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A B S T R A C T

Background: Depression following acute coronary syndrome is prevalent and associated with increased mortality
and morbidity. Melatonin may function as a primary prophylactic antidepressant substance and alleviate de-
pressive symptoms. The study was undertaken to determine if melatonin administered following an acute cor-
onary syndrome (ACS) could prevent development of depression.
Methods: The study was a double-blinded, placebo-controlled, multicenter, randomized clinical trial performed
in five primary care cardiology departments at Zealand, Denmark. Included patients were adults patients, free of
depression at baseline, included at the latest 4 weeks after acute coronary syndrome. Twenty-five mg melatonin
or placebo was administered 1 h before participants’ bedtime for 12 weeks. The primary outcome is Major
Depression Inventory (MDI) measured every two weeks throughout the trial. Incidence of depression was apriori
defined as MDI score ≥ 21 during the trial. Reported exploratory outcomes were patterns of dropout and safety
outcomes.
Results: 1220 patients were screened and 252 participants were randomized in a 1:1 ratio. Baseline MDI score in
the melatonin and placebo group were, respectively, 6.18 (CI 5.32–7.05) and 5.98 (CI 5.19–6.77). No significant
intergroup differences were found during the study in the intention-to-treat analysis or per-protocol analysis.
Cumulative events of depressive episodes during the 12 weeks were six in the melatonin group and four in the
placebo group. A significant drop in depressive symptoms were present throughout the study period. No in-
tergroup differences were present in dropouts or adverse events.
Conclusions: Melatonin showed no prophylactic antidepressant effect following acute coronary syndrome. The
non-significant results might be due to a type II error or melatonin might not be able to prevent development of
depressive symptoms following ACS.
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1. Introduction

Depression and depressive symptoms are prevalent and represent a
heavy burden for affected patients following acute coronary syndrome
(ACS). The prevalence of depression has consistently been shown to be
around 20% and depressive symptoms (distress or minor depression)
even higher (Thombs et al., 2006). This has recently been confirmed in
a Danish register study (98,000 first time ACS patients 2001–2009)
showing that 20% experienced depression in the following 2 years
(Osler et al., 2016). Based on the same cohort the cumulative 2-year
incidence of depression was 13.4% in woman and 9.8% in men
(Joergensen et al., 2016).

Several trials have shown the efficacy of antidepressant treatment
(predominantly selective serotonin reuptake inhibitors – SSRI) fol-
lowing ACS (Glassman et al., 2002; Kim et al., 2015; Lespérance et al.,
2007; Roose et al., 1998; Strik et al., 2000). A systematic review
showed no convincing evidence of any prophylactic antidepressant
treatment tested in patients following ACS (Christiansen et al., 2017).
Two out of six studies showed an prophylactic effect; however, all six
included studies had high risk of bias (Christiansen et al., 2017). One
trial investigated SSRI in a double-blinded randomized controlled trial
showing, an effect in favor of escitalopram, and no group difference in
adverse events or cardiovascular safety (Hanash et al., 2012; Hansen
et al., 2012). Pharmacological treatment with SSRI in patients with
coronary artery disease has been shown to be well tolerated (Dowlati
et al., 2010). However, citalopram and escitalopram have been shown
to result in prolonged QT intervals (Castro et al., 2013; Cooke and
Waring, 2013). A meta-analysis investigated adverse events in relation
to SSRI treatment compared with placebo, and showed that it increased
the risk of serious adverse events (OR 1.37; 95% CI 1.08 to 1.75)
(Jakobsen et al., 2017). The review excluded trials which exclusively
included participants with somatic disease and depression as a co-
morbid disease, hence, generalizability to cardiac patients is not com-
pletely known. An older Cochrane review of SSRI treatment in primary
care showed numbers needed to harm associated with SSRI treatment
between 20 and 90 (Arroll et al., 2009). In light of this finding, newer
treatment options with larger treatment effects and more favorable
safety profiles are needed.

In a prophylaxtic setting a safer alternative might be melatonin,
which has been shown to have a primary prophylactic antidepressant
effect in patients with breast cancer (Hansen et al., 2014). This trial was
a double-blinded placebo-controlled randomized clinical trial which
showed a 75% relative risk reduction with administration of melatonin
compared to placebo. Melatonin is a non-toxic endogenous hormone,
which has been shown to be safe for use in humans (L. P. Andersen
et al., 2016). Melatonin release from the pineal gland is regulated by
the supra-ciasmatic nuclei, which has the function of synchronizing the
body's circadian rhythm, thereby, ensuring a stable sleep-wake rhythm
among other processes (Claustrat et al., 2005). Disturbed sleep-wake
rhythm is an integrated part of depression and antidepressant drugs
improving sleep-wake disturbances are likely to have substantial ther-
apeutic value (Lam, 2006). Agomelatine (a melatonin agonist) has been
marketed as an antidepressant acting through its' effect on the MT1 and
MT2 melatonergic receptors (partly antagonist 5-HT2c receptor) with
similar receptor affinity as melatonin (Cardinali et al., 2012). There-
fore, the antidepressant effect of melatonin is assumed to act through
stabilization of the sleep-wake rhythm and central receptor activity
(MT1 and MT2).

In light of this the MEDACIS trial (Madsen et al., 2017) was un-
dertaken with the primary objective of investigating the prophylactic
antidepressant effect of melatonin over a 12 week period in patients
following ACS.

2. Methods

2.1. Study oversight

The MEDACIS trial was an investigator-initiated trial sponsored by
several grants from non-profit agencies and funds. The trial was ap-
proved by the Ethics Committee of Region Zealand, the Danish Health
and Medicines Authority, and the Danish Data Protection Agency before
commencement of the trial. The corresponding author had the role of
sponsor/investigator and had responsibility of conducting the trial,
data-analysis and drafting the manuscript. All authors approved and
reviewed the manuscript; furthermore, they assume full responsibility
for all data presented in the current publication. The study is reported
in line with the CONSORT statement (supplementary material).

2.2. Study participants

Eligible patients should provide written informed consent, be over
18 years, be admitted to a recruiting department of cardiology with
ACS, and be included at the latest 1 month after discharge from the
department. Patients were excluded if they had or were: (1) Known
allergic reaction to melatonin; (2) Ongoing or previous pharmacologi-
cally treated depression or bipolar disorder; (3) Dementia defined as a
Mini Mental State Examination (MMSE) score< 24; (4) At the point of
inclusion participating in other pharmacological intervention trial; (5)
Diagnosis of Rotor syndrome or Dubin-Johnson syndrome, epilepsy,
sleep apnea syndrome, systemic lupus erythematosus (SLE), rheuma-
toid arthritis (RA), or multiple sclerosis; (6) Severe liver disease, de-
fined as transaminases above three times normal levels, or severe
kidney disease defined as an eGRF under 40ml/min; (7) Chronically
using hypnotic treatment prior to the ACS; (8) Known sleep disorder
(e.g., insomnia, restless legs, etc.); (9) Working nightshifts; (10)Daily
alcohol consumption above 5 units of alcohol (1 unit= 12 g alcohol);
(11)Predictable poor compliance (not speaking fluent Danish); (12)
Pregnant or breastfeeding women; (13) Severe, life-threatening medical
condition that implied that the patient could not participate in the
study course (e.g., cancer, stroke); (14)Indication for coronary artery
bypass graft (CABG) (Madsen et al., 2017). Participants were recruited
from five cardiology departments in Denmark. All study related parti-
cipant contact was handled in the respective cardiology department's
outpatient clinic during phase II cardiac rehabilitation.

2.3. Study design

The study design for MEDACIS has previously been described
(Madsen et al., 2017). In short, the MEDACIS trial (clinicaltrial.gov,
NCT0245129) was a randomized, placebo-controlled, double-blinded,
multicenter trial with 1:1 allocation of 25mg melatonin or placebo for a
duration of 12 weeks following acute coronary syndrome. No changes
to eligibility criteria were made after commencement of the trial. Study
medication were delivered in uniform boxes at the end of the inclusion
meeting. Medication compliance was checked at clinical visits at weeks
2 and 12 and compliance below 75% was considered non-adherence.

The Regional Pharmacy in Region Zealand Denmark handled ran-
domization and allocation concealment. A randomization list was
produced by applying online software (http://www.randomization.
com/) and used a 1:1 allocation in blocks containing six participants
(three melatonin and three placebo) with no stratification. The rando-
mization list was kept at the Regional Pharmacy and was not available
to the investigators. To ensure allocation concealment during the trial
the Regional Pharmacy produced two sets of coded envelopes (an
opaque, sealed envelope for each patient, containing the randomization
code). The blinding was preserved throughout the trial and no cases of
“code break” were performed (no formal test of blinding integrity was
performed), and the data management and analysis were performed
blinded to allocation. A dedicated monitor from the department of
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Good Clinical Practice (GCP) of Bispebjerg University Hospital mon-
itored the study. Recruitment, enrollment, clinical visits, and phone
calls were all handled by a clinical investigator team consisting of the

Table 1
Baseline characteristics of ACS patients randomized in trial.

Outcome Melatonin
N=126

Placebo
N=126

Statistical
differences

Demographics
Age, mean (SD) 62.90 (11.32) 62.10 (10.81) P= 0.57
Male, n (%) 95 (75.4) 101 (80.16) P= 0.45
Height (cm) 175.1 (8.22) 177.1 (8.69) P= 0.08
Weight (kg) 87.64 (17.71) 85.99 (14.63) P= 0.42
Civil status (%)
Married 105 (83.33) 97 (76.98) P= 0.17
Divorced 8 (6.35) 5 (3.97)
Widowed 5 (3.97) 13 (10.32)
Unmarried 8 (6.35) 11 (8.73)
No. of children (%)
0 6 (4.76) 13 (10.32) P= 0.09
1 18 (14.29) 15 (11.90)
2 47 (37.30) 61 (48.41)
3 39 (30.95) 27 (21.43)
> 3 16 (12,69) 10 (7.93)
Employment (%)
Student 0 (0) 1 (0.79) P= 0.59
Employed 60 (47.62) 67 (53.17)
Unemployed 2 (1.59) 3 (2.38)
Sick leave 5 (3.97) 5 (3.97)
Disability pension 6 (4.76) 2 (1.59)
Retired 53 (42.06) 48 (38.10)
Educational level (%)
Finished grade 8 17 (13.49) 7 (5.56) P= 0.24
Finished grade 10 11 (8.73) 16 (12.70)
High school level

education
49 (38.89) 45 (35.71)

Some college 26 (20.63) 26 (20.63)
Bachelor's degree 12 (9.52) 17 (13.49)
Master's degree 11 (8.73) 15 (11.90)
Department (%)
Koege 36 (28.6) 36 (28.6) P > 0.99
Roskilde 15 (11.9) 15 (11.9)
Holbaek 30 (23.8) 30 (23.8)
Slagelse 39 (30.9) 39 (30.9)
Hvidovre 6 (4.7) 6 (4.7)
Psychiatric variables (%)
Family history of mental

disorder
22 (17.46) 25 (19.84) P= 0.75

Previous mental disorder 3 (2.38) 0 (0) P= 0.25
Baseline MDI, mean + -

SD
6.18 (5.21) 5.98 (4.95) P= 0.83

Cardiac diagnosis and treatment (%)
STEMI 53 (42.06) 62 (49.21) P= 0.52
Non-STEMI 66 (52.38) 58 (46.03)
UAP 7 (5.56) 6 (4.76)
PCI treatment 98 (78.40) 99 (78.57) P > 0.99
Cardiac risk factors (%)
Current smoker 16 (12.70) 15 (11.90) P= 0.97
Former smoker 77 (61.11) 78 (61.90)
Newer smoker 33 (26.19) 33 (26.19)
Previous heart disease 31 (24.60) 35 (27.78) P= 0.67
Previous coronary heart

disease
28 (22.22) 26 (20.63) P= 0.88

Diabetes 17 (13.49) 11 (8.73) P= 0.32
Arterial hypertension 67 (53.17) 66 (52.38) P > 0.99
Atrial fibrillation 4 (3.17) 3 (2.38) P > 0.99
Pulmonary disease (COPD

or Asthma)
12 (9.52) 9 (7.14) P= 0.65

GI disease 24 (19.05) 18 (14.29) P= 0.40
Musculoskeletal disease 59 (46.33) 51 (40.48) P= 0.37
Alcohol, units a week,

mean (SD)
4.90 (5.95) 5.93 (6.69) P= 0.20

Total Cholesterol, mmol/
l, mean (SD)

4.40 (1.24) 4.36 (1.19) P= 0.80

LDL, mmol/l, mean (SD) 2.43 (1.11) 2.40 (1.00) P= 0.83
HDL, mmol/l, mean (SD) 1.22 (0.40) 1.27 (0.44) P= 0.36
Left ventricle ejection

fraction, % (SD)
48.67 (10.31) 49.54 (10.20) P= 0.50

CCS class (%)
0 (no angina) 121 (96.03) 119 (94.44) P= 0.29
1 2 (1.59) 6 (4.76)

Table 1 (continued)

Outcome Melatonin
N=126

Placebo
N=126

Statistical
differences

2 3 (2.38) 1 (0.79)
NYHA class (%)
I 84 (66.67) 92 (73.02) P= 0.15
II 34 (26.98) 32 (25.40)
III 8 (6.35) 2 (1.59)
Baseline medication (%)
Aspirin 120 (95.24) 120 (95.24) P > 0.99
Thrombocyte inhibitor 115 (91.27) 120 (95.24) P= 0.32
Other anticoagulant

treatment (incl.
NOAC)

9 (7.14) 12 (9.52) P= 0.65

Statins 114 (90.48) 116 (92.06) P= 0.82
No-statin Cholesterol

lowering drugs
16 (12.70) 8 (6.35) P= 0.13

Beta-blockers 98 (77.78) 97 (76.98) P > 0.99
Oral antidiabetics 17 (13.49) 9 (7.14) P= 0.14
Insulin 7 (5.56) 4 (3.17) P= 0.54
Calcium antagonists 33 (26.19) 30 (23.81) P= 0.77
Long acting nitrates 11 (8.73) 7 (5.56) P= 0.46
Nitro-glycerine –

discretionary
77 (61.11) 75 (59.52) P= 0.90

Other angina medication 4 (3.17) 1 (0.79) P= 0.37
ACE inhibitors 42 (33.33) 42 (33.33) P > 0.99
Angiotensin-II

antagonists
16 (12.70) 18 (14.29) P= 0.85

Diuretics 36 (28.57) 25 (19.84) P= 0.14
Anti-arrhythmic

treatment
1 (0.79) 0 (0.00) P > 0.99

Eltroxin 5 (3.97) 1 (0.79) P= 0.21
PPI's 38 (30.16) 29 (23.02) P= 0.25
ITT POPULATION – Medicine compliance
N 126 126 P > 0.99
Medicine compliance day

14% (95% CI)
91.30(87.64;
95.05)

94.22(91.55;
96.89)

P = 0.26*

Medicine compliance day
84% (95% CI)

84.42(79.33;
89.52)

88.51(84.58;
92.43)

P = 0.71*

N Compliance below 75%
day 14

10 5 P=0.29

N Compliance below 75%
day 84

19 13 P=0.34

PP POPULATION
Dropout from ITT (n) 10 5 P=0.29
N 116 121 P=0.20
Medicine compliance day

14% (95% CI)
97.22 (96.40;
98.05)

96.94 (95.89;
97.99)

P = 0.58*

Medicine compliance day
84% (95% CI)

91.41 (88.29;
94.53)

91.98 (89.37;
94.58)

P = 0.84*

N Compliance below 75%
day 14

0 0 P > 0.99

N Compliance below 75%
day 84

9 8 P=0.80

DROPOUT during the trial
Overall 19 9 P=0.07
Withdrawal of informed

consent
9 5 P=0.41

Adverse events 4 2 P=0.68
Fatique 2 0 P=0.50
Dizzines 1 0 P > 0.99
Sleep disturbance 1 1 P > 0.99
Angina pectoris 0 1 P > 0.99
Re-infarction 2 1 P > 0.99
Other trial 1 0 P > 0.99
Depression 1 0 P > 0.99
Prolonged hospitalization 2 0 P=0.50
CABG 0 1 P=>0.99

Legend: Baseline demographics of study perticipants. * Mann Whitney test –
else Fishers exact. Previous mental disorder does not refer to depression or
bipolar disorder.
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Fig. 1. Consort flow diagram for the MEDACIS trial.

Table 2
Intergroup comparison on intention to treat population.

Melatonin Placebo Mean difference

MDI absolute scores
MDI assessment Mean (CI 95%) Mean (CI 95%) Mean (CI 95%) P-value
Baseline 6.18 (5.32; 7.05) 5.98 (5.19; 6.77) 0.198 (−1.06; 1.46) p= 0.76
Day 14 5.95 (5.02; 6.87) 5.10 (4.30; 5.80) 0.882 (−0.32; 2.1) p= 0.15
Day 28 5.15 (4.32; 5.97) 5.04 (4.15; 5.93) 0.108 (−1.01; 1.2) p= 0.86
Day 42 5.03 (4.05; 6.02) 4.44 (3.60; 5.30) 0.593 (−0.69; 1.87) p= 0.36
Day 56 4.83 (3.84; 5.83) 4.59 (3.72; 5.43) 0.259 (−1.04; 1.56) p= 0.69
Day 70 4.47 (3.44; 5.50) 3.97 (3.33; 4.71) 0.496 (−0.74; 1.74) p= 0.43
Day 84 3.54 (2.76; 4.32) 4.10 (3.23; 4.97) - 0.561 (−1.73; 0.61) p=0.34
Depression (MDI≥21)
MDI≥21 N N P-value
Day 14 2 0 p=0.24
Day 28 1 1 p > 0.99
Day 42 3 1 p=0.37
Day 56 2 1 p=0.61
Day 70 3 2 p=0.35
Day 84 1 2 p > 0.99
HADS data
HADS-A Mean (CI 95%) Mean (CI 95%) Mean (CI 95%) P-value
Day 0 2.98 (2.50; 3.46) 2.81 (2.28; 3.34) 0.176 (−0.54; 0.89) p= 0.63
Day 14 2.53 (2.01; 3.06) 2.39 (1.86; 2.93) 0.14 (−0.60; 0.89) p= 0.71
Day 84 1.75 (1.19; 2.03) 2.28 (1.68; 2.87) - 0.53 (−1.28; 0.23) p= 0.17
HADS-A≥8 N N P-value
Day 0 8 12 p=0.36
Day 14 8 12 p=0.49
Day 84 3 9 p=0.14
HADS-D Mean (CI 95%) Mean (CI 95%) Mean (CI95%) P-value
Day 0 1.68 (1.31; 2.05) 1.35 (1.00; 1.70) 0.33 (−0.18; 0.84) p= 0.20
Day 14 1.61 (1.19; 2.03) 1.11 (0.76; 1.47) 0.50 (−0.05; 1.04) p= 0.07
Day 84 1.19 (0.80; 1.57) 1.48 (1.09; 1.88) - 0.30 (−0.85; 0.25) p= 0.29
HADS-D≥8 N N P-value
Day 0 3 5 p=0.50
Day 14 3 3 p > 0.99
Day 84 3 3 p > 0.99

Legend: Mean values for melatonin or placebo during the follow-up of the trial. Intergroup comparison compared via students t-test. Depression (MDI
score≥ 21) during follow-up during the MEDACIS trial on available data. HADS data presented at baseline and follow-up.
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first four authors (MTM, JAZ, CHH and OGC). Two additional recruiting
centers were added due to slow recruitment, and a sub-trial consisting
of a single-center measurement of endothelial dysfunction using
EndoPAT were also added.

2.4. Study endpoints

The primary outcome of the trial was the Major Depressive
Inventory (MDI) assessed continuously throughout the trial every 2
weeks (see SPIRIT figure (Madsen et al., 2017)). In short, the MDI is a
self-rating scale consisting of 12 questions covering the ICD-10 criteria
of depression. The MDI has a maximum score of 50 points indicating a
maximum number of depressive symptoms. Each question supplies
between 0 or 5 points; however, for subsets of question 8 and 10
(restlessness/subdued and appetite) only the highest score counts. It
was developed and validated in a Danish population (Olsen et al., 2004,
2003). In the current study, an MDI ≥21 was considered to indicate the
presence of depression.

Dropout rates and study medication compliance were reported
throughout the study period (SPIRIT figure (Madsen et al., 2017)).
Safety outcomes (i.e. harm and adverse events) were assessed every 2
weeks throughout the trial, either at clinical visits or as an interview
over the phone. Additionally, the self-administered UKU side-effect
rating scale was administered every 2 weeks in an effort to make harm
and adverse event monitoring more thorough (Lingjaerde et al., 1987).

The Hospital Anxiety and Depression Scale (HADS) was adminis-
tered in the current trial three times (at baseline, 2 and 12 weeks)
(Zigmond and Snaith, 1983). The HADS was developed as a screening
tool for anxiety and depression in a hospital setting and supplies a score
of 0–21. As shown by Bjelland et al. (2002), a cut-off of 8 points or
higher on the HADS-D or HADS-A subscales gives a sensitivity and
specificity of 0.8, and this cut-off was applied in the current study.

2.5. Statistical methods

Sample size was based on an estimate that 31% of patients following
ACS would present with depressive symptoms [4]. An intervention

effect of a reduction of depressive symptoms by 15.5%, power of 0.80,
and a significance level of 5% yielded a required sample size in each
group of 116. In case of withdrawal or medicine-compliance below 75%
at the 2-week clinical visit additional patients would be included. No
interim efficacy analysis was planned or performed in the current trial.

Baseline characteristics of participants are presented as mean, SD or
CI for continuous data and frequency for categorical data collectively
presented in a tabular format. Data distribution was visually checked
using histograms and QQ-plots and, if relevant, transformation of data
was applied. P < 0.05 was considered statistically significant and the
SAS-enterprise guide 7.1 (SAS Institute Inc., Cary, NC, USA) was used
for all analyses. The R Statistical Software version 3.4.3 (R Core Team.
R: A language and environment for statistical computing, 2017) with the
“survminer” add-on package (Kassambara, 2017) was used to produce
the cumulative incidence figure.

The data analysis was performed by the sponsor/investigator and in
accordance with an analysis plan developed and consulted with a
dedicated biostatistician from Region Zealand (Madsen et al., 2017).
The primary hypothesis was tested using Fisher's exact test comparing
developed cases of depression (defined as an MDI score ≥21) during
the trial. Comparisons of absolute MDI scores between groups were
performed using student's t-test and squared transformation was ap-
plied. For the primary analysis a linear mixed model was applied with
effects of age, gender, co-morbidity and cardiac risk factors assessed in
marginal analysis.

Missing data of MDI scores were addressed using multiple imputa-
tion where “proc MI” in SAS was used under an assumption of missing
at random. Baseline MDI scores were used to impute onto the following
2-week MDI assessments using a chain-wise imputation until the last
MDI assessment. Predictive mean matching method matching with the
five closest in the same treatment group was chosen and a total of 100
imputations were performed. Gender, age, ACS diagnosis, left ventricle
ejection fraction, diabetes, hypertension, smoking status, baseline MDI,
and treatment group were incorporated into the imputation. Other
baseline characteristics (see Table 1) were examined in marginal cor-
relation analyses, but were found not to be relevant in the imputation
model.

Fig. 2. Legend: Mean MDI scores for melatonin and placebo group throughout the MEDACIS trial with 95% CI.
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A preplanned secondary analysis of the primary outcome, the cu-
mulative incidence of depressive symptoms, was plotted for the two
groups and compared using the Cox proportional hazards regression
analyzing incidence of depression (MDI score ≥21). The effect of age,
gender, comorbidity and cardiac risk factors at baseline were in-
vestigated in the Cox-model. For the exploratory outcomes (HADS and
adverse events) intergroup comparisons were performed using Fisher's
exact test for frequencies and t-test for continuous data.

The intention-to-treat population (ITT) consisted of all patients in-
cluded and randomized into the trial. As defined in the protocol only
patients completing the 2-week clinical visit with a medicine com-
pliance of at least 75% were considered per protocol (PP).

3. Results

3.1. Study patients

A total of 1220 patients with suspected ACS were screened (Fig. 1).
Of these, 968 were excluded for various reasons, predominantly: cur-
rent or previous medical antidepressant treatment (18.2%), impaired
liver or kidney function (9.8%), or indication for coronary artery bypass

graft (CABG, 9.8%). A further 240 patients were eligible but did not
provide informed consent. A total of 252 patients were included into
the trial resulting in an inclusion rate of eligible patients of 51.2%
(252/492 patients).

During the trial, 19 patients in the melatonin group and nine in the
placebo group did not complete the study. There was no significant
difference in dropouts overall or for any specific reasons between the
two groups (Table 1). A total of 252 were present for the ITT analysis
and 237 for the PP analysis (Fig. 1). The duration of recruitment was 20
months and the average recruitment rate/month/center was 4.2 (sup-
plementary material).

Baseline characteristics of the two groups are presented in Table 1.
No significant differences between the baseline characteristics were
present between the two groups. Approximately 45% presented with
STEMI, 49% with NSTEMI and 78% were treated with PCI. Dropout and
medicine compliance (mean and CI) in the groups were as presented in
Table 1. No statistically significant difference in medicine compliance
existed in the intention to treat or per protocol population. Further-
more, no significant inter-group differences in dropouts existed in the
PP.

3.2. Efficacy

The mean baseline MDI score in the melatonin and placebo group
was 6.18 (95% CI 5.32, 7.05) and 5.98 (95% CI 5.19, 6.77), respec-
tively, as seen in Table 2/Fig. 2. Fisher's exact test on the incidence of
depression (MDI score ≥21) on day 14, 28, 42, 56, 70 and 84 showed
no significant group differences (Table 2). An unadjusted linear mixed
model showed no intergroup difference (p= 0.74) and a significant
lowering of the MDI scores (p=0.0002) throughout the 12 weeks
(Table 3). Using multiple imputation and performing a linear mixed
model confirmed the findings in the simple linear mixed model
(Table 3). The cox proportional hazard model shows a hazard ratio of
depression of 1.59 (p=0.47; CI 0.45–5.65) and 1.60 (p=0.50; CI
0.40–6.35) in an unadjusted and adjusted model, respectively (Table 3).
Cumulative incidence of depression was six in the melatonin group and
four in the placebo group at the 12-week follow-up (Fig. 3). No dif-
ference was present between ITT and PP populations. HADS-A and
HADS-D values were as presented in Table 2. There were no significant
differences between the two groups concerning the HADS-A or HADS-D
in absolute scores or cut-off values at day 14 or day 84.

3.3. Safety

No statistically significant differences between the groups for
SUSAR, SAR or SAE were present throughout the trial (Table 4). One
SAR was present in the placebo group and represented a participant
admitted to hospital for observation for AMI due to chest pain. The
patients was in the end diagnosed with stable angina.

3.4. Supplementary analysis

In depth details regarding timing of recruitment at individual cen-
ters are available in Table 5. Full analysis of Per Protocol population
analog to the ITT analysis is available in Table 6 (supplementary ma-
terial).

4. Discussion

The MEDACIS trial showed no effect of 25mg melatonin for pre-
venting the development of depression or depressive symptoms fol-
lowing ACS. There was a significant drop in mean MDI scores during
the 12 weeks of the trial. No intergroup differences were found for the
safety or HADS outcomes.

A recent systematic review of primary prophylactic antidepressant
to ACS patients showed an effect in two out of six trials of depression

Table 3
Repeated measure analysis on intention to treat population.

Linear mixed model - unadjusted ITT population

Effect DF F Value P value Comment

Inter group comparison 1 0.11 0.7402 No group difference
MDI assessments (Day 0 - day

84)
6 4.45 0.0002 Significant drop over

time
Group x time 6 1.43 0.1997 No sign group x time

effect

RM-ANOVA - Multiple imputation ITT population
Day % missing data Time trend P-value Inter group

difference P-value

0 0,00 < 0.0001 0.9117
14 5,95 < 0.0001 0.1904
28 16,67 < 0.0001 0.4256
42 14,68 < 0.0001 0.2036
56 17,86 < 0.0001 0.2086
70 17,06 0.0077 0.3332
84 11,51 Ref. Ref.

Cox-proportional Hazard model
Unadjusted model

P-value Hazard
Ratio

95% Hazard Ratio
Confidence interval

Melatonin 0.47 1.59 0.45; 5.65
Placebo . . .

Adjusted model

Melatonin 0.50 1.60 0.40; 6.35
Placebo . . .

Legend: Linear mixed model on available data on intention to treat population
in an unadjusted model. Marginal analysis with adjustment for age, gender,
department, ACS diagnosis, previous ACS, hypertension, diabetes, or smoking
did not affect the model.
Missing data handles using Multiple imputation by predictive mean matching
method (regpmm SAS) using 100 imputations in a chain vice imputation
matching at 5 closest in treatment group. Gender, age, ACS diagnosis, LVEF,
Diabetes, Hypertension, smoking status, baseline MDI and treatment group
were incorporated into the imputation. Other baseline characteristics (see
Table 1) were searched in marginal correlation analysis not to be relevant in the
imputation model.
Cox proportional hazard models of risk of depression (MDI≥ 21) in depression
vs. placebo. Unadjusted model simple log rank test. Adjusted model adjusted for
age, gender, ACS diagnosis, Diabetes, Hypertension, and smoking status.
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and depressive symptoms (Christiansen et al., 2017). The results of the
MEDACIS trial adds to these results of non-significant prophylactic
antidepressant effects of known tested interventions. As previously
mentioned, the DECARD trial (Hansen et al., 2012) showed a prophy-
lactic antidepressant effect of 10mg Escitalopram in time to event
analysis (log rank p= 0.022), an absolute risk reduction of 6.8% and a
number needed to treat of 15 (Hansen et al., 2012). A total of 239
patients following an ACS were randomized and followed for a 12-
month period with a total of 9 diagnostic interviews during follow-up.
In spite of being a high-quality trial the DECARD trial has been criti-
cized for selective outcome reporting and exposing patients with no
depression to SSRI with possible side-effects (Thombs and Ziegelstein,
2012). The DECARD and the MEDACIS trial differ in several important
ways; in the former the follow-up was shorter; patients undergoing
CABG were not included; and patients were excluded based on previous
antidepressant usage.

Following participants for a longer period would prolong the time at
risk of developing depression; however, the MEDACIS showed a sig-
nificant drop in the MDI score as the study progressed. As with our
results, some studies report an initial peak followed by a decline in
depressive symptoms (Gu et al., 2016; Martin et al., 2003; Mayou et al.,
2000; Parashar, 2006), whereas others report a consistent level of de-
pression (Hanssen et al., 2009; Lane et al., 2002). This inconsistency
might be due to differences in assessment timing, depression-screening
tools, comorbidity, and demographics. In an unselected Danish popu-
lation of first-time ACS patients the crude rate of incident depression
was 17.6 and 6.5 per 100 person years from within 30 days and 2 years,
respectively (Joergensen et al., 2016). Choosing to follow participants
for only 12 weeks might be a partial explanation for the few cumulative
events of depression in the current trial. However, in light of the high
rate of incident depression immediately following ACS and drop in
depressive symptoms in the study, the effect should be limited. Elim-
inating participants undergoing CABG was decided because their phase
II cardiac rehabilitation starts later than those treated with PCI/con-
servatively. CABG constitutes major surgery and complications are
prevalent. In particular, postoperative cognitive dysfunction may lead
to reduced participation in rehabilitation and reduced quality of life
(Goto and Maekawa, 2014; Indja et al., 2017). One study showed higher

depression in a CABG population compared to PCI before cardiac re-
habilitation (Pourafkari, 2015). Thus choosing not to include CABG
patients might have excluded participants with an increased risk of
depression. Choosing to exclude participants with previous and current
antidepressant treatment would have affected the incidence of depres-
sion as patients with previous depression are known to have an in-
creased risk of developing recurrent depression (Post, 2007). We cannot
rule out that choosing to exclude on prior/current antidepressant
treatment resulted in lower incidence of depression.

Melatonin was chosen as the intervention in the current trial based
on previous significant prophylactic antidepressant effect shown in
women with breast cancer (Hansen et al., 2014). This study showed a
large effect in favor of melatonin with a relative risk of 0.25 (95% CI
0.077 to 0.80, number needed to treat= 3) to prevent depressive epi-
sodes. However, it should be noted that the trial was terminated early
due to slow inclusion (54 out of planned 220) and had uneven dropout,
which was higher in the placebo group. Hence, in light of the large
effect size shown in women with breast cancer, melatonin holds pro-
mise as a preventive intervention. Compared to the previous trial
(Hansen et al., 2014) which used 6mg, the choice of 25mg melatonin
in the current trial might seem like a high dosage. Common dosages as a
sleeping aid are between 3 and 10mg (Hansen et al., 2015; Herxheimer
and Petrie, 2002); however, dosages as high as 100mg orally have been
reported (Vakkuri et al., 1985). A recent review on melatonin safety
demonstrated both short- and intermediate-term usage to be safe and
only associated with mild adverse effects comparable to placebo levels
(L. P. Andersen et al., 2016). Furthermore, it was pointed out that the
optimal dosing for most indications has not been established (L. P.
Andersen et al., 2016). As argued by Cardinali et al. (2012), to elucidate
the antidepressant effect of melatonin equipotent dosages to anti-
depressants (Agomelatine) should be administered. The melatonin
agonist Agomelatine administered as an antidepressant has an induc-
tion dosage of 25mg and has similar MT1 and MT2 receptor affinity as
melatonin. As melatonin is a safe non-toxic drug, where long-term
treatment showed only mild adverse events comparable to placebo (L.
P. H. Andersen et al., 2016), choosing a dosage of 25mg melatonin was
a balanced choice.

The major limitation of the current trial results from the low

Fig. 3. Cumulative incidence curve on depression in the MEDACIS trial with numbers at risk and cumulative number of event. P-value= log rank test. Cumulative 10
events during 2328 weeks (10 depressions/44.77 risk years= 22.34 depressions per 100 person years.
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incidence of depression, leading the current trial to be underpowered.
The low incidence of depression might have been due to the selected
eligibility criteria resulting in “healthy” participants being less likely to
develop depression. “Healthy” participants would consistently score
lower on the MDI resulting in a low variance and few scores above 21,
which could be a possible explanation for the non-significant anti-
depressant effect of melatonin (i.e. type II error). Possibly a placebo
effect could be present in the current study, resulting in fewer depres-
sive events in both groups. As a result, the a priori assumed relative risk
reduction of the intervention would be lowered and with a fixed alpha
(p= 0.05) the power of the trial would decrease with increased risk of
a type II error. However, a placebo-effect in the context of prevention
trials has not been part of the Cochrane placebo-effect review
(Hróbjartsson and Gøtzsche, 2010), hence, the size of a potential pla-
cebo-effect remains unknown. The BDI estimated prevalence of de-
pression was used in the sample size calculation. However, whether
MDI and BDI have overlapping cut-off (diagnostic test accuracy) is
currently unknown, which is a limitation of the current trial. The cur-
rent trial excluded based on treatment of current or previous pharma-
cological treatment of depression; however, this did not include psy-
chotherapy and no-treatment options. Thus it cannot be ruled out that
patients with previous depression were part of the study population.

A strength of the current trial is the study design; i.e., using a ran-
domized controlled trial, using double blinding, recruitment at multiple
sites, and blinded data-analysis. These were all factors placing the trial
at the higher end of the evidence hierarchy. The study had high internal
validity, as can be seen from a balanced randomization, high medica-
tion compliance, low and balanced dropout rate, and no significant
differences between ITT and PP.

External validity of the trial is questionable, since only 20.6% (252/
1220) of the screened participants ended up being included in the trial;
however, 51.2% of the eligible patients participated in the trial.
Randomization rate of 20.6% for screened and 51.2% rate for eligible
participants could be considered high as recruitment into prevention
trials was found to be lower than treatment trials (Cooper et al., 2015)
(comparable rates with metformin 6.2% and 48.6%, respectively). A
recruitment rate of 4.2 participants/center/month was higher than
trials from the UK's National Institute for Health Research (NIHR)
median rate 0.92 (Walters et al., 2017). Non-participants in the
DECARD trial tended to be older (Hansen et al., 2011) and increasing
age results in increased incidence of depression (Joergensen et al.,
2016), therefore more depression in non-participants. Non-participa-
tion in post-ACS studies (Grace et al., 2004; Sorensen et al., 2005) has
shown that it is likely that being female, being unmarried, and diag-
nosed with unstable angina pectoris are all associated with increased
incidence of depression (Joergensen et al., 2016). Investigation into
external validity linking clinical trial data and clinical registers would
therefore be highly relevant (Kilburn et al., 2017).

Table 4
HARMS and adverse events.

Outcome (%) Melatonin
N=126

Placebo
N=126

Statistical
differences

Suspected unexpected serious adverse reaction (SUSAR)
SUSAR 0 (0) 0 (0) P > 0.99
Serious adverse reactions (SAR)
Angina 0 (0) 1 (0.79) P > 0.99
Serious adverse events (SAE)
N participants experienced

SAE
17 (13.49) 18 (14.29) P > 0.99

Re-NSTEMI 2 0 P=0.50
Angina pectoris 2 1 P > 0.99
Admission for observation

for AMI
2 6 P=0.28

Chest pain 1 3 P=0.62
Heart Surgery 0 1 P > 0.99
Pericarditis 1 0 P > 0.99
Mitral insufficiency 0 1 P > 0.99
Cardiac pulmonary edema 2 0 P=0.50
Pressure pulmonary edema 1 0 P > 0.99
Tachycardia 3 1 NS
Suspected arrhythmia 1 0 P > 0.99
Transitory cerebral

Ischemia (TCI)
1 0 P > 0.99

Pneumonia 0 2 P=0.50
Dyspnoea 1 0 P > 0.99
Diverticulitis 1 0 P > 0.99
Melena 0 1 P > 0.99
Gout 0 1 P > 0.99
Urinary retention 0 2 P=0.50
Macroscopic haematuria 0 3 P=0.25
Dehydration 1 0 P > 0.99
Head ache caused by nitrate

medication
1 0 P > 0.99

Discomfort 0 1 P > 0.99
Fainting 0 1 P > 0.99
Suicide screening 1 0 P > 0.99
Adverse reactions (AR)
Fatigue 2 0 P=0.50
Head ache 0 1 P > 0.99
Dizziness 2 0 P=0.50
Nausea and vomiting 1 0 P > 0.99
Sleep disturbance 0 1 P > 0.99
Adverse events (AE)
Altered bowel habits 27 16 P=0.09
Sleep disturbance 11 9 P=0.82
Musculoskeletal pain 13 16 P=0.69
Dry mouth 12 7 P=0.34
Influenza 9 11 P=0.82
Palpitations 10 15 P=0.40
Dizziness 12 5 P=0.13
Fatigue 6 5 P > 0.99
Nausea 6 2 P=0.28
Itching 1 8 P=0.04
Orthostatic hypotension 5 4 P > 0.99
Pneumonia 2 3 P > 0.99
Rash 3 2 P > 0.99

Legend: Overview of specific safety outcomes and harms in the MEDACIS trial.

Table 5
Recruitment rate divided by centre.

Centre Screening start Screening end Months Recruited pr. centre Recruitment/month

Koege Sygehus 18 JAN 2016 10 MAY 2017 16.0 72 4.5
Roskilde Sygehus 09 FEB 2016 24 APR 2017 14.5 30 2.0
Holbaek Sygehus 01 MAR 2016 18 APR 2017 13.5 60 4.4
Hvidovre hospital 22 AUG 2016 06 MAR 2017 6.5 12 1.8
Slagelse Sygehus 03 AUG 2016 20 APR 2017 8.5 78 9.2
Total/average - - 59 252 4.2

Legend: Inclusion timing, period and number of participants divided by including centre.
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Table 6
Intergroup comparison on Per protocol population.

Melatonin N=116 Placebo N=121 Difference

MDI absolute scores
MDI assessment Mean (CI 95%) Mean (CI 95%) Mean (CI 95%) P-value
Baseline 5.97 (5.02; 6.92) 5.93 (5.04; 6.83) 0.032 (−1.27; 1.33) p= 0.98
Day 14 5.95 (5.02; 6.88) 5.07 (4.30; 5.83) 0.882 (−0.31; 2.1) p= 0.16
Day 28 5.15 (4.23; 5.97) 5.04 (4.15; 5.93) 0.108 (−1.01; 1.32) p= 0.41
Day 42 5.04 (4.05; 6.02) 4.44 (3.62; 5.27) 0.593 (−0.69; 1.87) p= 0.23
Day 56 4.84 (3.84; 5.83) 4.58 (3.72; 5.43) 0.259 (−1.04; 1.56) p= 0.40
Day 70 4.47 (3.44; 5.50) 3.97 (3.24; 4.71) 0.498 (−0.76; 1.74) p= 0.40
Day 84 3.54 (2.76; 4.32) 4.10 (3.23; 4.97) - 0.561 (−1.73; 0.60) p= 0.90
Depression (MDI≥21)
MDI≥21 N N P-value
Day 14 2 0 p=0.24
Day 28 1 1 p=1.00
Day 42 3 1 p=0.37
Day 56 2 1 p=0.61
Day 70 3 1 p=0.35
Day 84 1 2 p=1.00
HADS data
HADS-A Mean (CI 95%) Mean (CI 95%) Mean (CI 95%) P-value
Day 0 2.97 (2.47; 3.48) 2.71 (2.19; 3.25) 0.258 (−0.47; 0.99) p= 0.18
Day 14 2.53 (2.01; 3.06) 2.36 (1.82; 2.89) 0.18 (−0.58; 0.93) p= 0.28
Day 84 1.75 (1.29; 2.21) 2.28 (1.68; 2.87) - 0.53 (−1.28; 0.23) p=0.31
HADS-A≥8 N N P-value
Day 0 8 10 p=0.8076
Day 14 8 12 p=0.4873
Day 84 3 9 p=0.1382
HADS-D Mean (CI 95%) Mean (CI 95%) Mean (CI95%) P-value
Day 0 1.62 (1.26; 1.99) 1.32 (0.96; 1.67) 0.30 (−0.20; 0.81) p= 0.20
Day 14 1.61 (1.19; 2.03) 1.08 (0.73; 1.44) 0.53 (−0.02; 1.07) p= 0.07
Day 84 1.19 (0.80; 1.57) 1.48 (1.09; 1.88) - 0.30 (−0.85; 0.25) p=0.29
HADS-D≥8 N N P-value
Day 0 2 5 p=0.45
Day 14 3 3 p=1.00
Day 84 3 3 p=1.00

Linear mixed model - unadjusted ITT population

Effect F Value P value Comment

Inter group comparison 0.11 0.7402 No group difference
MDI assessments (Day 0 - day 84) 4.45 0.0002 Significant drop over time
Group x time 1.43 0.1997 No sign group x time effect

RM-ANOVA - Multiple imputation ITT population
Time trend P-value Inter group difference P-value

Day 0 <0.0001 0.9117
Day 14 <0.0001 0.1904
Day 28 <0.0001 0.4256
Day 42 <0.0001 0.2036
Day 56 <0.0001 0.2086
Day 70 0.0077 0.3332
Day 84 Ref. Ref.

Cox-proportional Hazard model
Unadjusted model

P-value Hazard Ratio 95% Hazard Ratio Confidence Limits

Melatonin 0.47 1.59 0.45; 5.65
. . .s

Adjusted model

Melatonin 0.50 1.6 0.40; 6.35
Placebo . . .

Legend: Mean values for melatonin or placebo during the follow-up of the trial. Intergroup comparison compared via students t-test. Depression (MDI score≥ 21)
during follow-up during the MEDACIS trial on available data. HADS data presented at baseline and follow-up.
Linear mixed model on available data on intention to treat population in an unadjusted model. Marginal analysis with adjustment for age, gender, department, ACS
diagnosis, previous ACS, hypertension, diabetes, or smoking did not affect the model.
Missing data handles using Multiple imputation by predictive mean matching method (regpmm SAS) using 100 imputations in a chain vice imputation matching at 5
closest in treatment group. Gender, age, ACS diagnosis, LVEF, Diabetes, Hypertension, smoking status, baseline MDI and treatment group were incorporated into the
imputation. Other baseline characteristics (see Table 1) were searched in marginal correlation analysis not to be relevant in the imputation model.
Cox proportional hazard models of risk of depression (MDI≥ 21) in depression vs. placebo. Unadjusted model simple log rank test. Adjusted model adjusted for age,
gender, ACS diagnosis, Diabetes, Hypertension, and smoking status.

M.T. Madsen, et al. Journal of Psychiatric Research 119 (2019) 84–94

92



5. Conclusion

The current trial showed no prophylactic antidepressant effect of
25mg melatonin compared with placebo in a selected group of patients
with ACS.

Registration The trial was registered at clinicaltrial.gov under
NCT02451293 identifier prior to inclusion of any patients.

Protocol A protocol has been published and is available at - https://
trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-1806-x.
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