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HIGHLIGHTS

* Melatonin had beneficial effects on outcomes in assisted reproductive technologies, but it had no influence on pregnancy.
* Melatonin had beneficial effects such as the improvement in the fertilization rate.
* Melatonin has a beneficial effect on the formation of mature oocytes (MII).
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Background: Melatonin is a hormone produced by the pineal gland and it has antioxidant properties.

Aim: This study aimed to evaluate the effects of melatonin on assisted reproductive technologies through a sys-
tematic review and a meta-analysis.

Materials and methods: Search strategies were used in PubMed and in other databases covering the last 15 years.
After screening for eligibility, 17 articles were selected for the systematic review. For the meta-analysis statistics,
two groups were formed, the treatment group (with melatonin) and the control group (without melatonin) for
various assisted reproduction outcomes.

Results: The main results were that no statistical differences were found concerning the clinical pregnancy out-
come (p = 0.64), but there was a statistical difference with respect to Mature Oocytes (MII) (p = 0.001), antral
follicle count (p = 0.0002), and the fertilization rate (p < 0.0001).

Conclusions: Melatonin had beneficial effects such as the improvement in the fertilization rate, although the
authors did not obtain significance in the clinical pregnancy rate.

Introduction

Infertility affects millions of women worldwide and is one of the
main causes of the unfulfilled dream of having a child." Assisted repro-
duction techniques may be accompanied by complications such as Ovar-
ian Hyperstimulation Syndrome (OHSS), which can be fatal.? As many
as 20 % to 33 % of In Vitro Fertilization (IVF) cycles are affected by mild
OHSS, whereas moderate to severe OHSS reportedly occurs in 3 % to
8 % of patients.®

Melatonin is a hormone that is primarily produced by the pineal
gland. Two characteristics worth emphasizing are its antioxidant

*Corresponding author.
E-mail address: eduardo.veiga@fm.usp.br (E.C.d.A. Veiga).

https://doi.org/10.1016/j.clinsp.2024.100397
Received 23 January 2024; Revised 1 April 2024; Accepted 13 May 2024

properties and its capacity to improve mitochondrial functions in female
germ cells, which can lead to benefits in human reproduction treat-
ments.* ® Melatonin plays a role in sleep and in physiological oocyte
maturation.” Both in vitro and in vivo studies, in animals and in humans,
show the benefits of melatonin as a substance that reduces the oxidative
stress of cells related to reproduction, even improving fertilization
rates.®

Two recent works have demonstrated that melatonin not only allevi-
ates reactive oxygen species, but also improves apoptosis and that it
may clinically benefit women who have developed OHSS.”'° Other
works discuss the important role, still under study, of melatonin related

1807-5932/© 2024 HCFMUSP. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/

4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinsp.2024.100397&domain=pdf
http://orcid.org/0000-0002-0167-861X
http://orcid.org/0000-0002-0167-861X
http://orcid.org/0000-0002-0167-861X
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-3732-1057
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0002-6710-8716
http://orcid.org/0000-0003-0774-9404
http://orcid.org/0000-0003-0774-9404
http://orcid.org/0000-0003-0774-9404
mailto:eduardo.veiga@fm.usp.br
https://doi.org/10.1016/j.clinsp.2024.100397
https://doi.org/10.1016/j.clinsp.2024.100397
http://https://www.journals.elsevier.com/clinics

E.C.d.A. Veiga et al.

to steroid sex hormones, in one of these works it was observed that mela-
tonin plays a role in maintaining follicular function through the produc-
tion of progesterone,'’ while in the most recent review, it is considered
that melatonin plays a role not only in the production of progesterone
but also in estrogen and spermatogenesis.'? Among the positive results
of using melatonin for women on Assisted Reproductive Technology
(ART) are increases in the number of mature oocytes, the fertilization
rate, the number of high-quality embryos, and, in some cases, increased
pregnancy rates.">'*

Given the above, this study aimed to evaluate the effects of melato-
nin on assisted reproductive technologies through a systematic review
and a meta-analysis.

Materials and methods

For the systematic review, the authors drew on several articles and
guidelines, including Berstock et al., 2019,'° Hennessey et al., 2019,'°
and Page et al., 2021."7 The meta-analysis was conducted in accordance
with Higgins et al., 2022.'%

Search strategy
The studies selected for this review were published between January

2008 and April 2023, and they are indexed in PubMed and Scielo
(Fig. 1). The initial search yielded 127 articles. After applying the
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eligibility criteria, they were narrowed down to the 17 articles included
in this systematic review. Fig. 1 shows the selection process in detail.

Drawing on Page et al., 2020,'” the P (Population) in the P.L.C.O. of
this systematic review is patients, i.e., the female research participants
who were selected to take exogenous melatonin and who had or had not
ovarian hyperstimulation syndrome, depending on the article; the I
(Intervention) is the administration of exogenous melatonin; the C
(Comparison) is the comparison of the control group and the experimen-
tal group (exposed to melatonin); the O (Outcomes) is the outcomes as
described in Table 1.

This review was conducted following the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis)
recommendations.'®

Inclusion and exclusion criteria

The exclusion criteria covered animal studies (n = 74), articles
whose titles or abstracts did not fall within the scope of the present study
(n = 11), and review articles (n = 8). An additional 16 articles were
excluded for lack of access to the full text because they were not freely
accessible. The remaining 24 articles were fully read. By applying a sec-
ond round of exclusion criteria, 7 more studies were screened out. The
17 articles that remained met the inclusion criteria of this study (see
Table 1 for details) and were thus included in the study (Fig. 1). The
inclusion and exclusion criteria were based on Page et al., 2020."”

[ Identification of studies via databases and registers

Fig. 1. Flowchart of the systematic review. * Consider,
] if feasible to do so, reporting the number of records

identified from each database or register searched

(e
c Databases Read only title screening: o 8 : ’
.g and abstract. Exclusion criteria how many records were excluded by a human and how
g PUBMED/MEDLINE (n = R Records removed for other many were excluded by automation tools. From: Page
!g 127) L reasons: MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
5 Other sources included in the 1.Anima|§ artiqles (n=74) TC, Mulrow CD, et al. The PRISMA 2020 statement: an
° review (n = 6). 2.As the title will not be the updated guideline for reporting systematic reviews.
theme (n = 11) BMJ 2021;372:n71. doi:10.1136/bmj.n71. For more
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Table 1

Exogenous melatonin in previous clinical studies.
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Authors Years Study design Technique Melatonin treatment Justifications for inclusion criteria Main outcomes
Tamuraetal. [11] 2008 Controlled Clinical IVFET 3 mg/day The study has results that melatonin improves oocyte and embryo quality and
Trial improves among other aspects of ARTs better fertility taxes.
and fertility rates

Unfer et al. [19] 2011 Clinical Trial IVF 3 mg/day The study has results that melatonin had improved on pregnancy rate

improves oocyte quality

Batiogluetal. [18] 2012 Randomized Con- IVFET 3 mg/day The justification for the inclusion is the improves oocyte and embryo quality

trolled Trial efficacy of melatonin administered in
improving oocyte quality

Fernando etal. [17] 2014 Clinical Trial IVF ICSI 4 mg/twice perday  Double-blind randomized study evaluating Melatonin in ART will be the first trial

melatonin in infertility treatments designed to determine a relationship of
melatonin on clinical pregnancy rates.

Nishihara et al. [20] 2014 Clinical Trial IVF 3 mg/day The justification for the inclusion is the improves oocyte and embryo quality

efficacy of melatonin administered in
improving oocyte quality

Jahromietal. [21] 2017 Randomized Con- IVF 3 mg/day Double-blind randomized study evaluating improves oocyte and embryo quality

trolled Trial melatonin in infertility treatments in
women with low ovarian reserve

Tong et al. [22] 2017 Clinical Trial IVF ICSI Melatonin measu- The justification for the inclusion is that improves oocyte and embryo quality
ment in folicular melatonin levels can be markers and
fluid with range predictors of low ovarian reserve and
was 2.3- better results in IVF
1000 pg/mL.

Zheng et al. [23] 2017 Clinical Trial IVF Melatonin measu- The work seals the concentrations of mela- We have demonstrated that higher folicul-
ment in folicular tonin in the follicular fluids and their lar fluid melatonin concentrations were
fluid. role in human reproduction related to better ART outcomes

Ma et al. [24] 2018 Clinical Trial IVF ICSI ET This study was the only one that did not Follicle count measured on the day of hCG

have the presence of melatonin, there- administration was the only predictive
fore it was important for the inclusion factor for the occurrence of OHSS
criteria in the present systematic review

because it worked with studies of two

fluids of two follicular follicles in

women with ovarian hyperstimulation

syndrome.

Espino et al. [25] 2019 Clinical Trial IVF 3mg/day or 6 mg/  The authors studied the use of melatonin ~ improves oocyte and embryo quality
day in infertilities with no apparent or

apparent cause in unexplained
infertilities

Fernando et al. [26] 2019 Randomized Con- IVF 2,4 or 8 mg/twicea This work, despite having arguments that ~Melatonin and vascular indices cannot

trolled Trial day go against current literature, is impor- predict the number or quality of oocytes
tant for studying melatonin in ovarian or embryos obtained in an IVF cycle.
vascular indices

Lietal. [27] 2019 Case control Study IVFICSIET Melatonin measu- The authors studied in the same work the  Role of melatonin as a predictor of ovarian
ment in folicular functions of melatonin in ovarian hyper-  hyperstimulation syndrome
fluid. stimulation syndrome

Zheng et al. [28] 2019 Clinical Trial IVF Melatonin measu- This work was important to be selected The authors studied in the same work the
ment in folicular because it was the first to demonstrate functions of melatonin in ovarian hyper-
fluid that melatonin in the follicular fluids is stimulation syndrome

significantly increased in women with
OHSS
Espinolaetal. [29] 2020 Prospective Random- IVF 1 mg/day As justifications for the inclusion of this The main failure was that increased vita-
ized and Con- work, there is a randomized study that min D levels were positively correlated
trolled Pilot Study studied vitamin D, melatonin, or myo- with IVF implantation rates.
inositol and folic acid in assisted
reproduction
Wdowiak et al. [30] 2020 Prospective Random- IVF ICSI 1 mg/day A study comparing other two substances A combination of myo-inositol, vitamin D
ized and Con- together with melatonin in women with and melatonin including better fertiliza-
trolled Trial OHSS tion and pregnancy outcomes as well as
reduced risk of OHSS

Lietal. [31] 2021 Randomized Con- IVF IVM MT in fluid folicular It was a pilot study that compared IVF pro- Melatonin supplementation has efficacy in

trolled Trial in IVF and addition  tocols with in vitro maturation and the clinical results of assisted reproduction
in vitro culture of presence of melatonin and its results in as higher rates of oocytes in IVF
10~° mol/L mela- human reproduction.
tonina in IVM.

Zheng et al. [32] 2022 Clinical Trial - Melatonin treatment  The authors studies the functions of mela- Melatonin attenuated reactive oxygen spe-
in 10 uM cell tonin in ovarian hyperstimulation cies during apoptosis
culture syndrome

IVF, In Vitro Fertilization; ICSI, Intracytoplasmic Sperm Injection; IVM, In Vitro Maturation; MT, Melatonin; OHSS, Ovarian Hyperstimulation Syndrome.

Statistical analysis

For descriptive analysis, calculations were made for means, standard

deviations, mean differences, and odd ratios with a 95 % Confidence

Interval. Meta-analysis was carried out with the Review Manager 5.4.1
software program (Cochrane Collaboration, Oxford, UK). For the 95 %
CI and the overall effect size, values of p < 0.05 were assumed for signifi-

cant differences.



E.C.d.A. Veiga et al.

Clinics 79 (2024) 100397

Melatonin Control Odds ratio Odds ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI A BCDEF
Batioglu 2012 20 40 18 45 215% 1.50 [0.63 , 3.55) — 90220
Espino 2019 3 10 5 10 7.4% 0.43[0.07 , 2.68] _—t ?2?22@0@@
Espinola 2020 12 50 18 50 21.3% 0.56 [0.24 , 1.34] —at ®2® 2@~
Li 2021 8 20 6 14 116% 0.89[0.22, 3.55] —_— 7@ 20900 @
Tamura 2008 1 56 6 59 16.6% 2.16[0.74 , 6.30] 4 — 2 2@ 2@@
Wdowiak 2020 21 50 12 50 216% 2.29[0.97 ,5.41)] -— PP 2@
Total (95% Cl) 226 228 100.0% 1.22[0.71, 2.09]
Total events: 75 65 r
Heterogeneity: Tau? = 0.16; Chi? = 7.89, df = 5 (P = 0.16); I = 37% 001 o1 1 o 100

Test for overall effect: Z = 0.70 (P = 0.48)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Favours [experimental] Favours [control]

Fig. 2. Meta-analysis of clinical pregnancy rate in patients receiving and not receiving melatonin.

Results

Melatonin is involved in a number of the body’s physiological pro-
cesses, one of which is regulating fertility. The articles included in this
study are detailed in Table 1, which also includes information about the
authors, publication year, methods, melatonin treatment, rationale for
article inclusion, and key results or outcomes. A significant finding of
this systematic review was that melatonin plays a role in the improve-
ment of oocyte and embryo quality.' 9232734

Meta-analysis of assisted reproduction outcome variables

The comparison between melatonin intake and the clinical preg-
nancy rate of assisted reproduction yielded no statistical difference.

Only 6 studies included this variable and with the following results:
p = 0.64, ?=37% (Fig. 2); risk ratio of 1.22 (0.71-2.09). Caution is
needed in interpreting this outcome, for there are numerous other varia-
bles involved in a healthy pregnancy resulting from assisted reproduc-
tion techniques, including the physiological conditions necessary for
achieving pregnancy.

The meta-analysis of the fertilization rate outcome in percentage (%)
showed a positive effect of the melatonin treatment, as the difference
between the melatonin treatment groups and the control groups was sta-
tistically significant (p < 0.00001, I* = 88 %, Fig. 3; risk ratio = 0.84
[0.79, 0.90]). The fertilization rate is an important indicator of repro-
ductive outcomes, and the group of women who took melatonin had
improved results compared to the group of women who did not take it
(Fig. 3).

Melatonin No melatonin Risk ratio (Non-event) Risk ratio (Non-event) Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI A BCDEF
Espino 2019 67 100 51 100 10.7% 0.67 [0.48 , 0.95] ] 22200 @
Li 2021 7 100 6 100 20.6% 0.99[0.92, 1.06] 2@ 200 @
Nishihara 2014 7 100 3 100 21.3% 0.96[0.90, 1.02] P 222002
Tamura 2016 57 100 43 100 125% 0.75[0.57 , 1.00] - 222200
Tamura et al 2008 50 100 23 100 16.9% 0.65[0.52,0.81] - 2 72@®2@@
Unfer 2011 27 100 18 100 18.0% 0.89[0.77 ,1.03] o 22 2@@® 2
Total (95% Cl) 600 600 100.0% 0.84[0.79, 0.90] |
Total events: 215 144
Heterogeneity: Chi = 41.35, df = 5 (P < 0.00001); I? = 88% 001 01 1 o 100

Test for overall effect: Z = 4.92 (P < 0.00001)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Favours decaf

Fig. 3. Meta-analysis of fertilization rate in patients receiving and not receiving melatonin.

Favours caffeine
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In the only four studies addressing follicle count, melatonin had posi-
tive effects on the growth of follicles as shown by p < 0.00001,
12 = 85 % (Fig $2), which points to statistical significance.

Five studies measured the Mature oocyte (MII). Statistically signifi-
cant values were found, and they are p = 0.001, I> = 87 % (Fig. S1).
The MII oocyte is the female germ cell in an ideal state of maturation for
fertilization.

A meta-analysis of maternal age in years was performed in 11 stud-
ies, and no statistically significant difference was found (p = 0.64 and
I2 = 64 %). Body mass index (kg/m?) was a sociodemographic variable
analyzed in 8 studies, with no significant differences in outcome
(p = 0.59, I = 77 %). A third sociodemographic variable was women’s
infertility time, and it approached the significance level at best
(p = 0.06,1> = 0%).

In short, melatonin had beneficial effects as shown by the increased
fertilization rate and other outcomes of the reproductive process. The
clinical pregnancy rates, however, were not significantly different in the
group comparison.

Discussion

The main findings were that women who took melatonin had an
improved fertilization rate and reaped other benefits from assisted
reproductive technologies. However, melatonin intake did not result in
a higher clinical pregnancy rate.

Of the 17 studies selected for this systematic review, only two
articles, those by Li et al., 2019°° and Zhang et al., 2023,>* deal directly
with the subject of ovarian hyperstimulation and the way in which mela-
tonin can be a hormone that aids reproductive results. Li et al., 2019,
concluded that melatonin produced by the follicular follicle helps pre-
dict OHSS, while Zhang et al., 2020, took a deeper approach. They dem-
onstrated how melatonin, in addition to having anti-apoptotic
properties, can improve oxidative stress in OHSS and concluded that it
can indeed prevent OHSS. In a recent study by Hu et al., 2020, promis-
ing results were obtained, but they differ from those of this meta-analy-
sis, in which the clinical pregnancy rate improved with the
administration of melatonin to patients with an OR of 1.43. However,
their study comprised only articles with an RTC design, an advantage
offset mainly by the low-quality bias and the heterogeneity of the
articles. In a recent meta-analysis by Mejihede et al. 2021°° with 7
articles from randomized controlled trials, oral melatonin supplementa-
tion resulted in an increase in the number of mature oocytes, and a trend
for increasing CPR, albeit not significant.>* A recent study also verified
the relationship between melatonin and the increase in gene expression
in rats of follistatin and of Inhibin Beta-A, substances necessary for good
hormonal regulation of the ovary and oocyte maturation.>® One of the
mechanisms may be through the melatonin receptor in ovarian follicles,
but there are also other mechanisms that do not depend on the receptor
and are related to antioxidant substances.>*>*2>%”

Some recent studies demonstrate that melatonin either from follicu-
lar fluid, granulosa cells, or exogenous sources has important roles con-
cerning the quality of oocytes. It can delay the aging of the ovaries and
their functions and improve the antioxidant properties of the oocytes,
leading to improved reproductive outcomes such as an improved fertili-
zation rate,>>%3%3%3%

The strength of the present work lies in demonstrating through meta-
analysis that variables analyzed at the onset of assisted reproduction
techniques improved to benefit the women who used exogenous melato-
nin. On the other hand, in the author’s judgment, an important limita-
tion is that in nearly half of the studies, the risk of bias was unclear or
was not mentioned, impairing the quality of the studies. Another limita-
tion, and the most important one, is that there was no difference in the
clinical pregnancy rate between the groups. Further, there were not
enough studies among the selected articles to analyze the main variable
of assisted reproduction, namely the rate of live births.
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Limitations of the study

This study has two main limitations. First, it is a systematic review
and as such there is no data collection. Also, the results are those of pre-
viously published articles. Second, with respect to the meta-analysis of
the clinical rate of pregnancy variable, there is no statistical difference
between the use and the nonuse of melatonin, despite its beneficial
molecular and cellular effects as judged by the values presented in the
articles.

Conclusion and future perspectives

Melatonin is not a substance that has been used frequently in assisted
reproduction. However, it has the following advantages for use in clini-
cal practice: it is low cost; it is commercially available; it is a hormone
produced by our own body and thus has no side effects; it has, as one of
its main physiological actions, the capacity to reduce the oxidative stress
of oocytes, but due to the few existing studies, this feature is still being
overshadowed by the main results of human reproduction, such as clini-
cal pregnancy rate and live birth rate. Therefore, the authors suggest
that this line of research into melatonin use in assisted reproductive
technologies be expanded with double-blind randomized multicenter
studies. Melatonin had beneficial effects such as the improvement in the
fertilization rate, although the authors did not obtain significance in the
clinical pregnancy rate.

Additional studies, such as double-blind randomized clinical trials
with many participants, are needed, particularly as regards melatonin
action on ovarian hyperstimulation syndrome.

Funding

No funding.

Declaration of competing interest

The authors declare no conflicts of interest.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.clinsp.2024.100397.

References

1. Graham ME, Jelin A, Hoon AH, Wilms Floet AM, Levey E, Graham EM. Assisted repro-
ductive technology: short- and long-term outcomes. Dev Med Child Neurol 2023;65
(1):38-49.

2. Zhang Q, Ma 'Y, Bu X, Jia C, Liu Y, Wang S. Comparison of bromocriptine and hydrox-
yethyl starch in the prevention of ovarian hyperstimulation syndrome. Int J Gynecol
Obstet 2022;159(3):944-50.

3. Mourad S, Brown J, Farquhar C. Interventions for the prevention of OHSS in ART
cycles: an overview of Cochrane reviews. Cochrane Database Syst Rev 2017;1(1):
CD012103.

4, Reiter RJ, Tan DX, Rosales-Corral S, Galano A, Zhou XJ, Xu B. Mitochondria: central
organelles for melatonins antioxidant and anti-Aging actions. Molecules 2018;23
(2):509.

5. Tamura H, Jozaki M, Tanabe M, Shirafuta Y, Mihara Y, Shinagawa M, et al. Impor-
tance of melatonin in assisted reproductive technology and ovarian aging. Vol. 21, Int
J Mol Sci. 2020;21(3):1135.

6. Cheng JC, Fang L, Li Y, Wang S, Li Y, Yan Y, et al. Melatonin stimulates aromatase
expression and estradiol production in human granulosa-lutein cells: relevance for
high serum estradiol levels in patients with ovarian hyperstimulation syndrome. Exp
Mol Med 2020;52(8):1341-50.

7. Yong W, Ma H, Na M, Gao T, Zhang Y, Hao L, et al. Roles of melatonin in the field of
reproductive medicine. Biomed Pharmacother 2021;144:112001.

8. Cosme P, Rodriguez AB, Garrido M, Espino J. Coping with oxidative stress in repro-
ductive pathophysiology and assisted reproduction: melatonin as an emerging thera-
peutical tool. Antioxidants (Basel) 2023;12(1):86.

9. LiY, Fang L, Yu Y, Shi H, Wang S, Guo Y, et al. Higher melatonin in the follicle fluid
and MT2 expression in the granulosa cells contribute to the OHSS occurrence. Reprod
Biol Endocrinol 2019;17(1):37.


https://doi.org/10.1016/j.clinsp.2024.100397
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0009

E.C.d.A. Veiga et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zheng M, Jiao S, Liu M, Zhang C. Melatonin ameliorates ovarian hyperstimulation syn-
drome (OHSS) through SESN2 regulated antiapoptosis. Obstet Gynecol Int
2023;2023:1121227.

Maganhin CC, Fuchs LF, Simoes RS, Oliveira-Filho RM, de Jesus Simoes M, Baracat EC,
et al. Effects of melatonin on ovarian follicles. Eur J Obstet Gynecol Reprod Biol
2013;166(2):178-84.

Cipolla-Neto J, Amaral FG, Soares Jr JM, Gallo CC, Furtado A, Cavaco JE, et al. The
crosstalk between melatonin and sex steroid hormones. Neuroendocrinology
2022;112(2):115-29.

Tamura H, Takasaki A, Miwa I, Taniguchi K, Maekawa R, Asada H, et al. Oxidative
stress impairs oocyte quality and melatonin protects oocytes from free radical damage
and improves fertilization rate. J Pineal Res 2008;44(3):280-7.

Ge ZJ, Schatten H, Zhang CL, Sun QY. Oocyte ageing and epigenetics. Reproduction
2015;49(3):R103-14.

Berstock JR, Whitehouse MR. How to prepare and manage a systematic review and
meta-analysis of clinical studies Vol. 4 EFORT Open Reviews 2019;4(5):213-20.
Hennessy EA, Johnson BT, Keenan C. Best Practice Guidelines and essential methodo-
logical steps to conduct rigorous and systematic meta-reviews. Appl Psychol Health
Well Being 2019;11(3):353-81.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71.

(Professor of SR and P Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, et al.
Writer on evidence-based medicine. In: Page MJ, ed. Cochrane Handbook For System-
atic Reviews of Interventions; 2023. p. 694.

Jing T, Shile S, Sun Y, Li H, Li WP, Cong Z, et al. Melatonin levels in follicular fluid as
markers for IVF outcomes and predicting ovarian reserve. Reproduction 2017;153
(4):443-51.

Fernando S, Osianlis T, Vollenhoven B, Wallace E, Rombauts L. A pilot double-blind
randomised placebo-controlled dose-response trial assessing the effects of melatonin
on infertility treatment (MIART): study protocol. BMJ Open 2014;4(8):e005986.
Batiioglu AS, Sahin U, Grlek B, Oztrk N, Unsal E. The efficacy of melatonin administra-
tion on oocyte quality. Gynecol Endocrinol 2012;28(2):91-3.

Espino J, Macedo M, Lozano G, Ortiz A, Rodriguez C, Rodriguez AB, et al. Impact of
melatonin supplementation in women with unexplained infertility undergoing fertility
treatment. Antioxidants 2019;8(9):338.

Tong J, Sheng S, Sun Y, Li H, Li WP, Zhang C, et al. Melatonin levels in follicular fluid
as markers for IVF outcomes and predicting ovarian reserve. Reproduction 2017;153
(4):443-51.

Zheng M, Tong J, Li WP, Chen ZJ, Zhang C. Melatonin concentration in follicular fluid
is correlated with antral follicle count (AFC) and in vitro fertilization (IVF) outcomes
in women undergoing assisted reproductive technology (ART) procedures. Gynecol
Endocrinol 2018;34(5):446-50.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Clinics 79 (2024) 100397

Jahromi BN, Sadeghi S, Alipour S, Mohammad, Parsanezhad E, Alamdarloo SM. Effect
of melatonin on the outcome of assisted reproductive technique cycles in women with
diminished ovarian reserve: a double-blinded randomized clinical trial. Irian J Med
Sci 2017;42(1):73-8.

Unfer V, Raffone E, Rizzo P, Buffo S. Effect of a supplementation with myo-inositol
plus melatonin on oocyte quality in women who failed to conceive in previous in vitro
fertilization cycles for poor oocyte quality: a prospective, longitudinal, cohort study.
Gynecol Endocrinol 2011;27(11):857-61.

Ma T, Niu Y, Wei B, Xu L, Zou L, Che X, et al. Moderate-to-severe ovarian hyperstimu-
lation syndrome: a retrospective multivariate logistic regression analysis in Chinese
patients. Adv Clin Exp Med 2020;29(1):85-90.

Fernando S, Wallace EM, Rombauts L, White N, Hong J, Vollenhoven B, et al. The
effect of melatonin on ultrasound markers of follicular development: a double-blind
placebo-controlled randomised trial. Aust N Z J Obstet Gynaecol 2020;60(1):141-8.
Li Y, Fang L, Yu Y, Shi H, Wang S, Guo Y, et al. Higher melatonin in the follicle fluid
and MT2 expression in the granulosa cells contribute to the OHSS occurrence. Repro-
ductive Biology and Endocrinology 2019;17(1):37.

Bezerra Espinola MS, Bilotta G, Aragona C. Positive effect of a new supplementa-
tion of vitamin D3 with myo-inositol, folic acid and melatonin on IVF outcomes:
a prospective randomized and controlled pilot study. Gynecol Endocrinol 2021;37
(3):251-4.

Wdowiak A, Filip M. The effect of myo-inositol, vitamin D3 and melatonin on the
oocyte quality and pregnancy in in vitro fertilization: a randomized prospective con-
trolled trial. Eur Rev Med Pharmacol Sci 2020;24(16):8529-36.

Li X, Mu Y, Elshewy N, Ding D, Zou H, Chen B, et al. Comparison of IVF and IVM out-
comes in the same patient treated with a modified IVM protocol along with an oocytes-
maturing system containing melatonin: a pilot study. Life Sci 2021;264:118706.
Nishihara T, Hashimoto S, Ito K, Nakaoka Y, Matsumoto K, Hosoi Y, et al. Oral melato-
nin supplementation improves oocyte and embryo quality in women undergoing in
vitro fertilization-embryo transfer. Gynecol Endocrinol 2014;30(5):359-62.

Zheng M, Liu M, Zhang C. Melatonin ameliorates ovarian hyperstimulation syn-
drome (OHSS) through SESN2 regulated antiapoptosis. Obstet Gynecol Int 2023;
2023:1121227.

Maganhin CC, Baracat MCP, Carvalho KC, Seganfredo IB, Luquetti CM, Dos Santos
Simoes R, et al. Evidence that melatonin increases inhibin beta-a and follistatin gene
expression in ovaries of pinealectomized rats. Reprod Sci 2020;27(7):1455-64.

Hu KL, Ye X, Wang S, Zhang D. Melatonin application in assisted reproductive
technology: a systematic review and meta-analysis of randomized trials. Front
Endocrinol (Lausanne) 2020;11:160.. Erratum in: Front Endocrinol (Lausanne).
2020;11:333.

Mejlhede MAB, Jepsen JB, Knudsen UB. Oral melatonin supplementation during in
vitro fertilization treatment: a systematic PRISMA review and meta-analysis of ran-
domized controlled trials. Gynecol Endocrinol 2021;37(12):1079-85.


http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00074-7/sbref0034

	Melatonin improves fertilization rate in assisted reproduction: Systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Statistical analysis

	Results
	Meta-analysis of assisted reproduction outcome variables

	Discussion
	Limitations of the study

	Conclusion and future perspectives
	Funding
	Declaration of competing interest
	Supplementary materials
	References


