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Background & aims: Melatonin supplementation may be associated with blood lipids improvement;
however, the current evidence from randomized controlled trials (RCTs) is inconsistent. The present
study aimed to systematically review and analyze RCTs assessing the effects of melatonin supplemen-
tation on blood lipids.
Methods: A comprehensive literature search in several database was performed up to January 2017.
Quantitative data synthesis was performed using a fixed or random-effects model, with weight mean
difference (WMD) and 95% confidence intervals (CI). Standard methods were used for assessment of
heterogeneity, meta-regression, sensitivity analysis and publication bias.
Results: A total of 8 RCTs were eligible. Meta-analysis suggested a significant association between
melatonin supplementation and a reduction in triglycerides (WMD: �31.54 mg/dL, 95% CI: �50.71,
�12.38, p ¼ 0.001), and total cholesterol levels (WMD: �18.48 mg/dL, 95% CI: �35.33, �1.63, p ¼ 0.032),
while no significant effect on LDL-C (WMD: �2.37 mg/dL, 95% CI: �11.61, �6.86, p ¼ 0.615) and HDL-C
(WMD: 1.28 mg/dL, 95% CI: �0.66, 3.23, p ¼ 0.197) was found. In sub-group analysis, a significant
decrease in triglycerides was found at doses �8 mg/d and when trials last �8 weeks. In addition, a
significant decrease of total cholesterol was found at doses �8 mg/d and when total cholesterol baseline
levels were �200 mg/dL.
Conclusions: Melatonin supplementation has significant effects on triglycerides and total cholesterol
levels, which was more evident in higher dose and longer duration and also in a higher concentration of
cholesterol levels. Further studies are required to determine the benefits of melatonin on lipid profile.

© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Increasing data have revealed that lipid concentrations are one
of the major risk factors in atherosclerosis and cardiovascular dis-
ease [1,2]. Dyslipidemia, which is characterized by increased in
plasma levels triglycerides, total cholesterol, low-density lipopro-
tein cholesterol (LDL-C) or reduced levels of high-density lipopro-
tein cholesterol (HDL-C) is an important but modifiable risk factor
for atherosclerosis and cardiovascular disease [3]. Therefore, pre-
vention and treatment of cardiovascular disease and
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atherosclerosis are important public health concern for many years
[4]. Although a number of lipid-altering agents are in existence,
their efficacy to achieve normal levels of lipids is limited [3].
Moreover, statins and fibrates, the most common hypolipidemic
drugs, have adverse effects including hepatotoxicity and myopathy
[5,6]. Considering these drawbacks and adverse effects, at present,
identifying the new strategies like complementary agents with
lipid-improving properties has attracted a lot of interest which can
be used alongside low doses of statins [7e9].

Melatonin (N-acetyl-5-methoxy tryptamine) (chemical struc-
ture C13H16N2O2) is a ubiquitous molecule which is widely
distributed in nature including animals, plants, fungi, and unicel-
lular organism as well as humans. In human melatonin is not only
produced mainly by the pineal gland which can regulate the sleep
cycle and circadian rhythm but also synthesized in other areas of
the body which may positively affect diverse physiological
ism. All rights reserved.
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functions and signaling pathways [10]. The biosynthesis of mela-
tonin in the body, mainly in the pinealocytes, occurs from trypto-
phan through enzymatic activity [11]. Additional surveys have
shown that melatonin also has an anti-inflammatory and antioxi-
dant property with a potent free-radical scavenging and immuno-
modulatory activities [12]. Importantly, current researches indicate
that melatonin has an important function in several cardiovascular
events, such as heart failure [13,14], atherosclerosis [15], myocardial
ischemia-reperfusion injury [16], and hypertension [17]. Promising
experimental studies have shown that melatonin also has a role in
the regulation of lipid metabolism [18,19] and can improve dysli-
pidemia [12] probably via its effect on increasing the activity of
lipoprotein lipase (LPL), decreasing lipolysis, increasing the activity
of LDL receptor, inhibition of cholesterol absorption from the in-
testine [12,18] and conversion of cholesterol to bile acids [20].

Various clinical trials have assessed the effects of melatonin
supplementation on circulating lipids concentrations in different
populations [21e24]. Some have shown the positive effects of
melatonin supplementation on circulating lipid levels [22] while
others have demonstrated that melatonin supplementation
increased or has a little effect on lipid parameters [25]. Although in
some studies [26], triglycerides and total cholesterol were signifi-
cantly reduced, LDL-C was slightly increased. Given that available
published RCTs had a substantial amount of uncertainty regarding
the net effect of melatonin supplementation on plasma lipid levels
and to resolve the current controversy and considering the point
that these studies are limited in sample size, a meta-analysis would
be appropriate to reach a conclusive result for the effect of mela-
tonin on plasma lipid concentration. To date, the current study is
the first meta-analysis to assess this effect.

2. Methods

2.1. Search strategy

Our meta-analysis was designed on the guidelines of the
PRISMA statement. PubMed, Medline via Ovid, EMBASE, and ISI
Web of Sciences databases were searched for English-language
reports of relevant RCTs published until January 2017 that
explored the effect of melatonin on blood lipids, using the following
the MeSH terms and related keywords: ((“Melatonin” [Mesh
Terms]) AND (Cholesterol [MeSH Terms] OR cholesterol, HDL
[MeSH Terms] OR cholesterol, LDL [MeSH Terms] OR lipoproteins
[MeSH Terms] OR triglycerides [MeSH] OR cholesterol [Text Word]
OR total cholesterol [Text Word] OR serum cholesterol [Text Word]
OR plasma cholesterol [Text Word] OR lipids [Text Word] OR serum
lipid [Text Word] OR plasma lipid [Text Word] OR high-density li-
poprotein cholesterol [Text Word] OR high-density lipoprotein
[Text Word] OR HDL cholesterol [Text Word] OR HDL-C [Text Word]
OR HDLC [Text Word] OR HDL [Text Word] OR low-density lipo-
protein cholesterol [Text Word] OR low-density lipoprotein [Text
Word] OR LDL cholesterol [Text Word] OR LDL-C [Text Word] OR
LDLC [Text Word] OR LDL [Text Word] OR triglycerides [Text Word]
OR TG [Text Word])) AND ((“Randomized Controlled Trial” [Publi-
cation Type]) OR “Controlled Clinical Trial” [Publication Type]) OR
“Clinical Trial” [Publication Type]) OR “Meta-Analysis” [Publication
Type]) OR “Review” [Publication Type]) OR “Random Allocation”
[Mesh]) OR “Single-Blind Method” [Mesh]) OR “Double-Blind
Method” [Mesh]) OR “Cross-Over Studies” [Mesh]) OR “Clinical
Trials as Topic” [Mesh]) OR “Comparative Study” [Publication
Type]) OR “Follow-Up Studies” [Mesh]) OR “Clinical Trial*” [Title/
Abstract]) OR “Controlled Trial*” [Title/Abstract]) OR Intervention*
[Title/Abstract]) OR Randomised [Title/Abstract]) OR Randomized
[Title/Abstract]) OR “Pilot study” [Title/Abstract]) OR randomly
[Title/Abstract]) OR placebo [Title/Abstract]) OR trial [Text Word])
Please cite this article in press as: Mohammadi-Sartang M, et al., Effec
systematic review and meta-analysis of randomized controlled trials, Cli
OR assignment [Text Word]) OR RCT [Title/Abstract]) OR “cross-
over” [Text Word]) OR parallel [Text Word]) OR “single-blind” [Ti-
tle/Abstract]) OR “double-blind” [Title/Abstract]). The search was
limited to the English language as well as to human subjects. De-
tails of our search strategy in EMBASE databases are shown in
Appendix S1. Moreover, we hand-searched the reference list of
included articles, as well as related reviews and meta-analysis. The
PubMed's ‘My NCBI’ (National Centre for Biotechnology Informa-
tion) email alert service was created for identifying new articles
that may be published after our search.

2.2. Study selection

Two investigators (M.MS and M.GH) reviewed titles and ab-
stracts of all identified studies to ascertain whether these studies
are eligible for this meta-analysis based on our inclusion criteria.
Discrepancies were resolved by discussion. Studies were chosen for
analysis according to the following inclusion criteria: 1) the study
was a placebo-controlled trials with either a parallel or crossover
design; 2) The effects of melatonin on blood lipids could be
extracted from the article (adequate information on lipid indices
with standard deviations (SDs), standard errors (SEs), or 95% CIs at
baseline and at the end of follow-up in intervention and control
group); 3) the studies with an appropriate controlled design, i.e.,
the only difference between the control and intervention groups
wasmelatonin; 4) having an intervention duration at least 2 weeks;
5) conducted in adults (age �18 years).

Studies were excluded if i) we couldn't extract the net effect of
melatonin; ii) melatonin supplementation duration was <2 wk; iii)
non-RCTs studies; iv) if we were unable to extract adequate infor-
mation on baseline or follow-up of lipid parameters.

2.3. Data extraction

Eligible articles were selected using inclusion-exclusion
screening forms and the following data were abstracted indepen-
dently by two authors (M.MS andM.GH): first author's name, study
location, year of publication, sample size in each group, type and
dose of intervention and placebo, duration of the intervention,
study design (crossover or parallel), patient's status and other in-
formation including age, gender, and % women. We also extracted
the mean values and SDs lipid parameters at the study baseline and
end of the study. When the data were reported at multiple mea-
surements, only the values at the end of trials were used. Those
studies used several doses of melatonin, each dose was separately
included in the analysis.

2.4. Quality assessment

The quality of included studies was assessed using the quanti-
tative 5-point Jadad scale [27]. Articles were assigned 0 or 1 point
for each of the following 5 criteria: 1) randomization, 2) suitable
method of randomization, 3) double blinding, 4) suitable method of
double blinding, and 5) explanation and reason of withdrawals and
dropouts [27]. The total scores equal or more than �3 were
considered as high quality [28].

2.5. Quantitative data synthesis and statistical analysis

We assessed the influence of melatonin supplementation on the
change of the following outcomes: (i) triglycerides (mg/dL), (ii) total
cholesterol (mg/dL), (iii) LDL-C (mg/dL), and (iv) HDL-C (mg/dL).
Weighted mean differences (WMD) and 95% confidence intervals
(CI) were used for expression of effect sizes. We extracted the mean
and SD of the blood lipid levels pre and post-intervention period for
ts of melatonin supplementation on blood lipid concentrations: A
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Fig. 1. Flow diagram of the study selection procedure showing the number of eligible randomized controlled trials for the meta-analysis of the effect of melatonin supplementation
on blood lipid concentration. LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol.
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both melatonin control for calculation of the net changes in each
group: value at end of trial e value at baseline of trial. The mean
difference was also calculated as follows: (value at end of follow-up
in the treatment group � value at baseline in the treatment
Table 1
Demographic characteristics of the included studies.

Author Year Location Patient status Sample
size (n)

Mean
age (ye

Celinski 2014 Poland Non-alcoholic steatohepatitis 74 M: 36.
C: 29.3

Cichoz-Lach 2010 Poland Non-alcoholic steatohepatitis 60 47.4
Gonciarz 2012 Poland Non-alcoholic steatohepatitis 42 M: 41.

C: 40.8
Goyal 2014 USA Metabolic syndrome 39 M: 62.

C: 57.6
Modabbernia 2014 Iran Patients with first-episode

schizophrenia
36 68

Rindone 1997 USA Hypercholestrolemia 16 54.9
Romo-Nava, 2014 Mexico Schizophrenia or bipolar

disorder
44 M: 30.

C: 28.6
Seabra 2010 Brazil Healthy male 40 29

C, control; CO, cross-over; DB, doubl-blind; M, melatonin; NR, not reported; P, parallel;
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group) � (value at end of follow-up in the control group � value at
baseline in the control group). In the event of no reported SD of the
mean difference, it was calculated as follows: SD ¼ square root
[(SD pre-treatment)2 þ (SD post-treatment)2 � (2 R � SD
ars)
BMI Women

(%)
Design Duration

(weeks)
Melatonin
dose (mg/d)

Jadad score

16
3

29.1 31 PC, R, P 14 10 1

28 31.5 PC, P 4 10 1
5 NR 73 PC, R, P 24 10 3

7 35.2 53.5 DB, PC, R, Co 10 8 5

23.9 30.5 DB, PC, R, P; 8 3 5

NR 12 SB, PC, R, CO 6 0.3, 3 1
6 26 50 DB, PC, R, P; 8 5 5

23.1 0 DB, PC, R, P; 4 10 1

PC, placebo-controlled; R, randomized; SB, single-blind.
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pre-treatment � SD post-treatment)], assuming a correlation coeffi-
cient of 0.5, as a conservative estimate for R which ranges between
0 and1 [29].WhenSDwasnot directly available anda standard error
of themean (SEM)was reported instead of SD, we converted it to SD
for analyses using the following formula: SDs¼ SEs� square root (n),
where n was the number of participant in each group. In case of
medians and ranges or 95% CIs, mean and SD values were estimated
using Hozo et al. method [30]. Plot digitizer software was used to
extract the data when the outcome variable was presented only in
the graphic form. Heterogeneity was evaluated by Cochran's Q-test
(with significance set at p < 0.1) and the I2 test for calculating the
percentage of heterogeneity (I2 value � 50% indicating significant
heterogeneity). In the presence of heterogeneity a random effects
model was used; otherwise, the fixed-effects model was applied.
Our sensitivity analysis was done using the leave-one-out method
(i.e. removing a single trial each time and repeating the analysis) to
assess the impact of each study on the overall effect size [31].

A pre-defined subgroup analysis of baseline lipid parameters,
dose of supplementation, duration of supplementation and quality
assessment using the Jadad scale was conducted to evaluate the
impact of this factors on the results. Meta-regression was per-
formed to assess the association between the effect size and po-
tential moderator variables including dose of supplementation and
duration of supplementation.

Any potential publication bias was identified using the funnel
plot and also with Begg's rank correlation and Egger's weighted
regression tests. For adjusting the analysis in the effects of publi-
cation bias, we used the Duval & Tweedie “trim and fill” and “fail-
safe N” methods [32]. The meta-analysis was performed using
ComprehensiveMeta-Analysis (CMA) V2 software (Biostat, NJ) [33].
Probability value (p value) < 0.05 was considered as statistically
significant.
3. Results

3.1. Flow and characteristics of included studies

The flowchart of the selection process in meta-analysis is
shown in Fig. 1. A total of 471 reports were initially identified;
after removing duplicates (n ¼ 58), 413 articles remained. Of the
413 articles, 389 were excluded because they were either not RCTs
in humans or unrelated to our present meta-analysis according to
inclusion criteria, after a careful review of the titles and abstracts.
Therefore, 24 potentially relevant articles were selected for full-
text evaluation and detailed examination. An additional 16 arti-
cles were excluded for one or more of the following reasons:
because the studies were not randomized placebo-controlled
studies (n ¼ 3), lipid measurements were not performed
(n ¼ 4), used melatonin in combination with other component
without an appropriate control group (n ¼ 2), not controlled for
melatonin supplementation (n ¼ 3), or were duplicated (n ¼ 4).
After final assessment, 8 eligible randomized controlled studies
with 10 treatment arms satisfied the inclusion criteria and qual-
ified for the final meta-analysis [21,23e26,34e36].
3.2. Characteristics of included studies

The characteristics of the eligible studies are presented in
Table 1. Data were pooled from eight eligible studies comprising 10
treatment arms in which 377 subjects overall were randomly
Fig. 2. Forest plot detailing weighted mean difference and 95% confidence intervals for the
cholesterol, HDL-C: high-density lipoprotein cholesterol.
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assigned (206 subjects in the melatonin group and 171 in the
control group). The number of participants in these trials ranged
from 16 [21] to 74 [34]. The included studies were published be-
tween 1997 and 2014 andwere conducted in Poland (three studies)
[24,26,34], USA (two studies) [21,23], Brazil [36], Mexico [25], and
Iran [35]. The mean age of the participants ranged from 28.6 to 68.0
years old. Only one trial was conducted exclusively on men [36],
and the remaining trials on both sexes. The duration of supple-
mentation varied from 4 [26,36] to 24 [24] weeks. Most of the trials
(6 of 8) adopted a parallel study design [24e26,34e36], whereas
only two trials used a crossover design [21,23]. Of the eight studies,
three included non-alcoholic steatohepatitis participants
[24,26,34], eight had participants with type 2 diabetes [37e44], one
included participants with metabolic syndrome [23], one included
participants with Patients with first-episode schizophrenia [35],
one included participants with hypercholesterolaemia [21], one
included participants Schizophrenia or bipolar disorder [25], and
one included healthy adults [36].
3.3. Data quality

Four trials [23e25,35] were classified as high quality (Jadad
score � 3), and the remaining five trials [21,26,34,36] were low
quality (Jadad score < 3). All studies reported randomization, but
one study [26] did not mention whether the trial was randomized.
When we included or excluded this study, no difference was found
in the meta-analysis results. Furthermore, four studies [5,7,45,46]
did not adequately explain the randomization procedure. Of the
eight included studies, four trials [4,9,25,47] reported blinding
whereas five trials [21,24,26,34,36] did not clearly describe the
blinding procedure. Details related to dropouts were reported in
four studies [23e25,35]. The last column of Table 1 provides results
of quality assessment of the studies.
3.4. Meta-analysis results

Forest plots summarizing the meta-analysis of trials on each
lipid parameter are illustrated in Fig. 2 AeD. The results for tri-
glycerides were reported in 10 comparisons from 8 studies repre-
senting 377 participants. Pooled results from the random-effect
model showed that melatonin supplementation significantly
reduced triglycerides level (WMD: �31.54 mg/dL, 95%
CI: �50.71, �12.38, p ¼ 0.001), with significant heterogeneity (I2 ¼
53.25%, p ¼ 0.023) (Fig. 2 panel A). Six trials with 8 treatment arms
totaling 260 patients provided data on total cholesterol levels.
Figure 2 shows the pooled results from the random-effects model
combing the WMD for the effect of melatonin supplementation on
total cholesterol levels in the study population, which demon-
strates that the levels of total cholesterol were significantly reduced
in the melatonin treatment groups compared with the control
groups (WMD: �18.48 mg/dL, 95% CI: �35.33, �1.63, p ¼ 0.032),
with significant heterogeneity among the studies (I2 ¼ 77.74%,
p < 0.001) (Fig. 2 panel B). The results of LDL-C were shown in 10
comparisons from 8 studies including 321 subjects. Overall, inter-
vention of melatonin did not significantly affect LDL-C
(WMD: �2.37 mg/dL, 95% CI: �11.61, �6.86, p ¼ 0.615), with sig-
nificant heterogeneity among the studies (I2 ¼ 65.77%, p ¼ 0.003)
(Fig. 2 panel C). The impact of melatonin supplementation on HDL-
C (7 trials; 9 treatment arms, 336 participants) was also assessed.
Pooled results from the fixed-effect model did not support a
effect of melatonin supplementation on blood lipids. LDL-C: low-density lipoprotein
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Table 2
Results of subgroup analysis of included randomized controlled trials in meta-analysis of melatonin and lipid parameters.

Variables Dose (mg/d) Duration (weeks) Baseline (mg/dL) Study quality (Jadad score)

Triglycerides (mg/dL) �8 <8 �8 <8 �200 <200 High (�3) Low (<3)
No. of comparison 5 5 6 4 5 5 5 5
WMD (95% CI) �42.82

(�69.61,
�16.04)

�10.96 (�33.17,
11.25)

�32.25
(�51.21,
�13.28)

�26.23 (�64.27,
11.80)

�36.86 (, �70.00,
�3.72)

�19.81
(�37.35,
�2.28)

�21.33
(�40.45,
�2.22)

�32.01
(�61.86,
�2.16)

P value 0.002 0.334 0.001 0.176 0.029 0.027 0.029 0.036
I2 (%) 66.98 0.00 13.29 77.75 73.05 0.00 0.00 73.16
P-heterogenity 0.017 0.558 0.330 0.004 0.005 0.772 0.570 0.005
Total cholesterol (mg/dL) �8 <8 �8 <8 �200 <200 High (�3) Low (<3)
No. of comparison 3 5 5 3 5 3 4 4
WMD,95% CI �39.56 (�54.13,

�25.00)
�3.15, (�11.97,
5.66)

-16.65 (�27.86,
�5.44)

�9.83 (�20.04,
0.36)

�16.40 (�25.00,
�7.80)

�1.32 (�17.04,
14.39)

�5.98 (�18.69,
6.72)

�16.70
(�26.08,
�7.33)

P value <0.001 0.483 0.004 0.059 <0.001 0.869 0.356 <0.001
I2 (%) 80.23 0.00 75.47 86.07 84.36 36.46 27.22 88.26
P-heterogenity 0.006 0.439 0.003 0.001 <0.001 0.207 0.249 <0.001
LDL-C (mg/dL) �8 <8 �8 <8 �130 <130 High (�3) Low (<3)
No. of comparison 4 5 5 4 4 5 4 5
WMD , 95% CI) �8.04 (�25.80,

- 9.71)
0.17 (�8.94,
9.29)

-7.94 (�0.26,
0.009)

2.90 (2.02,
0.78)

�13.68 (�35.84,
8.46)

4.25 (�1.80,
10.31)

�0.15 (�8.78,
8.46)

�7.52 (�23.99,
8.93)

P value 0.374 0.970 0.401 0.30 0.226 0.169 0.255 0.370
I2 (%) 84.60 0.00 74.66 0.00 74.44 20.78 0.00 79.35
P-heterogenity 0.001> 0.548 0.003 0.422 0.008 0.282 0.408 0.001
HDL-C (mg/dL) �8 <8 �8 <8 �40 <40 High (�3) Low (<3)
No. of comparison 4 5 5 4 6 3 4 5
WMD, 95% CI 1.91 (�0.61,

4.44)
0.36 (�2.69,
3.42)

0.27 (�2.17,
2.73)

3.01 (�0.20,
6.23)

0.36 (�1.91,
2.63)

3.85 (�0.05,
7.64)

0.65 (�1.83,
3.15)

2.26 (�0.86,
5.38)

P value 0.138 0.815 0.825 0.066 0.755 0.057 0.605 0.156
I2 (%) 58.64 0.00 0.00 15.77 0.00 40.46 0.00 44.55
P-heterogenity 0.064 0.967 0.545 0.313 0.753 0.186 0.903 0.125

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; WMD, weight mean difference
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significant effect of melatonin supplementation in altering HDL-C
concentrations (WMD: 1.28 mg/dL, 95% CI: �0.66, 3.23, p ¼
0.197), with no significant heterogeneity (I2 ¼ 4.77%, p ¼ 0.395)
(Fig. 2 panel D).

Because the test for heterogeneity was statistically significant
for triglycerides, total cholesterol and LDL-C, we reported the re-
sults from random-effects, but as no significant heterogeneity was
found for HDL-C, the results were reported based on fixed-effect
models.

3.5. Sensitivity analysis

The effect sizes for the influence of melatonin on triglycerides,
total cholesterol and HDL-C were robust in the leave-one-out
sensitivity analysis, suggesting the omission of each single trial
did not have a significant effect on the results of meta-analysis, but
the effect of melatonin on LDL-C was sensitive to the study per-
formed by Celinski et al., [33]. Removing this study from the
analysis renders the effect of melatonin on LDL-C, significant (Fig. 3
panel AeD).

3.6. Sub-group analysis

The subgroup analyses were done based on the following vari-
ables: dose of supplementation, intervention duration and baseline
lipid profile. The results are summarized in Table 2. When the
meta-analysis was stratified according to dose of supplementation,
a significant reduction in triglycerides was found in studies using
�8mg/d (WMD:�42.82 mg/dL, 95% CI:�69.61,�16.04, p¼ 0.002),
but not lower doses (WMD: �10.96 mg/dL, 95% CI: �33.17, 11.25,
Fig. 3. Leave-one-out sensitivity analysis of the impact of melatonin supplementation on bl
cholesterol.
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p ¼ 0.334). Total cholesterol concentrations also decreased signif-
icantly in the interventions using melatonin doses �8 mg/
d (WMD: �39.56 mg/dL, 95% CI: �54.13, �25.00, p < 0.001), versus
lower doses (WMD: �3.15 mg/dL, 95% CI: �11.97, 5.66, p ¼ 0.483).
When the studies were stratified according to their duration, there
was a significantly greater effect on triglycerides levels in the subset
of trials with �8 weeks of duration (WMD: �32.25 mg/dL, 95%
CI: �51.21, �13.28, p ¼ 0.001) versus the subset lasting < 8 weeks
(WMD: �26.23, 95% CI: �64.27, 11.80, p ¼ 0.176). Similarly, the
effect of melatonin on total cholesterol levels were significantly
lower in the subgroup with duration of intervention �8 weeks
(WMD:�16.65 mg/dL, 95% CI: �27.86, �5.44, p ¼ 0.004) compared
with studies with shorter duration (WMD: �9.83 mg/dL, 95%
CI: �20.04, 0.36, p ¼ 0.059) (Table 2). We also stratified the
included studies according to the baseline lipid status. Significant
reductions were found in those studies with baseline total
cholesterol �200 mg/dl (WMD: �16.40 mg/dL, 95% CI: �25.00,
�7.80, p < 0.001) but not with lower initial concentrations
(WMD: �1.32 mg/dL, 95% CI: �17.04, 14.39, p ¼ 0.869). The results
of subgroup analysis of this study also suggested more pronounced
but not significant reduction of LDL-C levels in subset of trials with
higher (�100 mg/dL) baseline levels (WMD: �13.68, 95%
CI: �35.84, 8.46, p ¼ 0.226) versus those with lower baseline levels
(WMD: 4.25, 95% CI, �1.80. 10.31, p ¼ 0.169).
3.7. Meta-regression

Significant association was found between change in tri-
glycerides and total cholesterol concentrations with dose of sup-
plementation but not with LDL-C and HDL-C (Fig. 4 panel AeD and
ood lipids. LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein
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Table 3
Meta-regression between changes in body lipid profiles and administered doses and intervention duration of melatonin.

Model Fixed effect Random effect

Slope 95% CI P value Slope 95% CI P value

Triglycerides
Dose of supplementation �3.75 �7.17 to �0.33 0.031 �4.50 �7.87 to �1.14 0.008
Intervention duration 1.03 �0.44 to 2.50 0.170 0.75 �1.77 to 3.28 0.559
Total cholesterol
Dose of supplementation �4.50 �7.87 to �1.14 0.008 �3.92 �5.99 to �1.85 0.0002
Intervention duration �0.15 �2.98 to 2.68 0.917 �0.73 �1.99 to 0.52 0.253
LDL-C
Dose of supplementation 0.98 �0.39 to 2.36 0.168 �0.31 �2.77 to 2.13 0.079
Intervention duration �2.81 �4.41 to �1.20 0.0006 �2.81 �4.41 to �1.20 0.0006
HDL-C
Dose of supplementation 0.31 �0.30 to 0.98 0.303 0.31 �0.30 to 0.98 0.303
Intervention duration �0.75 �1.54 to 0.03 0.059 �0.75 �1.54 to 0.03 0.059
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Table 3). Considering the duration of supplementation with mela-
tonin, significant associations were found with changes in LDL-C
but not with triglycerides, total cholesterol and HDL-C levels
(Fig. 5 panel AeD and Table 3).

3.8. Publication bias

The funnel plots indicated an asymmetry in the meta-analyses
of melatonin effects on lipids parameters. Using “trim and fill”
method, 2, 0, 3, 1 and 3 potentially missing studies were imputed
for triglycerides, Total cholesterol, LDL-C, and HDL-C respectively
(Supplementary Fig. 1 AeD). Corrected effect sizes and the results
of Egger's linear regression, Begg's rank correlation, and “fail safe N”
tests are summarized in Supplementary Table 1.

4. Discussion

In our present study, we comprehensively and systematically
reviewed the currently available literature that investigates the
effects of melatonin supplementation on blood lipid parameters in
adults. The findings from the current study revealed that partici-
pants receiving melatonin supplementation significantly had im-
provements in triglycerides, and total cholesterol while no
significant effect on LDL-C and HDL-C was observed. Nevertheless,
triglycerides levels were significantly reduced only at doses�8mg/
day and when the trials lasted for 8 or more weeks. Total choles-
terol levels were also significantly reduced only at doses�8mg/day
and when total cholesterol baseline levels were equal or higher
than 200 mg/dL.

In the present review, we confirmed the results of other animal
and human studies concerning the significant effects of melatonin
supplementation on triglycerides [18,22], and total cholesterol
[26]. However, its effect on HDL-C and LDL-C is somewhat
unpredicted and opposed to previous findings in experimental
studies [18,48]. There have been inconsistent findings regarding
the effect of melatonin supplementation on circulating LDL-C and
HDL-C; some trials reported significant effects [22] while others
reported slight [35] or no reduction [26] as our finding. The
beneficial effect of melatonin treatment on dyslipidemia has been
demonstrated [12]. In a 14-month follow up when nonalcoholic
fatty liver disease patients were treated with 10 mg per day of
melatonin, a significant decrease in triglycerides and LDL choles-
terol (LDL-C) levels was observed in comparison with control
group treated with essential [22].
Fig. 4. Meta-regression plots of the association between mean changes in blood lipids and do
variance of change. The effect of melatonin supplementation on blood lipids. LDL-C: low-d
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The lipid-reducing mechanisms of melatonin in experimental
studies were attributed to its suppressing effect on visceral fat
[45,49], thereby enhancing insulin sensitivity and resulting in
increased activity of lipoprotein lipase (LPL) and decreasing lipol-
ysis in adipose tissue [45], prevention of cholesterol absorption [50]
and synthesis [20], increasing the conversion of cholesterol to bile
acids, enhancing the activity of LDL receptor [20,51], inhibition of
metabotropic receptors that play a role in fatty acid transportation
[52]. Moreover, a noticeable reduction of VLDL cholesterol was
observed after melatonin supplementation [50]. The VLDL is an
important transporter in cholesterol and triglyceride metabolism
when the palmitic acid is absorbed. The effect of melatonin sup-
plementation on VLDL cholesterol reduction could be caused not
only by a decrease in VLDL secretion from the liver, but also a
reduction of VLDL secretion in the intestine might contribute; this
is in agreement with suppression of intestinal cholesterol absorp-
tion [50].

Based on the sub-group results, higher doses (�8 mg/d) and
longer duration (�8 weeks) are required to see the beneficial effect
of melatonin. This finding is in line with the results of a study
regarding the effects of 14 weeks of 10 mg per day melatonin
supplementation on non-alcoholic fatty liver disease subjects [22].
Moreover, the results of Pan et al. [53] supported the dose-
dependency effect of melatonin on triglycerides metabolism in
rats. Another point of emphasis is that the effects of melatonin
supplementation on plasma total cholesterol were more pro-
nounced in studies with higher baseline cholesterol (>200 mg/dL)
[20,21,23,25]. Therefore, the higher plasma total cholesterol made
the subjects more likely to be affected by the melatonin
supplementation.

On the whole, the triglycerides and total cholesterol-lowering
effect of melatonin, along with its minor effect on improving LDL
and HDL-C and other finding which showed that melatonin can
protect LDL from oxidation [46,48,54] may contribute to its prom-
ising beneficial role in atherosclerosis prevention, given that LDL
oxidation is an important activating step in the pathogenesis of
atherosclerosis [55]. The significant effect of melatonin on reducing
plasma triglycerides is an important consequence due to the
remnant lipoprotein particles which are triglyceride-rich lipopro-
teins, have an emerging role in the pathophysiology of athero-
sclerosis [56]. Moreover, a very large body of evidence showed that
melatonin is a strong antioxidant through the scavenging and
detoxifying of free radicals at both physiologic and pharmacologic
concentrations [47,57,58].
se of melatonin supplementation. The size of each circle is inversely proportional to the
ensity lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol.
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Fig. 5. Meta-regression plots of the association between mean changes in blood lipids and duration of melatonin supplementation. The size of each circle is inversely proportional
to the variance of change. Effect of melatonin supplementation on blood lipids. LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol.
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Melatonin has been supplemented to humans and animals in a
wide range of doses in both physiological and pharmacological
amounts, and there is extensive agreement regarding its non-
toxicity [36]. Therefore, given that melatonin is affordable and
inexpensive and can be easily produced in a pharmacologically
pure form and importantly, due to its beneficial role in protecting
against cardiovascular risk factors through its hypolipidemic and
anti-oxidative stress properties, it could be considered for the
improvement of dyslipidemia [59].

The current meta-analysis has pooled up the results of available
RCTs regarding the effect of melatonin on plasma lipid indices, and
we believe that our findings are valuable for researchers and cli-
nicians. Nevertheless, this study had several weaknesses, and the
findings should be interpreted with caution. Most importantly,
there were few eligible studies and most of them included small
sample sizes. Furthermore, the significant heterogeneity between
studies indicated that the effects of melatonin on lipid indices are
not uniform, because the eligible studies have different method-
ologies and were performed among different populations.

In conclusion, sufficient evidences were found regarding the
significant effect of melatonin on triglycerides and cholesterol
levels in our meta-analysis, while no significant effect was seen on
LDL and HDL-C concentration.

The positive effect of melatonin is more evident in higher doses
and longer duration. Additional high-quality well-designed studies
should be performed to approve our findings.
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[46] Şener G, Balkan J, Çevikbaş U, Keyer-Uysal M, Uysal M. Melatonin reduces
cholesterol accumulation and prooxidant state induced by high cholesterol
Please cite this article in press as: Mohammadi-Sartang M, et al., Effec
systematic review and meta-analysis of randomized controlled trials, Cli
diet in the plasma, the liver and probably in the aorta of C57BL/6J mice.
J Pineal Res 2004;36(3):212e6.

[47] Reiter RJ, Tan D-x, Terron MP, Flores LJ, Czarnocki Z. Melatonin and its me-
tabolites: new findings regarding their production and their radical scav-
enging actions. Acta Biochim Pol-Engl Edition 2007;54(1):1.

[48] Kelly MR, Loo G. Melatonin inhibits oxidative modification of human low-
density lipoprotein. J Pineal Res 1997;22(4):203e9.

[49] Wolden-Hanson T, Mitton D, McCants R, Yellon S, Wilkinson CW,
Matsumoto A, et al. Daily melatonin administration to middle-aged male rats
suppresses body weight, intraabdominal adiposity, and plasma leptin and
insulin independent of food intake and total body fat 1. Endocrinology
2000;141(2):487e97.

[50] Hussain SAR. Effect of melatonin on cholesterol absorption in rats. J Pineal Res
2007;42(3):267e71.

[51] Mullerwieland D, Behnke B, Koopmann K, Krone W. Melatonin inhibits LDL
receptor activity and cholesterol-synthesis in freshly isolated human
mononuclear leukocytes. Biochem biophysical Res Commun 1994;203(1):
416e21.

[52] Dauchy RT, Blask DE, Sauer LA, Davidson LK, Krause JA, Smith LC, et al.
Physiologic melatonin concentration, omega-3 fatty acids, and conjugated
linoleic acid inhibit fatty acid transport in rodent hind limb skeletal muscle
in vivo. Comp Med 2003;53(2):186e90.

[53] Pan M, Song YL, Xu JM, Gan HZ. Melatonin ameliorates nonalcoholic fatty liver
induced by high-fat diet in rats. J Pineal Res 2006;41(1):79e84.

[54] Korkmaz A, Reiter RJ, Topal T, Manchester LC, Oter S, Tan D-X. Melatonin: an
established antioxidant worthy of use in clinical trials. Mol Med
2009;15(1e2):43e50.

[55] Sahebkar A. Effects of quercetin supplementation on lipid profile: a systematic
review and meta-analysis of randomized controlled trials. Crit Rev Food Sci
Nutr 2017;57(4):666e76.

[56] Sahebkar A, Chew GT, Watts GF. Recent advances in pharmacotherapy for
hypertriglyceridemia. Prog Lipid Res 2014;56:47e66.

[57] Tan DX, Manchester LC, Terron MP, Flores LJ, Reiter RJ. One molecule, many
derivatives: a never-ending interaction of melatonin with reactive oxygen
and nitrogen species? J Pineal Res 2007;42(1):28e42.

[58] Reiter RJ, Tan D-X, Jou M-J, Korkmaz A, Manchester LC, Paredes SD. Biogenic
amines in the reduction of oxidative stress: melatonin and its metabolites.
Neuroendocrinol Lett 2008;29:391e8.

[59] Reiter RJ, Gultekin F, Flores LJ, Terron MP, Dun-Xian T. Melatonin: potential
utility for improving public health. TAF Prev Med Bull 2006;5(2):131e58.
ts of melatonin supplementation on blood lipid concentrations: A
nical Nutrition (2017), https://doi.org/10.1016/j.clnu.2017.11.003

http://refhub.elsevier.com/S0261-5614(17)31401-2/sref34
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref34
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref34
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref35
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref35
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref35
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref35
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref35
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref36
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref36
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref36
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref36
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref37
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref37
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref37
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref37
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref38
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref38
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref38
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref38
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref39
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref39
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref39
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref39
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref40
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref40
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref40
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref40
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref41
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref41
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref41
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref41
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref42
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref42
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref42
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref42
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref43
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref43
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref43
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref44
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref44
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref44
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref44
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref45
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref45
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref45
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref45
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref45
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref46
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref47
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref47
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref47
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref48
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref48
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref48
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref49
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref50
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref50
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref50
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref51
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref51
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref51
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref51
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref51
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref52
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref52
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref52
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref52
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref52
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref53
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref53
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref53
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref54
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref54
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref54
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref54
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref54
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref55
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref55
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref55
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref55
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref56
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref56
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref56
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref57
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref57
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref57
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref57
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref58
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref58
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref58
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref58
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref59
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref59
http://refhub.elsevier.com/S0261-5614(17)31401-2/sref59

	Effects of melatonin supplementation on blood lipid concentrations: A systematic review and meta-analysis of randomized con ...
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Study selection
	2.3. Data extraction
	2.4. Quality assessment
	2.5. Quantitative data synthesis and statistical analysis

	3. Results
	3.1. Flow and characteristics of included studies
	3.2. Characteristics of included studies
	3.3. Data quality
	3.4. Meta-analysis results
	3.5. Sensitivity analysis
	3.6. Sub-group analysis
	3.7. Meta-regression
	3.8. Publication bias

	4. Discussion
	Author contributions
	Funding
	Conflict of Interest
	Appendix A. Supplementary data
	References


