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The objective of our study was to determine the effect of melatonin administration on atypical antipsychotic-induced metabolic
adverse effects in patients with psychiatric disorders. A systematic search was performed in PUBMED, Cochrane Library,
Scopus, Web of Science, and EBSCOhost electronic databases. Randomized controlled trials studying the effect of melatonin on
antipsychotic-induced metabolic adverse effects were identified and subjected to meta-analysis. Four studies were included in the
meta-analysis, including 57 patients on melatonin and 61 patients on placebo. Melatonin produced a significant decrease in the
diastolic blood pressure compared with placebo (mean difference = −4.44 [95% CI, −7.00 to −1.88]; 𝑝 = 0.0007; 𝐼2 = 13%), but not
the systolic blood pressure (mean difference = −4.23 [95% CI, −8.11 to −0.36]; 𝑝 = 0.03; 𝐼2 = 0%). Although a decrease in the body
mass index was seen in the melatonin group, the difference was not significant in the random-effects analysis model. To conclude,
in patients on atypical antipsychotics, melatonin at a dose of up to 5mg/day for a treatment duration of up to 12 weeks attenuated
the rise in diastolic blood pressure compared with placebo but had no significant effects on other metabolic parameters.

1. Introduction

Atypical antipsychotics are a widely prescribed group of
psychotropic drugs. While having distinct advantages over
the conventional antipsychotics, they are associated with
metabolic adverse effects such as obesity, hyperglycemia,
and dyslipidemia [1–3]. Since a large number of patients on
atypical antipsychotics are likely to be children and young
adults, these metabolic adverse effects can lead to significant
morbidity andmortality over the long term, although the link
between the use of antipsychotics and mortality is not well
established [4–7]. One of the proposed mechanisms for the
development of the metabolic adverse effects is a decrease in
the plasma melatonin levels [8]. Melatonin, a pineal gland
hormone, is involved in the regulation of several biological
functions. Decreased melatonin activity is linked with the
metabolic syndrome (MS) owing to the disturbed circadian
rhythm as well as a decrease in the direct actions, such
as antioxidant, neuroprotective, and immunomodulatory

effects [9]. Hence, melatonin supplementation is being eval-
uated as a therapeutic option in MS, largely relying on the
evidence from preclinical studies [8, 10]. Patients suffering
from psychotic, depressive, and bipolar disorders are known
to have a higher risk of MS [11]. Use of atypical antipsychotics
tends to further magnify the risk. There is preliminary
evidence from preclinical studies that atypical antipsychotics
may lower the levels of circulating melatonin, although this
has not been established in human studies [8, 12]. Hence, use
of melatonin has been proposed to attenuate the metabolic
adverse effects of atypical antipsychotics.

Owing to the long-term consequences of the metabolic
adverse effects, even a partial attenuation of these by admin-
istration of melatonin may confer significant benefits to
the patients. Wang et al. [13] have carried out a systematic
review of the role of melatonin and melatonin agonists in
counteracting antipsychotic-induced metabolic side effects.
However, they did not perform a meta-analysis, and they
included a study on ramelteon, a melatonin receptor agonist.
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An additional study has been published subsequent to the
review by Wang et al. which we have included in our
meta-analysis [14]. While the effects of melatonin receptor
agonists mimic that of melatonin, the latter also has several
non-receptor mediated mechanisms, and their biological
effects may not be the same [15]. Hence, we limited our
meta-analysis to randomized controlled trials of melatonin
to determine its effect on antipsychotic-induced metabolic
adverse effects in patients with psychiatric disorders.

2. Methods

The meta-analysis was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.

2.1. Selection of Studies. Both the authors searched the fol-
lowing electronic databases: PUBMED, Cochrane Library,
Scopus, Web of Science, and EBSCOhost. We developed a
detailed search strategy for the PUBMEDelectronic database,
and the same was adapted, with suitable modifications,
for searching other databases. The MeSH terms and the
keywords used for the PUBMED search included, but were
not limited to, melatonin, schizophrenia, bipolar disorder,
psychosis, antipsychotics, body mass index, body weight,
cholesterol, triglycerides, dyslipidemias, LDL, HDL, and
fasting glucose. We searched for gray literature, conference
abstracts, and related articles in Google Scholar. We also
searched the references listed in the selected articles for any
relevant citations.There were no language or time limitations
included in the search. The search included all articles
published in the respective database from inception untilMay
20, 2017.

2.2. Inclusion and Exclusion Criteria. We initially screened
the title and the abstract of the potentially eligible articles.
Full-text of the articles considered suitable was obtained
and read to confirm their eligibility for the review and
meta-analysis. We included only randomized controlled
trials which studied the effects of melatonin on atypi-
cal antipsychotic-induced metabolic adverse effects. Studies
including patients of any age, of both genders, and with a
diagnosis of a psychiatric disorder were eligible. We excluded
animal studies and clinical studies assessing the effect of
melatonin receptor agonists. Any discrepancy or difference
of opinion between the authors with regard to the inclusion
of a study for the review was resolved by consensus.

2.3. Data Extraction. Both the authors independently
extracted the data using a predesigned data extraction
form. In the case of missing or inadequate data, the study
authors were contacted for obtaining the complete data.
The extracted data included the sample size in each group,
age, psychiatric diagnosis, dose and duration of treatment
of melatonin, atypical antipsychotic and concomitant
medications used, body mass index (BMI), body weight,
total cholesterol and triglyceride level, fasting blood glucose,
low-density lipoprotein (LDL) and high-density lipoprotein

(HDL) levels, systolic and diastolic blood pressure (SBP and
DBP), and fasting insulin levels.

2.4. Assessment of Methodological Quality. Both the authors
independently assessed the quality of the included studies
using the Cochrane Collaboration’s tool for assessing risk of
bias [16]. Any disagreements were resolved by consensus.

2.5. Statistical Analysis. We used the reported mean dif-
ference and standard deviations (SD) for each group to
determine the treatment effect. Statistical analysis was per-
formed using ReviewManager (RevMan) computer program
(version 5.3. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). Wherever SD was not
reported, the same was imputed using the reported stan-
dard error of mean or 𝑝 values. Since all the included
randomized trials compared melatonin with placebo and
reported the outcomes as the mean difference from baseline
values, a fixed-effect model was used for the meta-analysis.
Wherever statistically significant estimates were obtained for
the outcomes, we performed a random-effects analysis to
determine whether it would influence the outcome estimate.
Heterogeneity between trials was determined using the 𝐼2
statistic. 𝐼2 > 50% was interpreted as being indicative of
substantial heterogeneity among studies.

The primary outcome of interest was the effect of mela-
tonin on the body mass index, fasting glucose, total choles-
terol and triglyceride levels, and blood pressure. Secondary
outcomes included its effect onwaist circumference, LDL and
HDL cholesterol, and fasting insulin level.

3. Results

We included four eligible randomized controlled studies with
a total of 118 patients, 57 patients on melatonin and 61 on
placebo, in the meta-analysis.The details of the search results
and selection of studies for the meta-analysis are shown
in Figure 1. The characteristics of the included studies are
shown in Table 1. Mostafavi et al. presented the results of
their study in two separate papers [14, 17]. Although this
fact was not specifically reported by the authors, we judged
this based on the study details. Hence, the data from the
two studies were combined and treated as a single study
for the meta-analysis. In the study by Romo-Nava et al.,
[18] the data from the participants were presented in two
separate categories based on the metabolic adverse effect
inducing risk of the antipsychotics used, that is, medium risk
(risperidone and quetiapine) and high risk (clozapine and
olanzapine). Hence, in the meta-analysis, the data from the
patients on medium-risk and high-risk antipsychotics have
been considered separately (Romo-Nava et al. 2014 1 and
Romo-Nava et al. 2014 2, resp.). The quality of the included
studies is shown in Figure 2. All the randomized controlled
trials included in the meta-analysis had a small sample size,
did not report on the adverse effects, and interpreted the data,
at least partly, in a positive manner in the absence of any
statistical significance. Due to the limited number of studies,
we did not test for publication bias using the funnel plot.
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Records identi�ed through database 
searching, n = 135
(PUBMED 7, Cochrane Library 32, 
Web of Science 15, EBSCOhost 7, 
Scopus 74)

Records a�er duplicates removed, n = 112

Records screened, n = 112 Records excluded, n =107

Full-text articles assessed for 
eligibility, n = 5

Studies included in qualitative 
synthesis, n = 4

Full-text articles excluded,
with reasons, n = 1
1 placebo-controlled trial
of ramelteon excluded

Studies included in quantitative
synthesis, n = 3∗

Additional records identi�ed through 

other sources, n = 3

Figure 1: Flow diagram of selection of studies for themeta-analysis. ∗Data of one study was presented in two separate papers. For the analysis,
the data were clubbed and treated as a single study.
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Figure 2: Risk of bias graph of the studies included in the meta-analysis.
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Study or subgroup

Modabbernia et al. 2014 [17]
Mostafavi et al. 2014 [14, 18]
Romo-Nava et al. 2014_1 [19]
Romo-Nava et al. 2014_2 [19]

Total (95% CI)

Test for overall e�ect: Z = 2.08 (p = 0.04)

Mean
0.8

2.45
0.3
1.4

SD
0.89
5.7
0.8
0.8

Total
18
19
15
5

57

Mean
1.9

3.25
0.77
0.8

SD
1.7

7.56
0.8
1.6

Total
18
19
13
11

61

Weight

26.1%
1.1%

58.0%
14.8%

100.0%

IV, �xed, 95% CI
−1.10 [−1.99, −0.21]
−0.80 [−5.06, 3.46]
−0.47 [−1.06, 0.12]
0.60 [−0.58, 1.78]

−0.48 [−0.93, −0.03]

Favours [melatonin] Placebo Mean di�erence Mean di�erence
IV, �xed, 95% CI

−4 −2 0 2 4
Favours [melatonin] Favours [placebo]

Heterogeneity: 2 = 5.14, df = 3 (p = 0.16); I 2 = 42%

Figure 3: Forest plot of the comparison of the effects of melatonin versus placebo on body mass index in psychiatric patients on atypical
antipsychotics. SD, standard deviation; CI, confidence interval; IV, inverse variance.

3.1. Body Mass Index. The meta-analysis showed that mela-
tonin treatment attenuated the rise in BMI. When compared
with placebo, the mean BMI in the subjects receiving mela-
tonin was less by 0.48 (mean difference = −0.48 [95% CI,
−0.93 to −0.03]; Z = 2.08; 𝑝 = 0.04). The treatment effect
in the individual trials and overall is depicted in the forest
plot in Figure 3. There was evidence for a possible moder-
ate variability in the effect estimates due to heterogeneity
between trials (𝑄 = 5.14; df = 3; 𝑝 = 0.16; 𝐼2 = 42%). We also
carried out an analysis based on the random-effects model to
determine the sensitivity of the analysis. The random-effects
model provided a statistically nonsignificant mean difference
of −0.43 in favor of melatonin (mean difference = −0.43 [95%
CI, −1.13 to 0.26]; Z = 1.22; 𝑝 = 0.22). Since changes in
body weight were reported by all the studies, we used this
data to analyze the effect of the intervention. Fixed-effect
model analysis showed a mean difference in the body weight
of −1.27 in favor of melatonin. However, this estimate did not
reach statistical significance (mean difference = −1.27 [95%
CI, −2.53 to −0.01]; Z = 1.97; 𝑝 = 0.05). 𝐼2 statistic showed
presence of significant heterogeneity between the trials (𝑄 =
6.17; df = 3; 𝑝 = 0.10; 𝐼2 = 51%).

3.2. Fasting Blood Glucose. The data on fasting blood glucose
levels were reported by two studies (Modabbernia et al. and
Romo-Nava et al.) [18, 19]. Meta-analysis did not reveal any
beneficial effect of melatonin on the fasting blood glucose
levels when compared with placebo (mean difference = −2.70
[95% CI, −7.79 to 2.40]; Z = 1.04; 𝑝 = 0.30). There was no
heterogeneity between the trials (Q = 1.12; df = 2; 𝑝 = 0.57; 𝐼2
= 0%).

3.3. Total Cholesterol. Meta-analysis did not reveal any ben-
eficial effect of melatonin on the total cholesterol levels when
compared with placebo (mean difference = −5.02 [95% CI,
−18.30 to 8.27]; Z = 0.74; 𝑝 = 0.46). There was no significant
heterogeneity between the trials (Q = 4.38; df = 3; 𝑝 = 0.22; 𝐼2
= 32%). Analysis using a random-effects model did not alter
the outcome (mean difference = −6.04 [95% CI, −22.29 to
−10.20]; Z = 0.73; 𝑝 = 0.47).

3.4. Triglyceride Levels. Meta-analysis did not reveal any
beneficial effect of melatonin on the triglyceride levels when

compared with placebo (mean difference = −33.90 [95%
CI, −72.95 to 5.15]; Z = 1.70; 𝑝 = 0.09). There was no
heterogeneity between the trials (Q = 0.93; df = 3; 𝑝 = 0.82;
𝐼2 = 0%).

3.5. Systolic Blood Pressure. There was a nonsignificant atten-
uation of the rise in SBP in the melatonin group. When
compared with placebo, the mean SBP in the subjects receiv-
ing melatonin was lower by −2.70mmHg (mean difference
= −2.70 [95% CI, −6.02 to 0.62]; Z = 1.59; 𝑝 = 0.11).
The treatment effect in the individual trials and overall
is depicted in the forest plot in Figure 4. No significant
statistical heterogeneity was seen between the trials (Q= 3.67;
df = 3; 𝑝 = 0.30; 𝐼2 = 18%). Analysis using a random-effects
model did not alter the outcome (mean difference = −2.82
[95% CI, −6.58 to 0.94]; Z = 1.47; 𝑝 = 0.14).

3.6. Diastolic Blood Pressure. The data on DBP was reported
by two studies (Modabbernia et al. and Romo-Nava et al.)
[18, 19]. Mostafavi et al. [17] reported that there was no
significant difference in the DBP between the groups but
did not present any data; hence, it was not included in
the analysis. A beneficial effect of melatonin on DBP was
seen. When compared with placebo, the mean DBP in the
subjects receiving melatonin was lower by −4.44mmHg
(mean difference = −4.44 [95% CI, −7.00 to −1.88]; Z = 3.40;
𝑝 = 0.0007). The treatment effect in the individual trials and
overall is depicted in the forest plot in Figure 4. No significant
heterogeneity was seen between the trials (Q = 2.30; df = 2;
𝑝 = 0.32; 𝐼2 = 13%). Analysis using a random-effects model
did not alter the outcome (mean difference = −4.55 [95% CI,
−7.37 to −1.47]; Z = 3.17; 𝑝 = 0.002).

3.7. Waist Circumference. The data on waist circumference
was reported by two studies (Modabbernia et al. and Romo-
Nava et al.) [18, 19]. Meta-analysis did not reveal any
beneficial effect of melatonin on the waist circumference
measurement when compared with placebo (mean difference
= −0.35 [95%CI, −1.89 to 1.19]; Z = 0.44; 𝑝 = 0.66).There was
considerable heterogeneity between the trials (Q = 9.34; df =
2; 𝑝 = 0.009; 𝐼2 = 79%).
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Study or subgroup

Modabbernia et al. 2014 [17]
Mostafavi et al. 2014 [14, 18]
Romo-Nava et al. 2014_1 [19]
Romo-Nava et al. 2014_2 [19]

Total (95% CI)

Test for overall e�ect: Z = 1.59 (p = 0.11)

Mean
1.3

1.05
−5

−8.2

SD
5.09
2.01
14.4
9.6

Total
18
19
15
5

57

Mean
−0.2
6.36
0.3

−3.6

SD
10.61
12.19

6.4
10.3

Total
18
19
13
11

61

Weight

37.2%
35.7%
16.9%
10.2%

100.0%

IV, �xed, 95% CI
1.50 [−3.94, 6.94]

−5.31 [−10.87, 0.25]
−5.30 [−13.38, 2.78]
−4.60 [−14.99, 5.79]

−2.70 [−6.02, 0.62]

Melatonin Placebo Mean di�erence Mean di�erence
IV, �xed, 95% CI

−50 −25 0 25 50
Favours [melatonin] Favours [placebo]

Heterogeneity: 2 = 3.67, df = 3 (p = 0.30); I 2 = 18%

(a)

Study or subgroup

Modabbernia et al. 2014 [17]
Romo-Nava et al. 2014_1 [19]
Romo-Nava et al. 2014_2 [19]

Total (95% CI)

Test for overall e�ect: Z = 3.40 (p = 0.0007)

Mean
0.9

−4.6
−6.8

SD
3.39
5.9
6.2

Total
18
15
5

38

Mean
3.5
1.8
0.2

SD
6.79
5.8
8.6

Total
18
13
11

42

Weight

53.4%
34.8%
11.8%

100.0%

IV, �xed, 95% CI
−2.60 [−6.11, 0.91]

−6.40 [−10.74, −2.06]
−7.00 [−14.44, 0.44]

−4.44 [−7.00, −1.88]

Melatonin Placebo Mean di�erence Mean di�erence
IV, �xed, 95% CI

−20 −10 0 10 20
Favours Favours

Heterogeneity: 2 = 2.30, df = 2 (p = 0.32); I2 = 13%

[placebo][melatonin]

(b)

Figure 4: Forest plot of the comparison of the effects of melatonin versus placebo on systolic blood pressure (a) and diastolic blood pressure
(b) in psychiatric patients on atypical antipsychotics. SD, standard deviation; CI, confidence interval; IV, inverse variance.

3.8. LDL and HDL Cholesterol. Two studies (Modabbernia
et al. and Romo-Nava et al.) [18, 19] reported the data for
LDL and HDL cholesterol levels. Melatonin treatment did
not show any significant beneficial effects in LDL (mean
difference = 3.50 [95% CI, −9.31 to 16.31]; Z = 0.54; 𝑝 = 0.59)
and HDL (mean difference = 0.55 [95% CI, −3.13 to 4.24]; Z
= 0.29; 𝑝 = 0.77) cholesterol levels.

3.9. Fasting Insulin. Data on fasting insulin levels was
reported by only Modabbernia et al. They did not find any
significant intervention effect.

Since the study byRomo-Nava et al. [18] included patients
on medium-risk atypical antipsychotics, we reanalyzed the
results by eliminating this group from the meta-analysis. The
results showed that melatonin had a beneficial effect on DBP
(mean difference = −3.40 [95% CI, −6.57 to −0.23]; Z = 2.10;
𝑝 = 0.04) but not BMI (mean difference = −0.49 [95% CI,
−1.19 to 0.21]; Z = 1.38; 𝑝 = 0.17) or SBP (mean difference =
−2.17 [95% CI, −5.81 to 1.47]; Z = 1.17; 𝑝 = 0.24).

4. Discussion

Our meta-analysis of randomized controlled trials of the use
of melatonin in patients with a psychiatric disorder on atypi-
cal antipsychotics showed a beneficial effect of melatonin on
blood pressure. The melatonin group showed a significantly
lesser increase in DBP, but not SBP, following initiation
of antipsychotic therapy compared with the placebo group.

However, melatonin treatment did not show a significant
beneficial effect on other components ofMS.While themeta-
analysis showed a lesser rise of BMI in patients who received
melatonin, this small effect was not significant in the random-
effects model. Moreover, analysis of data on body weight and
waist circumference (data reported by only two studies) did
not show a beneficial effect of melatonin. Also, no difference
was seen between the groups with regard to total cholesterol,
LDL, HDL, and triglyceride levels. Hence, the only compo-
nent of MS which was beneficially modified by melatonin
was DBP. Although SBP was lower in the melatonin group
following treatment, it failed to reach statistical significance.

A beneficial effect of melatonin supplementation on
blood pressure has been shown in several clinical studies.
A meta-analysis involving 221 healthy participants or those
with cardiovascular disease showed that melatonin, partic-
ularly the controlled-release formulation, was effective in
ameliorating nocturnal hypertension, and the magnitude of
blood pressure reduction differed between the fast-release
and controlled-release melatonin formulations [20]. Several
mechanisms have been proposed for the blood pressure
lowering effect of melatonin. These include a direct effect on
the peripheral vessels leading to vasodilation and nocturnal
sympathetic suppression, with a greater decrease in the noc-
turnal blood pressure corresponding to the diurnal rhythm
of melatonin [20, 21]. Experimental studies also provide
evidence for an increase in the production and bioavailability
of nitric oxide, scavenging of free radicals and activation
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of antioxidant defense enzymes, and an anti-inflammatory
action via inhibition of cyclooxygenase-2 enzyme, thereby
contributing to protection against vascular endothelial dam-
age and vasoconstriction [22, 23]. With regard to the type
of drug formulation, controlled-release formulation has been
shown to produce a clinically significant decrease in blood
pressure compared with the immediate-release formulation
[20]. This may be attributed to the relatively short half-life
of immediate-release formulation, unlike the more sustained
plasma concentration profile seen with controlled-release
formulation, which is unable to produce a sustained decrease
in blood pressure [24, 25].

While a number of studies have described the potential
role of melatonin in obesity, the evidence largely comes from
preclinical research [26, 27]. Reduced melatonin levels and
excessive production of reactive oxygen species contribute
to insulin resistance, MS, and obesity [26]. Experimental
studies show that melatonin may preserve pancreatic 𝛽-cells,
enhance insulin receptor signaling, and improve glucose tol-
erance [28]. Also, it may enhance the endogenous cholesterol
clearance mechanisms and display a potential hypolipidemic
effect [29]. However, a recent systematic review of the
role of melatonin in body weight in 244 patients did not
find a significant evidence of benefit [30]. Similarly, while
individual clinical studies provide evidence for the beneficial
effect of melatonin in dyslipidemia and diabetes mellitus,
conclusive evidence is lacking [31–33].

Despite the lack of conclusive evidence, the presence of
melatonin activity imbalance in psychiatric disorders and
the worsening of its effect by the added adverse metabolic
effects of atypical antipsychoticsmakemelatonin an attractive
therapeutic option. Considering the lack of apparent benefit
of melatonin in the current meta-analysis, except for its
effect on DBP, three issues need to be considered. Firstly, the
dose of melatonin used in the included randomized trials
was 3–5mg/day, and the duration of treatment was 6−12
weeks. These may not be adequate to bring about the desired
changes in patients on antipsychotics [10]. Secondly, the type
of formulation (immediate release versus controlled release)
and, thereby, the duration of action may also influence the
outcome [20].Thirdly, while derangement ofmelatonin activ-
ity may worsen the antipsychotic-induced metabolic adverse
effects, the multifactorial nature of the problem may not be
amenable to melatonin treatment alone. Also, the efficacy
of melatonin in counteracting the antipsychotic-induced
metabolic adverse effects may vary based on the psychiatric
disease being treated and the concomitant medications used
[18].

5. Conclusions

Our meta-analysis showed that administration of melatonin
in patients with a psychiatric disorder on atypical antipsy-
chotics was effective in counteracting the increase in DBP but
not SBP or the other components of MS. Future studies will
need to take into consideration the dose and formulation of
melatonin used, the duration of treatment, and the need for
combining it with other treatment strategies to determine its

effectiveness in attenuating the metabolic adverse effects of
atypical antipsychotics.
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et al., “Melatonin attenuates antipsychotic metabolic effects: An
eight-week randomized, double-blind, parallel-group, placebo-
controlled clinical trial,” Bipolar Disorder, vol. 16, no. 4, pp. 410–
421, 2014.

[19] A. Modabbernia, P. Heidari, R. Soleimani et al., “Melatonin for
prevention of metabolic side-effects of olanzapine in patients
with first-episode schizophrenia: Randomized double-blind
placebo-controlled study,” Journal of Psychiatric Research, vol.
53, no. 1, pp. 133–140, 2014.

[20] E. Grossman, M. Laudon, and N. Zisapel, “Effect of melatonin
on nocturnal blood pressure: Meta-analysis of randomized
controlled trials,” Vascular Health and Risk Management, vol. 7,
no. 1, pp. 577–584, 2011.

[21] S. Arangino, A. Cagnacci, M. Angiolucci et al., “Effects of
melatonin on vascular reactivity, catecholamine levels, and
blood pressure in healthymen,”American Journal of Cardiology,
vol. 83, no. 9, pp. 1417–1419, 1999.

[22] L. F. Rodella, G. Favero, E. Foglio et al., “Vascular endothelial
cells and dysfunctions: role of melatonin,” Front Biosci, vol. 5,
pp. 119–129, 2013.

[23] J. C. Mayo, R. M. Sainz, D. X. Tan et al., “Anti-inflammatory
actions of melatonin and its metabolites, N1-acetyl-N2-formyl-
5-methoxykynuramine (AFMK) and N1-acetyl-5-methox-
ykynuramine (AMK), in macrophages,” Journal of Neuroim-
munology, vol. 165, no. 1-2, pp. 139–149, 2005.

[24] M. Aldhous, C. Franey, J. Wright, and J. Arendt, “Plasma
concentrations of melatonin in man following oral absorption
of different preparations.,” British Journal of Clinical Pharmacol-
ogy, vol. 19, no. 4, pp. 517–521, 1985.

[25] N. S. Gooneratne, A. Y. Z. Edwards, C. Zhou, N. Cuellar, M. A.
Grandner, and J. S. Barrett, “Melatonin pharmacokinetics fol-
lowing two different oral surge-sustained release doses in older
adults,” Journal of Pineal Research, vol. 52, no. 4, pp. 437–445,
2012.

[26] J. Cipolla-Neto, F. G. Amaral, S. C. Afeche, D. X. Tan, and R. J.
Reiter, “Melatonin, energy metabolism, and obesity: a review,”
Journal of Pineal Research, vol. 56, no. 4, pp. 371–381, 2014.

[27] D. Bonnefont-Rousselot, “Obesity and oxidative stress: Poten-
tial roles of melatonin as antioxidant and metabolic regulator,”

Endocrine, Metabolic & Immune Disorders—Drug Targets, vol.
14, no. 3, pp. 159–168, 2014.

[28] M. Kanter, H. Uysal, T. Karaca, and H. O. Sagmanligil, “Depres-
sion of glucose levels and partial restoration of pancreatic beta-
cell damage by melatonin in streptozotocin-induced diabetic
rats,” Archives of Toxicology, vol. 80, no. 6, pp. 362–369, 2006.
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