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Abstract: Background: Postoperative delirium is a common complication with a high morbidity rate. This study
was designed to consider the effectiveness of melatonin in prevention and treatment of postoperative delirium.
Methods: Seventy-two patients aged >60 years old with Abbreviated Mental Test (AMT) >8 scheduled for orthopedic surgery under spinal anesthesia, were randomly distributed equally to melatonin or placebo groups. In the
melatonin group, the patients were given 5 mg melatonin capsules orally the night before surgery, the night of the
operation, and two nights after the surgical operation at 9 pm. Likewise, in the placebo group, the patients received
placebo in the same times. For diagnosis of postoperative delirium, the AMT test was used before the operation and
three days after that. The Generalized estimating equations model (GEE) with logit link to Multivariate analysis was
used in the study and P<0.05 was considered statistically significant. Results: In total, 72 patients completed the
study. Thirty-three patients (45.8%) were male with a mean (SD) age 71.4 (3.6) years. On the first day after the surgery, the incidence of delirium was significantly lower in the melatonin group compared to the placebo group (22.2%
vs. 44.4%, P=0.046). On the second and third days after the surgery, the level of delirium in the melatonin group
was also significantly lower than that in the placebo one. The GEE model showed a significant interaction between
time and treatment groups. Conclusion: The findings of the study showed that melatonin prevented delirium after
the orthopedic surgeries in the elderly patients and could be useful for the patients as such.
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Introduction
Delirium, a serious disturbance in mental abilities with the main features of inattention and
global cognitive dysfunction that makes it costly and potentially fatal, affects nearly 50 percent of the elderly hospitalized per year [1].
Also, 10 to 30 percent of those hospitalized for
any reason have a chance of developing the
delirium. Prevalence of delirium in the ICU patients and cardiac patients admitted to CCUs
were 30 and 40%, respectively [2]. Causes of
delirium include drug poisoning, tumors, trauma, infection, cardiovascular disorders, metabolic disorders; and endocrine and nutritional
disorders. Risk factors for delirium include
age, gender, depression; dementia and anxiety. Blood transfusion has also been reported in

various studies as a delirium risk factor [3, 4].
Although delirium is not one of the most common complications of the orthopedic surgery, it
has received special attention in the recent
years [5-7]. Many studies have shown this complication after orthopedic surgery, especially in
the elderly patients. In other words, risk of delirium in patients older than 70 years of age
increased more than 3.78 folds than other
patients (OR 3.78; 95% CI 2.97-4.80) [8].
Patient’s health impairment and increasing
health care costs due to delayed functional
recovery and prolonged hospital stay may be
examples of postoperative delirium consequences [9]. With regard to the consequences,
prevention of delirium is of a major importance.
Circadian rhythm may be affected by sleep disorders in elderly patients, especially after surgi-
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cal operations. This can be due to degeneration of the suprachiasmatic nuclei, which
results in a decreased blood melatonin level
[10]. Moreover, it has been found that melatonin levels decrease after the surgery [11]. Sleep
disturbances result in serious physiological
consequences such as delirium which may
negatively influence the patients’ outcomes
[12]. From the aforementioned, what can be
concluded from these hypotheses is that delirium can be prevented by improving the
patient’s sleep quality. On the one hand it is
clear that the timed melatonin administration,
can be used to manage sleep disorders [13]
and on the other hand, some studies have shown that melatonin may reduce delirium [14,
15]. However, the experimental data are rather
controversial, and there is no general agreement about melatonin administration and reducing delirium. As some studies have also
suggested that melatonin levels were not significantly different in the patients with and without delirium [16, 17]. Given the inconsistencies
in these studies as well as the limited studies
in this area and to test the hypothesis that
short-term administration of oral melatonin will
reduce the incidence of postoperative delirium
in the elderly patients undergoing elective
orthopedic surgeries, this randomized controlled trial was designed. Because delirium is
more common in the elderly, this study was
performed in the elderly patients. On the other
hand, due to the nature of this study (clinical
trial) and random selection of the samples in
both groups, the effect of age was removed as
a confounding variable.
Materials and methods
The study protocol was approved both by the
Ethics Committee of the Deputy of Research
and Technology, Kashan University of Medical
Sciences (Ethics committee approval number:
IR.KAUMS.MEDNT.REC.1398.007) and by the
Iranian Clinical Trial Registry (ID number:
IRCT20190419043320N1). This double-blind,
randomized, placebo-controlled clinical trial
study was carried out between May and
November 2019 in Kashan Shahid Beheshti
hospital (affiliated to Kashan University of Medical Sciences), Kashan, Iran, to assess the
efficacy of oral melatonin in reducing delirium
in the elderly patients undergoing orthopedic
surgery under spinal anesthesia. The sample
size estimation was based on a primary out162

come of a reduction in delirium symptoms in
Fan Y et al. (2017) study [16]. Written informed
consent was taken from all the patients by an
anesthesiologist who was involved in the study.
Seventy-two patients over 60 years of age
undergoing femoral fracture surgery and knee
or hip arthroplasty were randomly recruited two
equal groups through permuted block randomization: group M (melatonin) and group P (placebo). Eligibility criteria for the study participation were age more than 60 years along with
an Abbreviated Mental Test (AMT) result more
than 8. The following exclusion criteria were
applied: a history of alcohol or psychotropic
drugs consumption, sensory disorders, including blindness and hearing loss, cognitive disorders and dementia; severe underlying diseases including severe infection, severe anemia,
seizures, stroke and cerebral hemorrhage; heart disease including acute myocardial infarction, congestive heart failure and arrhythmia,
and medications including anticonvulsants,
antihistamines, and psychotropic drugs. After
recruiting the patients, Abbreviated Mental
Test (AMT) was used to detect the delirium.
This test was performed just the day before the
surgery for all the patients and their score was
recorded. The test consists of ten questions
and each question correctly answered scores
one point. If the patients’ score was more than
8, they were randomly assigned to one of the
study groups (M) or (P). A score of less than 8
suggests cognitive impairment at the time of
testing [18]. The randomization list was computer-generated using online software (https://
www.sealedenvelope.com/simple-randomiser/
v1/lists) in blocks of 4 patients to avoid disproportionate numbers of the patients in each
group.
All the study participants included patients as
well as scientific and medical personnel which
were all blind to the group assignment. An independent person had the task of randomizing and maintaining codes and labeling the
products.
In the (M) group, the patients were given 5 mg
melatonin capsules (Now Food, Bloomingdale,
IL 60108, USA) orally just the night before the
surgery, the night of the operation and two
nights after the surgical operation at 9 pm. In
the (P) group, the patients received placebo (as
Avisel capsules) in the mentioned times. All the
patients received spinal anesthesia. Before the
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Figure 1. Consort Flow Diagram of the study.

anesthesia, the patients received 500 ml lactated ringer’s solution. Spinal anesthesia was
carried out using a 25-gauge needle after skin
prep using 10% povidone iodine prep solution.
Hyperbaric bupivacaine 0.5% (15 mg) was used
as an anesthetic solution which was administered between L4-L5 or L5-S1. All the patients
received oxygen at 5 L/min during the procedure. The patients were excluded from the
study if spinal anesthesia was not successful
or the patients underwent general anesthesia
for any reason. In both groups, bleeding was
assessed during and after surgery and appropriate fluids or transfusion was performed if
needed. Sedation was performed during the
surgery using midazolam 0.3 mg kg-1 intravenously. All patients were monitored for at least
2 hours in post anesthesia care unit and then
transferred to the ward if the conditions were
stable. For diagnosis of probable postoperative
delirium, the AMT test was used at day of operation, and three days after surgical operation
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(four days in total). The randomization codes
were opened only after the final data analysis.
Statistical analysis
The data were compared in the two groups
using Chi-square test. Multivariate analysis was
also performed using generalized estimating
equations model (GEE) with logit link. To select
the best model, deviance was used as a goodness-of-fit criterion. For statistical analyses,
SPSS statistical software (version 16.0, SPSS
Inc. Chicago, IL) was used. A P<0.05 was considered statistically significant.
Results
During the study period, a total of 105 patients
were screened. Thirty-three were excluded and
finally 72 patients were enrolled and randomized to either melatonin (no=36) or placebo
(no=36) groups (Figure 1). The demographic
and clinical characteristics of the patients in
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Table 1. Demographics and clinical characteristics in the two
groups of the study
variables

Status

Gender

Male
female
<75
≥75
Pelvis
Femur
Knee
Yes
No
Yes
No
Yes
No

Age
Type of Operation

Delirium
Day 1

Study Group
Melatonin
Placebo
16 (44.4)
17 (47.2)
20 (55.6)
19 (52.8)
29 (80.6)
28 (77.8)
7 (19.4)
8 (22.2
12 (33.3)
12 (33.3)
11 (30.6)
10 (27.8)
13 (36.1)
14 (38.9)
8 (22.2)
16 (44.4)
28 (77.8)
20 (55.6)
6 (16.7)
14 (38.9)
30 (83.3)
22 (61.1)
2 (5.6)
11 (30.6)
34 (94.4)
25 (69.4)

P Value*
0.813
0.772
0.959

0.046

time on delirium changes was
significant. In other words, the
delirium changes are not the
same over the time (P=0.012)
(Table 3). The time - group interaction was also significant
as the delirium changes. This
indicates that the delirium changes in the two treatment groups are not the same over the
time (P=0.031) (Table 3).
Discussion

The present study showed that
the incidence of delirium was
significantly lower in the melatonin-treated group every three
Delirium
0.006
Day 3
days after the surgical operation than that in the placebo
*Chi-Square test.
group. Postoperative delirium
is a major challenge for health
care providers. Elderly patients
particularly are more susceptible to postoperative delirium.
Although delirium is a multifactorial disorder after surgery, its
only definitive risk factor is
aging [19]. These findings suggest that elderly patients undergoing major surgeries have
a high rate of delirium after surgery [20]. The etiology of postoperative delirium has not
been fully understood, and the
results of previous studies
have been controversial [1].
Figure 2. Frequency of delirium in the two groups of the study in the days
Although the mechanisms beafter the surgery.
hind postoperative delirium remain unclear, potential risk fathe control groups are summarized in Table 1.
ctors for postoperative delirium have been sugThere were no statistically significant differencgested. Among the many explanations for the
es between the two groups of the study regarddevelopment of postoperative delirium, postoperative sleep disorders are more prominent
ing demographic characteristics and the type
[20, 21]. Circadian sleep disorders are also
of surgery. The incidence of delirium in the mecommon in the elderly patients after surgery
latonin-treated group was significantly lower
that appear to increase cardiovascular instabilthan that in the placebo group in all three days
ity, adversely affect the immune system, inafter the surgical operation (Table 1 and Figure
crease metabolism, and prolong recovery time.
2). However, considering the delirium incidence
These disorders are often associated with neusuch as type of the surgery and sex separately
ropsychiatric symptoms and allow the developin the subgroups of the study, there was no sigment of a common underlying pathological
nificant difference in most subgroups (Table 2).
correlate [22]. Therefore, the use of melatonin
The results of the generalized estimating equaseems to be reasonable among the various
tions model (GEE) showed that the effect of
pharmacological agents [23-26]. The results of
Delirium
Day 2
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0.035

Int J Burn Trauma 2022;12(4):161-167

Melatonin and delirium prevention in orthopedic surgery
Table 2. Frequency distribution of delirium on different days after surgery in the two groups according
to the type of surgery and patients’ gender
Variables
Type of Operation

Groups
Pelvis
Femur
Knee

Gender

Male
Female

Melatonin
Placebo
Melatonin
Placebo
Melatonin
Placebo
Melatonin
Placebo
Melatonin
Placebo

Day 1 after surgery
No (%) P value
4 (33.3) 0.041
9 (75)
2 (18.2) 0.525
3 (30)
2 (15.4) 0.410
4 (28.6)
1 (6.3)
0.019
7 (41.2)
7 (35)
0.433
9 (47.4)

Day 2 after surgery
No (%)
P value
4 (33.3)
0.102
8 (66.7)
2 (18.2)
0.525
3 (30)
0 (0)
0.077
3 (21.4)
1 (6.3)
0.041
6 (35.3)
5 (25)
0.257
8 (42.1)

Day 3 after surgery
No (%)
P value
2 (16.7)
0.083
6 (50)
0 (0)
0.119
2 (20)
0 (0)
0.077
3 (21.4)
0 (0)
0.019
5 (29.4)
2 (10)
0.095
6 (31.6)

Chi-Square test.

Table 3. Generalized estimating equations model coefficients based on logit link regarding effect of
therapeutic group variables and time of the study and their interactions
Parameter
(Intercept)
[day =3.00]
[day =2.00]
[group =1.00] * [day =3.00]
[group =1.00] * [day =2.00]
[group =1.00] * [day =1.00]

B

Std. Error

.223
.229
2.610
1.157
-2.012
1.030

.3354
.1576
.8648
.5629
.8126
.5227

95% Wald CI
Lower
Upper
-.434
.881
-.080
.538
.915
4.305
.054
2.261
-3.605
-.420
.005
2.054

Hypothesis Test*
Wald Statistics
df
Sig.
.443
1
<0.001
2.108
1
0.012
9.110
1
4.228
1
0.031
6.132
1
3.880
1

*The control group and the first day of the study were considered as baseline.

this study are in accordance with the findings
of previous works in this field. Fan Y et al.
(2017) showed that cognitive impairments of
delirium decreased after treatment with melatonin. They therefore suggested that melatonin supplements, which improve sleep quality,
could prevent or treat delirium after hip arthroplasty [16]. Sultan et al. (2010) found in the
patients undergoing arthroplasty that Melatonin
was successful in decreasing postoperative
delirium when used preoperatively. They also
showed that melatonin administration at three
nights after the surgery could cure more than
half of all the delirium patients [14]. In another
study, Al-Aama and his colleagues (2010) during a randomized clinical trial concluded that
Melatonin was associated with a lower risk of
delirium versus placebo in the elderly patients
admitted through the emergency department
to Internal Medicine in-patient services [15].
However, the findings of the current study do
not support some previous research in this
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field. In contrast to our findings, Hansen et al.
(2014) showed that melatonin increased efficacy and sleep duration but did not affect cognitive function and delirium following breast
surgery in the cancerous patients. A possible
explanation for the difference in our results
with Hansen’s finding may be due to differences in the study population, neuropsychological
tests, and the timing of cognitive tests. On the
other hand, Rikie M. Scholtens et al. (2016)
showed that there was no significant difference
between elderly patients with or without delirium who were acutely admitted for surgical
repair of a hip fracture regarding CSF melatonin
concentration levels [17]. Nevertheless, Y Wu
et al. (2014) have shown that dysregulated melatonin levels correlate with postoperative delirium and support the hypothesis that sleep disorders are associated with postoperative delirium [27]. Synthetic melatonin supplements
have been used to improve sleep quality [22].
It has also been shown that melatonin can
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improve sleep efficiency and total sleep time
using polysomnography [28]. All of that being
said, we should be cautious about the role of
melatonin in the prevention and treatment of
post-operative delirium because delirium is a
multifactorial disorder and all of the mechanisms behind it are not well understood.
Therefore, further studies on the role of melatonin in the recovery of cognitive disorders are
suggested.

gements), or non-financial interest (such as
personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript.

Finally, a number of important limitations need
to be considered. First, the numbers of patients
and controls in our study were relatively small.
Hence, the interpretation of the results should
be cautious. Second, this study was performed
on the elderly patients and the results can not
be generalized to all age groups. Third, the
present study has no long-term follow-up and
so, some patients may develop delirium after
our study period. Further study with larger sample size and longer period is recommended.
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