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Abstract

Objective: Schizophrenia is known as a severe psychiatric disorder with a broad range of clinical indications and symptoms
such as positive and negative symptoms. This study was conducted with the aim of investigating the effect of melatonin
on positive and negative symptoms of inpatients with schizophrenia.

Method: This study was conducted as a randomized placebo-controlled trial (double-blind) in the population of patients
with schizophrenia. Study samples were selected from inpatients with schizophrenia, according to the DSM-5 criteria, who
had not been diagnosed with a depressive episode of schizophrenia based on the Calgary questionnaire and who also
met the inclusion criteria. 46 patients with schizophrenia were randomly assigned to the intervention (6 mg melatonin per
day as two 3 mg pills for six weeks) and placebo groups. The positive and negative symptom scale (PANSS) was used to
assess the effect of treatment at T1 (before intervention), T2 (three weeks after beginning the intervention) and T3 (six
weeks after beginning the intervention). To check the research hypotheses, multiple comparison statistics were used by
the SPSS 22 software.

Results: The placebo and melatonin groups had no significant difference in terms of PANSS scores (negative, positive,
general and total symptom scores) at T1. Also, there was no difference in PANSS scores between the two groups at T2.
However, at T3, there was a significant difference between the two groups only in the score of negative symptoms of
PANSS (P = 0.036), so that negative symptoms of schizophrenia were significantly reduced in the intervention group
compared to the placebo group. Furthermore, based on within-group analyzes, all PANSS scores were significantly
reduced in the two groups at T2 and T3 (P < 0.05).

Conclusion: Long-term use (at least six weeks) of melatonin can improve the negative symptoms of schizophrenia. Since
antipsychotics can better affect the positive symptoms, the use of melatonin in combination with these drugs may perhaps
further improve the patients’ symptoms.
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Schizophrenia is a clinical syndrome with variable but

highly destructive  psychopathology that affects
cognition, emotion, perception, and other aspects of
behavior (1). Auditory or visual hallucinations and
delusions (positive symptoms) and disturbed speech and
thinking (negative symptoms) are among the symptoms
of this disease (2). Schizophrenia is a neurodevelopmental
disorder caused by genetic and environmental factors (3,
4). The positive and negative symptoms of the disease
interfere with a person's ability to cope with the needs of
life and lead to severe impairment in social skills and
economic and social losses throughout the patient's life
(5). Schizophrenia is a psychiatric disorder that affects
approximately 1% of the population (6, 7). Patients with
schizophrenia occupy about 50% of all psychiatric
hospital beds and constitute 16% of all psychiatric
patients receiving some form of treatment (8). Therefore,
schizophrenia is associated with a high burden of chronic
disability compared to other mental illnesses, and the
economic and social costs of this disease are
disproportionately high compared to its prevalence and
incidence (9, 10).

With the discovery of antipsychotics in early 1950s, there
was a revolution in the treatment of schizophrenia.
However, over time, it became clear that the most
important problem with typical antipsychotics is lack of
proper effectiveness on the negative symptoms of
schizophrenia (11). Also new generation antipsychotics,
except clozapine, have no significant effect on the
negative symptoms of schizophrenia (12). These drugs
mainly improve the positive symptoms of schizophrenia,
but do not significantly affect the negative symptoms,
especially cognitive and functional symptoms (13).
Therefore, negative symptoms of schizophrenia remain
an important problem that plays a vital role in patients'
disability, and the poor response of schizophrenic patients
to antipsychotics has prompted researchers to find
adjunctive therapies alongside antipsychotic treatments
(14). In addition, antipsychotics have been demonstrated
to cause serious side effects in patients, including
considerable weight gains and, thus, increased risk for
metabolic syndrome and different cardiovascular
illnesses (15).

In the last decade, exogenous melatonin supplementation
has been demonstrated to have therapeutic benefits in
schizophrenia, especially for sleep dysfunctions, due to
the substantial reduction in the endogenous secretion of
this important hormone from the pineal gland in this
disorder (16). The pineal gland of patients with
schizophrenia shows noticeable gliosis and sclerosis and
an important reduction in volume in comparison to
healthy individuals, which could elucidate the reduced
secretion of melatonin in these patients (17, 18).
Meanwhile, melatonin affects the catabolic pathway of
tryptophan through changes in cortisol levels, and thus
influences cortical cognitive functions, amygdala-related
affect, and striatal motivational processing (16).
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Therefore, the disorder in the secretion of melatonin can
be involved in the pathophysiology, etiology and
management of schizophrenia (19). However, it has been
shown that treatment by antipsychotic drugs does not
appear to alter the pattern of melatonin secretion (20). In
a 24-week clinical trial, Baandrup et al. examined the
effects of supplemental melatonin in patients with
schizophrenia or bipolar disorder, compared to the
placebo, and found no significant improvement in
patients' psychological functioning, well-being, or
cognition (21). Two recent systematic reviews showed
that adjunctive melatonin treatment in patients with
schizophrenia leads to the improvement of their sleep
quality, metabolic status and symptoms of tardive
dyskinesia (22, 23).

In general, research studies on melatonin and
schizophrenia pursue diagnostic and therapeutic goals.
Although melatonin was discovered more than 50 years
ago, research findings linking melatonin to schizophrenia
appear contradictory (17). Despite the fact that melatonin
is n drug approved by the European Medicines Agency,
investigation and evidence on its therapeutic use is very
limited in comparison to the evidence on the use of
melatonin as an indicator of schizophrenia prognosis (17,
19). In addition, the therapeutic researches conducted so
far have mainly focused on the effect of melatonin on
metabolic problems and cognitive and extrapyramidal
side effects of antipsychotics; however, its effect on
positive and negative symptoms of patients with
schizophrenia has been much less considered.
Meanwhile, improving the positive and negative
symptoms of patients can be very beneficial in controlling
the disease and its complications, as well as improving the
patients’ personal and social life. Therefore, the purpose
of this double-blind clinical trial with placebo control is
to investigate the effect of melatonin on the positive and
negative symptoms of hospitalized schizophrenia
patients.

Materials and Methods

This study was conducted as a randomized placebo-
controlled trial (double-blind) in the population of
patients with schizophrenia. All steps of this study have
been approved by the Ethics Committee of Ahvaz
Jundishapur ~ University of  Medical Sciences
(IR.AJUMS.HGOLESTAN.REC.1400.024). Also, this
study has been registered in the Iranian Registry of
Clinical Trials (IRCT20210528051416N1).

Participants

The samples were selected from patients admitted to the
psychiatric ward of Golestan Hospital affiliated to Ahvaz
University of Medical Sciences in 2021-2022, who were
diagnosed with schizophrenia based on the Structured
Clinical Interview for DSM-5 (SCID-5) (24), which is a
semi-structured interview guide for making the major
DSM-5 diagnoses. This interview was conducted by an
experienced psychiatrist. Our inclusion criteria were as
follows: (1) Adult patients in the age range of 18-65 years
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who have been treated with risperidone, (2) signing the
informed consent form by the patient's guardian to
participate in the study, (3) non-diagnosis of a depressive
episode based on Calgary Depression Scale for
Schizophrenia (CDSS) (25), (4) absence of any major
comorbid psychiatric disorders such as schizoaffective
disorder, bipolar disorder, personality disorders, anxiety
disorders, and substance use disorders, (5) not taking
typical and atypical antipsychotics (except for
risperidone), antidepressants, sodium valproate, and
lithium, (6) no history of cognitive and neurological
disorders, and (7) not receiving ECT in the current
hospitalization. Furthermore, our exclusion criteria were
as follows: (1) dissatisfaction to continue the research
project, (2) failure to adhere to research procedures and
abandoning it, (3) incidence of allergy to melatonin or any
of the placebo compounds during the study.

Based on the above criteria, 46 patients with
schizophrenia were included in the study and were
randomly assigned to the intervention (n = 23) and
placebo (n = 23) groups. Random allocation was done
using random permutation blocks with a block size of six.
For this purpose, a random list was prepared by a
statistician. The interventions used in this research were
placed in sealed envelopes based on the randomized list
by a third person according to the corresponding codes,
then assigned to each patient who entered the study. It
should be noted that in this research, based on a 20%
decrease in the average overall positive and negative
symptom scale (PANSS) score of the intervention group
compared to the placebo group at the end of the study and
referring to previous studies (26), and considering the
error level of 5% and power of 80%, the sample size in
each group was determined to be 23 people and 46 people
in total.

Procedure

At the beginning of the study, the CDSS scale was
completed by a psychiatrist for all patients to rule out
those patients with a major depressive episode. Patients
who scored less than 6 in this scale were included in the
study. Demographic information including age, gender,
duration of illness, marital status, place of residence and
education level were collected for all eligible patients.
Then, the patients were randomly divided into two
groups. Both groups of patients were treated with
risperidone as an antipsychotic at a dose of 6 to 8 mg. At
first, anticholinergic drugs were not prescribed for
patients. However, if a patient had a previous history of
drug complications and if there was a need and the
possibility for the incidence of drug complications during
the study, anticholinergics were prescribed. The
intervention group received two 3 mg melatonin tablets
30 minutes before bedtime (total of 6 mg per day). In case
of excessive sleepiness of the patient, the dose of
melatonin was reduced to 3 mg per day. In the placebo
group, in addition to risperidone, the patients received a
placebo tablet which was similar to melatonin tablets in
terms of shape, smell, taste, size and color and was

Iranian J Psychiatry 18: 2, April 2023 ijps.tums.ac.ir

Effect of Melatonin on Schizophrenia Symptoms

prepared by the Faculty of Pharmacy of Ahvaz
Jundishapur University of Medical Sciences. The use of
placebo tablets in the control group was similar to the
intervention group. The duration of the study was six
weeks and the patients received either melatonin or
placebo for six weeks according to instructions,
depending on which group they were in. The PANSS was
used as the primary outcome measure in this study to
assess the effects of melatonin treatment on schizophrenia
symptoms at T1 (before intervention), T2 (three weeks
after beginning the intervention) and T3 (six weeks after
beginning the intervention).

Primary outcome measure

The severity of positive and negative symptoms of
schizophrenia was evaluated as the primary outcome
measure in this trial. As mentioned, the PANSS was used
for this purpose. The PANSS is a psychiatric instrument
for assessing the severity of symptoms in people with
schizophrenia. It is commonly utilized in antipsychotic
treatment trials. This instrument is a seven-point Likert-
type scale that measures 30 different symptoms in patients
based on a semi-structured clinical interview and a
family/caregiver report. Seven items of this scale evaluate
negative symptoms (e.g., emotional withdrawal,
stereotyped thinking, etc.), seven items evaluate positive
symptoms (delusions, hallucinations, hostility, etc.), and
16 items evaluate general psychopathology (e.g., anxiety,
tension, depression, disorientation, etc.). According to the
research conducted by the creators of the questionnaire,
the Cronbach's alpha of the questionnaire was reported to
be 0.83, and the correlation of this scale with the scale for
the assessment of negative symptoms (SANS) was 0.58
(27). The psychometric properties of the Iranian version
of this scale are also reported to be acceptable. Two
studies in Iran obtained the Cronbach's alpha of the
PANSS as 0.80 and 0.77, and its validity was reported as
acceptable using factor analysis (26, 28).

Secondary outcome measure

The possible side effects of melatonin consumption were
evaluated in this study as the secondary outcome measure
at T2 and T3. This was done using a checklist of
melatonin side effects, which included drowsiness,
headache, abdominal cramp, irritability, daytime fatigue,
circadian rhythm disruption, and decreased alertness.

Data analysis

In this research, descriptive statistics including mean and
standard deviation for quantitative variables and
frequencies and frequency percentages for qualitative
variables along with graphs were used to describe the
research variables. The changes in the subscales of the
questionnaires were recorded separately in two
intervention and control groups. After checking the
normality of the data using the Kolmogorov-Smirnov test,
the research hypotheses were checked. Parametric
statistics (repeated measures ANOVA, t-test, chi-square)
or non-parametric tests (Friedman test, Mann-Whitney)
were used to check the research hypotheses. The
significance level of all tests is considered less than 0.05.
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All analyzes were done using SPSS version 22 statistical + 8.03 years). All participants completed the study and
software. none were excluded from the study. As shown in Table 1,

there is no significant difference between the two groups
Results in terms of baseline characteristics (P > 0.05).

Figure 1 presents the consort flow diagram of our trial. In
this work, 46 patients were studied, of which 35 (76.1%)
were men and 11 (23.9%) were women (mean age = 33.39

Assessed for eligibility (n = 135)

Excluded (n = 89)
Enrollment ~ Not meeting inclusion criteria (n = 86)
- Declined to participate (n = 2)
> Otherreasons(n = 1)

Randomized (n = 46)

v ( Allocation 1
Allocated to intervention (n = 23) JAIIocated to placebo (n = 23)
~Received allocated intervention (n = 23) - Received allocated intervention (n = 23)

Analysis 1

h 4 A 4

)

J
Analysed for intervention group (n = 23) Analysed for placebo group (n = 23)

Figure 1. Consort Flow Diagram for a Randomized Controlled Trial to Evaluate the Effects of Melatonin
on Positive and Negative Symptoms of Schizophrenia

Table 1. Baseline Characteristics of Patients with Schizophrenia in Two Intervention and Placebo

Groups
. Intervention group Placebo group }
Variables (n = 23) (n = 23) P-value
Age (mean £ SD years) 35.65 + 10.26 33.39 +8.03 0.4102
Duration of illness (mean + SD years) 7.04 +9.98 5.04 + 4.66 0.3892
Men 16 (69.6 19 (82.6
Ge(r)lder (69.6) (82.6) 0.300°
N (%) Women 7 (30.4) 4 (17.4)
Single 9 (39.1) 12 (52.2)
Marital status Married 10 (43.5) 6 (26.1) b
N (%) ) 0.666
Widowed 1(4.3) 1(4.3)
Divorced 3(13) 4(17.4)
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Place of residence Urban
N (%) Rural
llliterate
High school

Education level

N (%) High school diploma and

postgraduate diploma
Bachelor's and Master's
degrees

17 (73.9)

13 (56.5)

0.216b
6 (26.1) 10 (43.5)
1(4.3) 3(13)
11 (47.8) 12 (52.2)
11 (47.8) 7 (30.4) 0.402°
0 (0) 1(4.3)

Note: “a” indicates the use of independent samples t-test;

The study groups (placebo and melatonin) were not
significantly different from each other in terms of initial
PANSS scores at T1 (negative, positive, and total
symptom scores) (P > 0.05). Figure 2 indicates the
PANSS scores for both groups at the beginning (T1), after
the third week (T2) and after the sixth week (T3) of the
intervention period. In addition, Table 2 shows the mean
changes in PANSS scores for each group (6th Week —
Baseline or T3 — T1). There was no difference in PANSS
scores between the placebo and melatonin groups at T2.
However, at T3, there was a significant difference
between the two groups only in the score of negative

b” indicates the use of chi-square test.

symptoms of PANSS (P = 0.036), so that negative
symptoms of schizophrenia were significantly reduced in
the intervention group compared to the placebo group. As
shown in Table 2, the mean change in negative symptoms
in the melatonin group is significantly higher than the
placebo group (P = 0.032, Cohen’s D = 0.65). However,
there was no significant difference between the two
groups in the mean change of other scores (P > 0.05).
Furthermore, based on within-group analyzes, all PANSS
scores showed a significant reduction in the two groups at
T2 and T3 (P < 0.05).

Negative Symptoms Positive Symptoms
++®-+Placebo --®-- Melatonin ++®:+Placebo :+®-- Melatonin
24
26
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Figure 2. Changes in the Positive and Negative Symptom Scale (PANSS) Scores in the Intervention
Group Receiving Melatonin Compared to the Placebo Group through Repeated Measures Analysis of
Variance. * Indicates a Significant Difference between the Two Groups (P < 0.05)
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Table 2. Comparison of Mean Change (6th Week - Baseline) of Positive and Negative Symptom Scale
(PANSS) Scores in Patients with Schizophrenia Receiving Melatonin or Placebo

Mean change (T3 - T1)

Variables for intervention group

Mean change
(T3 -T1) for placebo

Mean P-value

difference (t-statisticy Cconen’sP

(n=23) group (n =23)
Negative symptoms -7.09£4.03 -3.39£6.97 3.70 0.032 (2.204)* 0.65
Positive symptoms -11.56 £ 6.09 -10.00 £ 6.24 1.56 0.395 (0.858) 0.25
General psychopathology -15.00 £ 7.92 -12.35+8.83 2.65 0.289 (1.071) 0.31
PANSS total score -33.65 £ 13.63 -25.74 £ 21.60 7.91 0.144 (1.485) 0.43

T1 = before intervention at baseline, T3 = six weeks after beginning the intervention.

At T2, a total of 22 patients in the two groups exhibited
drug side effects. The most common side effect was
drowsiness with 9 cases (19.6%). Also, at T3, 13 patients
were observed in the two groups with drug side effects.
The most common side effect was abdominal cramp with
4 cases (8.7%). Figure 3 shows the frequency of each
medication side effect for each of the intervention and
placebo groups at T2 and T3 measurement times. As

shown, there was a significant difference between the two
groups in terms of daytime fatigue at T2, so that five
patients in the melatonin group showed this side effect,
but none of the patients in the placebo group had such a
side effect at this time. However, in general, none of the
reported side effects were of high severity and did not lead
to drug discontinuation for any of the patients.

N

=

Abdominal
cramp

Drowsiness Headache

Irritability Daytime

Side-Effects

® Melatonin m Placebo

2 22 2 2 22
1 1 1 1 1 1 1
OI 00 0 IO 00 IO 00 IO
0

Third Sixth  Third  Sixth  Third  Sixth  Third

Sixth  Third Sixth  Third Sixth  Third  Sixth

Circadian rhythm Decreased
fatigue disruption alertness

Figure 3. Frequency Distribution of Side Effects Observed in the Third and Sixth Weeks after Starting
the Treatment with Melatonin or Placebo in Patients with Schizophrenia

Discussion

In the current research, we assessed the effect of
melatonin on positive and negative symptoms of patients
with schizophrenia. Our results showed that melatonin
can alleviate the negative symptoms of schizophrenia by
33.5% after six weeks of treatment without serious side
effects, and this improvement was statistically significant
compared to the placebo. Although few studies have been
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conducted on the effects of melatonin on the main
symptoms of schizophrenia and most of them are animal
studies, their results are almost in line with the present
study and demonstrate the antipsychotic effects of
melatonin in patients with schizophrenia (26, 27, 29).
Previous studies showed that the level of melatonin and
the circadian rhythm are significantly reduced in patients
with schizophrenia, and the adjunctive use of melatonin
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in schizophrenia can lead to antipsychotic effects through
its anti-inflammatory and antioxidant effects (17).
Considering that one of the etiological hypotheses of
schizophrenia is the role of oxidative stress (30),
melatonin can affect the treatment of schizophrenia
symptoms from different aspects due to its anti-oxidative
properties (31).

One of the early mechanisms of action of melatonin was
associated with its hypnogenic properties (32). In
addition, melatonin has also resynchronizing mechanisms
(33). Most of melatonin's actions are mediated via its
interaction with certain membrane-bound MT1 and MT2
receptors (34). Although these receptors have been the
subject of research for many years, they are still poorly
understood. Furthermore, it has been hypothesized that
abnormality of the suprachiasmatic nucleus, the main
circadian pacemaker, may be involved in the pathogenesis
of schizophrenia (35). Therefore, it has been suggested
that bypassing the suprachiasmatic nucleus by oral
melatonin may correct abnormal gene expression caused
by suprachiasmatic nucleus damage and thereby improve
psychotic symptoms (36).

In a case report, Hardman and O'Mahony found that 12
weeks of melatonin treatment could improve both
positive and negative symptoms of schizophrenia in an
adult with treatment-resistant schizophrenia. They
attributed this symptom improvement to the restoration of
the physiological pattern of melatonin secretion (37).
Modabbernia et al. investigated the effectiveness of eight
weeks of melatonin treatment in improving negative and
positive symptoms of schizophrenia as well as in
preventing olanzapine-related side effects. They reported
a significant reduction in PANSS scores as well as
metabolic side effects (such as weight gain) induced by
olanzapine in the melatonin group compared to the
placebo group (26). However, while the above-mentioned
two studies have reported improvement of positive and
general symptoms in patients in addition to negative
symptoms, this study found only a significant
improvement in negative symptoms of patients as a result
of melatonin consumption. This difference could be due
to the shorter duration of our study (six weeks) compared
to the previous two studies (8 to 12 weeks).

Limitation

The limited sample size is one of the limitations of the
present study, which limits the generalizability of the
findings. However, we tried to minimize this limitation by
the proper design of the study and careful implementation
of different stages of the clinical trial. Also, not measuring
the level of melatonin serum in patients in different stages
of the study was another important limitation of this
study, which was caused by the limited research budget.

Conclusion

Based on the findings of this study, it can be concluded
that melatonin medication can be effective in improving
the negative symptoms of schizophrenic patients, without
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serious side effects, within six weeks. Also, considering
the decreasing slope of symptoms in the melatonin group,
it can be concluded that long-term use of melatonin may
be effective in improving positive and general symptoms
of schizophrenia. In addition, since antipsychotics
available in the market have a greater effect on positive
symptoms, the adjunctive use of melatonin in
combination with these drugs may result in greater
clinical improvement in patients with schizophrenia.
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