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Study Objectives: To investigate whether administration of an oral dose of 6 mg melatonin before bedtime perioperatively in breast cancer surgery could 
change sleep outcomes measured by actigraphy.
Methods: This paper reports secondary outcomes from a double-blind, placebo-controlled, randomized clinical trial where patients received 6 mg melatonin 
(n = 27) or placebo (n = 21) approximately 60 minutes before bedtime 3 nights preoperatively until at least one week postoperatively. Participants were 
monitored in the entire period with actigraphy, and were instructed to complete visual analogue scale (VAS) for sleep, and the Karolinska Sleepiness Scale 
(KSS) each morning.
Results: Administration of 6 mg oral melatonin approximately 1 hour before bedtime resulted in significantly increased sleep efficiency and reduced wake 
after sleep onset for the entire 2-week postoperative period. No other significant differences for actigraphy determined sleep outcomes or subjective outcome 
parameters in the perioperative period were found between the groups. Overall, the patients sleep outcomes were within normal ranges and no participants 
had pathological sleep disturbances.
Conclusions: Melatonin significantly changed sleep efficiency and wake after sleep onset after surgery, but had no effects on other objective sleep 
outcomes or on subjective sleep quality (VAS and KSS).
Clinical Trial Registration: The trial was registered on www.clinicaltrials.gov (NCT01355523) before inclusion of the first patient.
Keywords: actigraphy, sleep, melatonin, breast cancer surgery, randomized clinical trial
Citation: Madsen MT, Hansen MV, Andersen LT, Hageman I, Rasmussen LS, Bokmand S, Rosenberg J, Gögenur I. Effect of melatonin on sleep in the 
perioperative period after breast cancer surgery: a randomized, double-blind, placebo-controlled trial. J Clin Sleep Med 2016;12(2):225–233.

INTRODUCTION

Melatonin is the pineal hormone with the main function of reg-
ulating the circadian rhythm of mammals.1 As an exogenous 
supplement it has been extensively researched as a treatment 
for jetlag and insomnia.2 Recently the use of melatonin in the 
perioperative period has been reviewed3 and has shown an ef-
fect on reducing anxiety and pain. A minor effect on improv-
ing sleep has been shown in the perioperative period,3 but sleep 
was predominantly quantified via questionnaires,4–7 and only 
one study used an objective measure of actigraphy.5 In light 
of this, high quality studies with appropriate measuring tech-
niques are warranted.

Sleep disturbances are serious and overlooked problems 
in patients with cancer.8,9 A prevalence of sleep problems up 
to 80% in cancer patients has been shown.10 Patients with 
breast cancer represent a vulnerable population.11 In these 
patients, sleep disturbances are present throughout the entire 
course of cancer disease, i.e., before oncological treatment,12 
during oncological treatment,10,13 and even among breast can-
cer survivors.14,15 Sleep disturbances in patients with breast 
cancer are also present in the perioperative period.16,17 In the 
immediate postoperative period, REM sleep is reduced and 
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light sleep is increased, with a subsequent normalization two 
weeks postoperatively in patients undergoing breast cancer 
surgery.17

The primary recommended treatment of insomnia in a 
healthy population is cognitive behavioural therapy,18 which 
has also been investigated in patients with breast cancer. both 
during oncological treatment19 and in breast cancer survi-
vors.20 Although the studies have shown promising results, the 
improvements have predominantly been shown in subjective 
sleep outcomes (i.e., sleep questionnaires and diaries),13 but not 
in the objective sleep measurements (actigraphy). An interven-
tion should ideally improve both subjective and objective sleep 
outcomes (actigraphy or polysomnography).

BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep disturbances are 
severe and overlooked problems in patients with breast cancer. 
Melatonin can potentially alleviate these sleep disturbances; hence 
this study was undertaken to investigate this issue.
Study Impact: Melatonin was shown to improve objectively 
determined sleep as measured via actigraphy, which has never 
before been shown in patients with breast cancer.
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We investigated whether administration of an oral dose of 
6 mg of melatonin at bedtime before and after surgery could 
change sleep outcomes measured objectively by actigraphy. 
Furthermore, we sought to evaluate the effect of melatonin on 
subjective sleep (visual analogue scale and Karolinska Sleepi-
ness Scale).

METHODS

This is a report of secondary endpoints from a previously 
published study.21 The reporting conforms to the CONSORT 
statement.22

Design Overview
The MELODY trial23 was a randomized (1:1), double-blind, 
placebo-controlled trial with the primary outcome being the 
effect of melatonin on depressive symptoms as reported else-
where.21 Other secondary outcomes on postoperative cognitive 
dysfunction (POCD), sleep diary and VAS data have also been 
reported previously.24 Subjective sleep outcomes (sleep diary 
and VAS) were reported as summarized data in 2 periods (peri-
operative period and long-term postoperative period), which is 
different from the current paper. The study was approved by 
the Local Ethics Committee (H-4-2011-007), the Danish Medi-
cines Agency (EudraCT nr. 2010-022460-12) and the Danish 
Data Protection Agency (2007-58-0015/HEH.750.89-12) and 
was registered on www.clinicaltrials.gov (NCT01355523) be-
fore inclusion of the first patient. All participants gave oral and 
written informed consent before inclusion and the study was 
monitored by the Good Clinical Practice Unit at Copenhagen 
University Hospital.

Setting and Participants
Patients were recruited from the Department of Breast Surgery, 
Herlev Hospital, Copenhagen, Denmark. Eligible patients 
were women aged 30–75 years, scheduled for lumpectomy 
or mastectomy for breast cancer, with American Society of 
Anesthesiologists (ASA) class I-III. At the time of enrolment, 
patients were screened for signs of depression with the Major 
Depression Inventory (MDI).25 We excluded those who had 
mild, moderate or severe depression using the ICD-10 criteria. 
A further comprehensive list of exclusion criteria can be seen 
in the previously published protocol article.23 After initiation of 
the trial, the upper limit of the age criteria was raised from 70 
to 75 years on October 19, 2011, because of slow recruitment. 
Otherwise no changes were made to the inclusion or exclusion 
criteria.

Randomization and Interventions
At least 3 days before surgery, patients were assessed and 
screened for inclusion. The screening consisted of administra-
tion of the Mini Mental State Examination (MMSE),26 a neuro-
psychological test battery,27 and the MDI.25

On inclusion, patients were randomly assigned 1:1, in blocks 
of 6, to melatonin or placebo. The intervention group received 6 
mg oral melatonin daily approximately 1 h before bedtime for at 
least 3 days preoperatively until 12 weeks postoperatively. The 

control group received placebo tablets in the same time period. 
The randomization list was computer generated using dedicated 
software (http://www.randomization.com). To assure blinding, 
this procedure was completed by the hospital pharmacy, who 
received the medicine directly from Pharma Nord (Vejle, Den-
mark). The pharmacy packed the melatonin/placebo in identi-
cal, sequentially numbered, sealed boxes. The participants, the 
health care providers, the research staff, and the investigators 
assessing the outcomes were all blinded to allocation and the 
allocation sequence by taking the sequentially numbered sealed 
boxes. The melatonin/placebo was supplied by Pharma Nord, 
and the tablets and packages were physically identical.

Right after inclusion, patients wore an Actigraph (Micro 
Motionlogger sleep watch, Ambulatory Monitoring Inc., New 
York, USA) and continued to do so for the first 2 weeks post-
operatively. Patients completed a sleep diary daily in the same 
time period (data not published). Furthermore, patients re-
corded the subjective parameter of sleep using visual analogue 
scales (VAS), and the Karolinska Sleepiness Scale (KSS) ev-
ery morning.28

Outcomes and Follow-up
The primary outcome was the incidence of depressive symp-
toms, and this is reported elsewhere.21 The data in the cur-
rent paper represent secondary outcomes from the MELODY 
trial.23

Actigraphy Data
An Actigraph (Micro Motionlogger sleep watch, ambulatory 
monitoring, Inc, New York, USA) is a small wrist-worn de-
vice containing an accelerometer in the form of a piezoelectric 
transducer.29,30 The data from the accelerometer are stored on 
an internal memory in the device, which can be downloaded to 
a personal computer for analysis. On the computer, dedicated 
software ActionW 2.6 (ambulatory monitoring, Inc, New York, 
USA) can transform the accelerometer data into relevant sleep 
outcomes using the Cole-Kripke sleep algorithm.31 Before the 
analysis was performed the raw data was cleaned with data 
from the sleep and activity diaries serving as a guide to “lights 
off” (i.e. the time the patient tried to sleep) and “lights on” (the 
time the patient awakened) and when the patient was in the 
bath (the actigraph was taken off). In this way the sleep diaries 
were used to define sleep and wake periods and for filtering pe-
riods where the actigraph was not worn. The actigraph in this 
study was set in the zero crossing mode (ZCM) recommended 
for sleep analysis,29 and an epoch length of 1 min was the basis 
for the data analysis.

The actigraph was placed on the wrist of the opposite side of 
the breast to be operated on, as this ensures the highest over-
all level of accuracy. In case of bilateral mastectomy the Acti-
graph was placed on the non-dominant arm.32

As recommended by Berger et al.,33 a complete set of actigra-
phy sleep outcomes were reported to avoid selective reporting. 
Of the multiple actigraphy outcomes sleep efficiency (SE) was 
chosen as the primary sleep outcome. Sleep efficiency (SE) is 
the percentage of actual sleep while being in bed at night (total 
sleep time/time in bed). The remaining actigraphy outcomes 
were considered secondary outcomes. Time in bed (TIB) is the 
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time spent physically in bed and this is based on sleep diary 
correction of actigraphy measurements. Total sleep time (TST) 
is the duration from “lights off” to the time of awakening and 
as such is shorter than TIB. Wake after sleep onset (WASO) is 
the number of wake minutes during the sleep period after sleep 
onset. Sleep latency (SL) is the time from “lights-off” until 
the actual onset of sleep. Number of awakenings (NOA > 5 
min) is the number of awakenings with a duration ≥ 5 min 
during the sleep period. In the wake period a total of 3 actigra-
phy outcomes were reported. Number of naps (NON > 5 min) 
are the number of naps during the wake period > 5 minutes. 
Sleep time (ST) is the total number of minutes spent sleeping 
(napping) during the wake period. Wake time (WT) is the total 
number of minutes spent awake during the wake period.

The sleep data were divided into relevant time frames to 
yield meaningful information about the sleep changes in the 
perioperative period. Nights three and two before (PRE2/3) 
surgery all participants slept in their own beds, and therefore 
this time period was taken as the patient’s habitual sleep. The 
night before surgery a few patients slept in the hospital due to a 
long commute, and in addition the night before surgery can be 
associated with anxiety which can affect sleep.16 We therefore 
chose to look at sleep on the preoperative night (PRE1) as a 
separate data point. A subset of 3 patients had missing data on 
a couple of postoperative nights and last observation carried 
forward (LOCF) was used to compute the missing values. We 
chose to look at postoperative sleep in 3-day periods (i.e., post-
operative nights 1, 2, and 3 (PO123) and postoperative nights 
4, 5, and 6 (PO456), as has previously been recommended.34 
Lastly, the night before the histology answer (PREMIK) ap-
proximately 2 weeks postoperatively was analyzed as a single 
data point for the same reasons as the preoperative night.

VAS and KSS
The visual analogue scale was used to quantify subjective 
experiences of sleep. The sleep quality visual analogue scale 

(VAS, 0 mm = best possible sleep and 100 mm = worst pos-
sible sleep) was completed every morning, reflecting the previ-
ous night’s sleep.6 The Karolinska Sleepiness Scale (KSS) was 
used to assed the level of sleepiness and is a 9-point ordinal 
scale (1 = very alert and 9 = very sleepy) and was also assessed 
every morning.28 These subjective outcomes were grouped as 
the above mentioned time periods for sleep determined with 
actigraphy. The VAS data in the current publication represent 
a detailed analysis of VAS data measured in the perioperative 
period which has previously been published.24

Statistical Analysis
For statistical analyses, IBM SPSS Statistics for Windows, 
Version 20.0 (IBM Corp., Armonk, NY, USA) was used. A 
p value of ≤ 0.05 was considered statistically significant.

The sample size estimation was based on a primary out-
come of reduction in depressive symptoms.23 Due to non-
normal distribution of data, nonparametric statistics were 
used and data are presented as frequencies or median and 
range (minimum–maximum). When comparing the baseline 
characteristics of the 2 groups, Fisher exact test was used for 
binominal data and otherwise Mann-Whitney test was used. 
Comparisons in outcome parameters were made with Mann-
Whitney test. No corrections for multiple comparisons were 
applied.

RESULTS

Patients were recruited from July 2011 to December 2012. The 
CONSORT trial profile (Figure 1) shows the screening, ran-
domization, and follow-up of the patients; 27 patients were 
available for data analysis in the melatonin group and 21 in the 
placebo group.

Baseline, perioperative and demographic characteristics 
were similar between the 2 groups (Table 1), except median 

Table 1—Demographics.
Patient Characteristics Melatonin (n = 27) Placebo (n = 21)

Age (years) 51 (38–74) 59 (34–74)
BMI (kg/m2) 23.9 (18.8–43.6) 24.3 (18.4–32.9)
ASA physical status class I/II/III 18/8/1 15/6/0
Menopausal status (pre/post) 14/13 12/9
Smoker (yes/no/ex-smoker) 5/15/7 5/10/6
Duration of surgery (min) 89 (54–300) 138 (65–358)*
Duration of anaesthesia (min) 145 (100–390) 190 (109–425)*
Race (Caucasian/Hispanic/black) 27/0/0 21/0/0
Type of surgery

Mastectomy + axillary dissection + SN 1 2
Mastectomy + SN 4 2
Lumpectomy + axillary dissection + SN 6 6
Lumpectomy + SN 16 9
Bilateral lumpectomy + SN + axillary dissection 0 2

Values are frequencies or median (minimum–maximum). *Significant differences between the two groups. BMI, body mass index; ASA, American Society 
of Anesthesiologists; SN, sentinel node. 
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duration of surgery was 89 and 138 min, and duration of an-
aesthesia was 145 and 190 min in the melatonin and placebo 
groups, respectively.

Actigraphy Sleep Outcomes
When looking at the preoperative sleep outcomes PRE2/3, we 
found no significant differences for any of the reported out-
comes during the sleep period (TIB, TST, SE, WASO, NOA, 
and SL), nor during the wake period (NON, WT, and ST) 
between the groups (Table 2A). Analyzing the preopera-
tive night’s sleep (PRE1) alone, the 2 groups did not differ 
(Table 2B).

In the postoperative period (PO123 and PO456) SE was sig-
nificantly higher in the melatonin group (p = 0.016 and p = 0.007, 

respectively). On PO123 the melatonin had an SE of 96.4% 
(range: 78.4% to 100%) and the placebo group 92.5% (range: 
83.1% to 100%), corresponding to a difference of approximately 
4% (range: 0% to 21.5%). On PO456 the melatonin group had 
a SE of 96.9% (range: 85.2% to 99.8%) and the placebo group 
91.6% (range: 81.5% to 99.8%), corresponding to a difference of 
approximately 5% (range: 0.2% to 18.5%) (Table 2A). A signifi-
cantly higher SE was also found in the melatonin group on the 
PREMIK night, 97% (range: 84.7% to 100%) vs. placebo, 94% 
(range: 69.9% to 100%) (p = 0.028, Table 2B).

Furthermore, in the postoperative period (PO123 and PO456) 
WASO was significantly lower in the melatonin group (p = 0.035 
and p = 0.01, respectively), and WASO was also lower at the 
PREMIK time point (p = 0.025, Tables 2A and 2B).

Figure 1—CONSORT flow diagram.

*Age > 70–75 years = 134; ductus carcinoma in situ (DCIS) or Mb. Paget = 30; preoperative chemotherapy = 51; selective serotonin reuptake inhibitors, 
antithrombotic drug therapy, monoaminoxidase inhibitors, calcium channel blockers = 31; epilepsy = 1; know or treated sleep apnea = 1; diabetes mellitus 
treated with insulin = 4; ongoing or pervious medically treated depression or bipolar disorder = 44; known autoimmune disease = 9; severe kidney 
disease = 1; previous or other current cancer = 75; known medically treated sleep disorder = 1; daily intake of > units (1 unit= 8 g pure alcohol) = 3; 
preoperative, continues treatment with psychopharmacological drugs of any kind, opioids, anxiolytics or hypnotics = 35; predicted poor compliance (e.g. 
not fluent in native language of the country) = 12. 

**Logistics = 50; < 3 days until the day of surgery = 82; patient participating in other trials = 15.
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No other significant differences in sleep outcomes between 
the groups were found in the postoperative period (PO123 

and PO456) or PREMIK sleep period outcomes (Tables 2A 
and 2B).

Table 2A—Comparison for actigraphy parameters in breast cancer patients receiving melatonin of placebo.
PRE2/3 PO123 PO456

Placebo Melatonin p Placebo Melatonin p Placebo Melatonin p
TIB (min) 489 (399–661) 470 (391–586) 0.318 526 (312–811) 526 (406–611) 0.715 531 (416–736) 529 (421–621) 0.382

Mean 491 480  549 535  553 527  
TST (min) 428 (352–546) 440 (350–509) 0.547 443 (312–700) 480 (369–575) 0.308 459 (366–575) 324 (324–540) 0.819

Mean 431 438  456 470  460 462  
SE (%) 95.5 (85.7–99.9) 97.5 (90.5–100) 0.086 92.5 (83.1–100) 96.4 (78.4–100) 0.016* 91.6 (81.5–99.8) 96.9 (85.2–99.8) 0.007*

Mean 94.6 96.7  92.7 95.6  92 95.7  
WASO (min) 22 (1–74) 12 (0–52) 0.083 32 (0–102) 17 (0–128) 0.035* 41 (1–108) 15 (1–80) 0.01*

Mean 26 15  38 24  42 23  
NOA5 (n) 3 (1–9) 2.5 (1–6) 0.318 3 (1–7) 3 (1–11) 0.385 4 (1–8) 3 (1–8) 0.056

Mean 3 2.35  3.5 3  4 3  
SL (min) 20.5 (0–139) 18 (0–48) 0.371 16 (0–231) 21 (0–48) 0.240 25 (0–234) 15 (0–109) 0.163

Mean 28 18  27 22  38 23  
NON5 (n) 3 (0–10) 3 (0–9) 0.692 5 (0–10) 4 (1–10) 0.551 5 (1–14) 4 (1–13) 0.637

Mean 3 3  5 4  5 4  
WT (min) 834 (437–984) 869 (445–1046) 0.461 776 (442–954) 801 (551–1017) 0.115 794 (614–916) 837 (463–940) 0.059

Mean 864 875  760 814  789 823  
ST (min) 72 (4–223) 39.5 (1–115) 0.137 130 (1–414) 114 (30–380) 0.568 105 (1–226) 80 (7–380) 0.575

Mean 72 47  98 93  98 93  

Values are given as median (minimum–maximum) and mean. Placebo n = 21; Melatonin n = 27. *Significant differences between the two groups. TIB, time 
in bed; TST, total sleep time; SE, sleep efficiency; WASO, wake after sleep onset in minutes; NOA5, number of awakenings lasting 5 minutes or longer; 
SL, minutes from measurement start to sleep onset; NON5, number of naps lasting 5 minutes or longer; WT, wake time during the wake period; and ST, sleep 
time during the wake period. PRE2/3, second and third night before surgery; PO123, postoperative nights one to three; PO456, postoperative nights four to six. 

Table 2B—Comparison for actigraphy parameters in breast cancer patients receiving melatonin of placebo.
PRE1 PREMIK

Placebo Melatonin p Placebo Melatonin p
TIB (min) 431 (321–640) 406 (316–531) 0.441 511 (366–791) 501 (301–616) 0.670

Mean 430 416  517 494  
TST (min) 379 (285–593) 376 (255–450) 0.934 445 (341–569) 457 (199–583) 0.582

Mean 387 376  441 442  
SE (%) 96.9 (83.1–100) 97.7(91.3–100) 0.266 94 (69.9–100) 97 (84.7–100) 0.028*

Mean 95.3 97.0  92.1 96.0  
WASO (min) 12 (0–65) 10 (0–38) 0.318 30 (0–172) 15 (0–73) 0.025*

Mean 18 11.5  40 18  
NOA5 (n) 2 (0–6) 2 (1–5) 0.966 3 (1–12) 2 (1–9) 0.086

Mean 2 2  4 3  
SL (min) 16 (0–114) 20 (0–112) 0.303 29 (0–297) 21 (0–94) 0.934

Mean 21 26  34 26  
NON5 (n) 3 (1–9) 3 (0–13) 0.833 4 (1–13) 3 (0–11) 0.164

Mean 3.5 4  5 4  
WT (min) 910 (702–1045) 888 (709–1006) 0.533 845 (94–983) 864 (597–1071) 0.350

Mean 894 881  789 866  
ST (min) 46 (14–213) 52 (0–192) 0.655 81 (0–339)  69 (0–328) 0.350

Mean 60 69  106 80  

Values are given as median (minimum–maximum) and mean. Placebo n = 21; Melatonin n = 27. *Significant differences between the two groups. TIB, time 
in bed; TST, total sleep time; SE, sleep efficiency; WASO, wake after sleep onset in minutes; NOA5, number of awakenings lasting 5 minutes or longer; 
SL, minutes from measurement start to sleep onset; NON5, number of naps lasting 5 minutes or longer; WT, wake time during the wake period; and 
ST, sleep time during the wake period. PRE1, the night before surgery; PREMIK, the night before histology answer approximately 2 weeks after surgery.
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Visual Analogue Scale and Karolinska Sleepiness 
Scale Outcomes
For the subjectively measured parameters (sleep, pain and 
KSS) no significant differences were present between the 
melatonin and placebo groups on PRE2/3, PRE1, PO123 and 
PO456 (Tables 3A and 3B).

DISCUSSION

Administration of 6 mg oral melatonin approximately one hour 
before bedtime resulted in a significantly higher sleep effi-
ciency between the melatonin and placebo group throughout 
the first two postoperative weeks. Furthermore, the duration 
of wake after sleep onset was significantly lower in the mela-
tonin group. No other differences were found between the two 
groups for objective or subjective outcomes (VAS or KSS) in 
the perioperative period. As sleep measured by actigraphy 
was not the endpoint on which the sample size calculation was 
based, these results should be interpreted with caution. 

A recent review3 looked at randomized clinical trials in-
vestigating the use of perioperative melatonin. A total of four 
studies in this review investigated sleep in the perioperative 
period.4–7 Three studies showed a subjectively assessed sleep 
improving effect of melatonin,4,5,7 whereas one study6 failed to 
show an improvement in subjective sleep.

All studies4–7 had design limitations leading to a risk of 
bias.3 Three studies4,5,7 had incomplete outcome data, and four 
studies were at risk of selective reporting.4–7 Samarkandi et 
al.7 furthermore failed to properly define a primary outcome. 
Apart from these limitations, the studies were all randomized, 

double-blind, and placebo-controlled in different surgical pop-
ulations. A considerable difference between these studies was 
in the timing of the administration of melatonin as in three 
studies4,5,7 melatonin was administered preoperatively (night 
before surgery and 1 h before surgery), whereas in another 
study,6 melatonin was only administered on the postoperative 
nights (30 min before bedtime). In this perspective, our study 
is similar to the mentioned studies,4,5,7 as we administered at 
least three nights of preoperative melatonin. Administration of 
melatonin the night before surgery seems to be of some impor-
tance when investigating the sleep promoting effect of melato-
nin in the perioperative period.

The method chosen to quantify sleep in all four studies4–7 
was subjective sleep outcomes (VAS or sleep diary). One study5 
reported the use of actigraphy but only reported the rest-activ-
ity rhythm (r24), which is a circadian rhythm outcome and not 
a sleep outcome.33 Our results showed a significant improve-
ment in objective sleep outcomes as measured by actigraphy, 
which lasted at least 1 week postoperatively. We did not show 
this effect in the subjective sleep outcome as measured by VAS, 
which the other studies have shown. However, our study did 
not administer a pre-surgery (60 min before surgery) dose of 
melatonin and in this way differed from the other studies.4,5,7 
We, however, found a similar increase in SE which was also 
reported in the sleep diary24 from the same study population. 
Overall, subjective and objective sleep outcomes seem to de-
scribe two different dimensions of sleep.9,13 As previously rec-
ommended,9,13 both objective and subjective outcomes should 
be used to quantify sleep in a cancer population.

A bidirectional relationship exists between postoperative 
sleep and pain.35 Furthermore, patients undergoing breast 

Table 3A—Comparisons of subjective sleep quality (visual analogue scale [VAS]) and pain in the perioperative period for 
breast cancer patients.

PRE2/3 PO123 PO456
Placebo Melatonin p Placebo Melatonin p Placebo Melatonin p

Sleep (VAS) 28 (7–73) 36 (4–73) 0.318 30 (2–84) 25 (2–69) 0.547 26 (1–73) 28 (3–75) 0.975
Pain (VAS) 1 (0–53) 2 (0–53) 0.687 15 (0–63) 14 (0–64) 0.632 11 (0–68) 5 (0–76) 0.197
KSS 3 (1–8) 4 (1–8) 0.823 3 (1–7) 3 (1–7) 0.210 3 (1–8) 3 (1–7) 0.499

Values are given as median (minimum–maximum). Sleep 100 mm VAS scale, (0 mm = best possible sleep and 100 mm = worst possible sleep), Pain 
100 mm VAS scale (0 mm = no pain and 100 mm = worst conceivable pain). KSS (Karolinska Sleepiness Scale) is a 9-point ordinal scale, 1 = very 
alert and 9 very sleepy. Placebo n = 21; Melatonin n = 27. PRE2/3, second and third night before surgery; PO123, postoperative nights one to three; 
PO456, postoperative nights four to six. 

Table 3B—Comparisons of subjective sleep quality (visual analogue scale [VAS]) and pain in the perioperative period for 
breast cancer patients.

PRE1 PREMIK
Placebo Melatonin p Placebo Melatonin p

Sleep (VAS) 43 (3–92) 40 (0–96) 0.383 25 (1–100) 28 (1–78) 0.992
Pain (VAS) 26 (1–60) 22 (0–100) 1.000 10 (0–89) 8 (0–77) 0.512
KSS 4 (1–8) 4 (1–7) 0.725 3 (2–8) 3 (1–7) 0.052

Values are given as median (minimum-maximum). Sleep 100 mm VAS scale, 0 mm = best possible sleep and 100 mm = worst possible sleep), Pain 100 mm 
VAS scale (0 mm = no pain and 100 mm = worst conceivable pain). KSS (Karolinska Sleepiness Scale) is a 9-point ordinal scale, 1 = very alert and 9 very 
sleepy. Placebo n = 21; Melatonin n = 27. PRE1, the night before surgery; PREMIK, the night before histology answer approximately 2 weeks after surgery. 
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cancer surgery with preoperative disrupted sleep may experi-
ence increased postoperative pain.16 Our study showed no dif-
ference in pain preoperatively or postoperatively between the 
two groups, hence we could not show an analgesic effect of 
melatonin. Postoperative opioid use has been shown to nega-
tively affect postoperative sleep.35 Pain management in the 
current population consisted of paracetamol and ibuprofen and 
therefore our population was not exposed to the negative ef-
fect of opioids. Previous studies showing an analgesic effect of 
melatonin administered melatonin immediately preoperatively 
or postoperatively and this was not performed in the current 
study. Pain measured by VAS was not the primary outcome 
of the study and further investigation into the relationship be-
tween postoperative pain and sleep is warranted.

The dosage of melatonin used and the timing of the ad-
ministration is also of importance for its hypnotic effect. In 
the most recent update2 from 2008 (Cochrane review) doses 
of 0.5–5 mg showed similar hypnotic effects, although 5 mg 
had a more pronounced effect on the treatment of jetlag. Gen-
erally, the other studies4–6 administered doses of 5–6 mg of 
melatonin before bedtime, which was similar to our choice of 6 
mg. Samarkandi et al.7 administered varying amounts (0.1–0.5 
mg/kg) only as a pre-surgery dose. In spite of the relevant de-
sign (dose-response),7 no differences were shown between the 
various doses of melatonin. One should note that the study was 
performed in children and generally children respond stronger 
to melatonin administration than the elderly.36 With increasing 
age the endogenous production of melatonin decreases, and a 
correlation between decreased production of melatonin and in-
somnia has been reported.37 Furthermore, increased age may 
also be associated with reduced receptor sensitivity for mela-
tonin.36 All of this makes an extrapolation of results found in 
children to adults difficult and of little clinical importance to 
our study. Some evidence shows a considerable inter-individ-
ual variability of circulating melatonin and overlap between 
ages.36 Administration of 5 mg of oral melatonin results in 
supra-physiological levels of melatonin, meaning that our pop-
ulation (age range of 34–74 years) all received supra-physiolog-
ical doses. Regarding the timing of administration, the acute 
hypnotic effects of melatonin can promote sleep within 1–2 
hours.36 Therefore, the choice of administration of melatonin 1 
hour before intended bedtime seems rational.36

The studies4–7 investigating sleep in the perioperative period 
were not performed in patients undergoing breast cancer sur-
gery. The studies investigated children,7 abdominal,6 urologi-
cal,4 and gynecological5 patients undergoing different types 
of procedures. Surgery itself can cause sleep disturbances,17 
however the cancer per se is an important contributing factor 
to sleep disturbances in women with breast cancer.11 None of 
the other studies4–7 included patients with cancer, although it 
was not specifically stated that the patients explicitly under-
went benign surgery. To our knowledge our study is the first 
to investigate melatonin administration in the perioperative 
period in patients undergoing breast cancer surgery. We know 
of one other randomized clinical trial investigating melatonin 
intervention in the same diagnose population,14,15 but in breast 
cancer survivors. However, patients being categorized as 
breast cancer survivors have no ongoing oncological treatment 

and the patients were principally disease free. The studies 
mentioned14,15 investigated a 3 mg intervention administered 
before bedtime for a period of 4 months. The primary findings 
were that melatonin was tolerated with no grade 3/4 toxicity, 
and no influence on circulating estradiol, IGF-1, or IGFBP-3 
blood levels.15 More interestingly, melatonin was shown to 
improve subjective sleep quality (Pittsburgh Sleep Quality In-
dex) through a 4-month period. At baseline, 43% to 56% of 
the patients were defined as poor sleepers (i.e., PSQI > 5, not 
treatment demanding i.e., PSQI > 8); after the intervention to-
tal PSQI was reduced with 1.9 point equivalent to 1 standard 
deviation in the population.

Our intervention of 6 mg melatonin showed an improve-
ment in SE of 4% to 5% and a reduction of 15–26 min WASO 
in the postoperative period. The question is whether this is 
clinically relevant. Overall the absolute values of actigraphy 
measurement throughout the study were all within what could 
be considered normal ranges in healthy female patients of the 
same age.38 Sleep efficiency ranged from 91% to 97% and was 
never under 85%, which is an established value for pathologi-
cal sleep.38 In a descriptive sleep study17 in the same popula-
tion using polysomnography, we showed WASO to increase 
postoperatively and fall before the PO14. A similar trend was 
present in the current placebo group and WASO in the mela-
tonin group was significantly lower in the entire postoperative 
period. An absolute improvement of 4–5% SE and 15–26 min 
WASO might not seem clinically relevant, although we were 
able to show a significant effect in a study population which 
could be categorized as “good sleepers.” A possible explana-
tion for our study population being “good sleepers” may very 
well be our very strict exclusion criteria of no previous sleep 
disorder, no use of hypnotics, or no previous depression, as 
these factors could have resulted in poorer overall sleep in the 
study population. Our strict exclusion criteria made our study 
population homogeneous but made patient recruitment diffi-
cult and the external validity limited. A future trial should ap-
ply less strict inclusion criteria (e.g., no age restrictions, allow 
preoperative chemotherapy, previous depression, and other 
current cancer).

Our study has several limitations. Overall, we only included 
approximately 7% (48/703) of those assed for eligibility, and 
61% (432/703) were excluded due to exclusion criteria. The 
internal validity of our study was influenced by the distribu-
tion of dropouts; 5:1 (placebo: melatonin). We chose not to 
complete an intention-to-treat analyses due to the high rate of 
dropouts (i.e., missing data problem), which we were not able 
to solve by any type of imputation. The use of actigraphy can 
be viewed as a limitation, as it is not the golden standard of 
sleep evaluation. Polysomnography (PSG) is the golden stan-
dard; however, actigraphy has high accuracy in comparison to 
PSG,30 and we have previously shown high levels of sensitivity 
and specificity compared to (PSG) in a similar population.36 
Furthermore, contrary to PSG actigraphy is a mobile and non-
invasive methodology, and we have adhered to the guidelines 
put forth by Berger et al.33 The discontinuation of the actig-
raphy measurement is a possible risk of bias. Future studies 
should apply attention to reduce the dropout rate which could 
consist of a more intense follow-up in the ambulatory setting, 



232Journal of Clinical Sleep Medicine, Vol. 12, No. 2, 2016

Madsen MT, Hansen MV, Andersen LT et al. Melatonin and Sleep after Breast Cancer Surgery

e.g., calling the patients more extensively by phone. Further-
more, a future trial should use sleep outcomes as the basis for 
the power calculation so sleep determined by actigraphy could 
serve as the primary outcome.

Overall the use of melatonin in cancer treatment is not 
new,39 and along with the beneficial results from previous stud-
ies,14,15,21 and the non-toxic nature of melatonin,2 we believe that 
melatonin may hold a central place in the treatment of sleep 
disturbances and/or depression in patients with breast cancer.

CONCLUSION

In conclusion, the overall population’s sleep was within what 
could be considered normal sleep. We showed, however, that 
melatonin significantly changed sleep efficiency and wake af-
ter sleep onset in the two-week postoperative period as mea-
sured by actigraphy. The data presented represent secondary 
outcomes from the primary study and should therefore be in-
terpreted with caution. The results need to be verified in other 
clinical trials. Further investigations of melatonin adminis-
tered in cancer populations are warranted.

ABBRE VI ATIONS

ASA, American Society of Anesthesiologists
MDI, Major Depression Inventory
MMSE, Mini Mental State Examination
PO123, postoperative nights 1–3
PO456, postoperative nights 4–6
PRE1, preoperative night
PRE2/3, 2 and 3 nights preoperatively
PREMIK, night before histology answer
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