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Abstract

Objective Increased oxidative stress has been identified as a pathogenetic mechanism in female infertility. However, the effect of
specific antioxidants, such as coenzyme Q1o (CoQ;), on the outcomes after assisted reproductive technologies (ART) has not
been clarified. The aim of this study was to systematically review and meta-analyze the best available evidence regarding the
effect of CoQ;q supplementation on clinical pregnancy (CPR), live birth (LBR), and miscarriage rates (MR) compared with
placebo or no-treatment in women with infertility undergoing ART.

Methods A comprehensive literature search was conducted in PubMed (MEDLINE), Cochrane, and Scopus, from inception to
March 2020. Data were expressed as odds ratio (OR) with 95% confidence intervals (CI). The P index was employed for
heterogeneity.

Results Five randomized-controlled trials fulfilled eligibility criteria (449 infertile women; 215 in CoQ;q group and 234 in
placebo/no treatment group). Oral supplementation of CoQ);¢ resulted in an increase of CPR when compared with placebo or
no-treatment (28.8% vs. 14.1%, respectively; OR 2.44, 95% CI 1.30-4.59, p = 0.006; P 32%). This effect remained significant
when women with poor ovarian response and polycystic ovarian syndrome were analyzed separately. No difference between
groups was observed regarding LBR (OR 1.67, 95% CI 0.66-4.25, p = 0.28; I* 34%) and MR (OR 0.61,95% C10.13-2.81, p =
0.52; 7 0%).

Conclusions Oral supplementation of CoQ;o may increase CPR when compared with placebo or no-treatment, in women with
infertility undergoing ART procedures, without an effect on LBR or MR.
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reproductive technologies (ART) for conceiving and achieving
pregnancy. ART includes all in vitro procedures handling both
human oocytes and sperm and/or embryos for reproduction [1],
referring to ovarian stimulation, ovulation induction, in vitro fer-
tilization (IVF), and intracytoplasmic sperm injection (ICSI) [2].
An estimated 40-45% of infertility cases are attributed to female
factors [3]. The pathophysiology of female infertility is multifac-
torial and still not fully elucidated. Maternal aging and dimin-
ished ovarian reserve are among the most investigated pathoge-
netic mechanisms [4]. Both of them are related to oxidative
stress, the effect of which on female infertility remains unclear
[4, 5]. Oxidative stress is defined as the imbalance between the
production of reactive oxygen species (ROS) and antioxidant
defenses [6]. Although in physiological states, ROS play an es-
sential regulatory role in the female reproductive system [7-9],
they may also exert unfavorable effects on fertility when over-
abundant [10].

Antioxidants are biological and chemical compounds, syn-
thesized endogenously or exogenously, which mitigate oxida-
tive stress and its negative impact on reproductive procedures,
acting as free radical scavengers [11]. Coenzyme Q1o (CoQ1¢)
is a lipid-soluble quinone, acting as an effective antioxidant,
which prevents lipid peroxidation and DNA oxidation, as well
as a bioenergetic molecule, empowering the body’s energy
production cycle through adenosine triphosphate (ATP) syn-
thesis [12]. CoQ; supplementation has long been used to
ameliorate infertility outcomes, associated with an increased
clinical pregnancy rate (CPR), although the evidence is still of
low quality [3]. There are also insufficient data regarding its
effect on live birth (LBR) and miscarriage rate (MR), as well
as its impact on ART clinical outcomes [3].

The aim of this study was to systematically investigate and
meta-analyze the best available evidence from randomized-
controlled trials (RCTs) regarding the effect of CoQq supple-
mentation on CPR, LBR, and MR, compared with placebo or
no-treatment, in infertile women of reproductive age undergo-
ing any ART.

Materials and methods

Guidelines followed

This systematic review followed the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
guidelines [13]. A flow diagram is presented in Fig. 1. A
completed PRISMA checklist is provided in Online
Resource 1.

Search strategy

The following PICO (Population, Intervention, Comparison,
Outcome) elements were applied as inclusion criteria for this
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systematic review: (i) Population: women of reproductive age
with infertility, undergoing ART after the intervention; (ii)
Intervention: oral supplementation of CoQ;; (iii) Comparison:
placebo or no-treatment; (iv) Outcomes: CPR, LBR, MR. To
identify eligible studies, the main search was conducted in the
electronic databases PubMed, Scopus, and CENTRAL covering
the period from inception to March 9, 2020, and using the fol-
lowing search strings: “((((C((CCCCCCC(((((((““coq10”TAll Fields] OR
“coenzymeql10”[All Fields]) OR “coenzyme ql10’[All Fields])
OR “ubiquinone”[All Fields]) OR “ubiquinone”[MeSH
Terms]) OR “mitoquinone”[All Fields]) OR
“ubidecarenone”[All Fields]) OR “vitamin ql10’[All Fields])
AND “in vitro fertilization”[All Fields]) OR “in vitro
fertilization”[All Fields]) OR “reproductive techniques,
assisted”[MeSH Terms]) OR “reproductive techniques
assisted’’[All Fields]) AND “ovarian response’’[All Fields]) OR
“ovarian reserve’[All Fields]) OR “ovarian reserve”’[MeSH
Terms]) OR “pregnancy rate”[All Fields]) OR “pregnancy
rate”[MeSH Terms]) OR “live birth rate”’[All Fields]) OR “fertil-
ization rate”’[All Fields]) OR “clinical pregnancy’[All Fields]
AND “infertility, female/therapy”[MeSH Terms]) OR “Oocyte
aneuploidy”[All Fields]) OR (“Ovarian Diseases/drug
therapy”[MeSH Terms] AND “Ovarian Diseases/
physiopathology”[MeSH Terms]) NOT (“animals”’[MeSH
Terms] NOT “humans”[MeSH Terms]) NOT
“murinae”[MeSH Terms] NOT (letter[pt] OR comment[pt] OR
editorial[pt] OR Review[pt] OR “practice guideline’’[ptyp] OR
“case reports”[ptyp]).” Manual literature search has also taken
place. The main search was completed independently by two
investigators (PF and PT). Any discrepancy was solved by con-
sultation of an investigator not involved in the initial procedure

(PA).
Study selection

Inclusion criteria were set as follows: (i) women of reproduc-
tive age with infertility, with or without a history of previous
treatment (ART or other fertility treatment), undergoing ART
after treatment; (ii) oral supplementation of CoQ;; (iii) ab-
sence of additional antioxidant therapy; and (iv) RCTs pro-
viding extractable data for at least one of the primary out-
comes (CPR, LBR, MR). Medical or other treatment could
be given as long as it was equally administered in both groups
(intervention and control). Secondary outcomes included (i)
ovarian stimulation parameters (number of mature follicles,
oocytes retrieved, oocytes fertilized), (ii) embryological pa-
rameters [day 3 high-quality embryos, number of embryos
per embryo transfer, proportion of cryopreserved embryos,
frozen-thawed embryo transfers (ET)], (iii) ART parameters
[canceled treatment cycles, total dose of gonadotropins, peak
estradiol (E,) serum concentration], and (iv) ovarian reserve
markers [anti-Miillerian Hormone (AMH), antral follicle
count (AFC), day 3 follicle-stimulating hormone (FSH)].
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Fig. 1 Flow chart diagram
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Exclusion criteria were as follows: (i) non-RCTs, (ii) wom-
en of non-reproductive age or without infertility disorders, (iii)
comparison of CoQ;q with another antioxidant, (iv) clinical
trials prematurely terminated without providing data on any of
the primary outcomes, (v) Non-English language, and (vi)
studies conducted in animals.

Data extraction

Two researchers (PF and PT) independently reviewed all eligible
studies. The following data were extracted and recorded: (i) first
author, (ii) year of publication, (iii) country in which the study
was conducted, (iv) study duration, (v) total number of partici-
pants, (vi) etiology of infertility, (vii) number of women in each
group (intervention and control groups), (viii) fertility treatment,
(x) daily dose and duration of CoQ; supplementation, (xi) type
of comparison (placebo or no-treatment), and (xii) primary and
secondary outcomes. Parameters such as mean age of the partic-
ipants at study entry, mean BMI, ovarian reserve markers [AMH,
AFC, cycle day 3 FSH, luteinizing hormone (LH)], duration of
infertility, and number of stimulation days were also recorded
when available.

v

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=22) (n=17)

Y

A

Studies included in
qualitative synthesis
(n=5)

v

Studies included in
quantitative synthesis
(meta-analysis)
(n=5)

Risk of bias and quality assessment

“Cochrane’s Collaboration tool for assessing the risk of bias”
(RevMan) was used for assessing the quality of each study.
Briefly, this system evaluates studies based upon the follow-
ing criteria: randomization generation, allocation conceal-
ment, blinding of participants and outcome assessment, in-
complete outcome data, selective outcome reporting, and oth-
er sources of bias. The final five RCTs were assessed as “low
risk” (+), “high risk” (-), or “unclear,” when there was insuf-
ficient data [14] (Fig. 2a and b).

Statistical analysis

Heterogeneity was tested with the Cochrane chi-square test (x?)
and the degree of heterogeneity was quantified by the I-squared
statistics (7). An P of 30-60% was considered as moderate,
whereas values > 60% were considered as high degree of hetero-
geneity. Random effects model was used for data synthesis when
P> 30% and fixed effects model was used when F < 30% [15].
Associations were reported as odds ratio (OR) with their 95%
confidence intervals (CIs). A p value of < 0.05 was considered
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Fig. 2 a Risk of bias of the
included studies. b Summary of
risk of bias of the meta-analysis
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statistically significant. Publication bias was formally tested with
Begg-Mazumdar test (presented in funnel plot diagram, with p-
values > 0.1 indicating absence of publication bias) and the
Egger’s test (p values > 0.1 indicating absence of publication bias).
Outcomes were expressed as percentages (%). All analyses were
done with the software RevMan 5.3 (Cochrane Collaboration).
Additional analyses including subgroup and sensitivity analyses
were performed to find the source of heterogeneity by potential
moderator variables and to determine the impact of one-by-one
included RCTs on reliability of the pooled ORs, respectively.

Results
Study selection and descriptive data

The initial database and manual search provided 3757
results. After excluding five duplicates, 3752 records
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were screened, 22 of which were assessed as full-text
papers for eligibility (Fig. 1). Of those, only five were
included in the qualitative and quantitative analysis [5,
16-19]. The excluded studies and the reasons for their
exclusion are available in Online Resource 2. The studies
were published between 2014 and 2019. The countries in
which they were conducted were Egypt, Canada,
Argentina, China, and India. The number of participants
ranged from 39 to 169, yielding a total number of 449
infertile women, 286 of whom were in the poor ovarian
response (POR) group and 163 were in the polycystic
ovarian syndrome (PCOS) group.

Three studies included women with infertility and POR
following ovarian stimulation [5, 17, 18]. The diagnosis of
POR was based upon Bologna criteria (at least two of the
following three should be present): advanced maternal age
(or any other risk factor for POR), a previous POR, and/or
an abnormal ovarian reserve test [20]. Two studies included
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women with infertility and PCOS [16, 19]. The diagnosis of
PCOS was based upon the American Society for
Reproductive Medicine (ASRM) and the European Society
of Human Reproduction and Embryology (ESHRE)
(Rotterdam) criteria (at least two of the following three should
be present): oligo- and/or anovulation, clinical and/or bio-
chemical signs of hyperandrogenism and/or polycystic ovari-
an morphology (> 12 follicles, 2-9 mm in diameter), or in-
creased ovarian volume (> 10 ml), after exclusion of other
conditions associated with oligo-/amenorrhea and/or
hyperandrogenism, such as congenital adrenal hyperplasias,
androgen-secreting tumors, and/or Cushing’s syndrome [21].

With respect to the dosage and duration of CoQ ¢ supple-
mentation, in women with POR the dosage varied from
600 mg once a day for 8§ weeks [17], 600 mg twice a day for
12 weeks [18] or 200 mg three times a day for 8 weeks [5].
ART was commenced in the first menstrual cycle upon CoQq
treatment completion. In women with PCOS, the dosage was
60 mg three times a day starting on the first [19] or second
cycle day [16] until the hCG administration day. HCG was
administered when at least one follicle > 18 mm was found via
transvaginal ultrasound. No local or systemic side effects re-
lated to the use of CoQ;q were mentioned. Moreover, any
CoQ) discontinuation was based on personal choice or com-
pliance issues.

Categorization of patients according to their infertility eti-
ology and the ART procedure that they underwent are pre-
sented in Table 1. Quality assessment of included studies is
presented in Fig. 2a and b.

Effect of CoQ,, supplementation on CPR, LBR, and MR
compared with placebo or no-treatment

According to per-protocol analysis, oral supplementation
of CoQq in infertile women undergoing ART resulted in
an increase of CPR when compared with placebo or no-
treatment (five RCTs) [5, 16-19] (28.8% vs. 14.1%; OR
2.44, 95% CI 1.30-4.59, p = 0.006; I* 32%) (Fig. 3). No
evidence of publication bias was detected (Online
Resource 3). These results remained significant, after
performing an intention-to-treat analysis (25.2% vs.
13.5%; OR 2.08, 95% CI 1.03—4.23, p = 0.004; I* 46%).

According to per-protocol analysis, the effect of CoQ;o on
LBR (28% vs. 17.4%; OR 1.67,95% C10.66—4.25, p = 0.28;
P 34%) [5, 17] and MR (10% vs. 13.6%; OR 0.61, 95% CI
0.14-2.76, p = 0.52; P 0%) [5, 16, 19] was similar between
the groups (Fig. 4a and b). According to intention-to-treat
analysis, the effect of CoQ;o on LBR (21.7% vs. 16.7%; OR
1.23,95% CI1 0.46-3.26, p = 0.68; I 42%) and MR (2.8% vs.
1.7%; OR 1.41, 95% CI1 0.34-5.9, p = 0.64; P 0%) was again
similar to placebo.

Effect of CoQ,, supplementation on the number of
mature follicles, retrieved oocytes, and fertilized
oocytes after ovarian stimulation compared with no-
treatment

Oral CoQ;( supplementation in PCOS women increased
the mean number of mature follicles (> 18 mm) (1.85 +
0.27 vs. 1.3 £ 0.32, p < 0.001) and the ovulation rate
per cycle (65.9% vs. 15.5%, p < 0.001) compared with
no-treatment (one study) [16]. In addition, the study by
Sen Sharma also reported a significant increase in the
number of mature follicles by CoQ;y, however, without
providing detailed data [19].

Oral CoQ;q supplementation in women with POR
undergoing IVF-ICSI resulted in no increase in the
number of oocytes retrieved when compared with no-
treatment (1.82 + 0.82 vs. 1.87 £ 0.76, respectively, p
= 0.77) (one study) [18]. In another study in POR
women, CoQ;( increased the median number of oocytes
retrieved [4 (range 2, 5) vs. 2 (range 1, 4), p = 0.002]
and fertilized when compared with no-treatment (67.5%
vs. 45.1% fertilization rate, p = 0.001) [5].

Effect of CoQ,, supplementation on embryological
parameters compared with placebo or no-treatment

Oral CoQ;( supplementation in women with POR in-
creased the median number of day 3 high-quality embryos
compared with no-treatment [1 (0, 2) vs. 0 (0, 1.75) em-
bryos, p = 0.03], the median number of embryos per em-
bryo transfer (ET) [2 (1, 2) vs. 1 (1, 2), p=0.04], as well as
the proportion of cryopreserved embryos (18.4% vs. 4.3%,
p = 0.012) and frozen-thawed ET (15.8% vs. 3.2%, p =
0.01) [5]. A study found similar rates of high-quality em-
bryos at 48 and 72 h between CoQ;¢ and placebo group
(81.4% vs. 64.7%, p > 0.05 and 66% vs. 42%, p > 0.05),
respectively) [17]. Similarly, another study in women with
POR found no difference in implantation rates per ET
(26.2% vs. 21.4%, p = 0.75) [18].

Comparison of the effect of CoQ, supplementation
on the number of canceled treatment cycles with no-
treatment

Oral supplementation of CoQ;¢ in women with POR resulted
in similar rates of canceled treatment cycles, including cases
of no-response to stimulation and no oocyte retrieval, when
compared to no-treatment (5.2% vs. 10.8%, p = 0.27), but
decreased rates of retrieval not followed by ET (8.3% vs.
22.9%, p = 0.04) [5].

@ Springer
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(months)

Women with infertility and poor ovarian response

Placebo (22)

600 mg/8 weeks/day 3 of the following

Toronto,

39/35-43

39 women with POR undergoing IVF-ICSI

30

Bentov/2014

menstrual cycle (17)

Canada
Buenos Aires,

[Intervention (17)/Control (22)]
78 women with POR undergoing IVF-ICSI

[Intervention (39)/Control (39)]

No-treatment

1200 mg/12 weeks/beginning of the

38/36-40

Caballero/2016 Not

(39)
No-treatment

following menstrual cycle (39)

Argentine

mentioned

169 women with POR undergoing IVF-ICSI 32/28-36 Beijing, China 600 mg/8 weeks/beginning of the

13

Xu/2018

93)

following menstrual cycle (76)

[Intervention (76)/Control (93)]

Women with infertility and polycystic ovarian syndrome

No-treatment

Mansura, 180 mg/2™ cycle day until hCG

21-35/28

101 women with PCOS, resistant to clomiphene

36

El Refaeey
/2014

(50)

administration day/hCG given when

> 1 follicle of > 18 mm

Egypt

citrate, undergoing ovarian stimulation and

(5D
180 mg/1* cycle day until hCG administration

ovulation induction [Intervention (51)/Control (50)]

62 women with PCOS, resistant to clomiphene

No-treatment

West Bengal,

21-40 /30

Not

Sen

(30

day/hCG given when > 1 follicle of > 18 mm (32)

India

citrate, undergoing ovarian stimulation and ovulation

induction [Intervention (32)/Control (30)]

mentioned

Sharma/2017

Comparison of the effect of CoQ,, supplementation
on ART cycle stimulation parameters with placebo or
no-treatment

Median total dose of gonadotropin (Gn) needed for ovarian
stimulation was decreased when POR women of CoQ;¢
group were compared to those of no-treatment group
[2000 (1200, 4275) vs. 3075 (1900, 4275) 1U, p = 0.03]
[5]. In the same study, peak E, serum concentration was
higher in the CoQ;o group [2349 (892, 4784) vs. 1685
(1125, 3042) pmol/l, p = 0.02] [5]. In a study in women
with POR, mean E; and progesterone serum concentrations
were similar between CoQ;( and placebo group (7569 +
1871 vs. 6875+ 973 pmol/l, p > 0.05 and 6.33 +0.7 vs. 6 £
0.7 nmol/l, p > 0.05), respectively) [17]. Mean E, and
progesterone serum concentrations were higher in PCOS
women supplemented with CoQ;( in comparison with no-
treatment (168.9 + 75 vs. 138.3 £ 70.2 pg/ml, p < 0.05 and
10.2 £ 1.03 vs. 8.9 £ 0.9 pg/ml, p < 0.001, respectively)
[16].

The day of hCG administration the value of mean endome-
trium size in women with POR was similar between CoQq
and no-treatment group (10.1 £ 1.9 vs. 10.3 £ 1.5 mm, p =
0.13) [5], whereas in women with PCOS its value was higher
(8.8+1.5vs. 7£0.7mm, p <0.001 [16] and 9.4 vs. 7.8 mm, p
< 0.05) [19].

Comparison of the effect of CoQ,, supplementation
on laboratory biomarkers before and after CoQ;,
treatment with placebo or no-treatment or before
and after CoQ,, treatment

In women with POR, basal concentration of day-3 FSH was
lower after 60 days of CoQ;q supplementation [12.3 (9.4,
15.5) vs. 10.5 (9.2, 12.6) IU/ml, p = 0.006]. In contrast,
AMH and AFC values were similar before and after CoQ
treatment [0.6 (0.4. 0.8) vs. 0.6 (0.4, 0.8) ng/ml, p=0.91 and 5
(3,6) vs. 5 (3, 7) (n), p = 0.94], respectively] [5].

Subgroup analysis

Subgroup analysis was performed concerning infertility cause.
According to per-protocol analysis, oral CoQ( supplementation
in women with POR resulted in an increase in CPR compared
with placebo or no-treatment (three RCTs) [5, 17, 18] (27.3%
vs.17.5%; OR 1.83, 95% CI 1.04-3.24, p = 0.04; F* 0%) (Fig.
Sa). Also, an increase in CPR was detected when analysis was
restricted to PCOS women (two studies) [16, 19] (31.3%
vs.7.5%; OR 5.06, 95% CI 1.40-18.21, p = 0.01; > 42%) (Fig.
5b). According to intention-to-treat analysis, the effect of CoQ;q
on CPR was not significant in women with POR (22.6% vs.
17%; OR 1.43, 95% CI 0.82-2.51, p = 0.21; * 0%), whereas
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Fig. 3 Forest plot of the effect of CoQ10 Control 0dds Ratio 0dds Ratio
CoQ supplementation on Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
clinical pregnancy rate in women El Refaeey 2014 19 51 350 17.3% 9.30[2.54, 34.06] 2014 —_—
with infertility undergoing Bentov 2014 6 17 6 22 16.0% 1.45[0.37,5.71] 2014 R B
assisted reproductive technology Caballero 2016 6 39 5 39 17.6% 1.24[0.34, 4.45] 2016 ——
in comparison with placebo or no- Xu 2018 24 76 16 93 34.6% 2.22[1.08, 4.58] 2018 —a—
treatment (control) Sen Sharma 2019 7 3 330 14.5% 2.5210.59, 10.83] 2019 -
Total (95% Cl) 215 234 100.0% 2.44 130, 4.59] -
Total events 62 33
Frope 2 § 2 .12 0 I 1 ! Il
Heterogeneity: Tau’ = 0.16; Chi* = 5.85, df = 4 (P = 0.21); I = 32% m o 0 0

Test for overall effect: Z = 2.77 (P = 0.006)

CoQ) did increase CPR in women with PCOS (29.9% vs. 7.1%;
OR 5.03, 95% CI 1.42-17.82, p = 0.01; * 0%).

Sensitivity analysis

Sensitivity analysis was performed by excluding the study of
El Refaeey and colleagues [16] to assess whether its high OR
9.3 (95% CI1 2.54-34.06, p < 0.001) played a determinant role
on significant increase of CPR. The increase of CPR after
CoQ;( supplementation remained significant (four studies)
[5, 17-19] (OR 1.91, 95% CI 1.12-3.26, p = 0.02; I* 0%)
(Online Resource 4). Moreover, a sensitivity analysis was
conducted by excluding the studies of Caballero and Sen
Sharma [18, 19] because they were qualitatively characterized
as “unclear.” The increase of CPR after CoQ, supplementa-
tion remained significant (three studies) [5, 16, 17] (OR 2.98,
95% CI 1.13-7.18, p = 0.03; P 57%) (Online Resource 5).
The effect on MR remained similar between the groups (two
studies) [5, 16] (OR 0.73,95% C10.13-4.16, p = 0.72; I* 0%).

Favours [control] Favours [CoQ10]

Discussion

To the best of our knowledge, this systematic review and
meta-analysis including 449 infertile women is the first re-
garding the effect of CoQ; supplementation on CPR, LBR,
and MR in comparison with placebo or no-treatment, in wom-
en of reproductive age with infertility undergoing ART. Oral
supplementation of CoQ);g increased CPR, without difference
between women with POR or PCOS. There was no effect of
CoQ;o on LBR and MR in women with infertility undergoing
ART when compared with placebo or no-treatment. This
could partially be explained by insufficient data for clinical
parameters, such as LBR and MR, which were only provided
by two and three studies, respectively.

Research on CoQ;¢’s impact on female infertility is still at
an early stage. Animal studies on female mice suggest that
CoQ supplementation may reduce cumulus cells apoptosis,
resulting in an increase of oocyte quantity and quality [22]. It
may also contribute to the increase of IVF success rates by
inhibiting DNA oxidation and, thus, oocyte apoptosis [23].

Fig. 4 a Forest plot of the effect
of CoQ¢ supplementation on live
birth rate in women with
infertility undergoing assisted
reproductive technology
compared with placebo or no-
treatment (control). b Forest plot
of the effect of CoQ¢
supplementation on miscarriage
rate in women with infertility
undergoing assisted reproductive
technology compared with
placebo or no-treatment (control)
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Fig. 5 a Forest plot of the effect a

of CoQ, o supplementation on CoQ10 Control Odds Ratio 0dds Ratio
clinical pregnancy rate in poor Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
ovarian responders, undergoing Bentov 2014 6 17 22 194%  1.45[0.37,5.71] 2014 —
assisted reproductive technology Caballero 2016 6 39 39 24.2%  1.24[0.34,4.45] 2016 —
compared with placebo or no- Xu 2018 2476 93 56.4%  2.22[1.08,4.58] 2018 ——
treatment (control). b Forest plot
of the effect of CoQo Total (95% CI) 132 154 100.0%  1.83[1.04,3.24] <o
supplementation on clinical Total events 36
1 i e Chi2 _ _ 2 L I ! |
pregnancy rate in women with Heterogeneity: Chi® = 0.74, df = 2 (P = 0.69); I = 0% ol o 5 10

polycystic ovarian syndrome,
undergoing assisted reproductive
technology compared with

Test for overall effect: Z = 2.08 (P = 0.04)
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Furthermore, CoQ( could act as a protector of ovarian reserve
from the adverse effects of aging [24].

As far as CoQ(’s impact on male infertility is concerned,
three systematic reviews and meta-analyses argue for its ben-
efits on semen quality, quantity, and mobility [25-27]; how-
ever, CoQ10 failed to have any effect on CPR and LBR [27].

Oxidative stress exerts deleterious effects on in vivo and
in vitro reproductive procedures [6, 28]. In the last decades,
the potential benefits of oral antioxidants on female infertility
treatment are being increasingly investigated, suggesting con-
flicting results. In terms of vitamin supplementation, vitamin
C seems to increase placental steroidogenesis favoring preg-
nancy preservation [29], whereas its low serum concentrations
have been associated with pregnancy loss [30]. Vitamin A
promotes high-quality oocytes and blastogenesis, whereas vi-
tamin E, pentoxifylline, and -arginine contribute to angiogen-
esis and achievement of an optimum endometrium size for
implantation [31, 32]. Moreover, vitamin D, as well as myo-
inositol, seems to increase fertility rate through the downreg-
ulation of hyperandrogenism in PCOS women [33, 34].
Higher serum concentrations of folic acid and B, before
ART have been associated with higher LBR after folate forti-
fication [35].

In 2017, a meta-analysis [3] failed to show any difference
on CPR between intervention and control group, when vita-
min C, D, E, B complex, N-acetylcysteine, -arginine, or myo-
inositol were supplemented individually. However, an in-
crease in CPR was observed when they were administered
as an antioxidant combination. Interestingly, only CoQq
(OR 4.28, 95% CI 1.79-10.26, I* 73%) and -carnitine (OR
82.1, 95% CI 11.0-616.6) achieved an increase in CPR.
Similar associations emerged on LBR and MR between

@ Springer
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intervention and control group due to insufficient data [3]. In
2018, a systematic review on CoQ¢’s effect in PCOS was
published, including three RCTs, one of which suggested that
clomiphene citrate with CoQ, resulted in ovulation increase
CoQ[43]. In 2019, an RCT in women with PCOS found no
difference in ovulation rate and CPR when CoQ;y was com-
pared with vitamin D [36]. Oral supplementation of melatonin
with CoQ¢ achieved an increase in oocyte quality in compar-
ison with melatonin alone [37]. Similarly, a combination of
dehydroepiandrosterone (DHEA) with CoQ; reduced the to-
tal dose of gonadotropins needed for ovarian stimulation and
increased the number of AFC and mature follicles in compar-
ison to DHEA alone [38]. Assessment of dietary intake of
prenatal multivitamin and/or other antioxidant consumption,
such as DHEA or omega-3, was outside the scope of the
current meta-analysis, thus the consumption of any or all of
these antioxidants in either control or CoQ;( groups may con-
found the results observed attributed to CoQg
supplementation.

The main strength of the present meta-analysis is that, with-
in the broad heterogenous group of women with infertility, it
focused specifically on those undergoing ART. All partici-
pants were of reproductive age (mean age 33 years) attending
a reproductive clinic, either with POR or PCOS. In addition,
randomization and selective outcome reporting were the most
unbiased procedures of qualitative analysis. In general, CoQq
supplementation was well-tolerated, as all studies included in
the present meta-analysis did not report any local or systemic
adverse effects related to its use. Also, the studies mention that
discontinuation of CoQ10 treatment was due to personal
choice or compliance issues rather than any adverse effects.
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In the study by El Refaeey and colleagues, 110 women
were initially enrolled, equally distributed in each group, four
of whom from the CoQ,y and five from the no-treatment
group dropped out, resulting in a final total of 101 women
[16]. Similarly, Xu and colleagues enrolled 186 women, 17
of whom were on the CoQ( group and dropped out, resulting
in a final total of 169 women [5]. Studies by Caballero and
Sen Sharma were qualitatively characterized as “unclear” be-
cause their protocols were not available [18, 19]. The study by
Caballero and colleagues [18] had high “reporting bias,”
since, although LBR was considered as the primary outcome,
there were no data for LBR [18]. No details were available
after correspondence via e-mail.

The present meta-analysis has certain limitations. First, the
lack of an effect of CoQ;o on LBR and MR may be attributed
to the small number of studies provided data on these out-
comes (two and three studies, respectively), whereas CPR data
were extracted from all included studies (five studies).
However, a trend for a beneficial effect of CoQ;o on LBR
and MR was evident, despite the lack of statistical signifi-
cance. Demonstrating an effect on CPR, but not on MR or
LBR is not uncommon in the field of Reproductive Medicine;
obviously, on top of the intervention, additional parameters
affect the outcome of pregnancy (i.e., LBR), which takes place
more than 30 weeks after its confirmation (i.e., CPR). Second,
the dosage and duration of CoQ;o’s supplementation varied
among studies as the optimal timing, duration, and dose of
CoQ( remains unclear. Thus, data provided from this meta-
analysis are insufficient to guide on the appropriate CoQ10
dose, frequency, duration, and exposure relative to ART.
However, it must be stated that, as a lipid-soluble nutrient,
CoQ10’s absorption can be enhanced when combined with
fatty meal [39]. Studies related to its pharmacokinetics report
a Trax 0f 6.5 h and that solubilized formulations yield higher
bioavailability [40]. As far as its pharmacodynamics is con-
cerned, it has an excellent safety record, except for mild gas-
trointestinal symptoms [41, 42].

Conclusions

This systematic review and meta-analysis in infertile women
undergoing ART indicates that CoQ;o supplementation in-
creases CPR both in total and in infertility subgroups (POR
and PCOS) compared with placebo or no-treatment. However,
there is a lack of effect on LBR and MR by CoQ;, supple-
mentation. Although the available data are insufficient to con-
clude a beneficial or detrimental effect on fertility outcomes
with regard to CoQ10 supplementation and ART, one could
consider this as non-pharmaceutical, inexpensive, and safe
therapy to enhance infertility treatment in women of reproduc-
tive age undergoing any ART. In any case, well-designed,
interventional studies, with a larger number of participants,

mainly emphasizing on clinical outcomes, will further eluci-
date these issues.
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