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Delirium in older inpatients is associated 
with a high risk of dementia and other 
complications that translate into 

increased mortality and health care costs.1,2 The 
antipsychotic haloperidol has historically been 
the agent of choice for treating delirium, and it 
has increasingly been administered as a pro­
phylactic for delirium or to reduce symptoms 
such as hallucinations and aggressive behav­
iour.3,4 However, all antipsychotic treatments 
may induce serious cerebrovascular adverse 
effects and greater mortality, particularly 
among patients with dementia.5,6 These effects 
led the US Food and Drug Administration to 
issue a serious warning against their use.7 In 
addition, benzodiazepines are still frequently 
used to treat delirium, despite their being 
known to elicit or aggravate delirium.8,9

Disturbances of the circadian sleep–wake 
cycle represent one of the core features of delir­
ium,10 leading to the hypothesis that the neuro­
transmitter melatonin and changes in its metab­
olism may be involved in the pathogenesis of 
delirium.11,12 Objective measurements have 
shown that melatonin metabolism is disturbed 
after abdominal and other types of surgery, 
insomnia, sleep deprivation and stays in the 
intensive care unit (ICU), all of which are also 
known to be factors that contribute to delir­
ium.13–16 These characteristics suggest an associ­
ation between melatonin abnormalities and delir­
ium.17–22 Although proof of a causal relation is 
still lacking, inpatients might nevertheless bene­
fit from melatonin supplementation therapy 
through postoperative maintenance or restoration 
of their sleep–wake cycle.23–25 Although melato­
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Background: Disturbance of the sleep–wake 
cycle is a characteristic of delirium. In addition, 
changes in melatonin rhythm influence the cir-
cadian rhythm and are associated with delirium. 
We compared the effect of melatonin and pla-
cebo on the incidence and duration of delirium.

Methods: We performed this multicentre, 
double-blind, randomized controlled trial 
between November 2008 and May 2012 in 
1  academic and 2 nonacademic hospitals. 
Patients aged 65 years or older who were 
scheduled for acute hip surgery were eligible 
for inclusion. Patients received melatonin 
3 mg or placebo in the evening for 5 consecu-
tive days, starting within 24 hours after admis-
sion. The primary outcome was incidence of 
delirium within 8 days of admission. We also 
monitored the duration of delirium.

Results: A total of 452 patients were randomly 
assigned to the 2 study groups. We subse-
quently excluded 74 patients for whom the pri-

mary end point could not be measured or who 
had delirium before the second day of the 
study. After these postrandomization exclu-
sions, data for 378 patients were included in 
the main analysis. The overall mean age was 84 
years, 238 (63.0%) of the patients lived at home 
before admission, and 210 (55.6%) had cogni-
tive impairment. We observed no effect of 
melatonin on the incidence of delirium: 55/186 
(29.6%) in the melatonin group v. 49/192 
(25.5%) in the placebo group; difference 4.1 
(95% confidence interval –0.05 to 13.1) per-
centage points. There were no between-group 
differences in mortality or in cognitive or func-
tional outcomes at 3-month follow-up.

Interpretation: In this older population with 
hip fracture, treatment with melatonin did 
not reduce the incidence of delirium. Trial 
registration: Netherlands Trial Registry, 
NTR1576: MAPLE (Melatonin Against PLacebo 
in Elderly patients) study; www.trialregister.nl​
/trialreg/admin/rctview.asp?TC=1576
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nin depletion is thought to be one of the mech­
anisms of delirium, few studies have investi­
gated the effects of altering perioperative plasma 
concentrations of melatonin, in particular, the 
possible effects on postoperative delirium.  

The primary objective of this study was to 
assess the effects of melatonin on the incidence 
of delirium among elderly patients admitted to 
hospital as an emergency following hip fracture.
Secondary outcomes were duration and severity 
of delirium, length of hospital stay, total doses of 
haloperidol and benzodiazepines administered to 
patients with delirium, mortality during the hos­
pital stay, and functional status, cognitive func­
tion and mortality at 3-month follow-up. 

Methods

Trial design
We conducted this multicentre, double-blind, ran­
domized controlled trial in the Netherlands 
between November 2008 and May 2012. Full 
details of the study protocol have been presented 
elsewhere.26 We conducted the study in compli­
ance with the Declaration of Helsinki and Good 
Clinical Practice guidelines.27 The study was 
approved by the Medical Ethics Committee of the 
Academic Medical Center, University of Amster­
dam, with local approval from the other partici­
pating centres. Written informed consent was 
obtained from each patient or, for patients with 
cognitive impairment, from a legal representative. 
The study had no data safety or monitoring board 
because melatonin was considered safe.28,29 We 
reported all serious adverse events to the Medical 
Ethics Committee and had a protocol to break the 
randomization code in case of a suspected unex­
pected serious adverse reaction. This trial was 
registered with the Netherlands Trial Registry 
(NTR1576) and was funded by an unrestricted 
grant (no. 311020301) from the Dutch National 
Program of Innovative Care for vulnerable older 
persons (a program operated by ZonMw, a Dutch 
institute that funds health research and stimulates 
the use of knowledge to help improve health and 
health care in the Netherlands). 

Participants and setting
The study population consisted of patients aged 
65 years or older who were admitted for emer­
gent surgical treatment of hip fracture. There was 
no restriction on the type of treatment planned 
(internal fixation, hemi-arthroplasty or total hip 
replacement). Patients had to be enrolled within 
24 hours after admission and had to be willing 
and able to receive the study medication for the 
duration of the study (according to the protocol). 
Patients who were taking psychiatric medications 

(i.e., other than medication for delirium) could 
continue their prescriptions throughout the study 
period. We excluded patients if they had delirium 
at the time of enrolment, if they had been trans­
ferred from another hospital, if postoperative 
admission to the ICU or coronary care unit was 
anticipated (which would create logistic difficul­
ties for conducting the study), if they were 
already taking melatonin or if they were unable 
to speak or understand Dutch. The study was 
conducted in the surgical, orthopedic and trauma 
surgery wards of the Academic Medical Center 
(a 1000-bed university teaching hospital in 
Amsterdam) and the Tergooi Hospitals (a 
regional teaching hospital comprising 633 beds at 
2 locations, Hilversum and Blaricum). An experi­
enced team of geriatric nurses conducted follow-
up visits 3 months after initial enrolment.

Randomization and blinding
After baseline assessment, we randomly 
assigned each patient to either the intervention 
group (melatonin) or the control group (placebo) 
at a 1:1 ratio. Randomization was stratified by 
study centre, with fixed blocks of 10 patients 
within each stratum. Before the start of the 
study, an independent statistician generated a 
randomization schedule, and the trial pharmacist 
maintained the randomization list. Study medi­
cation tablets were manufactured and labelled 
according to guidelines for good manufacturing 
practices.30 Investigators, other staff members 
and patients remained blinded until after the last 
patient had completed the study and the 3-month 
follow-up and data analyses had been completed. 

Procedures
All patients aged 65 years or older with emer­
gent hip fracture were approached within 
24  hours of admission by a member of our 
research team, which consisted of geriatricians 
and trained research nurses with experience in 
geriatrics. Patients were screened for eligibility 
and asked to participate. After randomization (as 
described above), patients received the study 
medication on 5 consecutive evenings, starting 
the day of admission, at about 9 pm. The study 
medication consisted of a tablet containing either 
melatonin 3 mg (± 5%, i.e., 2.85–3.15 mg per 
tablet) (Tiofarma, Oud-Beijerland, The Nether­
lands) or placebo. Surgery usually took place on 
day 1 or 2 of the admission, in accordance with 
national quality indicators.

At baseline, we recorded demographic data, 
medical history, medication use and surgery-
related characteristics. We assessed functional 
status with the 15-item modified Katz Index of 
Activities of Daily Living,31 based on the 2 weeks 
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before admission. This instrument was completed 
by the patient or, in cases of cognitive impair­
ment, by the his or her closest relative. We calcu­
lated functional impairment as the sum of activi­
ties of daily living with impairment.31 We 
assessed cognitive function with the Mini-Mental 
State Examination,32 a validated 30-point ques­
tionnaire. We asked primary caregivers to com­
plete the Informant Questionnaire on Cognitive 
Decline — short form by recalling the 2 weeks 
before the hip fracture and comparing this period 
with 10 years earlier.33,34 We defined cognitive 
impairment as a score of 3.4 or higher on this 
questionnaire or a record of dementia in the med­
ical history.35 We scored the number and severity 
of comorbidities with the Charlson comorbidity 
index.36 We asked patients whether they had ever 
experienced an episode of delirium and whether 
they had had 2 falls (or more) within the past 
3 months. We recorded the total amounts of halo­
peridol and other antipsychotics and of benzodi­
azepines that were administered for delirium dur­
ing the study period. Different types of 
benzodiazepines were used for this purpose, so 
we present the amounts as oxazepam equivalents 
(calculated using a Dutch online conversion tool). 
Patients with delirium received perioperative care 
as usual, based on the hospital’s routine delirium 
protocol, as described elsewhere.26 At discharge, 
fracture characteristics, type of anesthesia, type of 
surgery and length of stay were registered for all 
patients; we obtained these data, as well as infor­
mation about in-hospital deaths, from the medical 
notes. At 3-month follow-up, the visiting nurse 
performed a Mini-Mental State Examination and 
asked the patient or closest relative to complete 
the Katz Index of Activities of Daily Living.

Outcomes
The primary outcome was incidence of delirium 
during the first 8 days after initiation of the study 
medication. We used criteria from the Diagnos-
tic and Statistical Manual of Mental Disorders, 
fourth edition (DSM-IV), to diagnose delirium.37 
Over the 8-day period (or until discharge, if the 
patient was discharged before 8  days), each 
patient was assessed daily for the presence of 
delirium; this assessment incorporated all patient 
information from sources such as medical and 
nursing records for the previous 24 hours. In 
addition, the Delirium Observation Screening 
Scale38 was completed for each patient during 
each nursing shift. For patients who did not have 
delirium on day 8, these daily assessments were 
terminated. For patients who had delirium on 
day 8, daily clinical assessments were continued 
(until the symptoms resolved or until the patient 
was discharged) to determine the duration of 

delirium. Secondary outcomes were duration of 
delirium (total number of days and percentage of 
patients with duration longer than 2 days), sever­
ity of delirium (percentage of patients who 
received a total of ≥ 3 mg haloperidol), length of 
hospital stay, total doses of haloperidol and of 
benzodiazepines (in oxazepam equivalents) 
administered during delirium (for those patients 
who experienced delirium), in-hospital mortality 
rate, and functional status, cognitive function 
and mortality rate at 3-month follow-up. Cogni­
tive impairment was deemed to be present at 
3‑month follow-up if dementia was scored in the 
Charlson comorbidity index and/or the baseline 
score for the Informant Questionnaire on Cogni­
tive Decline was 3.4 or above and/or the Mini-
Mental State Examination score was below 24 
points at 3-month follow-up.  

Sample size
We calculated our sample size from the estimated 
incidence of delirium during the first 8 days after 
the start of study medication. At the Academic 
Medical Center (one of the study centres), the 
incidence of delirium after surgical repair of hip 
fracture was previously reported as about 50%.39 
Literature on medical interventions to reduce the 
incidence of delirium is rare, but one study 
showed an absolute reduction of 13%.40 A 
2-group χ2 test with 2-sided level of significance 
of 0.05 would have 80% power to detect the dif­
ference between a control group proportion of 
0.50 and a treatment group proportion of 0.37 
(odds ratio [OR] 0.587) if the sample size in each 
group were 226 (452 patients in total).

Statistical analysis
We analyzed the data according to the intention-
to-treat principle and secondarily by per-protocol 
analysis. We summarized baseline characteris­
tics and outcomes with descriptive statistics. We 
analyzed the between-group difference in the 
primary outcome (incidence of delirium during 
the first 8 days after initiation of the study medi­
cation) using a χ2 test. We also analyzed the pri­
mary outcome using logistic regression, incor­
porating the stratification variable (treatment 
centre) and imbalance of baseline variables into 
the model. We tested the model’s goodness of fit 
with the Hosmer–Lemeshow statistic. We 
expressed effect size as an adjusted OR. We ana­
lyzed continuous secondary outcome measures 
using 2-group t tests or Mann–Whitney tests, as 
appropriate. We performed an additional pre­
defined analysis using data from patients with 
cognitive impairment at baseline, who may react 
differently to medication because of existing 
neurodegeneration dependent on the occurrence 
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and duration of delirium. No interim analyses 
were performed. We considered p values less 
than 0.05 statistically significant.

Results

Patient recruitment and baseline data
Between November 2008 and May 2012, we 
assessed 850 patients for eligibility within 
24  hours of admission. Of the 748 eligible 
patients, consent was obtained from 452 (60.4%), 
with consent being provided by substitute deci­
sion-makers in 167 (36.9%) of these cases. After 
randomization, another 8 patients were excluded 
because of a logistics failure (we could not deter­
mine whether they had received placebo or study 
medication). Therefore, a total of 444 patients 
were assigned to one of the treatments: 219 to 
receive melatonin and 225 to receive placebo. 

Following initiation of the study medications, 
we excluded 33 additional patients in each group 
because the primary outcome (incidence of delir­
ium within 8 days of admission) could not be 

measured. Among these 66 patients were 
18 patients (4 with cognitive impairment) who 
withdrew their consent. The main reasons for 
withdrawal of consent were the patient having 
second thoughts (n = 8) and the substitute deci­
sion-maker withdrawing consent (n = 8); for 
2  patients, the reason was unknown. Six addi­
tional patients were transferred to other wards, 
2 patients did not undergo the planned surgery, 
and 8 patients died within 8 days after initiation 
of the study. Most of these patients were 
excluded on the first or second day of admission. 
They would otherwise have been considered not 
to have delirium, although they might have 
experienced delirium at a later stage. An addi­
tional 31 patients were excluded because we 
determined that delirium was present at the time 
of enrolment. Symptoms of delirium became 
apparent in these patients only several hours 
after they were enrolled, on the first day of the 
trial, because the nature of the condition lends 
itself to diagnostic uncertainty and an observa­
tion time of 24 hours is required for certainty. 

Assessed for eligibility
n = 850 

R (n = 452) 

Assigned to melatonin 3 mg  n = 219 
•  Received intervention  n = 218 
•  Did not receive intervention (loss of study 

medication)  n = 1* 

Data excluded  n = 33 
•  Delirium at admission  n = 12† 
•  Lost to follow-up  n = 1 
•  No primary outcome assessment possible 

n = 20 
    -  Withdrawal of consent  n = 11 
    -  Transfer to another ward  n = 3 
    -  No surgery  n = 1 
    -  Died within 8 d  n = 5 

Assigned to placebo  n = 225 
•  Received intervention  n = 225 
•  Did not receive intervention  n = 0 

Data excluded  n = 33
•  Delirium at admission  n = 19† 
•  Lost to follow-up  n = 0 
•  No primary outcome assessment possible 

n = 14 
    -  Withdrawal of consent  n = 7 
    -  Transfer to another ward  n = 3 
    -  No surgery  n = 1 
    -  Died within 8 d  n = 3 

Data analyzed
n = 192 

Data analyzed 
n = 186 

Excluded  n = 398 
•  Did not meet inclusion criteria  n = 102 
•  Declined to participate n = 296

Excluded  n = 8 
•  Logistics failure  n = 8 

Figure 1: Enrolment, randomization and follow-up of patients. Of the 850 patients assessed for eligibility, 
748 met the inclusion criteria and were invited to participate, and 452 (60.4%) of these provided consent 
and were randomly assigned to a treatment group. *This patient was included in the analysis. †Patients 
with delirium at the time of admission were excluded because the primary outcome could not be measured. 
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In total, 378 patients were included in the 
analysis (114 from the Academic Medical Center 
and 264 from the Tergooi Hospitals). The analysis 
presented here was based on the initial treatment 

assignment: 186 patients assigned to receive 
melatonin and 192 patients assigned to receive 
placebo (Figure 1). Baseline characteristics were 
well matched between the 2 study groups, 

Table 1:  Baseline demographic characteristics of the study patients by treatment group 

Study group; no. (%) of patients*

Characteristic Melatonin (n = 186) Placebo (n = 192)

Academic Medical Center   56 (30.1)  58 (30.2)

Tergooi Hospitals 

Hilversum   85 (45.7)  88 (45.8)

Blaricum   45 (24.2)  46 (24.0)

Age, yr, mean ± SD 84.1 ± 8.0 83.4 ± 7.5

Sex, male   53 (28.5)   62 (32.3)

Living at home 116 (62.4) 122 (63.5)

Preadmission Katz-ADL score, median (IQR)†    6 (2–10)    5 (1–10)

Data missing     4   (2.2)    4   (2.1)

MMSE score, median (IQR) 23 (12–28.8) 23 (9.5–28.0)

Data missing   25 (13.4)   32 (16.7)

Cognitive impairment 104 (55.9) 106 (55.2)

Charlson comorbidity index, median (IQR)‡ 1.0 (0.8–2.0) 1.0 (1.0–2.0)

Data missing     0   (0.0)    0   (0.0)

Prior delirium

Yes   44 (23.7)   34 (17.7)

Data missing   15   (8.1)   13   (6.8)

At least 2 falls in the past 3 mo

Yes  66 (35.5)   62 (32.3)

Data missing                                                  4   (2.2)               14   (7.3)

Medications at home

No., median (IQR) 5.0 (2.0–7.0) 4.0 (2.0–7.0)

Benzodiazepines 18   (9.7)   33 (17.2)

Antipsychotics 12   (6.5)   14   (7.3)

Antidepressants 26 (14.0)   34 (17.7)

Type of fracture

Femoral neck  88 (47.3)   90 (46.9)

Intertrochanteric  69 (37.1)   74 (38.5)

Subtrochanteric    1   (0.5)     0   (0.0)

Periprosthetic    1   (0.5)     1   (0.5)

Other  27 (14.5)   27 (14.1)

Spinal anesthesia  55 (29.6)   54 (28.1)

Type of surgery

Internal fixation 101 (54.3) 108 (56.2)

Hip replacement     70 (37.6)   74 (38.5)

Other   15   (8.1)   10   (5.2)

Note: IQR = interquartile range, Katz-ADL = Katz Index of Activities of Daily Living,31 MMSE = Mini-Mental State Examination,32 
SD = standard deviation. 
*Unless indicated otherwise. 
†The Katz-ADL score ranges from 0 to 15, with higher scores indicating more severe functional dependence.
‡The Charlson comorbidity index ranges from 1 to 31, with higher scores indicating more comorbidities.
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although the percentage of patients using benzodi­
azepines at home was higher in the placebo group, 
whereas more patients in the melatonin group had 
experienced prior delirium (Table 1). The overall 
mean age was 84 years, 238 (63.0%) of the 
patients were living at home before admission, 
and 210 (55.6%) had cognitive impairment.

Outcomes
This was a negative study, as we observed no 
effect of melatonin on the incidence of delirium: 
55/186 (29.6%) for the melatonin group v. 
49/192 (25.5%) for the placebo group; absolute 
difference 4.1 (95% confidence interval [CI] 
–0.05 to 13.1) percentage points (Table 2). Multi­
variable logistic regression, adjusted for the strat­
ification variable (treatment centre) and baseline 
imbalances (benzodiazepine use at home and 
prior delirium), also did not show any treatment 
effect (OR 1.14, 95% CI 0.71–1.83; Hosmer–
Lemeshow goodness-of-fit test, p = 0.70). 

A smaller proportion of patients in the mela­
tonin group than in the placebo group experi­
enced a long-lasting episode of delirium (>  2 
days) (25.5% v. 46.9%; p = 0.02), although the 
median duration of delirium was the same for the 
2 groups (2 days; Figure 2). The severity of 

delirium, expressed as the proportion of patients 
receiving 3 mg or more of haloperidol, was simi­
lar, and the median length of hospital stay was 
the same (p = 0.4 for both) (Table 2). The 
median dose of haloperidol administered for 
delirium was similar in the 2 groups (p = 0.2), as 
was the median dose of benzodiazepines, in 
oxazepam equivalents (p = 0.6). The mortality 
rate during the hospital stay was about 2% in 
both groups (p > 0.9). 

At 3 months, we observed no between-group 
differences with regard to cognitive or functional 
outcomes. The median score for the Katz Index of 
Activities of Daily Living was 9.0 for both groups 
(p = 0.8) (where scores for this index range from 
0 to 15, with higher scores indicating more severe 
functional dependence). Cognitive impairment 
was present in 59.2% of the patients in the mela­
tonin group and 66.0% in the placebo group (p = 
0.4). We found no difference in the 3-month mor­
tality rate (21.0% in the melatonin group v. and 
21.4% in the placebo group; p = 0.9). 

In the additional analysis for patients with 
cognitive impairment at baseline, we found no 
effect of melatonin on the incidence of delirium 
(43/104 [41.3%] for the melatonin group v. 
37/106 [34.9%] for the placebo group; p = 0.4).

Table 2: Primary and secondary outcomes

Study group; no. (%) or median (IQR)

Outcome Melatonin (n = 186) Placebo (n = 192) p value

Primary outcome

Incidence of delirium 55 (29.6) 49 (25.5)   0.4

Secondary outcomes: patients  
with delirium

n = 55 n = 49  

Duration of delirium, d 2 (1.0–3.0) 2 (1.0-3.0)    0.5

Duration of delirium > 2 d 14 (25.5) 23 (46.9)      0.02

Severe delirium* 25 (45.4) 26 (53.1)    0.4

Length of hospital stay, d 11 (6.0–14.5) 11 (8.0–17.0)    0.4

Use of antipsychotics, mg 4.0 (1.5–7.5) 5.0 (3.8–8.3)    0.2

Use of benzodiazepines, mg oxazepam 
equivalents

63.4 (33.4–104.3) 75.0 (33.3–131.3)    0.6

Secondary outcomes: all patients n = 186 n = 192  

Death during admission   4   (2.2)   4   (2.1) > 0.9

Death by 3-mo follow-up 39 (21.0) 41 (21.4)    0.9

Secondary outcomes at 3 mo:  
all patients

n = 147 n = 151  

Katz-ADL score 9.0 (5–13) 9.0 (5–13)    0.5

Data missing   3   (2.0)    6   (4.0)

Cognitive impairment 87 (59.2) 105 (66.0)    0.4

Note: IQR = interquartile range, Katz-ADL = Katz Index of Activities of Daily Living. 
*Severe delirium defined as ≥ 3 mg haloperidol administered during delirium episode.
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Among the patients who experienced delirium, 
fewer of those receiving melatonin had a 
delirium episode longer than 2 days (10/43 
[23.2%] v. 19/37 [51.4%]; p = 0.01).

Interpretation

In this multicentre, double-blind, randomized 
controlled trial involving elderly patients who 
underwent acute surgery for hip fracture, we 
observed no effect of melatonin on the incidence 
of delirium. The per-protocol analysis yielded a 
similar finding. Also, there was no effect in the 
subgroup of patients who received the study 
medication before operation (data not shown). 
However, among patients who experienced 
delirium during the study period, a smaller pro­
portion of those receiving melatonin had delir­
ium lasting longer than 2 days. There were no 
between-group differences in the other second­
ary outcome measures during the hospital stay or 
at 3-month follow-up.

These results indicate that, for vulnerable 
elderly patients with hip fracture, melatonin is 
not effective in preventing postoperative delir­
ium. Recently, 2 other randomized controlled  
trials showed substantial decreases in the inci­
dence of delirium among patients receiving 
melatonin (33% v. 9%24 and 31% v. 12%23). The 
earlier of these 2 studies,24 which involved 
patients undergoing elective surgery, had some 
methodologic drawbacks due to a lack of clarity 
about the randomization procedure and blinding 
methods. The later study23 had 2 important dif­
ferences relative to our study. First, the reduction 
in incidence of delirium (from 31% to 12%) was 
achieved in patients admitted to an internal 
medicine ward; second, the patients were treated 
prophylactically with a 0.5-mg dose of melato­
nin. With regard to the extent of improvement, 
previous data from the Academic Medical Cen­
ter (one of the centres in the current study) 
showed an incidence of delirium of about 50% 
among patients with hip fracture.39 In the current 
study, performed on the same wards only 5 years 
later, the incidence of delirium was about 30%. 
Improvements in perioperative care by all 
involved specialties, including supportive care 
by the geriatric consultation team, likely underlie 
this remarkable decrease in the incidence of 
delirium.41,42 In view of this relatively low inci­
dence rate in a vulnerable patient group with 
major precipitating factors (e.g., hip fracture fol­
lowed by acute surgery), it may be difficult to 
achieve any additional treatment effect. With 
regard to the dose of melatonin, we used 3 mg 
because this dose is frequently used in other 
studies, including clinical trials of melatonin.43 

Nevertheless, available information on the 
effects of melatonin supplementation, on 
required doses and on duration of supplementa­
tion is limited. The higher dose used in our study 
may have influenced physiologic concentrations 
during the day and therefore the overall effect. 
The intervariability of endogenous melatonin 
levels and the pharmacokinetics of exogenous 
melatonin might have played a role in the nega­
tive results of this study.43

The median duration of delirium was similar 
between the study groups. However, there was 
some indication that perioperative melatonin 
supplementation resulted in fewer patients hav­
ing a long duration (> 2 days) of delirium. Any 
reduction in the time that patients suffer from 
delirium is important, given that delirious experi­
ences involve very unpleasant feelings, such as 
fear, anxiety and a feeling of being threatened. 
Many patients have unpleasant memories and 
flashbacks.44 Also, 1-year outcomes for measures 
such as global cognition are worse for patients 
with delirium of longer duration.2,45

Melatonin has both chronobiotic and non­
chronobiotic properties. It is possible that it 
resets the sleep–wake cycle through its influence 
on the biological clock.46 Alternatively, it may 
play a direct role in the pathophysiology of delir­
ium. Delirium is thought to be caused primarily 
by inflammation of the central nervous system 
and dopaminergic dysfunction. Melatonin is one 
of the many anti-inflammatory molecules pro­
duced at the sites of lesions during the recovery 
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Figure 2: Duration of delirium for patients receiving melatonin or placebo.
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phase of an inflammatory response, and it is 
involved in the modulation of central dopaminer­
gic functions.17,47–50 The fact that these actions 
require time to become effective after supple­
mentation could underlie our findings that mela­
tonin had no effect on the incidence of delirium 
but that it could affect duration after a critical 
period of 2 days.51

The main strength of this study was our prag­
matic trial approach, with few exclusion criteria. 
Also, 60.4% of eligible patients consented to par­
ticipate, a higher percentage than in any compar­
able studies involving vulnerable elderly popula­
tions.52 Therefore, our results have good external 
validity and can be extrapolated to other popula­
tions of patients with hip fracture.53 Furthermore, 
we applied a clear definition of delirium based on 
the gold standard (DSM-IV) definition.37

Limitations
One limitation of this study was the loss of sta­
tistical power because of numerous postrandom­
ization exclusions (see Figure 1). This high rate 
of attrition is typical of studies involving vulner­
able older patients, as the 2 main independent 
factors related to increased attrition are increas­
ing age and cognitive impairment.54 We initially 
reached the predefined sample size of 452 
patients but were able to analyze data for only 
378 patients, which increases the probability of 
type 2 error. However, given the absence of any 
treatment effect of melatonin on the incidence of 
delirium, a much larger sample size would have 
been necessary to reach statistical significance, 
and we argue that this would not have resulted in 
any clinically relevant effect on incidence (i.e., 
the number needed to treat would be unjustifi­
ably large).

Also, we had planned in advance to express 
the severity of delirium using the Delirium Rat­
ing Scale — Revised 98 score.55,56 A trajectory 
of scores (i.e., to show a pattern of results over 
several days) would be most informative but 
proved infeasible because of the relatively short 
episodes of delirium. Therefore, we instead 
decided to use the total amount of haloperidol 
prescribed. Total dose of haloperidol is a clini­
cally more relevant outcome measure, as its 
adverse effects are more prevalent among 
patients receiving higher (cumulative) doses. 
Because the duration of most delirium episodes 
was 1 or 2 days and our institution’s protocol 
prescribed twice-daily 0.5-mg doses, we chose a 
cut-off total of at least 3 mg haloperidol as an 
indicator of severity.

Another limitation could be that delirium was 
incorrectly diagnosed in some patients who were 
drowsy from the surgical anesthesia. However, all 

patients went first to a recovery room after the 
operation, so we believe there was an adequate 
interval between the operation and our observations 
on the wards to correctly evaluate for presence of 
delirium.

Furthermore, patients with delirium might 
have been missed if they had hypoactive 
delirium. However, our research team was 
trained to recognize this form of delirium, 
performed psychiatric evaluations for all patients 
every day and used subtype measurement tools 
such as the Delirium Symptom Interview57 and 
the Delirium Motor Subtype Scale58 daily to 
compare their observations.

Conclusion
Our study has shown that among elderly patients 
undergoing acute surgery for hip fracture, peri­
operative melatonin supplementation is ineffec­
tive in decreasing the incidence of delirium. How­
ever, the proportion of patients with a long-lasting 
episode of delirium was lower among those who 
received melatonin, representing a reduced dura­
tion of unpleasant delirious experiences for these 
patients. Future research concerning melatonin 
and delirium should focus on different patient 
populations and should compare the potential 
effects of melatonin head-to-head with antipsy­
chotics in patients with hip fracture who also have 
delirium. In addition, melatonin supplementation 
should be investigated in other populations with 
disturbances of the circadian sleep–wake cycle 
and a high incidence of delirium, such as patients 
in the ICU. These additional studies should con­
sider variations in physiologic melatonin levels 
and different doses of melatonin.
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