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Abstract
To assess the effect of melatonin (MT) supplementation on the outcomes of ART. A meta-analysis and
systematic review was conducted. Eleven studies were included in this meta-analysis. Clinical pregnancy rate
(CPR), live birth rate (LBR), Miscarriage rate (MR), fertilization rate (FR), Number of oocyte, MII oocyte, top-quality
embryo were reported in 10, 3, 6, 7, 9, 8, and 6 studies, respectively. MT supplementation significantly increased
the CPR, the No. of MII oocyte, the No. of top-quality embryo, and the FR. However, there was no significant
difference in LBR, No. of oocyte, and the MR. When studies were sub-grouped by the interventions, no matter the
control group is MI+FA or placebo/none, MT supplementation increased No. of MII oocyte and No. of top
embryo, whereas showed similar CPR. When studies were sub-grouped according to women’s characteristic, MT
supplementation showed no significant benefit on CPR in women with PCOS, with normal ovary function, and
with previous low fertilization or poor-quality embryo. However, MT supplementation increased the No of MII in
women with PCOS, but did not show benefit in women with normal ovary function. MT supplementation may not
improve the CPR and LBR of ART. But MT seems be beneficial to the quality of oocyte and embryo, especially for
women with PCOS and DOR. Further well-designed studies are needed before the recommendation of its clinical
use.

Introduction
Assisted reproductive technology (ART), which was a very effective and widely used treatment for infertility, has
been made great progress since the first tube baby born in 1978 (1). However, according to the present reports,
the successfully clinical pregnancy rate (CPR) and the live birth rate (LBR) have been hovering at approximately
50% and 30%, respectively, with a 51% of cumulative live birthrates (CLBR) within 3 treatment cycles (2). How to
enhance the success of ART has been the focus of research in this field.
In the process of ART, the failure in fertilization, embryo development, and implantation may result from poor
oocyte quality (3). While the underlying mechanism leading to poor oocyte quality has not been fully elucidated,
oxidative stress is considered to be a possible reason for poor oocyte quality, which may impair female
reproductive ability (4). Limiting oxidative stress in oocyte resulted from ROS can produce top-quality embryo.
Therefore, it is proposed to use anti-oxidants to mitigate the harmful effects of excessive ROS and improve
success rate.
MT, a hormone primarily secreted by the pineal gland. MT and its metabolites can directly mitigate neutralize
ROS in human tissues, and can up regulate the gene expression of various antioxidant enzymes, and reduce
oxidative damage to cells (5).
Therefore, Many clinics have introduced MT supplementation into their routine practice, and investigated the
effect of this intervention on reproductive outcomes. Some studies found improved oocyte quality, embryo
quality, and enhanced outcome of ART (6-8). One the contrary, some studies failed to show any beneficial effect
with MT supplementation in infertile women undergoing ART(9). So far, there were two systematic reviews with
inconsistent results. One meta-analysis included 5 studies and failed to show beneficial effect of MT
supplementation on the most important reproductive outcomes (10). The other concluded that supplementation
of MT significantly increased the CPR (11).
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Therefore, it was necessary to evaluated weather supplementation of MT have beneficial effect on outcome of
ART. This systematic review and meta-analysis aim to clarify the effect of MT supplementation.

Methods
The present systematic review and meta-analysis was conducted based on the PRISMA guidelines. There was
no completing interest.
Search strategy
PubMed, Embase, Google Scholar and the Cochrane Library were searched from the incipiency until April 2020.
The keywords used to search for relevant literature were as follows: one about assisted reproductive
technologies (assisted reproductive technology/ in vitro fertilization/ intracytoplasmic sperm injection/ ART/
IVF/ ICSI), one including terms on melatonin/ melatonin supplementation / MT, and the last one including
outcome of IVF/ICSI (live birth, clinical pregnancy, fertilization). Merging the subsets with “AND” has produced
more literatures. Papers published in non-English were excluded. Two reviewers reviewed the eligibility of
included papers independently and the third reviewer was asked to review the paper when the discrepancy was
happened.

Study selection and data extraction
Two authors reviewed title and abstract independently. Studies, which evaluated MT supplementation in women
undergoing ART treatment, were included and analyzed. The main outcome index was the LBR, CPR, Number of
oocyte/MII, Number of top embryo, fertilization rate (FR) and/or miscarriage rate (MR).
In this study, the data of each eligible study included were extracted and recorded in a 2×2 table. For incomplete
data, we contacted the author or calculated from the existing data. In addition, we also recorded the type of
study, interventions, sample size, inclusion and exclusion criteria, usage of MT, and all the outcomes reported in
each study. Two authors completed the quality assessment, and the third author resolved any discrepancy.

Data analysis
RevMan 5.3 (Cochrane Collaboration, Oxford, UK) was applied for statistical analysis. The Risk Ratio (RR) with
the 2x2 tables was used for binary outcomes, and mean difference (MD) for continuous outcomes. Forest plots
were used to assess the heterogeneity of the included studies graphically and the l2 value was used to
quantitatively assess the heterogeneity between studies. The precision of the estimates were evaluated by 95%
CI via fixed or random effect model. Because of the low power of X2 test for heterogeneity in of a meta-analysis,
the statistical significant was considered when the P value <0.1 rather than <0.05, especially in the studies with
small sample size.

Results
Studies selection and characteristics
This search strategy produced 160 citations. After reviewing the title and/or abstract, 103 irrelevant studies were
excluded. Of the remaining 57 papers, 44 studies were excluded, as outcomes of IVF/ICSI were not reported or
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irrelevant to our subject. Two studies were system review and meta-analysis. The study flow diagram is shown
as Supplemental Table 1.
The characteristics of the included studies are showed as in Table 1. 11 prospective studies were included in our
meta-analysis. In these studies, there were 10 studies for clinical pregnancy, 3 studies for live birth rate, 6 studies
for miscarriage rate, 7 studies for fertilization rate, 9 (8) studies for oocyte (MII) number, and 6 studies for top
embryo. The control group used placebo or no-treatment in 7 studies, and used standard treatment with
myoinositol + folic acid (MI+ FA) in 3 studies. One study did not report the treatment in control group. Among 11
studies, 1 study included infertile women with disturbed sleep, 2 studies included women with PCOS, 3 studies
with normal ovarian function, 1 study with DOR, 3 studies with previous low fertilization rate or poor quality
embryo, and 1 study did not reported the characteristic of participant.

Meta-analysis
Ten, three, six seven, nine, eight, six studies were obtained in our meta-analysis to assess the effect of MT
supplementation on CPR, LBR, MR, FR, Number of oocyte, Number of MII, Number of top embryo after ART
treatment, respectively.
When evaluated the effects of MT supplementation on the CPR, 10 studies were analyzed including 593 cycles
with MT supplementation and 516 cycles without MT. The CPR was significantly increased in women with MT
supplementation compared with control group. There was no heterogeneity across studies with P=0.96 (l2=0%).
The fixed effects model was implied and the combined PR was 1.24 (95% CI, 1.04, 1.47; P=0.02) (Fig. 1).
Subsequently, we presented stratified results by the interventions. The MT supplementation with or without
MI+FA did not bring beneficial effect on CPR with combined RR 1.22 (95% CI, 0.96, 1.54; P=0.10) compared with
treatment with MI+FA and 1.26 (95% CI, 0.97, 1.62; P=0.08) compared with treatment with placebo/none.
Included studies were subgrouped into 4 types by the characteristic of women: women with PCOS (2 studies),
Normal ovarian function (3 studies), with previous poor oocyte quality of low fertilization rate (3 studies), and
DOR (1 study). The pooled RRs in women with PCOS, Normal ovarian function, and with previous poor oocyte
quality/ low fertilization rate, were 1.18 (95% CI, 0.92, 1.52; P=0.18), 1.15 (95% CI, 0.87, 1.53; P=0.32), 1.71 (95%
CI, 0.95, 3.07; P=0.07), respectively, showed no significant difference with control group.
Three studies were included to evaluate the effects of MT supplementation on the LBR, including 190 cycles with
MT supplementation and 101 cycles in control group. The LBR was similar between groups. The statistical
heterogeneity was good with P=0.80 (l2=0%). The combined RR was 1.23 (95% CI, 0.85, 1.80; P=0.27) (Fig. 2).
Of 11 studies, six studies evaluated the effect of MT supplementation on MR. These results indicated that there
was no beneficial effect in patients with MT supplementation. The pooled RR for MR was 0.96 (95% CI, 0.50,
1.82; P=0.89) with fixed effects model. There was no heterogeneity of the studies (l2=0%, P=0.91). (Sup Fig. 1)
As for the FR, three studies evaluated FR as mean ± SD, and the pooled MD was 0.13 (95% CI, 0.01, 0.24;
P=0.03), with moderate statistical heterogeneity (l2=73%, P=0.01). In addition, four studies assessed FR as cases
(events/ total), and the pooled RR was 1.10 (95% CI, 1.03, 1.17; P=0.007) with moderate statistical heterogeneity
(l2=49%, P=0.12). (Sup Fig. 2)
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We also evaluated the effect of MT supplementation on the Number of oocyte (Sup Fig. 3), MII (Sup Fig. 4) and
top-quality embryo (Sup Fig. 5). The results showed MT supplementation increased number of MII (MD 1.39;
95% CI, 0.74, 2.04; P<0.0001) and top-quality embryo (MD 0.56; 95% CI, 0.24, 0.88; P=0.0005) compared with
control group. However, there was no difference in number of oocyte (MD 0.58; 95% CI, -0.12, 1.27; P=0.10).
Regardless of whether the intervention is with or without MI+FA, the supplementation of MT can significantly
increase the number of MII (MI+MT+FA vs. MI+FA: MD 0.91; 95% CI 0.40, 1.41; P=0.004; MT vs. placebo/none:
MD 2.06, 95% CI 0.73, 3.39; P=0.002), and top-quality embryo (MI+MT+FA vs. MI+FA: MD 0.70; 95% CI 0.24, 1.16;
P=0.003; MT vs. placebo/none: MD 0.33, 95% CI 0.11, 0.54; P=0.003). However, MT supplementation only
increased the No. of MII in women with PCOS (MD 0.97; 95% CI 0.22, 1.73; P=0.0004), and not in women with
normal ovarian function (MD 1.49; 95% CI -0.33, 3.31; P=0.11) compared with control group.
These studies included were all have medium to high score via the Newcastle-Ottawa Quality Assessment Scale
(not shown). There was no publication bias as a symmetrical shape was seen in the funnel plot in the evaluation
the effect of MT supplementation on CPR, LBR, MR, Number of oocyte, MII, and top-quality embryo. However, the
studies showed modest publication bias when assess the effect of MT supplementation on FR. (Sup Fig. 6-12)

Discussion
So far, two systematic reviews have evaluated whether MT supplementation improve the outcomes of IVF/ICSI
treatments, but drawn different conclusions. As far as we know, this study is the one with the largest sample size
of 1303 IVF/ICSI cycles.
In the present systematic review, 10, 3, 6, 7, 9, 8, 6 studies were included assessing the effect of MT
supplementation on the CPR, LBR, MR, FR, Number of oocyte, MII, Top-quality embryo after IVF/ICSI, respectively.
Our results indicated that MT supplementation could improve the CPR significantly (combined RR 1.24; 95% CI
1.04, 1.47; P=0.02), FR (3 studies: MD 0.13; 95% CI, 0.01, 0.24; P=0.03; 4 studies: RR 1.10; 95% CI, 1.03, 1.17;
P=0.007), Number of MII (MD 1.39; 95% CI, 0.74, 2.04; P<0.0001), and top-embryo (MD 0.56; 95% CI, 0.24, 0.88;
P=0.0005); however, we did not found significant differences in LBR, MR and Number of oocyte between groups.
However, when the studies were stratifies by the interventions or by characteristic of participants, there were
almost completely different results: 1) No difference in CPR whatever the interventions are and whatever the
participants are; 2) significantly increased Number of MII and top embryo in regardless of the interventions;
increased No. of MII in women with PCOS, and not in with normal ovarian function.
The conclusion was not completely agreement with the systematic reviews by Seko et al. (10) and Hu et al. (11).
The former, only included 5 studies, did not report LBR, and did not show beneficial effect on the CPR, Number of
oocyte. The latter, which included one IUI study (3) and one study with in-vitro application of MT (12), suggested
that the MT supplementation increase the CPR, Number of oocyte, MII, and good quality embryo but not live birth
rate in ART cycles. But, this study included incomplete data, and the calculation method of miscarriage rate is
not suitable.
In the ART process, controlled ovarian stimulation (COS), in vitro incubation of oocyte/embryo and fertilization
may leave the oocyte/embryo in a high ROS environment compared with the physiological condition.
Furthermore, excessive ROS results in damage of telomeres (13), loss of cell membrane integrity and change in
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functional structures (14), leading to poor quality oocyte/embryo and unsatisfactory pregnancy outcome. In
order to obtain a high-quality embryo, the oxidative stress from ROS must be limited.
Antioxidant treatment is one of the mechanisms to combat the oxidative stress. The effects of MT on female
reproduction has been summarized by Tamura et al. (15). Several human and animal studies suggested that MT
could be used to treat infertility (16-17). Many clinical trials have shown that MT supplementation has positive
effect on the quality of oocytes and embryo, leading to improved outcomes of IVF (6-8). However, some other
studies did not show such improved outcomes ( 9, 18).
Consistent with other studies, our pooled results showed MT have beneficial effect on oocyte quality and embryo
quality, especially in women with PCOS. As we all known, one main future of PCOS is oocyte maturation disorder
(19). There were some possible explanations to our results as follows: 1) MT receptors (MTR) are present in
granulosa cells, oocytes and embryos (14, 20-21), which laid foundation for MT’s function. 2) MT is amphiphilic,
and it can easily pass through cell membranes (4). 3) Both MT and its metabolites are terminal stable
antioxidant, will not act as an oxidant in any case (22, 23).
In addition to its powerful free-radical scavenging effect, MT has immunomodulatory effect, can promote the
secretion of progesterone, and can inhibit the synthesis of prostaglandins, which may increase the risk of
miscarriage and premature delivery (24). Animal study on rats have shown that MT can enhance the expression
of MT receptor and p53 receptor, so MT can affect the morphology of the endometrium and increase embryo
implantation (25). Theoretically, MT could be helpful for pregnancy establishment and pregnancy maintenance.
In the case of spontaneous abortions that exclude chromosomal anomalities and/or uterine abnormalities, MT
was reported to be a protective factor for spontaneous abortion (4). Regretly, our results did not showed
significantly beneficial effect of MT supplementation on CPR, MR, and LBR.
We also analyzed the possible reasons: 1) MT has a fast metabolism and a short half-life, so in the IVF cycle, the
blood concentration of a single daily dosing may not achieve effective antioxidant effects. 2) The initiating time
and duration of MT treatment are also related to the effects of the treatment, which was variable between
studies. 3) The successful pregnancy after IVF/ICSI was influenced by many factors, and the beneficial effect
may be offset by other potential disadvantage.
A strength of systematic reviews lies in the comprehensive evaluation of the results of individual studies. The
present systematic review indicated that MT supplementation has an effect on FR, quality of oocyte and embryo
after IVF/ICSI. Our study enrolled the largest sample size, and firstly evaluated the fertilization. Besides, we tried
our best to extract the completed data by contacting with authors or by calculating based on published data
dealing with missing data.
Of course, this meta-analysis also has weakness, and the main one is the variable characteristics between the
included studies: different participants, different interventions (MI+FA+MT, MT), and different dose and duration
of MT, different inclusion/ exclusion criteria, and different outcomes. Besides, some possible confounding
factors, such as smoker or non-smoker, number of previous failed IVF cycle, were not controlled.

Conclusion
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The present systematic review suggests that MT supplementation have beneficial effect on the maturation of
oocyte, fertilization and quality of embryo. Existing evidence did not suggest that MT supplementation has
significant effect on the LBR, CPR, and MR. The MT supplementation may be recommended to women with
PCOS, with previous poor oocyte quality/ low fertilization.
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Tables
Table 1-2 are available in the Supplementary Files

Figures
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Figure 1
Forest plot showing the results of meta-analysis of studies comparing the effect of MT supplementation on
clinical pregnancy rate after IVF/ICSI.

Figure 2
Forest plot showing the results of meta-analysis of studies comparing the effect of MT supplementation on live
birth rate after IVF/ICSI.
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