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ABSTRACT

Introduction: Patients with cancer may have many complications involving their
psychosomatic systems, such as sleep disturbance, depression, and anxiety. Thus, many
research studies were conducted to reduce these complications. Zolpidem, as a short-term
non-benzodiazepine treatment of insomnia, and melatonin as a chronobiological function-
regulatory hormone, are commonly used for improving sleep quality. This randomized clinical
trial aims to compare the effects of zolpidem and melatonin on sleep quality, depression, and
anxiety in patients with colorectal cancer.

Methods: In this single-blinded trial, 90 patients with colorectal cancer undergoing
chemotherapy who had obtained a score of 5 or higher on the Pittsburgh Sleep Quality Index
(PSQI) were randomly divided into two groups (n=45). One group was treated with 10 mg
zolpidem at bedtime, and the other group received 6 mg melatonin at bedtime for 30 days.
PSQI on weeks 0, 4, 8, Groningen sleep quality scale, Hamilton rating scale for depression, and
Hamilton anxiety rating scale questionnaires were performed to assess patients on weeks 0, 4,
and 8. The outcome was then analyzed, and P<0.05 was considered statistically significant.

Results: Both zolpidem and melatonin had significant impacts on sleep quality in week 4
(P<0.05). After stopping the treatments, the conditions were noticeably reversed on week 8
(P<0.05). Zolpidem and melatonin were relatively similar in affecting sleep duration, latency,
efficiency, and disturbance. None of the two study medications had any considerable influence
on anxiety and depression.

Conclusion: Melatonin and zolpidem are promising agents for treating sleep complications
and, to some extent, depression, and anxiety in cancer patients, according to the present study.
However, further clinical trials are recommended to confirm the results of this study.
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Highlights
e Melatonin and zolpidem are promising agents for treating sleep complications.

e None of the two study medications had any considerable influence on anxiety and depression.

Plain Language Summary

Sleep disorders, depression and anxiety are some of most common psychosomatic complications in patients with
cancer. So many research studies were conducted to reduce these complications. Zolpidem is a non-benzodiazepine
sleep aid medicine, and melatonin as an endogenous hormone , are commonly used for improving sleep quality. In
thissingle blinded randomized clinical trial, the authers aim to compare the effect of zolpidem and melatonin on sleep
quality, depression and anxiety in patients with colorectal cancer. in this study 90 patients with colorectal cancer who
had anxiety based on Pittsburgh sleep quality index were randomly divided into two groups. The first group was
treated with 10 mg zolpidem and the second one 6mg melatonin, both at bed time for 30 days. PSQI on weeks 0, 4, 8,
Groningen sleep quality scale, Hamilton rating scale for depression, and Hamilton anxiety rating scale questionnaires
were performed to assess patients on weeks 0, 4, and 8. At the end of data analyzing, we concluded that both drugs
had significant impacts on sleep quality in week 4, and after stopping the treatment, the complication were noticeably
reserved on week 8. Both drugs had similar effect on sleep duration, latency, efficiency and disturbance. Melatonin and
zolpidem are promising agents for treating sleep complications and, to some extent, depression, and anxiety in cancer

patients, according to the present study.

1. Introduction

he World Health Organization (WHO)

report stated that cancer causes more

fatalities than coronary artery disease

or cerebrovascular accidents (Ferlay

et al., 2015). Considering recent stud-
ies, colorectal cancers, after lung, prostate, and breast
cancers, are classified as the third most common type of
cancer in men and the second most prevalent cancer in
women (Ferlay et al., 2015). The incidence of colorectal
cancer (CRC) has increased probably due to the aging
of the population and better screening methods in devel-
oped and developing countries. However, the mortality
of CRC has been decreased in the past decades, along
with the developments in treatment methods (Bretthauer,
2011; Jemal et al., 2009). Chemotherapy, which is most-
ly used as an adjuvant or palliative cure for CRC, may
cause many complications and discomfort in patients,
particularly psychosomatic problems (Ragnhammar,
Hafstrom, Nygren, & Glimelius, 2001).

Recently health care providers have become concerned
about the psychological aspects of cancer and its therapy
and conduct many investigations in this regard (Bultz

& Carlson, 2006; Holland, 1992). More than one-third
of patients with cancer suffer from comorbidities such
as feelings of disappointment, uselessness, and sadness,
as well as sleep disturbance, somatization, paranoia,
obsessive-compulsive disorder, anxiety, hostility, and de-
pression. These symptoms might be because of possible
confrontation to death, complications of the disease, and
or adverse effects of treatments (Lee, Robin Cohen, Ed-
gar, Laizner, & Gagnon, 2006; Price et al., 2009; Zab-
ora, BrintzenhofeSzoc, Curbow, Hooker, & Piantadosi,
2001). Specifically, in CRC, previous studies regarded
that 31.6% of the patients suffer from such psychoso-
matic complications (Zabora et al., 2001). It is assumed
that the physical and emotional distresses of cancer may
be a significant cause of sleep problems (Garland et al.,
2014). Sleep difficulties and insomnia are believed to be
related to other common psychological problems, includ-
ing anxiety, fatigue, and depression, and more than a half
of cancer patients suffer from such complications (Fioren-
tino, Rissling, Liu, & Ancoli-Israel, 2011; Garland et al.,
2014; Van Onselen et al., 2012). Many treatments have
been tried, such as Benzodiazepines (BZDs), anti-de-
pressants, beta-blockers, behavioral therapies, even Yoga
and meditation (Kwekkeboom, Cherwin, Lee, & Wanta,
2010; Lemoine, Garfinkel, Laudon, Nir, & Zisapel, 2011;
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Mustian et al., 2013). All of these methods have had some
beneficial effects as well as a number of adverse effects.
BZDs showed the best results among these methods ac-
cording to several studies but they also bring about light
headedness, morning drowsiness, dependency, and so on.
Meditation and relaxation, besides hypnoses (mind-body
therapy), were shown to be useful as an additional therapy
for pain, fatigue, and sleep disturbance in cancer patients.

Melatonin (MT), an indolamine hormone secreted
from the pineal gland, plays a prominent role in regu-
lating human endocrine and chronobiological function.
MT is known to have potent oncostatic, antioxidant,
anti-proliferative, immune-modulating, and endocrine-
modulating activities (Srinivasan, Spence, Pandi-Perum-
al, Trakht, & Cardinali, 2008). Long-term dysregulation
of the circadian rhythm is reported to be associated with
reduced MT secretion and also increased cancer risk;
thus, clinical research suggests possible advantages from
MT on reducing morbidities and mortalities in cancer
patients (Mills, Wu, Seely, & Guyatt, 2005). There are
discrepancies among the studies regarding the efficacy
of MT on sleep disturbances; some say it is beneficial
while others not (Buscemi et al., 2006; Ferracioli-Oda,
Qawasmi, & Bloch, 2013). MT was also reported to ef-
fectively treat anxiety and depression, particularly in
patients with cancer (Hansen et al., 2014). Zolpidem,
a non-benzodiazepine-imidazopyridine compound that
enhances GABA-A receptor function, is declared ben-
eficial in sleep induction, treatment of anxiety, and even
depressive disorders with minimal side effects, princi-
pally in chronic comorbid sleep problems (Dang, Garg,
& Rataboli, 2011).

Because sleep disturbances, anxiety, and depression
are the major complications in patients suffering from
cancers, we aimed to compare the effects of zolpidem
and melatonin on these problems in individuals suffering
from colorectal cancers undergoing chemotherapy. In
this study, we used established questionnaires for evalu-
ating the impact of treatments on sleep quality, anxiety,
and depression.

2. Materials and Methods
1.1. Patients and grouping

In this single-blind clinical trial, the participants were
patients aged >18 years suffering from colorectal can-
cer and were receiving chemotherapy between Janu-
ary 21, 2018, and March 21, 2018, at Sina Hospital,
Tehran, Iran. They were required to fill the Pittsburgh
Sleep Quality Index (PSQI) questionnaire. They were
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randomly assigned into two groups (n=45). The first
group received 2 pills of 5 mg zolpidem (Sobhan Daru,
Tehran, Iran) right before sleeping; the dosing was set
due to the best efficacy of the medicines according to
previous experiences of the authors in these patients. The
second group received 2 pills of 3 mg MT (melatonin
supplement (Nature™, USA) for 30 nights. Dosing of
MT was set according to Hansen et al. (2014). A nurse
colleague cooperated with us in pill count and giving the
medications to the participants, and the researchers were
unaware of the type of drugs given to the patients. All
the patients have filled the informed consent form before
joining the study after a comprehensive introduction to
the study protocol. They were permitted to discontinue
their cooperation at any time during the study.

1.2. Inclusion and exclusion criteria

The inclusion criteria were being 18 and over, hav-
ing any type of colorectal cancer, being under chemo-
therapy, having sleep disturbances based on PSQI score
(score > 5).

The exclusion criteria were being treated with at least
one anti-depressant, using sedative-hypnotic drugs, anti-
anxiety medications, any kind of sleep aids, having used
MT for the last one month, being pregnant, or lactating.

1.3. Data gathering and questionnaires

The participants were asked to write their demographic
information, including name, age, gender, marital status,
race, education, access number, disease, type of cancer
treatment in the beginning. The translated (Farsi) Gron-
ingen Sleep Quality Scale (GSQS), Pittsburgh sleep
quality index (PSQI), Hamilton Rating Scale for De-
pression (HRSD), and Hamilton Anxiety Rating Scale
(HARS) were used according to previously published
paper (Jafarian, Gorouhi, Taghva, & Lotfi, 2008; Mousa-
vi Malek, Zakerimoghadam, Esmaeili, & Kazemnejad,
2018; Tanner et al., 2013). To assess the appropriation
of translated entries, a consultation was done with a bi-
lingual neurologist and psychiatrist, who confirmed the
validity of the translated questionnaires. A higher score
in GSQS means a more disturbed sleep in the previous
night. GSQS ranges from 0 to 14; a score of 0-2 is con-
sidered a normal refreshing last night’s sleep, and a score
of 6 or higher classified as disturbed and insufficient
sleep. PSQI consists of 19 items, each is scored similarly
by 0-3 Likert-type scale; and has 7 components (subjec-
tive sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction) and the total score

107
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ranges from 0 to 21; a score of 5 or higher demonstrates
a disturbed sleep (Buysse, Reynolds I1I, Monk, Berman,
& Kupfer, 1989). The translated questionnaire was vali-
dated and used in previous studies (Farrahi Moghaddam,
Nakhaee, Sheibani, Garrusi, & Amirkafi, 2012; Nazifi,
Mokarami, Akbaritabar, Kalte, & Rahi, 2014). HRSD
is an observer-rating, well-established, and validated
questionnaire consisted of 17 items, including depressed
mood, guilt, suicide, insomnia, work and interests, re-
tardation, agitation, anxiety, somatization, genital, hy-
pochondriasis, insight, weight (Trajkovi¢ et al., 2011).
HARS, which is an established clinical test to rate the
severity of anxiety, involves 14 items: anxious mood,
tension, fears, insomnia, intellectual, depressed mood,
muscular, sensory, cardiovascular, respiratory, gastroin-
testinal, genitourinary, autonomic, behavior—each has a
scoring of 0-4 (Clark & Donovan, 1994; Kummer, Car-
doso, & Teixeira, 2010). In our study, the patients were
evaluated according to both HRSD and HARS by two
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independent spectators at the same time to decrease the
inter-physician variances. The final scores of the patients
were calculated as means of the scores.

During the study, on weeks 0, 4, and 8, the participants
were asked to fill the GSQS and PSQI questionnaires
to evaluate their sleep quality. These intervals were set
according to previous studies (Donovan & Jacobsen,
2007). Afterward, the individuals were requested to fill
the HRSD and HARS at the beginning of the study, then
2, 4, and 8 weeks later (Vural, Acer, & Akbas, 2008).
During the study (8 weeks), the patients were visited
regularly by a psychiatrist to be evaluated for any wors-
ening or warning signs of psychiatric problems, particu-
larly depression, to see if the treatments were sufficient.
Those who could not continue the study would be dis-
missed to be treated separately.

[ Enrollment ]

Assessed for eligibility (n=204)

Excluded (n=103)

+ Not meeting inclusion criteria (n=98,
55 sleep score, 43 other
medications)

+ Refused to participate (n=5)

A 4

Randomized (n=101)

!

v ( Allocation ] v
Allocated to intervention (melatonin) (n=50) Allocated to intervention (zolpidem) (n=51)
+ Received allocated intervention (n=50) + Received allocated intervention (n=51)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up ] v
AN J
Lost to follow-up (n=5) Lost to follow-up (n=4)
Discontinued intervention (n=0) Discontinued intervention (n=2)
v [ Analysis ] v

Analysed (n=45)
+ Excluded from analysis (n=2)

Figure 1. CONSORT flow diagram of the clinical trial

Analysed (n=45)
+ Excluded from analysis (n=2)
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1.4. Statistical methods and analysis

The data were collected and analyzed with SPSS soft-
ware version 19.0. The obtained data were exhibited
as either median or Means+Standard Deviations (SD).
GSQS, PSQI, HARS, and HRSD questionnaires were
analyzed separately regarding their instructions by two
individual experts. The 1-sample Kolmogorov-Smirnov
test tested data’s normality. The two groups were com-
pared by Fisher exact test for the primary evaluation. To
normalize the data for further analysis, a Z score of 2.5
was considered, and 6 participants, 3 from each group
was dismissed. A 2-way repeated measures analysis of
variance (2-way ANOVA) was used plus Bonferroni
post hoc test. The two groups were considered as a be-
tween-subjects factor, and the measurements were con-
sidered as the within-subjects factor. Moreover, a 1-way
ANOVA with Bonferroni post hoc test was performed
to compare the data in each group with the other at a
similar time. P-value <0.05 was considered as statisti-
cally considerable.

3. Results

In this study, as shown in Figure 1, out of 210 visited
patients, 101 individuals were randomly assigned into
two groups of 51 and 50, including the zolpidem, treated
and the MT treated groups, respectively. The treatments
were administered until week 4 of the study (day 30),
and patients were followed up till week 8. From zolpi-
dem and MT treated groups, 6 and 5 participants were
lost on follow-ups or were excluded. The demographic
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characteristics are shown in Table 1. Age and gender dis-
tribution were similar between the two groups.

Table 2 presents sleep quality indexes. Regarding the
PSQI results in the treatment receiving groups in week
4 had significantly lower scores compared to week 0 (P
<0.008 in both groups). Regarding the results of GSQS,
there was a significant difference in week 4 compared to
week 0 (P=0.004 in both groups). However, in both crite-
ria, the results in week 8 were not significantly different
from week 0. The outcomes of this PSQI and GSQS ques-
tionnaires showed no significant difference between the
MT and zolpidem treated groups. The outcome of HARS
and HRSD questionnaires from weeks 0, 2, 4, and 8 re-
vealed insignificant contrast between the zolpidem treat-
ed and MT treated groups (Table 3). Table 4 and Table 5
depict the most frequent side effects of the medications
and the chemotherapy regimen the patients were receiv-
ing, respectively. There was no considerable difference
between the two groups regarding these variants.

4. Discussion

Sleep disturbance is a significant problem among pa-
tients who suffer from chronic diseases, particularly
malignancies. Reports show that more than 60% of pa-
tients with advanced cancer have sleep problems (Mer-
cadante et al., 2015). Anxiety and depression, besides
other psychological complications, are also common in
these patients. In the present randomized clinical trial,
we compared the effects of zolpidem, as a commonly-
used sleep medication, and MT, as a chronobiologic
function regulatory hormone, on sleep quality, anxiety,

Table 1. Demographic data of the groups (n=45) receiving either melatonin or zolpidem who suffer from colorectal cancer

undergoing chemotherapy*

No. MeantSD No.
Groups
Sex Age,y Marital Status Education
Married: 36 Under diploma: 2
Female: 22
Single: 5 Diploma: 15
Zolpidem 64.11+7.93
Bachelor: 23
Male: 23 Divorced: 4
PhD.: 5
Married: 33 Under diploma: 3
Female: 20
Single: 7 Diploma: 10
Melatonin 63.62+7.67
Bachelor: 28
Male: 25 Divorced: 5
PhD.: 4

* No significant difference was found comparing the demographic data between the two groups.
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Table 2. The PSQI and GSQS results comparing the effects of melatonin and zolpidem on sleep quality in patients after 30 days of treat-

ment

Mean+SD
Questionnaires Groups
Week 0 Week 4 Week 8
Melatonin 12.75%1.73 6.20+1.42* 11.95+1.46%
Pittsburgh sleep quality index
Zolpidem 12.91+1.67 4.53+1.39% 12.08+1.42%
Melatonin 2.11+0.78 0.80+0.59t 1.89+0.68t
1. Daytime dysfunction
Zolpidem 2.15+0.74 0.82+0.57% 1.98+0.75t
Melatonin 2.24+0.65 1.07+0.54* 2.18+0.65t
2. Sleep duration
Zolpidem 2.24+0.68 0.82+0.49t 2.02+0.69t
Melatonin 2.22+0.47 1.11+0.59* 2.29+0.591
3. Sleep latency
Zolpidem 2.35+0.48 0.47£0.51% 2.35+0.48t
Melatonin 2.15+0.71 0.92+0.42% 1.95+0.71
4. Subjective sleep quality
Zolpidem 2.260.65 0.80+0.46% 2.07+0.54
Melatonin 2.07+0.69 1.13+0.54* 2.02+0.62t
5. Habitual sleep efficiency
Zolpidem 2.04+0.71 0.7310.44% 2.09+0.63t
Melatonin 0.22+0.42 0.07£0.25 0.07£0.25
6.Use of sleeping medication
Zolpidem 0.20+0.41 0.04+0.21 0.07£0.25%
Melatonin 1.73+0.81 1.11+0.57* 1.56+0.72
7. Sleep disturbances
Zolpidem 1.69+0.82 0.84+0.601 1.51+0.84
Melatonin 7.0412.21 3.80+1.34* 6.47+1.91t
Groningen sleep quality scale
Zolpidem 7.58+2.09 3.00+1.24* 6.78+1.78t

tP-value<0.05 compared to the previous estimation; * P-value < 0.003 compared to the previous estimation.

and depression in patients with colorectal cancers receiv-
ing chemotherapy. Regarding sleep quality, a study by
Lemoine et al. showed that MT not only improved sleep
quality and morning alertness in old patients with insom-
nia but also had no rebound or withdrawal side effects in
these patients (Lemoine, Nir, Laudon, & Zisapel, 2007).
However, in our study, we observed a rebound effect af-
ter discontinuing MT. Nunes et al. (2008). also declared
that MT considerably improved global PSQI scores,
sleep latency, and sleep duration in patients suffering
from chronic obstructive pulmonary disease.

Hickie and Rogers (2011) reported that MT not only
improves symptoms and signs of depression but also im-
proves sleep quality and reduces the side effects of other
standard treatments in these patients. MT also brought
about a lower relapse rate than a placebo group. Using

zolpidem in sleep disturbed patients helped enhance
sleep quality regarding PSQI questionnaires outcome
and reduce anxiety in patients with essential hyperten-
sion (Huang et al., 2012). Joffe et al. (2010) reported that
zolpidem in breast cancer patients using anti-depressants
for their hot flashes improved their quality of sleep. Ac-
cording to the literature, zolpidem is rarely used alone
for the treatment of depression and anxiety disorders;
however, some scientists use it in combination with
other medications such as anti-depressants to ameliorate
the quality of sleep and thus to amend the depressive or
anxious condition of the patients (Ji et al., 2007). It is
assumed that MT imposes its anti-depressant influence
through MT1 and MT2 melatonergic-agonist and also
relatively weak SHT2C serotonin receptor antagonism
(Cardinali, Srinivasan, Brzezinski, & Brown, 2012).
There are controversies in the literature about the anxio-
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Table 3. The HRS for depression and HARS comparing the effects of melatonin and zolpidem in patients during 30 days of

treatment in both groups

Mean £SD
Questionnaires Groups
Week 0 Week 2 Week 4 Week 8
Melatonin 20.7619.81 20.4619.71 17.84+8.46 20.3349.36
Hamilton Rating Scale for Depression
Zolpidem 21.36+10.17 20.9149.54 20.3149.07 20.6049.13
Melatonin 20.91+8.26 20.71+8.03 21.0948.09 20.8748.12
Hamilton Anxiety Rating Scale
Zolpidem 20.668.23 20.628.16 20.6218.42 21.0447.89

Table 4. The main side effects of MT and zolpidem in patients with colorectal cancer undergoing chemotherapy*

Zolpidem

Melatonin

Hallucination (n=2)

Next morning Dizziness (n=12)

Fatigue (n=2)
Gastrointestinal effects (n=10)

Next morning Dizziness (n= 1)

* There was no significant difference between the two groups regarding the side effects of the medications.

lytic impacts of MT. Some, mostly animal studies, say it
is beneficial, and some, mostly human studies, say it has
no positive effects (Capuzzo et al., 2006; Papp, Litwa,
Gruca, & Mocaér, 2000).

Herein, we found that both zolpidem and MT can im-
prove sleep disturbances by affecting the sleep param-
eters, including sleep quality, sleep duration, sleep laten-
cy, sleep disorders, need for sleeping medicines, sleep
efficiency, daytime dysfunction, and also high altitude

sleep overnight. These findings are consistent with pre-
vious investigations as they declare that zolpidem and
MT both improve sleep quality measured by the PSQI
questionnaire. In our study, zolpidem and MT showed
no significant superiority over each other. However,
there were a few considerable differences between these
two medications, such as the better impact of zolpidem
on sleep latency, efficiency, duration, and disturbances.
Neither zolpidem nor MT significantly influenced anxi-

Table 5. The chemotherapy regimen in patients with colorectal cancer being treated with zolpidem or melatonin*

MeantSD
Groups Chemotherapy Regimen
Number of Chemotherapy Courses at the Beginning

FOLFOX®: 21

Zolpidem 6.5+0.93 FOLFIRI%: 23

XELOX3: 2

FOLFOX: 20

Melatonin 7.1+0.43
FOLFIRI: 25

* There was no significant difference between the two groups regarding the type of chemotherapy and the duration (P>0.05).

1. FOLFOX: Folinic acid (leucovorin), fluorouracil, oxaliplatin; 2. FOLFIRI: Folinic acid (leucovorin), fluorouracil, irinotecan; >.

XELOX: capecitabine, oxaliplatin.
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ety and depression analyzed by HARS and HSRD ques-
tionnaires, respectively.

As a limitation of this study, we can mention choos-
ing a proper dosage of melatonin for the participants.
We could obtain the dosage from previously published
papers; however, to lower the possible side effects of
the medication, we would instead select a proper dos-
age based on our previous clinical experiences on the re-
gional patients considering the differences among people
of different areas. In our study, MT showed a rebound
effect, unlike many other reports. Another limitation of
this study was the lack of a placebo group. Other pos-
sible limitations of the present study were no data about
mental status or sleep quality of patients before initiation
of treatments or diagnosis of cancer, a short period of
trial, and follow-up.

5. Conclusion

In this study, it was shown that both melatonin and zol-
pidem could help reduce sleep complications in patients
with colorectal cancer undergoing chemotherapy. These
agents have an insignificant influence on depression and
anxiety scores based on the questionnaires in these pa-
tients. However, more studies are needed, with a larger
sample size, possible side effects of these two agents,
studies using a placebo, and investigations comparing
them with other medications.
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