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Abstract

Purpose: Studies suggest that melatonin may prevent delirium, a condition of acute brain
dysfunction occurring in 20-30% of hospitalized older adults that is associated with increased
morbidity and mortality. We examined the effect of melatonin on delirium prevention in
hospitalized older adults while measuring sleep parameters as a possible underlying mechanism.

Methods: This was a randomized clinical trial measuring the impact of 3 mg of melatonin
nightly on incident delirium and both objective and subjective sleep in inpatients age = 65,
admitted to Internal Medicine wards (non-1CU). Delirium incidence was measured by bedside
nurses using the confusion assessment method (CAM). Objective sleep measurements (nighttime
sleep duration, total sleep time per 24 hours, and sleep fragmentation as determined by average
sleep bout length) were obtained via actigraphy. Subjective sleep quality was measured using the
Richards Campbell Sleep Questionnaire.

Results: Delirium occurred in 22.2% (8/36) of subjects who received melatonin vs. in 9.1%
(3/33) who received placebo (p=0.19). Melatonin did not significantly change objective or
subjective sleep measurements. Nighttime sleep duration and total sleep time did not differ
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between subjects who became delirious vs. those who did not, but delirious subjects had more
sleep fragmentation (sleep bout length 7.0+3.0 vs. 9.5+5.3 min; p=0.03).
Conclusions: Melatonin given as a nightly dose of 3mg did not prevent delirium in non-ICU

hospitalized patients, or improve subjective or objective sleep.

Keywords
delirium; sleep; melatonin

INTRODUCTION:

Delirium occurs in an estimated 20-30% of elderly patients admitted to hospital wards.
Individuals 65 and older, especially those with dementia, evidence of prior cognitive decline,
or prior neurologic insult such as stroke, are at increased risk. Major consequences of
delirium include increased in-hospital? and one-year mortality rates3, as well as worsened
neurocognitive outcomes.*® Delirious patients stay hospitalized longer’: 8, and are more
likely to discharge to a facility instead of home.® No FDA-approved therapies exist for the
treatment or prevention of delirium, although clinicians frequently prescribe antipsychotics
and anxiolytics to control associated agitation, despite data clearly demonstrating their lack
of efficacy and risk of serious side effects.10 Sleep deprivation has been hypothesized as a
cause of hospital delirium, and non-pharmacological sleep promotion efforts are part of
successful delirium prevention strategies. 11 12

Melatonin is naturally secreted by the pineal gland and serves as an important marker of the
circadian-rhythm, the body’s internal clock; levels are highest during sleep and low during
wakefulness. Commercially available melatonin is sold as a non-prescription supplement,
has a relatively safe side-effect profile and is generally considered well tolerated. Recent
evidence suggests that melatonin, given at doses ranging from 0.5 to 5 mg, and melatonin-
receptor agonists may prevent delirium.13-15 Al-Aama et al. used melatonin at a dose of 0.5
mg daily vs. placebo and reduced delirium rates substantially in elderly (age = 65)
inpatients, from 30% to 11%, respectively, as measured by the Confusion Assessment
Method (CAM).1* The mechanism of its action in delirium prevention remains unknown.
We hypothesized that the effect of melatonin on delirium prevention was due to increased
sleep duration, and we accordingly designed a randomized, double blind, placebo-controlled
trial. Specifically, our study examined the incidence of delirium using CAM in elderly ward
patients who were randomly assigned to receive either melatonin 3 mg or matching placebo
while concurrently measuring sleep duration using a wireless actigraphy device.

METHODS:
Study Design & Setting:

This was a double-blinded, randomized, placebo-controlled trial at a single, tertiary-care,
teaching hospital in La Jolla, California, conducted from November 2015 until December
2016. The Scripps Institutional Review Board (IRB) approved the study protocol prior to
initiation.
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Recruitment and Enrollment:

Eligible patients were aged 65 to 99, newly admitted to an Internal Medicine service (non-
ICU) with an expected stay of at least 48 hours beyond enrollment (determined by
“inpatient,” rather than “observation,” admission status). As we examined incident delirium,
we excluded individuals already altered or confused at admission (Specific exclusion criteria
in Supplemental Methods). Written consent was obtained from eligible subjects or their
designated power of attorney within 24-36 hours of admission.

Randomization and Intervention:

Concealed randomization utilized a four-factor randomized block design generated by a staff
statistician and was available only to the investigational drug pharmacist. All patients,
investigators, clinicians, etc. remained blinded to the intervention assignments until trial
completion and after primary data analysis. Subjects received melatonin 3 mg (chosen to
promote increased nighttime sleep duration) or a matching, lactose-containing placebo once
daily, administered by nurses at 9 pm for a maximum of 14 consecutive nights during
hospitalization. Both the melatonin and matching placebo pills were obtained from a local
compounding pharmacy.

Measurements and Outcomes:

Wrist-worn actigraphy devices (Philips Actiwatch Spectrum Plus; Philips Respironics,
Murrysville, PA) were placed on each subject at enrollment. We used the Montreal Cognitive
Assessment (MoCA) and Charlson Comorbidity Index (CCI) and Age-Adjusted CCI (ACCI)
to assess baseline cognitive function and illness, respectively.

Our primary outcome was incident delirium, measured by CAM assessments administered
twice daily by the subjects’ floor nurses (Supplemental Methods contain training details).
CAM assessment requires the presence of at least three features -- altered mentation,
inattention and either disorganized thinking or altered level of consciousness -- to be
considered positive (CAM+). Because the sensitivity of CAM16: 17 has been questioned, and
because delirium may wax and wane, we additionally considered patients who were CAM
negative (CAM-) but who developed evidence of Altered Mental Status (AMS) during
admission. We defined AMS as CAM- subjects who were either 1) CAM Feature 1
(mentation altered from baseline) positive, or 2) documented to become delirious or altered
during admission. This determination was based on physician (SJJ) review of all notes from
the medical record.

The secondary outcomes were objective and subjective measurements of sleep obtained via
actigraphy and the Richards Campbell Sleep Questionnaire (RCSQ),18 respectively.

Obijective sleep assessment — Actigraphy (Figure 1): Details on actigraphy scoring
are reported in Supplemental Methods. Actigraphy-based outcomes were as follows (details
in Supplemental Methods): 1) Average nighttime sleep (AVNS) — averaged total sleep time
within the nighttime rest interval, 2) Average Total sleep time (AvTST) — average of NS +
daytime naps in a calendar day, and 3) Sleep fragmentation — assessed using the average
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length of the sleep bout during the NS, with shorter sleep bout length suggesting more sleep
fragmentation.

Subjective sleep assessment — questionnaire.—The RCSQ was offered to subjects
every morning during study participation. Each item is scored from 0-100 mm (higher
numbers indicate better sleep responses) on a visual scale, summed and then divided by 5 to
obtain a total score.1®

Power Calculations:

A power analysis was conducted using existing literature which suggested melatonin and
MRAs reduce absolute rates of delirium by 20%.13-15 Assuming a baseline rate of delirium
of 20%, in order to have greater than 80% power (with alpha = 0.05) to detect this reported
reduction, 43 patients were required in each group after considering a 20% overall dropout
rate (leaving approximately 34 patients per group) based on 10,000 simulations.

Data Analysis and Statistics:

RESULTS:

Four analyses were conducted to fully examine the primary outcome. 1) Intention-to-treat
(ITT) analysis for all randomized subjects. Missing delirium data for the ITT analysis was
filled in using our definition of AMS, as assessed via chart review. 2) An analysis of the per-
protocol group (PPG), which excluded individuals who did not receive the study drug after
randomization, who withdrew consent, or who were transferred to the ICU and did not
continue to receive delirium assessments. 3) Since short hospitalization decreases both the
risk for delirium and the opportunity to measure its occurrence, we completed an analysis in
PPG subjects who completed at least two nights on the study before discharge. We
performed these first three analyses using CAM as the outcome measure. 4), Given the
reported low sensitivity of CAM and the results of the first 3 pre-specified analyses, we
conducted a post hoc analysis using a broader definition of delirium by combining those
who were CAM+ with those who were AMS positive (CAM- but AMS+).

Lastly, we compared the characteristics and secondary sleep outcomes in the two groups that
became delirious (the first group included only the CAM+ subjects and the second group
included the CAM+ subjects as well as those who were CAM- but AMS+) vs. those who did
not.

For details on statistical testing, please see Supplemental Methods.

Recruitment (Figure 2):

We assessed 636 patients for eligibility. Eighty-seven patients were randomized and included
in the ITT analysis, with 43 and 44 allocated to the melatonin and placebo groups,
respectively. Eighteen patients did not complete the protocol and were excluded from PPG
analysis: 12 patients did not receive their allocated intervention on the first night of the study
and were withdrawn from the intervention; 2 transferred to the ICU; 3 withdrew consent; 1
patient became CAM+ after enrollment but prior to receiving the intervention. The PPG
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cohort therefore contained 69 patients with 36 in the melatonin group and 33 in the placebo
group.

Adverse events:

One subject withdrew after experiencing nausea attributed to the study drug, which post-trial
un-blinding revealed to be melatonin.

Baseline characteristics:

Population characteristics and admission diagnoses of the ITT and PPG groups are shown
Table 1, with admission diagnoses for the ITT group reported in Supplemental Table 1.
There were no significant differences in the reported characteristics between the melatonin
and placebo groups.

Melatonin in delirium prevention:

Results for the four analyses conducted for the primary outcome are shown in Table 2. 1)
ITT analysis showed an incident CAM+ rate of 15%, with 13 subjects out of 87 becoming
CAM-+. Four subjects (9.1%) who received placebo became delirious vs. nine (20.9%) who
received melatonin (95% CI —5.2% to 28.6%, p = 0.14). Although not significant, this trend
was unexpected. 2) PPG analysis was similar - three patients (9.1%) in the placebo group vs.
eight (22.2%) in the melatonin group became CAM+ (Table 2, p = 0.19). 3) Further analysis
of the PPG excluded 19 patients with an unanticipated short stay of one night; the remaining
51 patients also did not demonstrate a difference in the incidence of CAM+ between groups
(Table 2). 4) Finally, there were eight subjects who were CAM- but who were AMS+
(CAM-/AMS+). Considering all CAM+ plus all CAM-/AMS+ subjects, there were 12
(33.3%) in the melatonin vs. 7 (21.2%) in the placebo group (P=0.29).

Consistent with prior literature, age, length of stay, and a lower MoCA score were associated
with developing delirium 19 20 (STable 2); however, even when controlling for these
variables in a conditional analysis, melatonin did not protect against delirium (STable 3).

Melatonin and sleep in the hospital — Objective measurements:

PPG subjects (Table 3) who received melatonin had an AvNS of 539.8 min compared to
492.3 min in the placebo group (95% CI, —40.5 to 135.5; p = 0.28). AvTST was 577.0 min
in the melatonin group and 536.5 min in the placebo group (95% ClI, -58.2 to 139.2;
p=0.41). Subjects had very fragmented sleep during the night, with average sleep bout
duration of 8.7 minutes for the entire cohort and 8.8 min in the melatonin group vs. 8.6 in
the placebo group (95% ClI, —2.8 to 2.4; p=0.89).

Melatonin and sleep in the hospital — Subjective assessments:

RCSQ results were not significantly different between groups (Table 3).

Sleep and delirium:

A complete analysis of the objective and subjective sleep factors associated with developing
delirium is reported in Supplemental Table 2. Although the data tended to support decreased
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sleep duration in those who became delirious, only sleep fragmentation was significantly
associated with developing delirium. When combining the CAM+ with the CAM-/AMS+
population (as done in analysis #4 above), a shorter average sleep bout length was associated
delirium (95%Cl, 0.3 to 4.7, p=0.03), with an average sleep bout length of 7.0£3.0 minutes
in those who became delirious and 9.5+5.3 minutes in those who did not. When this sleep
fragmentation finding was carried forward in a multivariable analysis that included age and
length of stay, the results were not significant (STable 4; p=0.17).

DISCUSSION:

Our study tested the efficacy of melatonin in an elderly, hospitalized population while also
examining inpatient sleep in the context of incident delirium. We did not find that 3 mg of
melatonin reduced incident delirium in non-1CU elderly patients, nor did it significantly
improve sleep duration or subjective sleep quality. While our results did not allow for an
evaluation of sleep as the underlying mechanism of melatonin in delirium prevention, we did
observe severe sleep fragmentation in the hospital.

There was not a significant difference in delirium between groups despite analyses
accounting for the 1) traditional ITT group, 2) completion of the protocol, 3) short length of
stay, and 4) a liberalized definition of delirium. Our findings differ from some,13 14 but not
all,21 prior studies of prophylactic melatonin for delirium prevention. Multiple possible
reasons exist for these differences and similarities. First, the dose, duration of use, and
timing relative to the endogenous circadian rhythm are likely important. Based on our
hypothesis of the mechanism of action of melatonin — improved sleep duration — we chose a
dose intended to improve sleep duration, rather than a smaller dose (e.g., 0.5 mg) that might
be sufficient to improve circadian rhythm entrainment.22: 23 Our negative findings are
similar to de Jonghe et al.21, who also used 3 mg. Studies using a dose of 0.5 mg 14 may
have prevented delirium via circadian effects, although personalized timing relative to the
endogenous circadian rhythm, if necessary to improve efficacy or prevent harm, is difficult.
Some studies that have shown benefit, such as Hatta et al.,1> administered medication for
seven days (comparatively, our patients had shorter LOS), suggesting melatonin or
melatonin agonists may prevent delirium in those hospitalized for longer periods of time.
For example, others have shown a benefit of melatonin or MRAs on delirium incidence in
critically ill patients who have longer LOS, or in other populations such as those undergoing
elective surgeryery.13 15 Thus, the findings in our study may not apply to all patient
populations.

Although our data conflict with other trials that suggest benefit from melatonin, the validity
of our results is bolstered by our findings that age, LOS, and the presence of MCI or
dementia were clear predictors of delirium, consistent with prior studies.1?: 20 The non-
significant trend we observed of increased delirium in the melatonin group must be
interpreted with caution. In theory, exogenous melatonin administered at inappropriate times
relative to endogenous melatonin release might be harmful. However, the overall rate of
delirium in our population is consistent with previously reported rates, and we know of no
other studies that have suggested harm. Overall, our study adds to the somewhat mixed
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results regarding melatonin in delirium prevention,24 and supports the notion that non-
pharmacological therapies remain the cornerstone of delirium prevention efforts.25: 26

While melatonin did not significantly improve sleep duration, we noted the melatonin group
averaged approximately 40 minutes more nighttime sleep vs. placebo, which is similar to
what was seen in healthy subjects given 1mg of melatonin and exposed to a simulated ICU
environment.2’ We observed substantial sleep fragmentation in this population, based on an
average nighttime sleep bout length of only ~8.7 minutes. Increased sleep fragmentation was
also associated with delirium development in the CAM+ plus CAM-/AMS+ group in a post-
hoc, univariate analysis. While others have shown severe sleep fragmentation in the ICU
(median sleep duration ~3 minutes),28-30 this has not been well-described in non-1ICU
patients. Sleep fragmentation likely occurs due to multiple non-modifiable factors, including
the individual, acute illness, unfamiliar environment, etc. However, staff-initiated
interruptions probably contribute as well. Although repeated patient interactions are required
in the management of acutely ill patients, evidence suggests that clustering nursing and
laboratory interventions can improve perceived quality without compromising care.31: 32

We acknowledge that we did not use gold-standard polysomnography in this study given that
PSG is disruptive, technically difficult and expensive. Wrist-worn actigraphy uses an
accelerometer to determine rest and activity patterns, cannot offer sleep staging information
or diagnose many sleep disorders, but can provide measures of basic sleep metrics such as
sleep duration (generally slightly overestimated) and fragmentation.33-3° It has been used in
clinical research contexts such as Alzheimer’s dementia, CHF, cancer survivors, traumatic
brain injury, and limited use in the inpatient setting.36-42

While the RCSQ has not been validated in those with MCI or dementia, which are
frequently encountered in hospitalized older patients, it is one of the few validated
assessments measuring overnight sleep (not baseline sleep health), and has been used by
others in delirium-related studies.12 Subjects reported subjectively poor sleep (average score
range 49-76 mm, lower scores suggesting decreased perceived sleep quality), but scores
were slightly better than those obtained from ICU patients (reported averages 45-55 mm).
12,28, 43 The melatonin group had non-significantly higher scores on all RCSQ items when
compared to the placebo group, but again, with no improvement in delirium which is
consistent with results from Kamdar et al.12 Our data reinforce the need for objective sleep
measurements in the hospital.

Limitations in this study include a single-center site and a number of patients who did not
receive the allocated intervention. Nevertheless, we remain adequately powered for our
primary outcome based on pre-specified power analysis. We did not use gold-standard
neuropsychiatric assessments of delirium, but rather relied on CAM administered by bedside
clinicians trained in its use.** Although we did not assess for inter-rater reliability or
assessment timing, we undertook substantial training and provided information in written
form to support bedside assessments, which may not be feasible in a non-research setting.
There are concerns about sensitivity with use of CAM,17. 4. 46 which is why we performed a
rigorous chart review to assess for evidence of altered mental status despite CAM-
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measurements. Regardless, this did not impact the study results, and delirium prevalence in
our cohort matched other published data.

In conclusion, melatonin 3 mg administered to newly admitted elderly patients did not
prevent delirium, nor did it improve subjective or objective measures of sleep. Sleep
fragmentation was substantial in this population and requires further study to determine if
important in delirium pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Actigraphy analysis methods and terms.
Vertical lines represent the activity count in a 15 second epoch. Red markers at base of

actigraphy bars represent epochs scored as awake by the software/algorithm. Light channel
(yellow) removed from panels B and C in order to demonstrate activity patterns. A.
Hospitalized adult with long sleep bouts. Rest intervals (light blue background) are
determined by the scorer, using decreased activity levels and light level changes, as periods
where the subject is likely to be sleeping/trying to sleep. Sleep bouts within the rest interval
are determined by the software’s algorithm which scores sleep or wake based on activity
count thresholds in a particular epoch and multiple surrounding epochs; the sum total of
these sleep bouts give the total duration of sleep within a particular interval. Please note the
clear changes in activity level between daytime and nighttime, and also the minimal amount
of wrist activity during sleep for this individual. B. Hospitalized adult with short sleep
bouts. Here, sleep within the rest interval is characterized by multiple short sleep bouts
(examples shown with arrows in this panel), suggesting substantial sleep fragmentation. C.
Acutely ill, hospitalized adult with CAM+ delirium. This individual was noted to become
delirious overnight. Note the increased and prolonged activity during the night as well as the
lack of sleep. Daytime rest periods = 30 minutes were designated as naptime rest intervals;
naps were summed together with the NS to determine the total sleep time (TST) for a 24-
hour period. Gray area in this panel is time prior to the start of the device’s recording.
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634 Assessed for eligibility

547 Excluded
456 Did not met criteria

84 Declined participation

Figure 2. Participant Flow Diagram.
Of the 634 patients for eligibility, 456 individuals met exclusion criteria: 46.5% of patients

were not expected to stay more than 2 nights, 15.1% had AMS on admission or prior to
enrollment, 6.1% were NPO/unable to swallow, 5.0% were already on a scheduled
antipsychotic medication, 4.1% could not consent due to a language barrier, 4.1% were
excluded based on the request of the attending physician, 3.7% had cirrhosis, 2.8% had an
existing seizure disorder, and the remaining patients were excluded for other reasons (e.g.
known brain tumors, transfer to a different service, last 48 hours of life, etc.). 84 patients

7 Other
ITT grou
87 group
Randomized
I
43 Allocated to melatonin 44 Allocated to placebo
39 Received allocated 36 Received allocated
intervention intervention
4 Did not receive 8 Did not receive
allocated intervention allocated intervention
1 Transferred to ICU 1 Transferred to ICU
1 Withdrew consent 2 Withdrew consent
- - PPG
37 Analyzed 33 Analyzed
1 excluded from analysis 0 Excluded from analysis
(CAM+ before 15t dose of
intervention)
PPGw/ 2
27 with stay 2 2 nights 24 with stay 2 2 nights 2 nights
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declined participation after investigators discussed the study with them. There were 7
patients who enrolled but were not assigned to receive medication due to pharmacy error,
unexpected discharge, or transfer to the ICU before the subject could be randomized. 87
patients were randomized; however, 12 subjects did not receive the allocated intervention
due to the following: 2 individuals had difficulty with swallowing at time of medication
administration, 1 patient wanted a stronger sleeping medication, 3 withdrew consent, there
were 1 nursing errors in giving the patient medication, 2 consulting surgeons did not want
the patient to receive the medication, and the remaining 3 were pharmacy errors related to
dispensing the medication. 69 subjects were included in the final per-protocol group (PPG).
ITT = intention-to-treat. CAM = Confusion Assessment Method.
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Baseline Characteristics of the Patients in Per-Protocol Group
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Intention-to-Treat

|
Characteristic Melatonin Placebo | Placebo
(N=43) (N = 44) (N=33)
Female Sex  no. (%) 25 (58.1) | 29 (65.9) | 21 (63.6)
Age (+SD) 81.2+7.3 | 80.1+8.3 | 79.947.9
Race or ethnic group — no. (%) | |
White 40 (93.0) | 40 (90.9) | 29 (87.9)
Underwent an Operation — no (%) 8 (18.6) | 12 (27.3) 8(24.2)

Median Length of Stay (LOS) — days (IQR)

3.0 (2.0t05.0) | 3.0 (2.0 t0 4.0) | 3(2.0t05.0)

3.0 (2.0 t0 4.0)

Charlson Comorbidity Index (+SD)

2.7%2.0 | 2.4+19

2417

Age-Adjusted Charlson Comorbidity Index (+SD)

6.4+2.4 | 6.0+2.2

6.0+2.1

Montreal Cognitive Assessment (+SD)

22.2+6.1 | 22.1+4.4

22.0+4.4

Intention-to-treat and Per-protocol group baseline characteristics. Demographic information included gender, age, race, operative/non-
operative reason for admission, and length of stay. Additionally, we examined the baseline comorbidities of the patients, their baseline cognitive
function, as well as the presence of insomnia. For context, a Charslon Comorbidity Index of 3 corresponds to a 77% estimated 10-year survival; the
age-adjusted Charlson Comorbidity Index adds an additional point for ever decade of life >50. Accordingly, a score of 6 corresponds to a 2%
estimated10-year survival. using the Charlson Comorbidity Index and the age-adjusted Charlson Comorbidity Index. A score of > 26 on the
Montreal Cognitive Assessment is considered normal, while a score between 22-26 generally indicates mild cognitive impairment. IQR =

Interquartile range. SD = standard deviation.
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Primary Outcome — Four analyses of delirium incidence
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Group Delirium Measurement Melatonin
1 07T CAM 9/43
CAMH+/N in group (%) (22.2)
2 PPG CAM 8/36
CAM+/N in group (%) (22.2)
3 PPG- CAM 6/27
>2nts CAM+/N in group (%) (22.2)
4 PPG-
Expanded CAM+ and CAM-/AMS+ 12/36

delirium CAM+, plus AMS+/N in group (%) (33.3)

Placebo

444
(9.1)

3/33
(9.1)

2/24
(83)

7/33
(21.2)

Relative Risk
2.3

24

1.6

2.7

(95%CI) P
(08106.9) 0.4

(0.7t08.4) 0.16

(0.7t03.4) 027

(0610120) 0.20

Analysis of delirium incidence. Delirium incidence was examined in four separate analyses. In analysis 1-3, the ITT and per-protocol groups were

examined for delirium incidence using only the CAM assessments, with the 3rd analysis including only those in the PPG who completed at least 2

nights of the study. The 4th analysis was also completed in the PPG using an expanded definition of delirium which included those who were CAM
+ as well as those who were CAM- but AMS+. No difference in delirium incidence was found between subjects who received melatonin vs.
placebo groups in any method of analysis. Relative risk of < 1.0 suggests benefit of melatonin, while greater than >1.0 suggests harm. ITT =
intention-to-treat; PPG = per-protocol group. (those who completed the protocol); CAM = Confusion Assessment Method; AMS = Altered mental

status.
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Table 3.

Secondary Outcome — Sleep Characteristics in Per-Protocol Group

Variable Melatonin Placebo (95% CI) P
(N=36) (N=33)

Objective sleep — Actigraphy Measurements

Average Nighttime Sleep - minutes (£SD) | 539.8+134.8 | 492.3+194.4 | (-41.9t0 136.8) | 0.29
Average Total Sleep Time 577.0+169.1 | 536.5+203.3 | (-58.2t0139.2) | 0.41
(minutes)

Average length of nighttime sleep bout (minutes) | 8.6+5.6 | 8.8+3.9 | (-2.8t02.4) | 0.89

Subjective Sleep — RCSQ Answers

RCSQ - Total (sleep efficiency index) | 71.4 | 63.6 | (-3.9t0 19.5) | 0.19

Question 1 (sleep 57.1£32.5 49.2+30.7 (-8.7 t0 24.5) 0.34
depth) — mm (xSD)

Question 2 (falling 72.2424.9 63.0+20.8 (-5.7t024.1) 0.22
asleep) — mm (xSD)

Question 3 (number 76.2422.1 62.9+29.5 (-0.5t027.1) 0.06
of awakenings) — mm (xSD)

Question 4 (% of 72.9£27.0 57.3+33.4 (-0.3t0 31.6) 0.05
time awake) — mm (£SD)

Question 5 (sleep 66.1+29.5 62.6+30.6 (-12.4t019.5) | 0.66
quality) - mm (£SD)

Objective and subjective sleep results. Both objective and subjective sleep characteristics were calculated for the per-protocol group and

compared between the two arms.
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