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decline, and death. Current therapies are unsatisfactory, limited by lack of efficacy

wake cycle is disturbed in delirium; endogenous Melatonin is perturbed, and
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. exogenous Melatonin is a safe and effective medication for sleep disorders.
Royal Melbourne Hospital

This study aims to determine the effect of oral Melatonin 5 mg immediate
release (IR) nightly for five nights on the severity of delirium in older
(=65 years) medical inpatients.

Methods: This was a double-blinded, randomized controlled trial in general
internal medicine units of a tertiary teaching hospital.

Older inpatients with Confusion Assessment Method positive, hyperactive or

mixed delirium within 48 h of admission or onset of in-hospital delirium were
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included. The primary outcome was change in delirium severity measured
with the Memorial Delirium Assessment Scale (MDAS).

A previous pilot trial showed 120 participants randomized 1:1 to Melatonin or
Placebo would provide 90% power to demonstrate a 3-point reduction in
the MDAS.

Results: One hundred and twenty participants were randomized, 61 to
Melatonin 5 mg and 59 to Placebo. The medication was well tolerated. The
mean MDAS improvement was 4.9 (SD 7.6) in the Melatonin group and 5.4
(SD 7.2) in the Placebo group, p-value 0.42, a non-significant difference. A
post-hoc analysis showed length of stay (LOS) was shorter in the intervention
group (median 9 days [Interquartile Range (IQR) 4, 12] vs. Placebo group
10 [IQR 6, 16] p-value = 0.033, Wilcoxon Rank Sum test).

Conclusions: This trial does not support the hypothesis that Melatonin
reduces the severity of delirium. This may be due to no effect of Melatonin, a
smaller effect than anticipated, an effect not captured on a multidimensional
delirium assessment scale, or a type II statistical error. Melatonin may improve
LOS; this hypothesis should be studied.

KEYWORDS

INTRODUCTION

Delirium is a geriatric syndrome frequently found in
older adults in hospitals often undiagnosed.'” Delirium
can cause irreversible cognitive impairment (CI), func-
tional decline, long-term care transition, health care
costs, and death.*® Delirium is characterized by distur-
bance of attention, consciousness, hallucinations, delu-
sions, and/or motor activity (hyperactive, hypoactive,
normal, and mixed types), following a fluctuating course
with acute onset.” Changes in circadian rhythm affecting
sleep are frequent, and a potential mechanism links delir-
ium and sleep.'®"" There are currently no effective treat-
ments available for delirium, antipsychotics have modest
efficacy for severe symptoms of delirium but are associ-
ated with significant adverse effects and are not recom-
mended for routine use.'*™**

Melatonin is a neurotransmitter and hormone from
the pineal gland that regulates circadian rhythm. Melato-
nin secretion is perturbed in delirium: low levels of uri-
nary metabolites in hyperactive delirium, and high levels
in hypoactive motor states.'>'” There have been multiple
studies evaluating the potential role of Melatonin
(or Melatonin receptor agonists) in preventing delirium
in hospitalized adults, though results have been mixed."®
There is little study on the use of Melatonin for estab-
lished delirium. We conducted a pilot that found a

aged neurocognitive disorders, delirium, inpatients, melatonin, sepsis-associated
encephalopathy, sleep wake disorders

Key points

« Participants were older medical inpatients with
hyperactive or mixed delirium who were not
planned for surgery.

« Adherence to the study medication was good
and the therapy was safe.

« Melatonin 5 mg nightly for five nights in older
medical inpatients did not reduce the severity
of delirium.

« Sleep improved.

Why does this paper matter?

There are no known non-pharmacological or
pharmacological therapies that improve the his-
tory of delirium; this trial shows that while
Melatonin has many promising properties given
the frequent disturbance of circadian rhythm
and Melatonin's beneficial influence on that, in
the treatment of delirium in this setting it did
not reduce delirium severity. Multicomponent
non-pharmacological interventions remain the
mainstay of prevention and treatment of
delirium.
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definitive study of the hypothesis that 5 mg immediate
release melatonin nightly for five nights would reduce
the severity of delirium in older medical inpatients would
be feasible, and 120 participants (anticipating a 30% drop-
out rate) would have 90% power to demonstrate a statisti-
cally significant outcome. "’

This study aims to determine if 5mg immediate
release of Melatonin nightly for five nights reduces the
severity of delirium in older medical inpatients with
delirium.

METHODS

This was a double-blinded, randomized, placebo-controlled
trial of Melatonin immediate release 5 mg nightly for five
nights versus placebo, conducted at a 550 bed university
teaching hospital that provides free healthcare to an

ethnically and socio-economically diverse area of
Melbourne, Australia. The Royal Melbourne Hospital has
an extensive residential care Inreach and Hospital-In-The-
Home service, but these patients were not eligible. The pro-
tocol and power calculation were based on a pilot study by
the same group, with the addition of an inclusion criteria
that enrollment was within 2 days of admission or onset of
delirium." Participants were identified via the institution's
screening procedure with 4AT, confirmed with the Confu-
sion Assessment Method (CAM), and enrolled if they met
inclusion (>65 years, not for surgery and others) and not
exclusion criteria. Primary outcome was a change in the
Memorial Delirium Assessment Scale (MDAS), measured
daily by trained research staff for 5 days of intervention
and followed for a further 2 days. Six-month follow-up for
cognition and other outcomes was planned. The study was
approved (MHHREC2019.043) by our institute Human
Research Ethics Committee (HREC) and conducted in

Assessed for eligibility
(n=376)

Excluded (n=256):
Receiving Melatonin (n=73)

No consent (n=68)

Hypoactive delirium (n=44)

—»| Abnormal Liver Function (n=38)
Not delirium (CAM-) (n=31)

Yy

A 4

Randomized (n=120)

<7 day admission likely (n=22)
Unable to communicate (n=21)

Plan for surgery (n=9)

A 4

A4

Allocation || Allocated to Melatonin (n= 61)

treatment (n=2)

Received allocated intervention (n=59)
Did not receive allocated intervention:
discharged or transferred prior to any

Allocated to placebo (n=59)

Received allocated intervention (n=58)
Did not receive allocated intervention:
discharged or transferred prior to any
treatment (n=1)

v

v

Follow-Up

(n=0), Discharged or Transferred
(n=29)

Discontinued intervention: Deceased

Discontinued intervention: Deceased (n=
0) Discharged or Transferred (n=21)
Withdrew consent (n=1)

A 4

h 4

Analysed (n=59)
Excluded from analysis of primary

AnalySls outcome (n=2)

0§

Analysed (n=58)
Excluded from analysis of primary
outcome (n=1)

v

v

Failed to attend follow-up (n=6)
6 month
outcomes (n=7)

Declined to attend follow-up (n=1)
Uncontactable (n=22)

Unknown (n=5)

Deceased (n=7)

Results available for analysis of
secondary outcome (n=6)

Follow-Up

Declined a follow-up appointment (n=6)

Telehealth with inadequate quality for

Declined a follow-up appointment (n=4)
Failed to attend follow-up (n=6)
Telehealth with inadequate quality for
outcomes (n=6)

Declined to attend follow-up (n=0)
Uncontactable (n=16)

Unknown (n=6)

Deceased (n=18)

Results available for analysis of
secondary outcome (n=4)

FIGURE 1 CONSORT diagram.
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concordance with the Declaration of Helsinki. The trial is
registered with the Australia New Zealand Clinical Trials
Registry (ACTRN12619000034134). Reporting conforms to
CONSORT 2010 guidelines. Full details of methods are
available in the supplementary file.

RESULTS
Participants and adherence to the protocol

During the study period, 376 potential participants were
assessed for eligibility, 256 were excluded for reasons
illustrated in Figure 1. Of the 256 patients excluded,
68 patients’ surrogate decision-makers declined to con-
sent to participation (39% of otherwise suitable potential
participants). Forty-four (17%) exclusions were due to
hypoactive delirium Therefore, 120 participants met
inclusion criteria, consented, and were randomized
according to the study methodology. Table 1 shows the
baseline characteristics of the participants. Participants
were recruited between March 2021 and March 2022
when planned recruitment was achieved. More patients
in the Melatonin group lived in residential care (18%
vs. 8.5%), and few overall. Both randomization arms were
otherwise well-balanced.

TABLE 1 Baseline characteristics of the study participants.
Melatonin  Placebo
Characteristic (n=59) (n = 58)
Age-years 87.1 £ 6.6 87.1+6.9
Female sex 30 (51%) 32 (52%)
sMMSE at study entry 121+73 133+ 5.8
Baseline MDAS (0-30) 142 + 4.1 14.7 + 4.4
Alcohol standard units/day >0 11 (18%) 13 (22%)
IQCODE >3.45 and/or Dementia 33 (56%) 34 (59%)
Diagnosis
Delirium at admission 45 (76%) 45 (78%)
History of depression 15 (25%) 14 (24%)
Age Adjusted CCI (0-40) 2.0 (1.8) 1.9(2.1)
Katz index of ADLs (0-6) 4.1(1.9) 4.3 (2.0)
Years of education 84+33 82+35
Living in supported 11 (18%) 5(9%)
accommodation
Receiving home supports 36 (59%) 35 (59%)

Note: Values are presented as mean + SD unless indicated otherwise.
Abbreviations: CCI, Charlson Comorbidity Scale; IQCODE, Informant
Questionnaire on Cognitive Decline in the Elderly, range 0-5; Katz index of
ADLs, Katz index of activities of daily living; MDAS, Memorial Delirium
Assessment Scale;

Two patients in the Melatonin group and one in the
Placebo group were discharged or transferred out of
the study site before receiving any intervention, so were
not included in the analysis. No participants deceased
during the study period, 29 were discharged or trans-
ferred out of the study site prior to completion of the
study period in the Melatonin group, and 21 in the Pla-
cebo group. One participant in the Placebo group had
surrogate consent withdrawn prior to the completion of
the study period.

There was one protocol violation due to an error in the
dispensing instructions through the electronic medical
record where three participants were ordered eight cap-
sules per night. No adverse effect resulted. Further details
are available in the supplementary file. Results were ana-
lyzed with and without these participant's results without
substantial difference; the results presented include these
participants.

Primary and secondary outcome analysis

The mean improvement (reduction) in MDAS from
baseline score during treatment was 4.9 (SD 7.6) in the
Melatonin group and 5.4 (SD 7.3) in the Placebo group,
difference of differences 0.5 (95% C.I. —3.2, 2.2) p-value
0.43 (Student's t-test), a non-significant difference. In a
pre-specified subgroup analysis by pre-morbid CI, there
was a suggestion of less improvement with melatonin
treatment in the group without CI: Placebo group mean
MDAS improvement 7.1 (8.4) versus Melatonin group
mean MDAS improvement 4.9 (SD 8.2); p-value 0.040. In
exploratory analyses of secondary outcomes there was a
suggestion of improved sleep in the group with CI
(Placebo median 0, IQR [0,2]) Melatonin 0, [0,2]
p = 0.045 Wilcoxon Rank-Sum test). Safety-related out-
comes were not significantly different. No adverse events
related to Melatonin use occurred. Further results are dis-
played in Table 2.

In the pilot trial, the standard deviation for the pri-
mary outcome was 5.0 for melatonin and placebo 4.1,
smaller than in this trial. The median duration of admis-
sion to enrolment was 6 days (IQR 4, 9) versus this trial:
1 day (IQR 1, 3) that may explain this difference. In keep-
ing with this, drop-out rates were higher in this trial
(43%) than pilot (28%), but most in the pilot dropped out
due to death (five deaths out of eight dropped out),
whereas in this trial due to discharge (zero deaths of
53 dropped out).

At the planned 6-month follow-up, 10 participants
(8%) had results available for analysis. 25 (21%) had
decreased, one (0.8%) declined to attend for follow-up,
12 (10%) failed to attend a scheduled appointment,
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TABLE 2 Primary and secondary outcomes.

Outcome Melatonin (n = 59) Placebo (n = 58) p-value*

Primary

Improvement in Baseline MDAS days 4.9 (7.6) 5.4(7.2) 0.42
1-5 (mean + SD)

Difference 0.5(95% CI —3.2,2.2)
With CI 4.8 (6.9) (n = 33) 4.2 (6.0) (n = 34) 0.40
Without CI 4.9 (8.2) (n = 26) 7.1(8.4) (n = 24) 0.04

Secondary

Improvement in MDAS days 6-7 (mean + SD) 2.1(54) 2.2(5.1) 0.97
With CI 2.5(5.4) 1.9 (5.0) 0.65
Without CI 1.7 (5.3) 2.6 (5.4) 0.57

Arousal: Proportion of mRASS = 0 (mean 0.55 (0.39) 0.68 (0.33) 0.08
+ SD)
With CI 0.47 (0.41) 0.71 (0.36) 0.06
Without CI 0.64 (0.35) 0.64 (0.36) 0.47

Duration: Days CAM+ 1(1,4) 3(1,4) 0.35
With CI 2(1,5) 1(0,4) 0.40
Without CI 1(0, 3) 3Q1, 5) 0.92

Received any rescue medications 23 (39%) 24 (41%) 0.82
With CI 13 (39%) 13 (38%) 0.89
Without CI 10 (38%) 11 (46%) 0.95

Sleep quality: Nights MDAS item 10 > 0 116 (39%) 126 (43%) 0.098
With CI 32 (19%) 69 (43%) 0.045
Without CI 55 (42%) 47 (39%) 0.098

Note: Values are presented as Median inter-quartile range unless indicated otherwise.
Abbreviations: CAM, Confusion Assessment Method; CI, Premorbid cognitive impairment; MDAS, Memorial Delirium Assessment Scale range 0-30; mRASS,

Richmond Agitation and Sedation Scale (—5, +4).

*Continuous, normally distributed variables assessed using Student's t-test, non-normally distributed Wilcoxon Rank-Sum test, categorical Fisher's Exact Test,

(all values 2 sided).

13 (11%) had an appointment scheduled for telehealth
but were unable to complete outcomes due to sensory or
CI, 10 (8%) declined to be referred for follow-up on dis-
charge from hospital, 38 (32%) had changed address
(most often into residential care) and could not be offered
an appointment and reasons for non-attendance for
11 (9%) participants could not be determined. The
planned six-month outcomes and biomarker analysis
were not performed because of limited data.

In a post-hoc analysis length of stay in the acute hos-
pital was analyzed. Median length of stay for the Placebo
group was 10 days (IQR 6, 16) and for the intervention
9 days (4, 12) (Wilcoxon Ranksum p = 0.033).

DISCUSSION

This RCT provided no evidence to support the hypothesis
that Melatonin 5 mg immediate release nightly for five

nights reduces the severity of delirium by three or more
points on the MDAS. This may be due to (i) no effect of
Melatonin immediate release on the severity of delirium;
(ii) a smaller effect than anticipated; (iii) an effect not
captured on a multidimensional delirium assessment
scale; (iv) an effect on a subset of the study population or
(v) a type 11 statistical error.

This study adds to the literature regarding Melatonin
and delirium. Case reports of treatment of delirium with
Melatonin have been published.'” There have been three
studies of melatonin prophylaxis for delirium that indicate
the effect of melatonin on delirium. In a trial of 0.5 mg
Melatonin in medical inpatients, Melatonin prophylaxis
was successful but Melatonin did not change delirium
severity.?® Sultan et al. compared open label 5 mg melato-
nin versus clonidine, no treatment, or midazolam in older
adults undergoing emergency and elective hip arthroplasty
and reported reduced delirium incidence and decreased
severity though this was not evaluated with a validated
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scale.”! However, 3 mg for prophylaxis of delirium with
fractured neck of femur repair improved neither frequency
or severity, though the length of stay was shorter.”> One
RCT of 1 mg Melatonin pre-elective hip arthroplasty and
for 5 days post-operatively suggested a reduction in post-
operative cognitive decline, though delirium was not diag-
nosed using any validated tools.”> A RCT of 8 mg of ramel-
teon (a Melatonin-receptor agonist) for 7 days was also
effective in reducing the incidence of delirium by DSM-IV
criteria, though it had no impact on delirium severity if
developed.”* Thus, prior to this study, the literature held
no definitive evidence of the effect of Melatonergic agents
in reducing pre-existing delirium severity.

This trial does not provide evidence to refute the null
hypothesis that Melatonin does not reduce delirium sever-
ity on the MDAS by three or more points in older inpa-
tients with delirium. Our pilot trial found 120 participants
would have 90% power to demonstrate a statistically sig-
nificant outcome. In this trial, recruitment was achieved,
and dropout as expected, suggesting against a Type 2 error
as a cause of our observation of no difference in the
groups, however, the variance of the outcome was larger
in this trial than the pilot, that may have contributed to a
Type 2 error. The margin of three points on the MDAS
was derived from studies of antipsychotic agents in delir-
ium.”® It may be that Melatonin has an effect on delirium
severity that is less than three points on average. This
study does not provide evidence against that hypothesis
and that should be studied in future studies.

The MDAS is a multi-dimensional delirium assessment
scale with elements of cognition, psychomotor arousal, psy-
chiatric symptoms, and sleep. The effect of Melatonin may
be on some or one of these components resulting in no sig-
nificant effect overall. On exploratory analysis, we found
sleep subscales were improved and length of stay suggested
an improvement in the intervention group. These findings
align with previous studies reporting an effect of Melatonin
on length of stay in delirious patients in different clinical
settings, (e.g., cardiac and intensive care units).”>*” These
should be regarded as hypothesis-generating.

We hypothesized that if Melatonin changed the
course of delirium, it may also ameliorate late conse-
quences such as CI. Due to frequent loss to follow-up at
the 6-month follow-up appointment, we were unable to
examine these outcomes. This highlights the difficulties
in studying this population, and the malign and serious
sequelae of the presentation. This should encourage fur-
ther study to intervene on these late consequences.

Strengths of this trial include enrollment in an ethni-
cally, culturally, and economically diverse community, rig-
orous randomization and blinding, pragmatic inclusion and
exclusion criteria, well-matched intervention groups includ-
ing cognitively impaired participants, prompt recruitment

with an acceptable ratio of enrollment to exclusion, infre-
quent drop-outs due to adverse events, and the use of well-
validated study outcomes. Of note, exclusion due to surro-
gate decision maker declining consent was low: 39%.

Limitations of the trial include; single site enrollment;
no selection for acute precipitants or underlying predisposi-
tions; participants unable to communicate excluded; the
hypothesized effect was large; surgical patients were
excluded, and the intervention was brief. Few participants
lived in residential care. Physiological Melatonin secretion
has a large peak after dusk then a slow reduction to dawn.*®
Melatonin immediate release preparations are rapidly
absorbed, producing higher than physiological levels for a
shorter period, with metabolism highly variable and influ-
enced by sex.””* Therefore this study may have been lim-
ited by the non-physiological levels of Melatonin.

In summary, this study does not support the clinical
use of Melatonin in older inpatients to reduce delirium
severity. There were several limitations that might have
affected the potential to demonstrate a benefit; these
should be the focus of future research. Promising future
avenues include different doses and/or release prepara-
tions, individualized dosing, larger trials to detect smaller
effects, and focus on specific outcomes within delirium.
Further study to define the potential role of Melatonin in
the treatment of delirium is required before suggesting
adoption or abandoning this approach.
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