 [5.0;19.0]
	0.51

	Length of stay in hospital, days
	171
	17.5 [12.0;28.0]
	17.0 [11.0;27.0]
	0.58

	Died in ICU
	247
	30 (24.4%)
	27 (21.8%)
	0.65

	Died in hospital
	247
	32 (26.0%)
	34 (27.4%)
	0.89

	28-day mortality
	247
	34 (27.6%)
	34 (27.4%)
	>0.99

	Secondary outcomes at day 90
	
	
	
	

	Health-related quality of life (SF-36)
	
	
	
	

	Physical functioning
	108
	70.0 [42.5;90.0]
	65.0 [25.0;90.0]
	0.47

	Physical role
	108
	25.0 [0.00;50.0]
	25.0 [0.00;75.0]
	0.42

	Bodily pain
	109
	52.0 [32.0;74.0]
	56.5 [41.0;83.0]
	0.38

	General health
	108
	52.0 [40.0;77.0]
	57.0 [45.0;75.8]
	0.88

	Vitality
	108
	55.0 [31.3;63.8]
	47.5 [30.0;65.0]
	0.85

	Social functioning
	109
	75.0 [50.0;87.5]
	87.5 [53.1;100]
	0.12

	Emotional role
	108
	66.7 [33.3;100]
	66.7 [0.00;100]
	0.31

	Mental health
	108
	68.0 [52.0;80.0]
	68.0 [54.0;84.0]
	0.48

	Dependence
	
	
	
	

	ADL
	105
	6.0 [5.5;6.0]
	6.0 [5.5;6.0]
	0.42

	IADL
	103
	8.0 [5.0;8.0]
	7.0 [5.0;8.0]
	0.42

	Anxiety and depression 
	
	
	
	

	HADS-A
	101
	4.50 [3.00;8.0]
	5.0 [3.00;8.0]
	0.69

	HADS-D
	101
	3.50 [1.00;8.0]
	4.00 [2.00;8.0]
	0.76

	Post-traumatic stress
	
	
	
	

	I-ESR
	95
	7.0 [4.00;19.0]
	12.0 [4.00;23.0]
	0.20


Abbreviations: ICU, intensive care unit; SF-36, Medical Outcomes Study Short Form 36; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; HADS-A, Hospital Anxiety and Depression scale for anxiety; HADS-A, Hospital Anxiety and Depression scale for depression; I-ESR, Impact of Event Scale-Revised; MRC: Medical research council scale. 
Data are number (%) or median [25%;75% percentiles]; aFisher's exact test; Wilcoxon rank sum test
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[bookmark: _Toc196415580]eTable 4. Outcomes of patients in the three randomized groups

	[bookmark: _Hlk198985206]Characteristic
	

N
	
Placebo  
N=154a
	Low-dose
melatonin  
N=147a
	High-dose
melatonin  
N=33a
	p-
valueb,1
	
p-
value2
	
p-
value3
	
p-
value4

	Primary outcome
	
	
	
	
	
	
	
	

	  Participant with delirium in ICU
	334
	85 (55.2%)
	80 (54.4%)
	22 (66.7%)
	0.42
	0.9
	0.2
	0.2

	Secondary outcomes at day 14
	
	
	
	
	
	
	
	

	Delirium
	
	
	
	
	
	
	
	

	  Number of possible time points per patient
	334
	23.0 [13.0;28.0]
	20.0 [11.0;28.0]
	23.0 [14.0;28.0]
	0.71
	0.6
	0.7
	0.5

	[bookmark: _Hlk199922924]  Number of coma and/or delirium assessments per patient
	334
	19.0 [10.0;27.0]
	16.0 [10.0;27.0]
	19.0 [11.0;27.0]
	0.85
	0.7
	0.8
	0.6

	Number of delirium assessments per patient
	334
	9.0 [4.0;14.0]
	9.0 [4.0;13.0]
	9.0 [4.0;17.0]
	0.54
	0.8
	0.4
	0.3

	Days with possible assessment of delirium
	334
	4.0 [1.0;7.0]
	5.0 [2.0;7.0]
	5.0 [2.0;9.0]
	0.10
	0.3
	0.043
	0.12

	Delirium days
	334
	0.0 [0.0;2.0] ;
1.16 ± 1.74

	0.0 [0.0;2.0] ;
1.32 ± 2.04

	1.0 [0.0;2.0] ;
1.73 ± 2.14

	0.22
	0.8
	0.081
	0.13

	Fraction of delirium days
	269
	23.1 [0.0;50.0]
	20.0 [0.0;42.9]
	33.3 [0.0;60.0]
	0.42
	0.5
	0.4
	0.2

	Delirium-free days
	334
	2.00 [0.0;5.0]
	3.00 [0.0;5.0]
	3.00 [0.0;8.0]
	0.46
	0.4
	0.3
	0.5

	Fraction of delirium-free days
	269
	76.9 [50.0;100]
	80.0 [57.1;100]
	66.7 [40.0;100]
	0.42
	0.5
	0.4
	0.2

	Days with possible assessment of coma and/or delirium
	334
	9.0 [5.0;13.0]
	9.0 [6.0;13.0]
	10.0 [6.0;14.0]
	0.76
	>0.9
	0.5
	0.5

	[bookmark: _Hlk198375486]Delirium- and coma-free days
	334
	9.0 [5.0;13.0]
	9.0 [6.0;13.0]
	10.0 [6.0;14.0]
	0.76
	>0.9
	0.5
	0.5

	Fraction of delirium- and coma-free days
	330
	33.3 [0.0;71.4]
	40.0 [0.0;70.0]
	40.0 [0.0;81.8]
	0.45
	0.3
	0.3
	0.6

	Psychotropic drugs and physical restraints
	
	
	
	
	
	
	
	

	Cumulative doses of propofol, mg [if any]
	218
	4095 [943;13590]
	4800 [1205;14859]
	3550 [1370;9430]
	0.81
	0.6
	0.9
	0.7

	Cumulative doses of sufentanyl, µg [if any]
	267
	800 [250;2617]
	734 [245;2360]
	376 [168;983]
	0.26
	0.8
	0.10
	0.14

	Cumulative doses of midazolam, mg [if any]
	190
	380 [104;1380]
	272 [80.0;971]
	392 [132;672]
	0.48
	0.2
	0.6
	>0.9

	Requiring ketamine
	331
	20 (13.2%)
	19 (13.0%)
	8 (24.2%)
	0.22
	>0.9
	0.11
	0.11

	Requiring dexmedetomidine
	331
	7 (4.6%)
	8 (5.5%)
	2 (6.1%)
	0.82
	0.7
	0.7
	>0.9

	Requiring neuroleptic for delirium
	331
	28 (18.4%)
	22 (15.1%)
	5 (15.2%)
	0.72
	0.4
	0.7
	>0.9

	[bookmark: _Hlk198986486]Requiring a sleep aid drug
	331
	53 (34.9%)
	47 (32.2%)
	8 (24.2%)
	0.49
	0.6
	0.2
	0.4

	   Requiring hydroxyzine [among patients with a sleep aid prescribed]
	108
	28 (52.8%)
	30 (63.8%)
	7 (87.5%)
	0.15
	0.3
	0.12
	0.2

	   Requiring benzodiazepine [among patients with a sleep aid prescribed]
	108
	33 (62.3%)
	22 (46.8%)
	5 (62.5%)
	0.28
	0.12
	>0.9
	0.5

	   Requiring another sleep aid drug [among patients with a sleep aid prescribed]
	108
	12 (22.6%)
	6 (12.8%)
	1 (12.5%)
	0.46
	0.2
	>0.9
	>0.9

	Requiring physical restraints
	330
	121 (80.1%)
	124 (84.9%)
	29 (87.9%)
	0.40
	0.3
	0.3
	0.8

	Physiotherapy and muscle strength 
	
	
	
	
	
	
	
	

	MRC score
	107
	48.0 [41.5;55.5]
	48.0 [37.5;55.5]
	36.0 [28.0;50.0]
	0.36
	0.6
	0.2
	0.3

	Motor physiotherapy
	331
	
	
	
	0.37
	0.2
	0.4
	0.7

	None
	
	45 (29.6%)
	36 (24.7%)
	10 (30.3%)
	
	
	
	

	Passive
	
	40 (26.3%)
	31 (21.2%)
	5 (15.2%)
	
	
	
	

	Active
	
	67 (44.1%)
	79 (54.1%)
	18 (54.5%)
	
	
	
	

	Type of active physiotherapy
	162
	
	
	
	0.16
	0.059
	0.2
	>0.9

	   Helped to stand up
	
	11 (16.7%)
	16 (20.3%)
	4 (23.5%)
	
	
	
	

	   Helped to sit up
	
	50 (75.8%)
	47 (59.5%)
	10 (58.8%)
	
	
	
	

	   Other
	
	5 (7.6%)
	16 (20.3%)
	3 (17.6%)
	
	
	
	

	Earplugs and eye masks
	
	
	
	
	
	
	
	

	Use of earplugs
	330
	4 (2.6%)
	4 (2.7%)
	4 (12.1%)
	0.050
	>0.9
	0.036
	0.039

	Use of eye masks
	330
	3 (2.0%)
	2 (1.4%)
	1 (3.0%)
	0.58
	>0.9
	0.5
	0.5

	Sleep evaluated by the nurse
	
	
	
	
	
	
	
	

	Number of possible time points per patient 
	324
	3.00 [1.00;5.0]
	3.00 [1.00;5.0]
	2.50 [1.00;6.0]
	0.76
	0.6
	0.5
	0.7

	Sleep depth
	249
	59.6 [40.0;72.0]
	49.4 [26.3;65.0]
	51.1 [30.0;63.8]
	0.012
	0.004
	0.10
	>0.9

	Sleep latency (time to fall asleep)
	244
	65.0 [45.0;79.0]
	55.0 [33.3;72.9]
	57.3 [31.3;68.3]
	0.085
	0.042
	0.15
	0.8

	Awakenings from sleep
	246
	56.9 [40.0;75.0]
	50.0 [35.0;71.3]
	54.7 [23.3;65.8]
	0.31
	0.2
	0.2
	0.7

	Ability to return to sleep
	244
	66.1 [42.5;82.0]
	60.0 [34.0;76.7]
	50.0 [16.3;75.0]
	0.14
	0.13
	0.11
	0.4

	Sleep quality
	238
	55.0 [35.0;71.3]
	49.4 [25.0;69.0]
	35.0 [27.5;67.9]
	0.23
	0.2
	0.15
	0.7

	Total (mean score)
	249
	62.3 [40.2;74.0]
	51.0 [32.5;69.7]
	52.9 [24.5;69.0]
	0.036
	0.022
	0.078
	0.6

	Noise level
	238
	67.5 [50.0;80.0]
	60.0 [50.0;74.5]
	65.0 [36.7;70.0]
	0.19
	0.12
	0.2
	0.7

	Sleep evaluated by the patient
	
	
	
	
	
	
	
	

	Number of possible time points per patient
	324
	0.000 [0.000;2.00]
	0.000 [0.000;2.00]
	1.50 [0.000;5.0]
	0.025
	0.7
	0.008
	0.015

	Sleep depth
	139
	44.5 [19.4;67.1]
	45.7 [20.0;66.3]
	41.5 [34.0;58.3]
	0.88
	0.6
	0.9
	0.8

	Sleep latency (time to fall asleep)
	137
	46.0 [25.0;68.8]
	55.0 [30.0;75.0]
	50.0 [40.0;65.0]
	0.27
	0.12
	0.4
	0.7

	Awakenings from sleep
	138
	50.0 [20.0;70.0]
	50.0 [26.7;76.7]
	40.5 [28.8;61.8]
	0.76
	0.6
	0.7
	0.5

	Ability to return to sleep
	137
	42.5 [15.0;70.0]
	50.0 [25.0;80.0]
	50.0 [37.5;75.0]
	0.43
	0.4
	0.2
	0.6

	Sleep quality
	139
	46.5 [17.5;66.7]
	47.5 [25.0;70.0]
	46.1 [26.7;65.0]
	0.65
	0.4
	0.7
	0.8

	Total (mean score)
	140
	44.2 [21.0;69.5]
	47.2 [30.5;71.0]
	43.4 [36.0;61.7]
	0.62
	0.3
	0.6
	0.8

	Noise level
	135
	66.8 [50.0;80.0]
	73.3 [50.0;83.3]
	67.5 [54.0;90.0]
	0.53
	0.3
	0.4
	0.9

	Secondary outcomes at day 28
	
	
	
	
	
	
	
	

	Days on invasive mechanical ventilation
	321
	8.0 [2.00;21.0]
	8.0 [3.00;26.0]
	6.0 [2.00;28.0]
	0.79
	0.6
	0.8
	0.6

	[bookmark: _Hlk198375500]Ventilator-free days at day 28
	321
	15.0 [0.000;25.0]
	16.0 [0.000;25.0]
	22.0 [0.000;26.0]
	0.38
	>0.9
	0.2
	0.2

	Length of stay in ICU, days
	324
	11.5 [6.0;21.5]
	10.0 [5.0;19.0]
	10.5 [5.5;21.5]
	0.70
	0.4
	0.9
	0.7

	Length of stay in hospital, days
	222
	18.0 [12.0;28.0]
	17.0 [11.0;27.0]
	21.0 [9.0;28.0]
	0.74
	0.5
	0.8
	0.6

	Died in ICU
	334
	36 (23.4%)
	32 (21.8%)
	4 (12.1%)
	0.36
	0.7
	0.2
	0.2

	Died in hospital
	334
	39 (25.3%)
	40 (27.2%)
	4 (12.1%)
	0.19
	0.7
	0.10
	0.068

	28-day mortality
	334
	43 (27.9%)
	40 (27.2%)
	5 (15.2%)
	0.30
	0.9
	0.13
	0.15

	Secondary outcomes at day 90
	
	
	
	
	
	
	
	

	Health-related quality of life (SF-36)
	
	
	
	
	
	
	
	

	Physical functioning
	147
	70.0 [40.0;85.0]
	65.0 [40.0;85.0]
	30.0 [0.000;70.0]
	0.056
	0.6
	0.017
	0.040

	Physical role
	147
	25.0 [0.000;50.0]
	25.0 [0.000;75.0]
	25.0 [0.000;50.0]
	0.77
	0.6
	0.8
	0.6

	Bodily pain
	147
	61.0 [41.0;84.0]
	52.0 [41.0;84.0]
	66.0 [31.0;100]
	0.93
	0.7
	0.8
	>0.9

	General health
	147
	52.0 [37.0;75.0]
	52.0 [42.0;72.0]
	52.0 [10.0;72.0]
	0.54
	0.8
	0.3
	0.3

	Vitality
	147
	45.0 [30.0;60.0]
	47.5 [30.0;65.0]
	50.0 [30.0;70.0]
	0.90
	0.7
	0.7
	>0.9

	Social functioning
	147
	75.0 [50.0;87.5]
	87.5 [50.0;100]
	50.0 [25.0;62.5]
	0.013
	0.2
	0.015
	0.008

	Emotional role
	147
	66.7 [33.3;100]
	66.7 [0.000;100]
	66.7 [33.3;100]
	0.60
	0.3
	>0.9
	0.6

	Mental health
	147
	68.0 [52.0;80.0]
	70.0 [56.0;88.0]
	72.0 [52.0;80.0]
	0.55
	0.4
	0.7
	0.3

	Dependence
	
	
	
	
	
	
	
	

	ADL
	144
	6.0 [5.5;6.0]
	6.0 [5.5;6.0]
	6.0 [5.0;6.0]
	0.62
	0.6
	0.4
	0.5

	IADL
	142
	8.0 [5.0;8.0]
	7.0 [5.0;8.0]
	7.0 [5.0;8.0]
	0.64
	0.6
	0.4
	0.5

	Anxiety and depression 
	
	
	
	
	
	
	
	

	HADS-A
	140
	5.0 [3.00;8.0]
	5.0 [3.00;8.0]
	7.0 [3.00;10.0]
	0.60
	0.8
	0.3
	0.4

	HADS-D
	140
	4.00 [1.00;8.0]
	4.00 [2.00;8.0]
	6.0 [1.00;9.0]
	0.87
	>0.9
	0.7
	0.6

	Post-traumatic stress
	
	
	
	
	
	
	
	

	I-ESR
	131
	10.0 [5.0;22.0]
	13.0 [4.00;24.0]
	9.5 [6.0;19.5]
	0.79
	0.6
	0.8
	0.6


[bookmark: _Toc196415581]an (%); Median [Q1;Q3]; bp-value Pearson's Chi-squared test; Kruskal-Wallis rank sum test; Fisher's exact test; 1p-value for global comparison; 2p-value for placebo vs low-dose melatonin; 3p-value for placebo vs high-dose melatonin; 4p-value for low-dose vs high-dose melatonin.
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